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SECTION 1

INTRODUCTION

1.1 PURPOSE

The Earth Resources Interactive Processing System (ERIPS) is a combination of software and hardware to
be implemented at JSC to provide facilities for processing remotely-sensed earth resources data. The
computing facilities will be located in the Real-Time Computer Complex (RTCC) while the interactive
consoles and associated display devices will be located in Building 17.

The ERIPS software will be composed of the Enhanced Operating System (EOS), an ERIPS interactive
supervisor package and various applications programs. Current examples of these programs are:

A. Application Programs

) The data loading program (LOAD)

. The image registration program

. The pattern recognition program (LARSYS)
. The image manipulation and display program.
. The data clustering program’ :

B. Supervisor Objectives

) Provide the interface between the user and his interactive equipment and the applications

) Provide the interface be.tween the applications

* Minimize the impact of adding new applications to ERIPS ; : : %

. Provide the interfacé betwcen user batch card input and the applications. ‘ B
The requirements detailed herein have been prepéred primarily for the use of programming personnel

concerned; the intent is to provide guidance for the development of the Earth Resources Interactive
. Processing System requirements. Secondarily, the material presented is for general reference use,

Approved: é ;Véz’;) NASA/DPB % W PHO
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- " 1.2 SCOPE

This document contains both functional and detailed re

quirements for the Earth Resources Interactive
Processing System,

R
.

4
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1.3 UPDATING REQUIREMENTS

Revisions and changes to this document will be prepared and published as necessary. Comments concerning

necessary system changes, previous errors or more specific information should be submitted to:

J. L. Parker, Head,

Programming Support Section
Data Processing Branch

Ground Data Systems Division
Mail Code: FS-5,

Lyndon B. Johnson Space Center
Houston, Texas 77058

S L e T

Ry . Approved: %Z‘g‘p ' NASA/DPB 4 %%MX : |
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1.4 DISTRIBUTION

Distribution of PHO-TR514 and subsequent changes shall be made by PHO Data Control in accordance
with the following list. Additions, deletions, and corrections should be submitted to:

J. L. Parker, Head, k
Programming Support Section
- ’ : Data Processing Branch
1 Ground Data Systems Division
i ) Mail Code: FS-5
Lyndon B. Johnson Space Center
8 ' Houston, Texas 77058

Approvéd- -

| £ ’ NASA/DPB - __PHO | i
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SECTION 2

SR

HARDWARE

2.1 INTRODUCTION ' ‘ k B

two Draft 11 consoles, two alphanumeric DTE devices, two modified DTE devices for image display (16

The ERIPS hardware will be composed of 1IBM 360/75's, a Goodyear Staran Array Proceséor, a data base;, - I
shades of gray), two color monitors (64 colors), and one hardcopy device.

PTYEEITS

SRR T
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SECTION 3
ENHANCED OPERATING SYSTEM
3.1 INTRODUCTION R e e
The Enhanced Operating System (EOS) is described elsewhere and will not be fully described in this I
section, Rather, only those aspects of EOS that are particularly pertinent to ERIPS shall be described.. ’
2 -
3
! b
‘ g
i
5 )
i
g
:

) S | | (7
| | I
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3.2 PROCESSING REQUIREMENTS

In order to make the ERIPS more nearly Operating System/360 (0S/360) compatible, only those features
of the EOS available in 0S/360 will be used. Any exceptions to this general rule will be noted and
documented. Two such exceptions are:

A.

The software required to interface with the unique terminal hardware (the XAM and DIAM

access methods), and

The modification to the Display Formatting System (DFS) re
modified DTE (Landscape TV) previously mentioned.

({ _ - NASA/DPB

3.21
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SECTION 4

GENERAL APPLICATIONS REQUIREMENTS

4.1 INTRODUCTION

The Earth Resources Interactive Processing System (ERIPS) is an operational system to be utilized for
processing remotely sensed earth resources data in both interactive and production environments. The

interactive system will contain many application programs integrated into one system to provide maximum
flexibility for analysis of remotely sensed data collected from spacecraft and aircraft in support of the
Earth Resources E&D efforts.” The production processing will support the Large Area Crop Inventory
Experiment (LACIE) in a batch environment combining flexibility and production  characteristics by
reformatting card input data into simulated interactive inputs.

In addition, several data base functions are required to support the LACIE data processing system, In order
1o facilitate a modular software package, the major interfaces of the ERIPS will be controlled by the ERIPS
Supervisor Program. The ERIPS Supervisor Program will provide the interface between the user and his
interactive hardware, batch card input and the application software algorithms, or the interface between
applications and the data bases, and there by preserve modularity of the application programs.

The Supervisor Program shall, in addition, support the interface between the 360/75 ERIPS and the
STARAN Special Purpose Processor (SPP) as defined in the Interface Control Document NASA/Staran SPP,
GER 16224, dated July 1975. This Interface Control Document shall be the definitive document for the
functions required of the 360/75 software associated with the SPP interface. The development of this
supervisor/applications software and internal interfaces within the 360/75 software shall be consistent with
the definitions made in the referenced ICD. In particular, the Supervisor Program shall be required to
distinguish for the Pattern Recognition Supervisor and Applications Programs, the appropriate device for
the execution of several of these applications as determined by the SPP availability. The Supervisor Program
shall also perform error detection and system recovery, or supervisory functions as defined in the ICD.
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4.2 SUPERVISOR PROGRAM SOFTWARE FUNCTIONS
i

| 4.2.1 General
4.2.1.1 Menu Format

The ERIPS menus format will have certain standard forms where applicable. These will include
R identification of time and terminal, location of error messages and application messages, and immediate
U action boxes that are in cases common to all applications. An example of this format is shown in Figure
4.2.1.1-1 where the time and terminal ID are upper center (time is hrs;min;sec- and terminal ID is 1 or 2)
and immediate action boxes are along the right side of the menu. Of course, other special immediate action
boxes may be specified that are unique to an application. Those specified in Figure 4.2.1.1-1 will allow
selection of the Image Manipulation and Display Application (IMD), activation of the image scroll function
(SCR), a return to the next highest menu (RET), and specification of the End-of-field (EOF) and the
i End-of-Transmission (EOT) with the cursor as opposed to the keyboard special function keys EOF and
EOT. (See paragraph 4.2.1.3.) Location of the error messages and the applications messages will be left to
ol the discretion of the contractor, but must be consistent throughout the ERIPS,

4.2.1.2 Digital Television Equipment (DTE) Interface

e It will suffice to say here that all DTE interfaces with the ERIPS software will be a Supervisor Program
B responsibility. (See Interactive Earth Observations Display/Control System Performance Specification, PHO
N document SE-25746.)

4.2.1.3 Special Function Keys

Special functions keys will be recognized by the ERIPS Supervisor Program and processed as described
here. Current special function key inputs to be processed are: ‘

Enable/Disable - E/D

Dump Immediare DUMP
R'eset Application - RSET
System Recovery Mode - SRM -
Report Selectiqn - RPR'i‘ E
Release Message - RMSG

Supervisor Message Release - SMSG

Page Report Forward - PRF
Page Report Backward - PRB

Attention - ATTN

4.2.1-1

THP | s,
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End-of-Field - EOF

End-of-Transmission - EOT
where the first column is the description and the second column is the keyboard identification,

The E/D key will activate the DUMP, RESET and SRM keys. The DUMP key, when enabled, will
- immediately bring down the ERIPS with a dump. The RESET key, when activated by the E/D key, will
i ' reset an application, i.e., force an ABEND to invoke application error recovery. The SRM will disable the
“} ' System error recovery to bring down ERIPS when an ABEND occurs. If the SRM s struck when the E/D
i key has not been struck, the user will be advised of the system error recovery status. If the E/D key has
: been activated, the System error recovery will be changed from its Present status to either enabled or
disabled whichever js appropriate,

When the RPRT key is struck, the user will be transferred to the Reports menu. (See paragraph 4.5.) The
PRF and PRB keys are used in the report mode and are described in Paragraph 4.5,

The RMSG key will be used to release Application or Supervisor Program status messages. The ATTN key
& may be used in the various applications as needed. Finally, the user will have the capability to indicate the
| EOF and the EOT from the keyboard as well as from the menus as described above,

R R

i 4.2.1.4 Image Access
-h‘—

The ERIPS will store all images to be processed on disk for rapid access. The ERIPS Supervisor Program
will provide the image access for the ERIPS applications. '

4.2.1.5 System Error Recovery

The ERIPS Supervisor Program will be responsible for system error recovery.

ra

NASA/DPB PHO
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4.2.2 Sign-on
4.2.2.1 ERIPS Activation

When the ERIPS is ready for processing, the Supervisor Program‘ will display a suitable message to the user
as shown in Figure 4.2.2.1-1. Striking the EOT key will then bring up the following menus.

4.,2.2,2 Coldstart/Restart Menu

The menu shown in Figure 4.2.2.2-1 will appear after the user strikes the EOT to the previous menu. The

user will have the option en this menu to either coldstart the terminal or to restart the terminal. Restarting

the terminal will be discussed in Paragraph 4.3 Checkpoint/Restart. Should the user cursor the Coldstart
- box, he will follow the normal sign-on procedure discussed here.

4.2.2.3 Sign-bn Mernu

The first menu in the sign-on sequence is illustrated in Figure 4.2.2.3-1. The user will enter, as shown, his
name, identification information, room number, building number and his assigned FOSO and PA codes.
This information will appear on delogs and the name, room number, and building will appear on microfiche
output for mailing purposes. ‘ ‘

4,2.2.4 Monitor Selection Menu

After signing onto the ERIPS, the user will have the capability to select the use of either all six monitors or -
only the three mionitors assigned to the terminal being operated. To select all six monitors, the user will
cursor the ALL SIX SCREENS box, If only three monitors are required, the user will cursor the EOT box.

4.2.2.5 Application Selection Menu

After the Sign-on and the Monitor Selection, the user will then be presented with the menu shown in Figure
4.2.2.5-1 which will allow the user to select the application required to process his data. Applications
available will include the following:

Registration

Load

Pattern Recognition

Image Display

Delog.

Image Creation

Approved: NASA/DPB
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The user may also sign-off the terminal which will cause the data from that run to be purged and a return to
the menu of Paragraph 4.2.2.1, allowing the user to again begin sign-on procedures. The “STOP” immediate
action box will bring down the ERIPS without a dump.-
: &
i, <
:
:
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Figure 4.2.2.1-1 Sigr-on
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Figure 4.2.2.31 Sign-on Menu
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: 4.3 CHECKPOINT/RESTART
; . 4.3.1 Restart

If the user cursors the *“Restart This Terminal” box on the menu represented in Figure 4.2.2.2-1, he will be

presented with one of the menus shown in Figures 4.3.1-1 and 4.3.1-2. Figure 4.3.1-1 will appear when

there is no restart data available on the ERIPS scratch disk pack. In this case, if the user wishes to complete

the restart, he must type in the tape number of his restart tape. This would be the normal procedure when I
the user has written a restart tape from an application. o

8 If the ERIPS scratch disk pack has restart information available, the user will have the option of using that

~data or using a restart tape as shown in Figure 4.3.1-2. The user will have the capability there to cursor the
“Use Existing Restart Data’” box to use the information on disk or to cursor the “Use a Restart Tape” box
after which he will specify the tape by typing in the tape number. The first option here would be used for
the case of a computer failure that would leave data on disk and the latter would be used when coming up
with ERIPS scratch disk packs that contain old data not of use to the current user.

If the user specifies “Use A Restart Tape” option from either of the above menus and an image name on
the restart tape already exists in the system, the menu shown in Figure 4.3.1-3 will be displayed. The user
will then have the option to delete the existing image and use the image from the restart tape, to use the
existing image, or to coldstart. ' : ‘

Data will be checkpointed periodically during ERIPS processing in order to facilitate the implementation of ‘ &
the above restart requirements. These checkpoints will be taken at every major menu change. When the e
restart is then activated, the user will be transferred to the point at which he left the ERIPS.

Approved: - / "ﬁ R ; " NASA/DPB , %ﬂ/ : BHO
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4.3.2 Checkpoint

Data will be checkpointed periodically during ERIPS processing in order to facilitate the implementation of |
the restart requirements. These checkpoints will be taken at every major menu change. When the restart is '
activated, the user will be t1aaferred to the point at which he left the FRIPS,

T o : e e

e R ISER
A T

Specific menus within the applications will allow the user to write restart data to tape. When the output to
tape option is selected, the menu shown in Figure 4.3.2-1 will appear advising the user that the checkpoint
is being written and displaying a code name indicating from which application the checkpoint is being

written. When the checkpoint processing is complete the tape number will be displayed and the user advised .
that the processing is complete, See Figure 4.3.2-2.

' o
gD wa
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4.4 SPACE RECOVERY |

During ERIPS processing, if the ERIPS disk space availability should prevent further processing; i.e.,

loading of an image or generation of an image, the menu shown in Figure 4.4-1 will appear. The user will
have the capability on this menu to delete an image from disk or to unload an image to tape and delete the
image from disk. This menu will also appear when the unload option is specified in the Load Application
and when the user exits any of the ERIPS applications. For these instances, the menu will allow the user g
the option to unload an image to tape without deleting the image from disk. Also, this menu will provide f
information concerning the percent of disk space each image occupies and when the menu automatically it

appears it will inform the user how much disk space must be deleted in order to load or generate the desired
image.
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MENU 9006 ' PAGE 1 of 1
' SPACE RECOVERY

THE FOLLOWING IMAGES CURRENTLY EXIST ON THE ERIPA2 DISK VOLUME:
IMAGE cC 4 IMAGE c % IMAGE c % IMAGE cC %

AXNXXXXXXXXL = XX XAXXXXXXXXXX = XX XXOUXXXXXXXX, = XX XXXXXXXXXXXX < X

XXXXXXXXXXX LXX XOOOOUXXXXXXX = XX XXXAXXXXXXXX = XX XXXXXXXXXXXX = X
TO EXIT SPACE RECOVERY SELECT THE --RET- BOX.
TO PROCEED TO THE NEXT PAGE OF IMAGES SELECT THE -PAGE- BOX.

TO UNLOAD AND/OR DELETE AN iMAGE, TYPE AN ACTION CODE IN THE ADJACENT FIELD.
- TYPE: T0:

D DELETE WITHOUT UNLOADING TO TAPE.
U UNLOAD TO TAPE AND DELETE.
K UNLOAD TO TAPE AND NOT DELETE. (NO SPACE FREED)

Figure 4.4-1 Image Evaluation Menu
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Figure 4.4-1 Image Evaluation Menu
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4.5 REPORT PROCESSOR

The user will have displayed to him the menu shown in Figure 4.5-1 when he strikes the RPRT key. This
menu will list the reports available to the user and the number of pages in each report. The user will be
limited to 20 reports and 80 total pages. The user will be able to cursor the box alongside the report to be
viewed and the box corresponding fo the monitor on which it is displayed and the ERIPS will perform
‘these actions as specified. The PRF and PRB keys will then enable the user to page forward and backward
:through the report. Error logic will prevent the cursoring of two or more reports for display or two or more
monitors simultaneously or, the selection of a monitor that is not allocated to that terminal. If the user is
deleting reports, several reports may be selected simultaneously. '

When the user cursors the Exit Report Mode box, he will be returned to the location from which he struck
the RPRT key. :

w280 o ok
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4.6 DELOG PROCESSOR

The user may delog his ERIPS activities, i.c., have printed the menus and reports processed during his ;
session, if desired. The delog processor will be available via the application selection menu, When the user ! §
selects the delog application, he will be presented with the menu shown in Figure 4.6-1. On this menu, the i
user may request a delog of all or a subset of the applications that he has worked with by cursoring the b
boxes alongside each application desired. Notice that the user will have the capability to delog menus or g
reports or both and then may specify a beginning and ending time for the delog ( 'efault will be to delog the '
entire run),
All delog output will contain a header page as shown in Figure 4.6-2. The block letters will be generated
from the first four entries in the name category of the sign-on menu. These block letters will be followed by i
a printout of all the sign-on information and the block letters “DELOG” identifying the output as a delog. » T
; {
i,
L
' : . »'1
' YL , , ' : ' ' ‘ ‘
‘ Approved: s . NASA/DPB s PHO S
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4.7 LARGE AREA CROP INVENTORY EXPERIMENT DATA BASE

4.7.1 General

The data required to support the Large Area Crop Inventory Experiment (LACIE) is stored in five
functional data bases: history, fields, imagery, control, and results. These data bases provide storage for the
. data required to support six application programs. Five of these programs can be operated either in batch
‘ mode or interactively from an ERIPS type terminal. The sixth, JSC I/F tape application, is a batch only
il program.

Lo The total immediate access storage requirement to support these applications (near the end of the growing

i ; season) is expected to be 3.5 x 107 bytes plus data management overhead. The activity for each data base is
discussed seperately.

The sample segments used for LACIE will be identified by numbers ranging 1 to 9999; however, only 4826 1 I NS
sample segments will reside in the data base at one time. Of the 4826 sample segments, up to 960 (16 :

acquisitions) may be training segments, The remaining 3866 sample segments are designated .as ordinary
segments, : '

NASA/DPB
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4.7.2 History Data Base

4.7.2.1 Content

The history data base contains sample segment identification, GSFC controlling information, biological
parameters, acquisition history, a tape index, data quality information, an imagery data base index, yield
constants, and yield results. The data base parameters stored for each stratum are listed in table 4.7.2.1-1
and those stored for cach sample segment are listed in table 4.7.2.1-2.

3

TABLE 4.7.2.11

STRATUM PARAMETERS

FIELD PARAMETER OCCURRENCES/STRATUM | :
1 . Country 1 Ij e
i : &
2 Region 1 :
3 Zone 1 7 ; 3
4 Stratum 1 \ 3
5 Area of stratum 1 |
6 Yield/production constants 60
7 Yield results o 52
TABLE 4.7.2.12 , SRR T
: : — ‘ . ) 3 . ;
| | SAMPLE SEGMENT PARAMETERS - | ‘ ( >
OCCURRENCES/SAMPLE SEGMENT : .
FIELD | PARAMETER ORDINARY |TRAINING & INTENSIVE STUDY | -
8 ;Saﬁ]ple. segment number 1 1
L9 Orbit number 4 16
.10 'GSFC tape/file no. 4 16
11 Class tape/file no. 4 16
12 Cluster tape/file no. . 4 16 .
13 Overlay tape:no. 4 16 ~ T
14 Report page no. 1 1 '
15 - Latitude S | 1 - E
16 " Longitude 1 1 S
17 Dates of JSC I/F updates 10 10 ' :
18 Potential acq. dates 18 18 R
N
, | | | S
’{g’p 7% /%/4 o S
Approved: : NASA/DPB & i PHO o
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TABLE 4.7.2.1-2 (Continued)
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o I OCCURRENCES/SAMPLE SEGMENT
'FIELD PARAMETER ORDINARY TRAINING & INTENSIVE STUDY
19 Actual acq. dates 4 16
J 20 Data quality class 4 16
- 21 Percent cloud cover 4 16

22 Growing season 1 1

23 Biological window flag 1 1

24 Overlap coverage flag 1 1

25 Film flag 1 1

26 Biological windows 1 1

27 Color codes 1 1

28 Scene no. 4 16

29 Ref. scene no. 4 16

30 Reg. conincidence 4 16

31 Reg. variance 4 16

32 Data proc. comments 4 16

33 Image data base protition ID 1 1

34 Date & time of image data base update 4 16

L 4

4.7.2.2 Activity

4.7.2.2.1 Initial Data Base Load

Fields 1, 2, 3, 4, 5, 6, 8, 14, 15, 16, 18, 22, 23, 24, 25, 27, and
program from information provided on punched cards.

4.7.2.2.2 Image Composition and Indexing Application

This program inserts data into fields 9, 10, 19, 20, 21, 28, 29, 30,
universal format headers on the daily GSFC input tape.

done on sample segment number.

Approved: E%

NASA/DPB

After completing image composition, the date and time are inserted into field 34. This program can also
modify any field created by the initial data base load program from either punched cards or terminal input.
The program also reads all fields in order to generate daily and query job reports. Searches are generally

33 created by the initial data base load

31, and 32 from the approximately 120

PHO
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4.7.2.2.3 ]JSC Interface Tape Application

The entire history data base is read, one sample segment at a time, by this batch application program to
generate the initial and update load tapes for the GSFC controlling data base. Fields 1, 8, 15, 16, 17, 22,
23, 24, 25, 26, and 27 are written to tape. Each time a tape is generated, field 17 is updated.

4.7.2.3 Structure

The data is grouped by information associated with each of the 1200 strata and information associated with
each of the 4826 sample segments. There are from one to about 100 sample segments in each stratum. The
total number of GSFC tape inputs for each sample segment over the growing season will vary from four, for
ordinary sample segments, to 16 for training and intensive study segments. Since data is most often stored
and retrieved-by stratum or sample segment number, these fields are candidates for indexing. Also, the date

of acquisition field is a possible candidate for indexing if the missing “‘ready” file report search is done on
this field.

4.7.2-3
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4,7.3 Fields Data Base
4.7.3.1 Coment

The fields data base contains, for each of 4826 sample segments, the definitions for up to five types of

——

fields and information associated with up to 60 classes. The size and maximum occurrences for each data
type is shown in table 4.7.3.1-1.
TABLE 4.7.3.1-1
FIELDS DATA BASE
OCCURRENCES/SAMPLE
FIELD PARAMETER SIZE EACH (BYTES) SEGMENT ~.
e
1 Sample segment number 4 1 : 3
Field name 7 146
3 Set of 11 fitld vertices 44 146
o training - 60
® test ' ‘ 61
- o designated other o 10
l \ P e designated unidentifiable 10
7 e mean level adjustment _ 5
8 4 Class name and symbol 6 60
| - Class a priori value 1 60
6 Class threshold 1 60
4.7.3.2 Activity
4.7.3.2.1 Job Control Application
This program iniﬁally loads the fields data base and later adds, replaces, and deletes information. The data
base contains field and class definitions generated in response to the daily GSFC input tape. The turn
around time is expected to be from a few kours to a few days, but the average data rate should be about
120 sample scgments per day with searches being generally done on sample segment number,
4.7.3.2.2 Classification and Mensuration Application ' ‘ : ;
“This program reads all of the ficlds and class information for sample segments to be classified and those 3
required for training. Classification of a sample segment without training fields can require up to three &
sample. segments with training. Classification of sample segments with training can require up to two
additional satnple segments with training. Dara is generally retrieved by sample segment number which is X,
retricved from the signature extention pointers part of the processing control data base. The design goalis LN

to classify 120 sample segments in eight hours, A

—ﬁ" /) %{%/
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4.7.3.3 Structure
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The complexity of the data base structure depends on a trade off between storage wasted because of
unused fields and acditional data base overhead resulting from a more complex structure. Even though each

sample segment can have up to 146 fields, most of the 3860 ordinary sample segments will have only about
29. Since the set of field vertices is the largest parameter, if the data base is simply constructed with space
; for 146 ficlds per sample segment, about 75% of the space will be wasted, If, instead, the field definition or
® . some small number of definitions is the unit of storage with possible multiple occurrences, then additional
2 deta base overhead will be incurred. All of the data is associated with sample segment number, therefore,

this field is a good candidate for indexing.

!
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r : 4.7.4 1Image Data Base
: 4.7.4.1 Content
The image data base contains all of the data transmitted on the daily GSFC tapes during the entire grbwing
season. Both header and imagery are stored so that the images can be retrieved in universal format. A
. maximum of four 4-channel images will be stored for ordinary sample segments and a maximum of 16
4-channel images will be stored for training and intensive study sample segments.
4.7.4.2 Activity
4.7.4.2.1 Image Composition and Indexing Application
After reading the history dara base, this program renumbers the channels, modifies the header to indicate a
: composed image, and inserts the image into the image data base. Channels are numbered 1-4 for the first 3
- i acquisition, 5-8 for the second, and so on. The universal format headers are inserted by sample segment 4w
. Lo number and type, and date of the pass. The imagery, still in universal format, first has a field added to each :

line indicating the range of bands present. Each line is then inserted sequenced on line number and range of
bands within each line, This procedure eliminates the need to retrieve the previously stored channels for
that sample segment to perform composition,

This program also performs the change accumulation part of the data base recovery procedure, Since this is
[T the only program modifying the data base, the GSFC tapes are the only data source, a change accumulation
: can be preformed given only the sample segments affected and the time of last checkpoint, The program
reads the history data base to determine what GSFC tapes are nceded and then composes images to restore
the data base to the time of the failure.

4.7.4:2.2 Classification and Mensuration Application

This program transfers images in universal format from the data base to high speed intermediate storage.
Several image transfers take place simultaneously in order to maintain as high and steady a rate as possible
on the interface between the data base and the intermediate storage. An image is retrieved by first retrieving
the latest universal format header and then retrieving all 117 lines of as many groups of four-band lines as
required, one line at a time. Previous headers are retrieved separately if parameters from earlier passes such
as film bius and scaling factors or sun azimuth and elevation are required. This procedure reduces the rates
which must be maintained on the interface between the data base and the intermediate storage required to

support the special purpose processor. The amount of intermediate storage required for each sample .
segment is also reduced. ;o

Approved:______ ‘ ~__NASA/DPB ___ ' _PHO
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4.7.4.2.3 Image Dump Application

This program retrieves images from the image data base and generates image tapes for output to the
production film converter. Images are retrieved in the same way as with the classification and mensuration o .
application; i.e, via card input specifying sample segment number and acquisition dates (up to four IR
dates will be permitted). ' : %) ?

4.7.4.3 Structure

Data is grouped by sample segment. Each time imagery is retrieved the latest header is also retrievecd. This
header is searched for by sample segment number. The earlier headers are searched for by sample segment
number and date of the pass. Imagery is searched for by line within the sample segment and by sets of four
bands within each line. The sets are 1-4, 5-8, and so on through 13-16 for ordinary sample segments and on
through to 61-64 for training and intensive study sample segments. The line number is contained in the
ancillary block, and range of bands is added by the indexing and composition application. ‘ : |

According to universal format conventions, the length of each imagery record is 90 bytes and each header
3060 bytes. The total data base will have a latest header for each of the 4826 samples segment plus three
additional for each of the 3840 ordinary sample segments and 15 additional for each of the 986 training
and intensive study segments. Each ordinary sample segment will have 117 lines containing four 4-band
groups and each training and intensive study segment will have 117 lines containing 16 4-band groups.

The entire data base is further partitioned both physically and logically to minimize recovery time aftera -
data base failure which affects only some of the sample segments. It s partitioned physically by restricting
sets of sample segments to sets of disk drives to minimize the number of checkpoint packs which must be
mounted and the number of sample segments affected by a data base recovery, It is partitioned logically so
that the image composition and indexing application can be restoring images received since the checkpoint
while normal processing is taking place on the rest of the data base.
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4.7.5 Processing Control Data Base

4.7.5.1 Content

This data base contains the processing control parameter required by the classification and mensuration
P application to compute and manipulate statistics. It also has an indicator for the processing stage of 2
sample segment, ready or complete, The eccurrences for each parameter are shown in table 4.7.5.1-1.

TABLE 4.7.5.1-1

PROCESSING CONTROL DATA BASE

| OCCURRENCES/SAMPLE SEGMENT b
FIELD PARAMETER ORDINARY TRAINING & INTENSIVE STUDY ;" _:
1 Sample segment no. 1 1 !
2 Ready flag 1 1 1
3 Processing complete flag 1 1
4 Automatic selection of 1 0
training segment flag
P 5 Aggregation flag 1 1
¢ . 6 | Training segment numbers 3 3
e 7 | Statistics option flags 180 180
: (3 flags/class)
8 Sun angle correction flag 1 1
9 Mean level adjustment flag 1 1
10 | Mean level adjustment segment 1 1 ;
11 | Feature selection flag 1 1 ,
12 | Number of channels output 1 1
from feature selection ' ; f
13| Feature selection mode ’ 1

4.7.5.2 Activigz

4.7.5.2.1 Job Control Application

The processng control data base is loaded and updated by this program from punched cards for about 120 5
sample segments per day. Each time a sample segment is made ready for processing the ready flag is set to ' iR
true and the processing complete flag is set to false, The date base is accessed by sample segment number,

Cons Sl Ly,
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4.7.5.2,2 Classification and Mensuration Application

Processing by this program is controlled by the processing contro: data base. The ready flags are read to
o determine which sample segments are to be processed. If the automatic selection of training segment flag is
' set, the program selects a training segment based on a prioritizing algorithm. If this flag is not set, the
segments listed in field six are used for training. Statistical options are set by field 7 and the mainpulation
of statistics options are set by fields 8-13. After processing the processing complete flag is set. '

4.7.5.3 Structure

5 This appears to be a very small and simply structed data base which may be a part of the fields data base.

T

S <7
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4.7.6 Classification Results Data Base

4.7.6.1 Content

This data base contains some of the information generated during classification plus a measure of sample $
segment suitability for aggregation as determined by the analyst. There will be a total of not more than
38604 records in the data base, however, the number of records for each sample secgment will be limited oy
only by the total storage available. Each record contains: L

-:Sample segment no,
. Stratum no. 4
. Percent wheat
.. Percent other
. Percent thresholded
Percent unidentifiable
No. of pixels in DO fields
196 * 117
No. of pixels in DU fields
196 * 117
9. Training segments used
10. External statistic flag
11. Channels used
12. Number of linear combinations
13. Map of channels used
14, Whether run was semi-automatic or manual
15. Run number
16. Classification summary by class

NOUhAwWN -

&=

4,7.6.2 Activitz

4.7.6.2.1 Classification and Mensuration Application

After each sample segment is classified; this program generates a report and stores the results in the
classification results data base. Upon request, the program generates an historical report of classifications

from this data base and the history data base. These reports may be requested in batch and interactive
mode, Searches are done on sample segment number.

4.7.6.2.2 Production Forecast Application

each of the 1200 strata‘each week.

4.7‘6.'3 Structure

Since searches are done on sample segment and stratum numbers, both fields are candidates for indexing,

Approved: W NASA/DPB : %%é/
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4.7.7 CHECKPOINT AND RECOVERY

4.7.7.1 History Data Bas>

Since this data base is relatively small and volatile, frequence checkpoints-to-tape will minimize the data
base recovery problem. However, since four application programs dpdate the data base, a system resident
logging and change accumulation utility will be required to rebuiid the data base from the checkpoint after .
a failure. . :

4.7.7.2 Fields Data Base and Processing Control Data Base

Both of these data bases are loaded by the job control application from punched card inputs. If both data
bases are frequently checkpointed to tape, change accumulation can be performed quickly from the most
recent card input decks.

4.7.7.3 Image Data Base

Since this is a very large data base (approximately 3.4 x 107 bytes), the checkpoint/recovery scheme must
i minimize the need to ever restore the entire data base and maximize the part of the data base available for
| normal processing during recovery. The data base is physically partitioned by restricting sets of sample
segments to single or sets of disk drives. Checkpoints are then performed by disk-to-disk transfer to a spare
j 2 set of disk packs. A recovery can then be performed by mounting relatively few checkpoint packs and
( performing change accumulation on only those.

The data base is also logically partitioned into smaller parallel structures by sample segment numbers to
allow for normal processing on most of the data base while a checkpoint restore is performed on part of it ]
and to’ allow for parallel processing of the image data base by multiple application. For example,
composition and classification could process simultaneously or either application could operate on multiple
images simultaneously.

Change accumulation for the image data base can be performed by the image composition and indexing
application. The sample segment affected will have to be determined through either the dara management
system or application programs and be input manually along with time of last checkpoint. This program can
then read the history data base to determine which GSFC tapes are required and then perform change
accumulation.

4.7.7.4 Classification Results Data Base

This is a relatively small and volatile data base which is updated cach time a sample segment is classified and
should be checkpointed-to-tape frequently. A system logging and change accumulation will be required to
rebuild the data base from a checkpoint. Eventhough only one program, the classification and mensuration
application, updates the data base, the amount of computation involved in generating the data makes this
program a poor change accumulation utility. '

vl ' LY
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4.7.8 OutButs

4.7.8.1 History Data Base Output

4.7.8.1.1 Daily Report : £ 3

The dai‘_ly report, shown in Figure 4.7.8.1.1-1, will be output to microfiche at any time that one of the
entries in the report changes. One report will exist for each of the 4826 sample segments and will consist of
as many pages as necessary to list all acquisitions and data processing comments. The report will contain o
information defining the sample segment, sample segment acquisition history, sample segment quality g
parameters, location information of the sample segment and data processing comments affecting the quality i
or normality of the same segment. Definitions of non-obvious parameters follows: ;

. Sample segment type — Training segment or normal segment. : :
e  Country I ~ N
®  Region —~ Physical location of sample segment
e  Zone ‘ :
. Stratum
. Latitude, Longitude — Center of sample segment
* Last control information update — Date of last tape generation for GSFC interface ,
] Biological window 1, 2, 3 & 4 — Beginning and ending dates of the four phases of the growing
season i
e REF SCENE — ERTS scene of reference sample segment image used for ‘image
registration/correlation
o % WHEAT — Percent of sample segment classified as wheat
e MENSURATION — Area of wheat in hectares ;
e  PASS DATE — Day of year and year of sample segment acquisition :
. :GT:’APE/FILE — GSFC tape number and file number of sample i
| s i
e  ERTS SCENE — The ERTS scene from which the samplé segment was extracted
o  CLD — Percent cloud cover ‘ ‘ : %
o  DEL-Deleted ; r
MARG — Marginal R
] ~— Margina Y
gl : _ VRS
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INDEXED DATA REPORT FOR SAMPLE SEGMENT NUMBER XXXX PAGE XXXX

SAMPLE SEGMENT TYPE =.C CROP TYPES = SPRING WHEAT
COUNTRY = CCCECCCCCCCC BIOLOGICAL WINDOW 1 YYODD TO YYDDD
REGION = XX,ZONE = XXXX, STRATUM = XXXX BIOLOGICAL WINDOW 2 YYDDD TO YYDDD

It 4 non

REFERENCE MAP. .1 = CCCCCCCCCCCC BIOLOGICAL WINDOW 3 YYDDD TO YYDDD
REFERENCE MAP 2 = CCCCCCCCCCCC BIOLOGICAL WINDOW 4 YYDDD TO YYDOD
REFERENCE MAP 3 = CCCCCCCCCCCC

REFERENCE ERTS SCENE = CCCCCCCCC FUHEAT=XX.X MENSURATION=XXXXX.XX

LATITUDE = CCCC DEG CC MIN RUN-ID = CCCCCCCCCCCe
LONGITUDE = CCCC DEG CC MIN

LAST CONTROL INFORMATION UPDATE = YYDDD

PASS GTAPE/FILE ERTS. SCENE -ORBIT REGISTRATION - PERCENT SUN ANGLE SYNC-LOSS-LINES STORAGE PROC
DATE SHARPNESS P/B RATIO CLOUDS EL AZ B1 B2 B3 B4 STATUS DATE

>
>

YYDDD XXXXXX/XXX CCCCCCCCC. XXXXX CCCCCCCC cLccecce XX X XX XXX XXX XXX XXX STORED YYDDD

> > > > KX %y

YYDDD XXXXXX/XXX CCCCCCCCC ~XXXXX ~CCCCCcCC cccecece XX X XXX XXX XXX XXX XXX ADDED YYDODD

><

DATA PROCESSING COMMENTS
. -MANUALLY ASSISTED REGISTRATION WAS REQUIRED
-SYNC IN BAND X COULD NOT BE MAINTAINED FOR XXX LINES
-REFERENCE SCENE DID NOT COMPARE WITH REQUEST
-DATE OF LAST CONTROL INFORMATION UPDATE DID NOT COMPARE WITH REQUEST
-LINE LENGTH CORRECTION WAS REQUIRED
~-COORDINATES OF SAMPLE SEGMENT DID NOT COMPARE WITH REQUEST

Figure 4.7.8.1.1-1 Daily Report
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. Sl{ARPNESS, P/B RATIO - Registration accuracy parameters
. YYDDD - Dates are year and day of year
) PROC DATE — Date that the sample segment was processed; i.e., classified.
4.7.8.1.2 Query Report
The query report will be identical to the daily report. When the query specifies an index parameter above
the segment level (i.e., stratum, zone, region or country), the output will be ordered by segment number.
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4.7.8.2 Fields Data Base Output

When the fields data base is updated, the three rep

will output showing first the current data base configuration for that sample segment then showing the final
configuration. These reports will be annotated to indicate initial status and final status reports.

orts shown in figures 4.7.8.2-1,4.7.8.2-2, and 4.7.8.2-3

In addition, a transaction report will be generated for all updates. The header page of this report, shown in
figure 4.7.8.2-4, will identify the sample segment ID acted upon, the input user ID, and the date of the
transaction. The following statements will be output if all of the sample segment data is affected.

A.  Sample segment IXXXX has been added to the data base -

see final status report for the
data. . ‘

B. All data for sample segment IXXXX has been replaced - see final status report for the data.
When selected parameters within a sample segment data record have been updated, a column of status

information will be added to the left side of the appropriate output report (see figures 4.7.8.2-2 and
4.7.8.2-3.) All reports output will be annotated with user ID.

An image tape will also be output reflecting the field boundaries of the fields entered into the data base,
This image will be output with the same scale as the LACIE images; i.e., 117 lines by 196 pixels.

RIPROD
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FIELDS DATA BASE TRANSACTION REPORT

SEGMENT ID = XXXX
CLASS = XXXXXX
CLASS SYMBOL = X
1ST 2ND 3RD 4TH
VERTEX VERTEX VERTEX VERTEX

LINE XXX XXX ‘ XXX XXX
COLM XXX XXX XXX XXX

FIELD OVERLAY TAPE NUMBER=XXXXXX,FILE=XXX

LAST DATE OF UPDATE=MM/DD/YY

Figure 4.7.8.2-1 Fields Data Base Transaction Report
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CATEGORY

v od

XXXXXX

9-8°LY
4dUa/VSVN

N

o
T
o}

XXXXXX

CATEGORY TRANSACTION REPORT

SEGMENT ID = XXXX

PERCENT A PRIORI CATEGORY PERCENT A PRIORI

XXX.X XXX XXXXXX XXX. X

XXX. X XXX XXXXXX XXX.X

Figure 4.7.8.2-2 Category Transaction Report
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. FIELDS TRANSACT!ION REPORT

FIELD TYPE FIELD 18T 2ND 3RD 4TH STH 6TH TTH 8TH 9TH 1 0TH !
ID AND CLASS VERTX VERTX VERTX VERTX VERTX VERTX VERTX VERTX VERTX VERTX

SUBCLASS. SYMBOL

XXX XXX X X LINE XXXXX XXXXX XXXXX XXXXX- XXXXX XXXXX XXXXX XXXXX XXXXX XXX XX
COLM XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX

- :
LINE .
COLM ;

Favs |

LINE [ i
COLM

a3

LINE -
coLMm 4

LINE ‘
cCoLM P

L-8'LY
4da/VSVYN

LINE
cCoLM i
b3

LINE
COLM 0

LINE
coLmMm

LINE
COLM

7

XXXXXX X X LINE XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX
: COLM XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX

¢ a8ueyp
$1SHL-OHd

SLOT Y2IEW 1T

OHd

- - . ) I
Figure 4.7.8.2-3 Fields Transaction Report i
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'

4.8 BATCH PROCESSING CONTROL : . )

4.8.1 Introduction

The processing control data base will be updated via card input on a daily basis. The classification and
| .‘ mensuration subsystem will then access the processing control data base to ascertain the automatic data
" : flow for each segment to be classified and to determine what subsets of training segments are required for .
| statistics computations. All required data will then be retrieved and the segment processed automatically in E

| . . e . s .
! the manner specified by the processing control information.

[
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4.8.2 Input

Processing control cards will be input in a format similar to the card format given below. Input
preprocessing will then involve reformatting the data into the data base in a format that will simulate inputs
to the ERIPS menus to allow the batch operation. These inputs may be stored individually by segment ID
or with pointers-to-segments that have identical processing flows.

4.8.2.1 Card Format

o Card1l

NAME = XXXXXXXXXXXXXXXXXXXXXXXX LCOP

Beginning in column 1 will be the keyword “NAME”, followed by the user name (maximum 24
characters). The keyword ‘“LOOP” beginning in column 32 will activate a looping sequence to process
the first segment on the RSEG card along with the segments specified on the TSEG cards. Only the
RSEG segment will be processed for the remaining segments on the RSEG card.

° Card 2
RSEG = XX, XX, XXXX, XXX, (XXX), XX, X

Beginning in column 1 will be the keyword “RSEG” identifying the card as a recognition
segment definition card. Following the equals sign separated by commas will be a list of
segment ID’s of the recognition segment to be processed according to the following control
cards. All of these recognition segments will be processed with the identical control with one
exception. The fifth entry on the RSEG card, enclosed in parenthesis, will be processed without
using statistics from its own training fields. All such segments will be -enclosed within
parenthesis as shown. An entry in column 80 will specify the next RSEG card as a continuation
card.

. Card 3
CSEG = XXXX (XXXXX, XXXXX, XXXXX, XXXXX)

Beginning in column 1 will be the keyword identifier ** CSEG ", Following the equals sign will
be a segment ID with the acquisition dates of the segment to be used for processing listed
within parenthesis separated by commas. If there is no segment ID, the list of channels will be
used for all recognition segments of card 2. One card 3 may exist for each recognition segment
identified on card 2. Also, the user may submit one card with a blank ID and then override
those acquisition dates for other specified recognition segments on following cards.

) Card 4
TSEG = XXXX (XXXXX, XXXXX, XXXXX, XXXXX)
The keyword for card 4 will be “TSEG” with a training segment 1D following the equals sign,

Then enclosed in parenthesis and separated by commas will be the acquisition dates of the
training segment. There will be up to three of these cards.

<
; ’ A R .
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. Card 5 through 15

Cards 5 through 15 will specify the user desired statistics options. One card will be input for
each process to be performed, but multiple class inputs may be specified on a single card or a
continuation card. Again, a continuation will be indicated by a punch in column 80 of the
previous card. The keyword will be repeated on all continuation cards. The suggested formats
and descriptions of each statistics option card follows below.

° Card 5
CLCC = XX, XX, XX, XX

The keyword “CLCC” will identify the card as a channels to be used for clustering card. The
channels separated by commas will then follow the equals sign. Absence of this card will cause
all channels to be used. It should be noted that the channel numbers at this point will not L
correspond to the original numbers but will have been renumbered consecutively from 1 to N,
where N is the total number of channels, Error checking should be performed to ensure that
this is the case. Only one CLCC card may be input and the card will apply to all recognition
segments of card 2.

$.4;

# ) Card 6
CLU1 = XXXX(XXXXXX,XXXXXX,XXXXXX,XXXXXX)

The keyword “CLU1" specifies that the clustering processor will be performed using a
“DEFAULT1” parameters on the clustering initialization menu. After the equals sign a four
character name will be specified as the class that the clusters will be assigned to as subclass
names of XXXXO01 through XXXX10 for input on the clustering report menu. If a four
character name XXXX is repeated, processing control will assign subclass names XXXX11
through XXXX20 to the second set, XXXX21 through XXXX30 to the third set and so forth
for each occurrence of the four character name on a separate input statistics option card for
clustering. Following this four character name on the input card will be category, or subclass 1
names to be clustered. These names will be input on the clustering area definition menu. If
continuation cards are required, the indication of that fact will be as previously described.

. Card 7
CLU2 = XXXX(XXXXXX,XXXXXX,XXXXXX,XXXXXX)

Same as “CLU1" but using “DEFAULT2"” parameters on the clustering initailization menu,
“DEFAULT2" parameters request a maximum of 20 clusters so that subclass name assignments
will be XXXX01 through XXXX20, XXXX21 through XXXX40 and so forth. for- each
occurrence. Again, continuation cards are permitted, if required,

PHO
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. Card 5 through 15

Cards 5 through 15 will specify the user desired statistics options. One card will be input for
each process to be performed, but multiple class inputs may be specified on a single card or a
continuation card. Again, a continuation will be indicdted by a punch in column 80 of the
previous card. The keyword will be repeated on all continuation cards. The suggested formats
and descriptions of each statistics option card follows below.

. Card 5

CLCC = XX, XX, XX, XX

The keyword “CLCC” will identify the card as a channels to be used for clustering card. The
channels separated by commas will then follow the equals sign. Absence of this card will cause 5
all channels to be used. It should be noted that the channel numbers at this point will not '
correspond to the original numbers but will have been renumbered consecutively from 1 to N,
where N is the total number of channels. Error checking should be performed to ensure that a
this is the case. Only onc CLCC card may be input and the card will apply to all recognition .
segments of card 2. -

° Card 6 P

CLU1 = XXXX(XXXXXX, XXXXXX XXXXXX, XXXXXX) . o

The keyword “CLU1" specifies that the clustering processor will be performed using a
“DEFAULT1" parameters on the clustering initialization menu. After the equals sign a four
character name will be specified as the class-that the clusters will be assigned to as subclass g
names of XXXXO01 through XXXX10 for input on the clustering report menu. If a four
character name XXXX is repeated, processing control will assign subclass names: XXXX11
through XXXX20 to the second set, XXXX21 through XXXX30 to the third set and so forth
for each occurrence of the four character name on a separate input statistics option card for
clustering. Following this four character name on the input card will be category, or subclass
names to be clustered, These names will be input on the clustering area definition menu. If
continuation cards are required, the indication of that fact will be as previously described.

® Card 7
CLU2 = XXXX(XXXXXX,XXXXXX,XXXXXX,XXXXXX)

Same a5 “CLU1" but using “DEFAULT2" parameters- on-the clustering initailization menu.
“DEFAULT2" paramecters request a maximum of 20 clusters so that subclass name assignments
will be XXXX01 through XXXX20, XXXX21 through XXXX40 and so forth for each
occurrence. Again, continuation cards are permitted, if required.
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Card 8
CCHI1 = XXXX(XXXXXX, XXXXXX,XXXXXX XXXXXX)

Same as “‘CLU1” but perform chaining of clusters. In this case subclass names will be input on

the cluster chaining menu.

Card 9

CCH2 = XXXX(XXXXXXXXXXXX, XXXXXX XXXXXX)
Same as “CCH1" but use “DEFAULT2"" parameters.

Card 10

BCHN = XXXX (XXXXXXXXXXXX XXXXXXXXXXXX)

The keyword “BCHN” will specify BHATTRCHARYYA chaining of field or classes is to be
performed. Again, the four character name will be assigned to the resultant chains as subclass
names. Processing control will assign subclass names XXXX01 to XXXNN, where NN is the
number of classes identified within the parenthesis on this card. Continuation cards permitted,
if necessary.

Card 11
COMB = XXX XXX(XXXXXX,XXXXXX, XXXXXX)

Card 11 will specify that the normal computation of statistics is to be utilized. The keyword
“COMB" will begin in column 1 with the class or subclass name to be assigned to the statistics
following the equals sign. If a name is specified, processing control will built inputs to select the
combine classes statistics option, insert the name in the new class name slot (using the first
character of the name as symbol), and then input the class or subclass names specified within
the parenthesis as the list of classes to be combined. If a card is not input, only the normal
computation of statistics will be performed and individual statistics will be reatined.

Card 12
EXTN = XXXXXX
The keyword “EXTN" will cause external statistics to be read in for all classes from the tape

identified by the number following the equal sign. When external statistics are read, no further
statistics processing will be performed,
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Card 13
STAT = XXXXXX

A request to output statistics will be identified on card 13 with the keyboard “STAT”", no tape
number is necessary, but if the user wishes to write to a specific tape he may do so by
indicating the number following the equals sign on this card. Otherwise the data will be written

to a scratch tape. Provisions here must be made for identifying the scratch tape number to the
user.

Card 14

SUNO

XXXXXXXXXXXX XXXXXX XXXXXX

SUN1 = XXXXXX XXXXXX, XXXXXX,XXXXXX
SUN2 = XXXXXX, XXXXXX, XXXXXX,XXXXXX
SUN3 = XXXXXX,XXXXXX,XXXXXX,XXXXXX

The keyword “SUN” will indicate that the classes or subclasses listed following the equals sign are to
be corrected for sun angle. The numerical value of the keyword indicates which training segment sun
angle is to be used for the correction with the 0, 1, 2, or 3 corresponding to the “RSEG” and the
“TSEG’s” in order. The user may specify “ALL" on each of the above cards to correct all subclasses
within a segment.

Card 15

MLAO = XXXXXX,XXXXXX,XXXXXX, XXXXXX
MLA1l = XXXXXX,XXXXXX , XXXXXX,XXXXXX
MLA2 = XXXXXX,XXXXXX XXXXXX,XXXXXX
MLA3 = XXXXXXXXXXXX,XXXXXX,XXXXXX
MLAV = XXXXXX, XXXXXX,XXXXXX,XXXXXX

The rules for this card will be the same as card 14. The keyword MLA will identify the card as 2 mean
level adjustment request for the listed classes or subclasses. For mean lével adjustment though, if the
MLAV keyword option is specified, the average of all MLA fields contained within all training
segments will be used to perfarm the correction. Again the user may specify all classes.

Card 16

FSEL = WRO (, CAT = X}
FSEL = ALL {, CAT = X)
FSEL = X,X,X,XX (, CAT = X)

The keyword “FSEL" will identify the feature selection option card. This card will specify
whether the without replacement option (WRO above) is to be exercised, separability for all
channels (ALL above) is to be cnmputed, or separability for all channels and a subset of
channels (X,X,X,XX above) is to be computed, The GAT = X shown in brackets above denates

-that the summation in the feature selection processor is to be carried to the category level for

category X. If the input option is FSEL = X,X,X,XX then the channel subset X,X,X,XX will
also be used for classification. If no feature selection option card is present and the number of
available channels is greater than eight, the WRO option will be exercised, or if the number of
channels is less than or equal to eight the ALL option will be exercised. '

]
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Card 17

THRS = (X,XXX.X), (X, XXX.X), (X,XXX.X)

The keyword “THRS” will identify card 17 as the threshold definition card. Then following the
equals sign and enclosed in parenthesis will be the category and the threshold that applies to
that category. Values input on card 17 will override the values stored on the fields data base.
Continuation cards will be allowed as defined earlier.

Card 18

APRI = (X, XXX), (X,XXX), (X, XXX)

The keyword “APRI" will define the category a priori card. This card will obey the same rules
as the “THRS"" card.

Card 19
CCAT = X,X,X,X
The categories that the user wishes to sum to the category level in the classification algorithm

will be defined on card 19 identified with the keyword “CCAT”. The categories will be listed
separated by commas after the equals sign.
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SECTION 5

LOAD REQUIREMENTS

5.1 INTRODUCTION

Since the ERIPS is expected to have many future applications, each performing its operations on data
generated by various sensors, the LOAD program will be designed to accept data and put it in a standard
format for use by the various applications. The Load Application will have the capabilities to; load an
image, unload an image, scroll images from tape, and display reports containing certain ancillary data

information.
1
The LOAD Application must accept data from the following sensors:
. ERTS MSS
) Any sensor in LARSYS format
° Any sensor in UNIVERSAL format

The Load Application also must accept ancilliary data, although the only use at this time is for display
purposes. Other application requirements of the ancillary data will be defined later.
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5.2 USER INTERFACE REQUIREMENTS
The ERIPS user should be able to select the Load Application immediately after signing onto the system.
This selection will be madc from the Application Selection Menu.
' :
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5.2.1 General Capabilities

The capability will exist on all menus to indicate the End-of-Field (EOF) and End-of-Transmission (EOT)
without use of the keybozrd. The user may also return to the previnus menu by indicating Return (RET)
on any of the menus in this application.

All displayed images in this application will include a position indicator (line and column) on the overlay of

the upper right hand corner and the lower left hand corner. The corner positions will be updated when the
‘image(s} scroll is halted.
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5.2.2 Load Application Options Menu
: The initial menu displayed, ERIPS Load Program (figure 5.2.2-1) will request the user to specify the option
= of the load application he wishes to exercise. These options will incluce; LOAD AN IMAGE FROM TAPE,
& LOAD/SCROLL FROM TAPE, DISPLAY HEADER REPORT, and UNLOAD AN IMAGE TO TAPE. Next
the user will be requested to type in the image tape number(s) he wishes to process. Also, the user may
specify a particular file to be loaded.
’
:
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5.2.3 Load An Image From Tape Option

If the user selects to load an image from tape, he will be presented with the tape header report-menu(s),
(Refer to paragraph 5.4). Each header report will consist of three p:ges that will be accessed by hitting the
EOT key. Atany point in the tape header report, the user may elect to do either a full tape load or a subset
load. If the user elects to do a full tape load (FTL) from the tape header report (full image, all channels),
the Post-Load Report Menu will appear (figure 5.4.2-1), summarizing the contents of the loaded image. If
the user selects the subset load (CHD) from the tape header report, the following menus will appear. The
Image Subset Definition - Name Menu (figure 5.2.3-1), allows the user to either assign a 12 character
alphabetic name or use a system generated name for the image to be loaded, The Image Subset Definition -
Channel Menu (figure 5.2.3-2) allows the user to load all channels, or 2 subset of the channels. The Image
Subset Definition - Boundary Menu (figure 5.2.3-3), allows the user to select the boundary technique he
desires. The options will be; default limits (all pixels, all lines), geographic coordinates, line/pixel values,
and pointed inputs. The user may also compress the image by specifying a line and/or-a plxel skip factor. If
the user has specified the line/pixel option on the boundary technique menu, the ‘next menu to appear will
be the Image Subset Definition - Limits Menu (figure 5.2.3-4). This menu will request the user to specify
either line/pixel or point techniques and to supply the appropriate values, It should be noted that the user
will be able to return to the previous menu from the current menu until loading begins. If the user selects a :
full tape load (FTL) from any of the tape header display pages, the ERIPS will generate an image name to .
be displayed to the user in the Post-Load Report display (paragraph 5.4. 2)

Universal format allows continuation tapes, so when loading a universal format tape the user will have the
option to type in the continuation tape number or simply hit EOT to complete the load (figure 5.2.3- 5) v
The post-lpad display will then appear. - i
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5.2.4 Unload an Image to Tape Option

The Image Allocation Menu (figure 5.2.4-1) will be displayed if the user selects the unload an image to tape
option. This menu will list the loaded images that are not presentl; in use. The user will then check the
boxes opposite the images that are to be unloaded to tape and deleted from disk storage, unloaded to tape
but not deleted, or simply deleted. The Unloaded Images Menu (figure 5.2.4-1) should then be displayed
listing the images that were unloaded and the corresponding tape numbers of the tapes to which they were
unloaded. This procedure is described in paragraph 4.4 and illustrated in figure 4.4-1.

/) 9
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5.2.5 Scroll/Load from Tape Option : i

This option will allow the user to screen an image on the image display (without first loading the image
onto disk) and select th- portion of the image he wants loaded, The first menu, Image Screen (figure
§.2.5-1),will allow the user to select a screen on which to scroll the image. However, this menu will not
appear if the user has only signed onto one screen. .

_After selecting the scroll/load option, specifying the tape number(s) to be used, and selecting a screen, if
*mecessary, the Scroll Limits Menu (figure 5.2.5-2) will be displayed. This menu will allow the user to specify

the image set dimensions, line and pixel skip factors, a magnification factor, and the channel to be scrolled.

pointed inputs (figure 5.2.3-3). If the user elects to use pointed inputs, the Image Subset Definition -
Pointed Inputs Menu (figure 5.2.5-4) will be displayed allowing the user to specify from one to four points
on the image screen. Each point will be marked on the overlay with a crosshair as it is identified and if more
than one point is chosen, this will indicate a rectangular area is to be loaded. After completion of the load
the user will have the option of continuing the scroll as shown in figure 5.2.5-5. The scrolling of the image

If only one point is chosen in response to the Image Subset Definition - Pointed Inputs Menu (figure
5.2.5-4) the load process will continue until the scrolling is halted and the Scroll Options Menu (figure
5.2.5-3) appears. Then'if the user selects the cancel load option the End of Load Menu (figure 5.2.5-6) will
be displayed. This menu gives the user two choices of designating the end of image set. He may point at
some line on the image display and it will be used as the last line, or hit EOT and the newest line on the
display will be used as the default end of image set. Again as the Load an Image from Tape Option, the
Post-Load Report will be displayed describing the image that was loaded. The user may load a subset of the
total scrolled image, but if he wishes to load data preceeding the present:location of the scrolling he must
redefine the starting location and again start the scroll by selecting the RESET SCROLL box (figure
5.2.5-3). . ‘
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5.2.6 Display Header Option
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This option will allow the user to display the ancillary data content from the image tape header. The menu
for this option is shown in figure 5.2.3-1. The displays for this optio:: are discussed in paragraph 5.4,
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5.3 PROCESSING REQUIREMENTS

The software should reformat all sensor data to one common format (UNIVERSAL), and provide all of the
interactive capabilities described in paragraph 5.2. The following is a complete list of data sources with
references to format documents:

-~

N ERTS MSS - ERTS Data Users Handbook, GSFC 715-D4249 and Earth Resources Data Format I
Control Book !

‘o LARSYS - Earth Resources Data Format Control Book

® UNIVERSAL - Earth Resources Data Format Control Book

{
1,’.;}1 )
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5.4 OUTPUTS
5.4.1 Header Displays i

The displays generated by the load application may be requested by tire load program options menu or .
displayed- automatically. The displays will be composed of ancillary data extracted from the header records L
of the image tapes. The first page of the display will vary from sensor to sensor, such as: ERTSA MSS bulk
format, page 1 (figure 5.4.1-1); UNIVERSAL format, page 1 (figure 5.4.1-2); and LARSYS 1I format, page
1 (figure 5.4.1-3). The second and third pages are the same for ail sensors, figures 5.4.1-4 and 5.4,1-5,
respectively. 2
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SECTION 6

IMAGE MANIPULATION AND DISPLAY REQUIREMENTS

6.1 INTRODUCTION

The Image Manipulation and Display (IMD) Application will be capable of outputing data to the Landscape
TV in up to 64 colors or to the COM microfiche unit, IMD will provide the user the capability to scroll an l
image, to translate an image, or to zoom in on a portion of an image.
T
T
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6.2 USER INTERFACE REQUIREMENTS
The ERIPS user will have the capability to select the IMD application from the Application Selection Menu
after signing on to the system and loading the data necessary for IMD processing. The IMD may be selected
. to display by user specified image name any loaded or generated image. P
! s
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6.2.1 General Capabilities

The ERIPS user should have the capability to select the IMD Application from any of the applications of
the ERIPS without losing the internal data of that application. A IXKETURN indication on the IMD menu
would then return the user to the appropriate position in the application from which he selected the IMD
application. Also, the capability will exist to select SCR (Image Scroll), EOF (End-of-Field), EOT
(End-of-Transmission), Al (display Available Images Report), BP2 (batch print screen 2), BP3 (batch print
screen 3), BPS (batch print screen 5), BP6 (batch print screen 6), LLT (lat./long. and cursor position table),
FLO (field overlay), CI2 (display next channel of image on screen 2), CI3 (same as CI2, but for screen 3),
CI5 (same as CI2, but for screen 5), Cl6 (same as CI2, but for screen 6), and S64 (paging of menu when
using 64 colors to observe all color assignments) on the menu without the use of the keyboard.

7 24
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6.2.2 IMD Image Definition and Screen Status Menu

An example of the IMD Image Definition and Screen Status Menu for a two eight-color SCREEN

configuration is shown in Figure 6.2.2-1. All X's in the figure represent displayed data and the dashed lines

: represent user input data. The screen status information will be listed in the appropriate column under

- = SCREEN 2, SCREEN 3, SCREEN 5, or SCREEN 6 and will provide-the user with information corcerning

the configuration of the images on each screen. The far right columns containing the dashed lines are for

user input data to define the image as he wishes to view it. The CI2, CI3, CI5, and Cl6 special functions will

provide the user with the capability to display the next-highest numbered channel of the image he has last

requested without use of keyboard inputs. The screen number, magnification, boundary definitions, and
histogram convention as previously specified by the user will remain in effect,

RS

When operating in the 64 color mode it will be necessary to page the IMD Image Definition and Screen
Status Menu to observe color assignments for all 64 colors. This will be accomplished via the $64 immediate
action paging box. The menus for this option are shown in Figures 6.2.2-2, 6.2.2-3, 6.2.2-4, and 6.2.2-5.
When the 64 color option has been selected either SCREEN 3 column or SCREEN 6 column will contain
no information.

L é

Magnification may be positive or negative and will involve repeating or deleting the appropriate pixels and
lines. INITIAL LINE and PIXEL may be defaulted and the image will be displayed with the initial line and
pixel, even if both are not 1. If initial line and pixel numbers specified begin with a “C”, that line and/or
pixel value will be the center point of the displayed image. Radiance/level options will use the following:

((A_, HXXX — Histogram the portion of the image specified by X, i.e., x.= 100 historgram 100
lines.

: E — Use the existing gray level translate table.

3
;
|
3
3
D — Use the default gray levels: O to 255 in 16 equal increments. %
C ~ Classification image. ;

1

1

i

i,
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6.3 GRAY LEVEL AND COLOR DETERMINATION

6.3.1 Gray Level Images

maximum of 16 levels of gray unless specified to be less by the user.

Gray lével images will be displayed in a
1l be to divide the radiance range (256) by 16 for the gray level

Default over the 16 levels of gray wi

assignments.
d ] 2215 NASA/DPB | %ﬁz/
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6.3.2 Color Images "
Color images will be displayed in a maximum of 64 colors (or 8 colors if only 8 available) unless specified 4 .
to be less by the user. Default over the 64 colors will be to divide he radiance range (256) by 64 for the %‘(
. color assignment. § i
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6.3.3 Gray/Color Distribution

ST Ry T

Each resolution element of each channel will have a range of possible values depending upon the relative
radiance of the particular element in that band. The distribution of the gray levels or colors corresponding
to those possible numerical values will be determined in one of the following user specified methods.

A. Divided equally over the range of possible values.

B.  User specified by a prior knowledge of the data being processed.

C.  Computation of a set of gray levels or colors using the maximum and minimum data values and
the distribution of the intermediate data values. ‘

-
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6.4 OUTPUT

In addition to the screen status report available to the user as described in Paragraph 6.2.2, the user may
select a report that will ‘ist the images that are available for display. This report, as shown in Figure 6.4-1,
will provide the image name, the dimensions of the image by number of bands, first line, number of lines
and skip factor, first pixel, number of pixels and skip factor, and finally an image description.

The LLT special function will provide the user with the menu shown in Figure 6.4-2. The user will be able

" to specify points on the image screen via cursor and observe on this menu/report the line/column values for
the points. In the event the image has been pre-registered to a UTM grid, the same operation (or the
specification of line/column values on the menu) will provide a display of the geographic latitude and
longitude of the points.

NASA/DPB PHO
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SECTION 7 : ‘

IMAGE REGISTRATION

7.1 INTRCDUCTION t 3
‘ . ¥
7.1.1 General }

Image Registration will provide two capabilities: (1) The capability to conform an *
scene to a Reference Image of the same scene
predefined latitude/longitude grid.

‘input image” of a given
and (2) the capability to map an input image onto a

7.1.2 Program Description

The basic program operation will be similar for either the image/grid or the image/image options, the chief
difference being in the way the user identifies “control points.” For image/grid, the user will be presented |
with a gray-scale TV image of a selected image. With a pointer, he will uesignate some number of geographic
features and provide the computer with a point identification (ID) number, latitude, and longitude for each (
point. For image/image, the user will identify one of two loaded images as the Reference Image. The other 2
will then be the Input Image. (The latter will be “mapped” to confrrm to the former). The user will be ]
provided two simultaneous displays one of the reference image, the other of the input image (any j
C ¥ combination of the two gray-scale and one color monitors may be selected). The user will select (by means

described in Paragraph 7.2) a point on each image, which he has determined to be common to both images,

and input an ID number for the point pair. He will then repeat the process for the desired number of |

points, and command the computer to calculate a “fit.” A visible point marker will be provided and will |
remain on the screen until IMD or scroll are exercised again. Following the identification of points, the
computer processing requirements for image/grid and image/image are similar. The program will compare
the image position of each input point to the corresponding reference point (which in the case of
image/grid is just a coordinate), and will use the “errors” to calculate “least-squares’ coefficients for a
bivariant Nth-order polynominal (N = 6, determined by operator selection).

This polynominal will completely specify a mapping transformation, but at this point, the actual

transformation will not have occurred. Evaluation parameters associated with the least-squares fit will be
generated for display (as defined in Paragraph 7.4) to the user. Based on these, he may choose to repeat or
modify the point selection. When he is satisfied with the data, he can then allow the actual mapping to take

place, at which time the appropriate output image will be generated, There will be the capability to create a
“Difference Image” from two co-registered input images.
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7.2 USER INTERFACE REQUIREMENTS ‘ /

7.2.1 General

The initial process of ge lerating, positioning, scaling, etc., of the images will normally have been
accomplished via the LOAD and IMAGE MANIPULATION and DISPLAY (IMD) applications.

/

All menus presented to the user in the image registration application will include capabilities: to scroll the ;
image(s), to select the image manipulation and display application, and via error recover logic to allow /
unloading and scratching from disk, all without exiting from the image registration application. Also, the
capability will exist to indicate the EOF (end-of-field) and EOT (end-of-transmission) on all menus without

use of the keyboard. The user may return to the previous menu by indicating a return on any of the menus
in this application.

All displayed images in this application will include on the overlay a position indicator (line & column) of ,
the upper left hand corner, the lower right hand corner, and the cursor. The corner positions will be h “%

updated as the image(s) is scrolled bur the cursor position will be updated only when the pointer is
activated.

7.2.2 Processor Selection

Upon entering the REGISTI.ATION application the user will be presented with an option menu (see Figure
{ﬁ 7.2.2-1 with which he can interact with minimum use of the keyboard. The menu will include:

° Choice of image/grid or image/image processors,

) Manual entry option for mapping polynominals. The coefficients may be entered in floating
_point or scientific notation. The polynomial will be applied to the image such that all of the

input points will be transformed onto the output, with no “loss” of pixels (assuming no
translation term is input).

. Also, a capability will exist to perform a “two-pass” mapping. The first pass through
Registration will correct for gross 1st Order effects (primarily rotation and translation). The
resulting “pre-corrected’’ image will then be the Input Image for more detailed point selection
and polynominal calculation. This method for removing large rotations will result in reduced
time to do the mapping, and will provide the operator with a more favorably oriented display
for precise point location. This will be accomplished by selecting “Ist Order” on the
Polynominal Generation Select Menu (Paragraph 7.2,7) and proceeding through the application, 4
including menu Point Shift Image Definition Menu Paragraph 7.2.8, then repeating with the ‘-
order of polynominal desired. Selecting an order higher than the 1st Order will generate an ' !
error message if large 1st Order effects are present.

Upon operator completion of this menu, a menu associated with his selected option will appear (Paragraph
7.2.3,7.2.4, or 7.2.5 as appropriate).

o
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7.2.3 (Image/Grid) Output Image Boundary Definition j

The purpose of this menu (see Figure 7.2.3-1) is to define the UTM boundaries for the desired mapping,
and to identify (by image nime) the input image so that the system c1n define the extent and scale of the

output image. The required inputs are image name, most north latitude*, most south latitude, most east
longitude, and most west longitude*. i

~

7.2.4 (Image/Grid) Output Granularity Select

The purpose of this menu (see Figure 7.2.4-1) is to arrive at an optimum output granularity (i.e., the
ground spot size represented by 2 single output pixel). A granularity which is much finer than that of the
input image is wasteful of CPU time. The program will automatically select from a standard table of
available granularities (2, 4, 40 and 80 meters) the largest value which is finer than the input image
granularity. If the operator desires, he may manually (by Grafacon input) select any other value from the

table. If the selected value would result in an output image of greater than 107 elements, an error indication o
will be provided. )

'y

7.2.5 (Image/Grid) Image te UTM Point Selection/Identification

£
s ]

This menu (see Figure 7.2.5-1) will provide two main options: (1) Add new point, and (2) “Prepare to
generate mapping polynominal.” Within the “Add new point” option, there will be the option to designate
the next point to be selected as “active” or “reserve,” and spaces for entry of point LAT/LONG* and ID
code. An entry of EOT on this option will result in incorporation of the selected point into the point list,

An entry of EOT on the “Prepare to generate” option will release the display and bring up the Polynominal
Generation Select Menu. Up to 150 points may be entered.

N,

operator may default on LAT/LONG type-in and enter only the appropriate point ID. Detailed

There will, be provided a capability to pre-load a point ID versus LAT/LONG catalogue such that the
implementation will be provided at a later date. é

7.2.6 {(Image/Image) Image to Image Point Selection/Identification

This menu (see Figure 7.2.6-1) will be esentially identical to the corresponding Image/UTM Menu
(Paragraph 7.2.5) the exception being that there will be no LAT/LONG entry.

This menu must operate in conjunction with two image screens. The operator must select control points in |
pairs, in the order (reference/input) indicated on the menu. The points will be stored in the order selected. ;o
A visible point “marker” will remain on the image screen(s) until “SCR” or “IMD” are selected. If the
operator wishes to relocate a point prior to entering “EOT” he may do so by backspacing to the . =
appropriate step of the menu and starting over. After “EOT” is entered, points must be deleted or J
corrected by proceeding to the “Point Evaluation Display” (see Paragraph 7.4.4.1),

*The convention for entering LAT/LONG will be:

LAT - 1stdigit, N or S; two places for degrees; two places for minutes; three places for

o
seconds to the 1/10 sec.

LONG - 1stdigit E or W; three places for degrees (0 to 180); otherwise same as LAT. :
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A
7.2.7 Polynominal Generation Select Menu

This menu (Figure 7.2.7-1) will allow the selection of the order of the mapping polynominal, from 1st
Order through 6th Order. When this has been done the operator can enter the command (via Grafacon
input) to compute the mapping polynominal corresponding to the order specified.

N
Following the computation of at least one mapping polynominal, the displays selectable from the
Po}ynominal Evaluation/Correction Menu (Paragraph 7.2.10) will be available.

7.2.8 Point Shift Image Definition Menu (Figure 7.2.8-1)

This it a required input to the point shift routine. The user will type in the input image name (this is to
allow for the case where the user loads an input image and a predetermined polynominal-by-passing the
usual point selection process), and name the output image. Upon entry of “EOT", the program will proceed
to map the image. During mapping of the image, the user will be informed of the mapping progress. B

7.2.9 Mapping Polynominal Evaluation/Correction Menu (Figure 7.2.9-1)

This menu will automatically be displayed foliowing the release of any of the Registration program

displays. It will provide for graphacon selection of any of the following options:
. Point evaluation display.
. Polynominal error vector display. , g
. Mapping movement vector display. i
. Run summary display. ‘
) Transform image with current polynominal (will transfer to the Point Shift Image Definition j

Menu). . |

) Add more points (will transfer to appropriate Point Selection menu).
) Generate new polynominal with current point list (will transfer to Polynominal Generation

Select Menu).
° Post-Map Comments Menu.

7.2.10 Post-Mapping Comments Menu (Figure 7.2.10-1)

R S

This will allow the user to type in any comments or annotations he wishes to be recorded on the ourput
image tape. A user-input box will be provided to allow the user to return to the MAPPING POLYNOMIAL
EVALUATION/CORRECTION MENU with his last working data (point list, polynomials, etc.) still intact,

The user-entered comments will be recorded on the unload tape such that they will appear as header \.. '~
information when the tape is reloaded onto ERIPS.
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7.3 PROCESSING REQUIREMENTS

The equations for the generation of the mapping polynominals and for the assignment of output intensity
values will be as document :d in MSC Internal Note No. 72-FM-119, Da-ed May 18, 1972.

The in;age registration program shall accept as input any of those image sources and formats specified for
the ERIPS LOAD application (see Section 5), with the following limitations:

—_
£

Maximum image width = 1000 points }
*Maximum image area = 107 points

*This may be for any (length) X (width), provided (width) = 103,

For the input image to reference image option, the maxim applies to each of the two input images. \

If the input image contains more than the maximum allowable points, the LOAD options may be exercised
(e.g., skip lines or pixels, load partial image, etc.) to achieve the allowabie number.
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7.4 OUTPUTS
7.4.1 General

This section describes the outputs of the Registration application in the areas of imagery, graphic data and
digital data. The imagery displays will appear on the imagery television screen in 16 levels of gray and/or on
the color television screen, while the graphic and digital data will appear on the conversational television
screen in black & white. All reports will be made available for display as requested by the user. The user will
also have the option of requesting that the data be printed. In addition, all reports will be available for
retrieval upon request under the following conditions:

/

v

A.  The user has not exited “REGISTRATION"
B.  New data has not been requested by the user; i. ., if a new polynominal has been generated,
the display parameters corresponding to the last polynominal will not be available (exception: The Run o~

Summary Display will save certain parameters corresponding to previous polynominals).

7.4.2 Imagery

7.4.2.1 Output Image to Tape

The “output” image, i.e., the result of the registration process will be output to tape upon user command.
The “‘granularity” of the output image will be the same as that of the reference image in the case of
image-to-image and as specified by the user for the image-to-UTM case. Each pixel of a UTM-Rectified
output tape will be uniquely and directly convertible to LAT/LONG coordinates using only that data
contained on the tape. In addition, a tape “header report” will provide the user with the image name, the
LAT/LONG boundaries, and the pixel size used to generate the image.

I R ¥ |

7.4.2.2 OQutput Image to Video

The user will be able to view the output image on any of the three image screens, consistent with the
capabilities of the IMD application. In addition, for the UTM output, a visual indication of
lattitude/longitude will be provided on the image.

7.4.2.3 Output Image to Microfiche |

The software will drive the microfiche interface consistent with the associared ERIPS hardware T
specifications,

-

7.4.3 Graphic Data

The following graphic displays will be provided,

4 % - ) 5 f |
. g )
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7.4.3.1 Polynominal Error Vector Display (Rigure 7.4.3-1) , !

This display will consist of arrow-like vector symbols originating from the positions of each of the input
image control points, and equal to the difference between the “input error” (as indicated by operator point
ID inputs) and the “smoothed” error as calculated by the polynominal.

7.4.3.2 Mapping Movement Vector Display (Figure 7.4.3-2) i
: |

This display will consist of arrow-like vector symbols originating from each of 16 uniformly distributed

(over the input image) points, indicating the direction and distance (appropriate scaling TBD) that the point

would have to be moved in order to generate the output image.

7.4.4 Digital Data

The following digital displays will be provided. 3

i N

7.4.4.1 Image/Image Polynominal Evaluation Display (Figure 7.4.4-1,

If the Image/Image Option is being exercised, the following parameters will be on the display:
®  Header Information - Run number, Display page number.

® Column 1- List of 7-character point-pair IDs in order of entry.

T Y T . 4

¢ Column 2 - Input line/pixel coordinate of selected point.

e Column 3 - Reference line/pixel coordinate of selected point.
© Column - Residuals AX, AY,and R = aX2 + aY2 in units of input pixels. i
e Column 5- “INFIT;” an asterisk (*) will indicate point is active, |

¢ Column 6 - Active/Reserve/Deicte/Correct (ARDC) selector, This will consist of a four-character

column. The operator will have interactive (grafacon) control to change any point
pair from active to reserve or vice versa.

He may also delete a point pair (by indicating “D”") or choose to “correct” either
point of a point pair. The latter is accomplished by indicating "'C", and redesignating
the appropriate point. The new point coordinates will then appear, but the polynomial

parameters will remain the same until the option to generate a new polynomial is ex-
ercised.
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7.4.4.2 Image/Grid Polynomial Evaluation Display (Figure 7.4.4-2) f
If the IMAGE/UTM funcdon is being exercised, the display will be the same as Paragraph 7.4.4.1 with the ‘

following exceptions: . i
e - Column two will be the reference LAT/LONG*.

e A manual entry option will be provided to type in a new LAT/LONG* when the “Correct”
function is being used, without having to interact with the image screen.

.~

74.4.3 ‘Run Summary Display (Figure 7.4.4.3)

There will be a column on this display for each “run”, i.e., each time a “new” polynomial calculation was
ordered. Within each column, there will be displayed:

Yy fl

e Therun ID (consecutive, 1 through N) ~
e  The order of the polynomial
e  The number of aciive points
e  The mean residual of the active points

e The RMS of the actve point residuals

T T R T L

e The maximum residual of the active points
e  Arepeat of the above for the reserve points.

| At the bottom of each page will be displayed the polynomial expression calculated for any run selected by
the operator. An option will be provided to replace the “current” polynomial with any of the other runs.

*Because of a current system peculiarity, the format for LAT/LONG will be different on “DISPLAYS” =
rather than on “MENUS" (see Paragraph 7.2.5). For the displays the direction (N, S, E, W) will appear on
the last digit rather than the first. Also, when using the “Correct” Function, LAT/LONG may only be input
to the nearest second, although they are displayed to the 1/10 sec.
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SECTION 8

PATTERN RECOGNITION REQUIREMENTS

8.1 INTRODUCTION
8.1.1 General

With the advent of the Earth Resources Technology Satellite (ERTS), the Earth Resources Aircraft Program
(ERAP), the Earth Resources Experiments Program (EREP), and the Large Area Crop Inventory
Experiment (LACIE), NASA/JSC needs an operational man-computer interactive system to analyyze
remotely sensed earth resources data in accordance with current image processing techniques. To
accomplish this task, an adaption of the current Purdue University Aircraft Data Display and Data Analysis
Program (LARSYS) techniques will be implemented into the Real-Time Computer Complex (RTCC). The
LARSYS program was chosen because it is a man-machine interactive program for analyzing aircraft
multispectral scanner data and has been operating successfully in performing crop classification for some
time.

Since Purdue University is primarily a research institute, the LARSYS program changes as new ideas are
tried and implemented. The JSC pattern recognition program will be an operational program under change
control with the initial base program being the Purdue LARSYS program dated June 10,1971. As new ideas
become proven and operational, they may be added to the pattern recognition program.

The pattern recognition program will be implemented using the LARSYS (PURDUE) math techniques.
Major changes will be made in the man-machine interface, due to hardware differences between Purdue and
JSC and due to desired interactive system improvements.

Several pattern recognition applications require repetitive computations to examine individual multispectral
data elements. On a large image, this process has proved to be excessively time consuming using a serial
processing device. The SPP, used as an array processor, performs the calculations in a parallel mode,
therefore the SPP effectively increases the throughput of the LACIE/ERIPS system. The specific
algorithms/calculations to be subject to SPP processing have been selected on the basis of anticipated
performance gains over the 360/75. The general requirement on the 360/75 LACIE/ERIPS pattern
recognition program is that the SPP availability dictates the processing required. In the event the SPP is
online, the pattern recognition applications will transfer control parameters and imagery data in
conjunction with the Supervisor Program to the SPP as defined in the SSP ICD. In the event the SPP is not
online, pattern recognition shall be processed by the 360/75. Control parameters for the SPP and 360/75
are identical.
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8.1.2 Program Description

The pattern recognition program will process standard formatted image data. Any user-desired image
correction will have been previously accomplished.

The purpose of the pattern recognition program is to allow the user to classify each picture element (pixel)
or group of picture elements (field) of an image into one of up to 60 user-defined subclasses. This task is
accomplished in five steps; displaying individual channels of an image (actually accomplished in IMD of
Section 6), computing statistics for the image, selecting the best set of channels to separate the desired
subclasses of data, classifying each pixel or field, and displaying the final classification results. The user will
have the capability to recycle to any previous step, provided he has not overlaid the desired step input data
with computation related to another image, set of subclasses, etc. Output data from the latest computations
in each step will be recallable.

The initial step, displaying individual channels of the image (again from IMD), provides the user with an
overall view of the image from which he can determine the training fields (ground truth) he wants used in
“training” the classifier. A field will be any N-sided polygon area where N is not to exceed 10. A designated
channel of the image can be displayed in three different ways; on a CRT with up to 16 levels of intensity
(gray levels), or on a color CRT with up to 64 different colors. Each gray level or color level will be
representative of a relative radiance in the channel being displayed. The user defines his training fields either
with the pointer or by menu (if he has a previous knowledge of his training fields) and designates which
subclass he wants each field assigned to. When operating in the batch environment (normal LACIE
operation) field definitions will be retrieved from the fields data base.

In the second step, the user will generate a set of statistics for each desired subclass. These statistics are used
by the separability step for choosing the best set of channels for separating particular types of subclasses.
For each subclass, the processor will generate a mean and a standard deviation for each channel. The
processor will also compute a covariance and a correlation matrix between all channels for each subclass.
The user will have the capability to compute and display desired histograms for each subclass or field. The
histograms provide the users with a plot of the number of data points per relative radiance in a desired
channel for a desired subclass or field. The histograms are used to verify that the dara in each subclass
follows a Gaussian (normal) distribution (the separability and classification steps assume a normal
distribution).

Statistics for the LACIE data may be computed in one of three user specified manners, selectable by
subclass. The first option is to compute field and subclass statistics from the user-identified training fields
(this option also must be performed before exercising either of the following options). The second option is
to cluster the fields (by subclass) using the results of the subclass statistics from the first option as starting
vectors. The third option is to use the results of the field statistics computation and chain the training fields
into subclasses using the Bhattacharyya distance in the chaining decision algorithm,

After the statistics computations, the user may elect to manipulate the statistics to correct for sun angle
differences, perform a mean level adjustment or simply modify an ill-conditioned covariance matrix that
cannot be inverted.

The user will then have the option to choose the best set of N channels via one of several feature selection

processors in order to ensure the most accurate classification of each data point of the image into the
subclasses chosen, minimizing the probability of misclassification.
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After the best channels have been chosen, the user has the option of classifying each image pixel into one of 4
the training subclasses. Pixel-by-pixel classifications are done by performing pattern recognition with any '
I user-designated set of training subclasses (final assignment made by maximizing the probability that the
particular pixel belongs to a particular subclass.)

The final step in the classification process is to display the results. The user can display the whole image (as
| in step one) with certain gray levels, color levels, or characters assigned to each subclass. The user can also

request that the performance results of the classification be printed or displayed. }

| At the conclusion, the user may decide to make adjustments to his subclass definitions, channel selection,
etc., in order to improve his classification results. He will have the capability to return to any step without
losing any of the results of previous steps. Only the latest computations for each step will be saved. The
user does have the capability to record the statistics data on tape and later to read the statistics back in,
thus saving recomputing the desired statistics.
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8.2 USER INTERFACE REQUIREMENTS i
The ERIPS user will have the capability to select the pattern recognition application from the application :
sclection menu after s.gning onto the system and loading the dat i necessary for the pattern recognition
processing. The user may select this application with either an image loaded or a checkpoint/restart tape k
loaded. ,
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8.2.1 General Capabilities

All menus presented to :he user in the pattern recognition applicatio will include capabilities; to scroll the

image(s), to select the image manipulation and display application, and via error recovery logic to allow

unloading and scratching from disk, all without actually exiting the pattern recognition application. Also,
ield) and EOT (End-of-Transmission) on all menus

the capability will exist to indicate the EOF (End-of-F
without use of the keyboard. The user may return to the previous menu by indicating a return on any of

the menus in this application.

tion will include a position indicator (line and column) on the overlay of

All displayed images in this applica
he lower left hand corner. The corner positions will be updated as the

the upper right hand corner and t
image(s) scroll is halted.
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8.2.2 Processor Selection

8.2.2.1 Image Specification Menu

Upon entrance to the pattern recognition application the user will be presented with a menu which will
request specification of the image name of the image to be processed. (See Figure 8.2.2.1-1) If the user
wishes to use subclass statistics from an image to process a second image he may select the box to save
current subclass statistics. Fields may then be defined to update the subclass statistics. Of course, both
images must have been loaded into the ERIPS and their bandlists must be identical. The user may access
Image Merge via the “IM” box on this menu.

8.2.2.2 Processor Selection Menu

After image name specification the user will be requested to select the processor or report he wishes to be
executed. These processors and reports will consist of the following:

° Field Selection
. Statistics

) Bhattacharyya Chaining

° Clustering
. Feature Select
. Classification

e  Goodness of Fit

° Signature Extension

. Fields Report

) Mean/Standard Deviation Report
. Histogram Report

) Feature Select Report

o Classification Summary Report

° Classification Map

o Chaining Report

o K/
Approved: NASA/DPB PANASE
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This menu is illustrated in Figure 8.2.2.2-1. Error detection logic will prevent the user from selecting a L

processor without having computed or loaded the data necessary for the execution of that processor. The ;e

user will then have available to him various processor options as described in following paragraphs of this ;
: section. i

The user will have the capability on this menu to store the statistics that have been computed and
manipulated up to that point by cursoring the SST box. To retrieve stored statistics at a later time, the

) user will corsor the SRT box. -
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8.2.3 Field Selection Processor

8.2.3.1 Field Selection Menu

The field selection processor will present a menu to the user requesting selection of test, training,
miscellaneous, mean level adjustment, designated other or designated unidentifiable fields via the pointer or
menu. The user will specify the type of field, the field name to be used (required for all types), and a
subclass name (required for training and test fields). The user will then define the field by marking vertices
via the pointer or entering each vertex via the keyboard. A representation of this menu is shown in Figure
8.2.3.1-1,

8.2.3.2 Field/Subclass Definition

A field will be defined as any user-designated N-sided polygon area, (two vertex fields will be treated as a
special case) where N is not to exceed 10 and will be designated by card input to the fields data base or by
interactive terminal input. As each vertex is designated, that vertex and the previous vertex will form a side
of the polygon area; i.e., vertices may be defined in a clockwise or counter-clockwise order, but must be
consecutively ordered in the direction chosen. Each type of field below will have a subclass name and a
subclass symbol associated with it.

° TRAINING FIELDS. Used for computing subclass statistics

) TEST FIELDS. Used to evaluate classification performance. Also, each segment to be classified
will be designated as a test field.

* MLA, DESIGNATED FIELDS. Mean level adjustment and designated fields will have specific
uses and will be described later. A field name is required but no subclass name is necessary.
Designated other and designated unidentifiable default subclass names will be *#pWi) and

&YPPY, respectively.

8.2.3.3 Category/Class/Subclass Logic

The category/class/subclass identification criterion is described in Paragraph 4.8:.2.1, Each of the
classification and mensuration subsystem processors must address these specified names to extract
information required to perform its processes. The manner in which each processor addresses the identifier
is as follows:

. STATISTICS. The statistics processor will compute statistics for each category/class/subclass
individually; i.e,, this processor will consider the lowest subdivision (subclass) as a unique
entity. Further processing such as the Bhattacharyya distance field chaining may combine the
individual statistics. Identifiers will be updated accordingly.
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. CLUSTERING. This processor may address the category identifier or continue to a lower
subdivision (Class or subclass). Then during the cluster chaining activity, the identifiers will
again be updated appropriately.

) FEATURE SELECTION/CLASSIFICATION. These processors will address all six characters of P
the class/subclass identifier and the information on the input batch cards that specify what !
categories are to be separated as categories from the classes of interest. For classes of interest /
separation is performed at the class level; i.e., summed over the subclass. A priori values are
assigned equally over a category’s class and subclass subdivisions. Therefore, it is necessary to
ascertain the number of subclasses and the number of classes within a category. Also, the
number of subclasses (in the case of classes of interest) is used as an index for summing the
density function.
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8.2.4 Statistics Processor L

8.2.4.1 Statistics Options Menu

The Statistics Options Menu is shown in Figure 8.2.4.1-1. The user will cursor one of the available options
and will be presented with another input menu in all cases except the COMPUTE STATISTICS FOR ALL

TRAINING FIELDS option. In this case the ERIPS will simply execute the command. The following o
paragraphs will define the other options available to the user from this menu or transmit field data to the ]
SPP, as defined in the ICD, depending on the system mode of operation. i

8.2.4.1.1 Change Field Status Menu

If the user cursors the option to delete fields and/or statistics or change type of field, he will be presented
the menu represented in Figure 8.2.4,1.1-1. This menu will request the user to type the names of fields that
he wants redefined and then a new field status symbol as defined on the menu. Statistics updating will be

done as appropriate for each status change either by the 360/75 or by the SPP. o

8.2.4.1.2 Redefine Subclass/Define New Subclass Menu

If the user cursors the option to redefine a subclass; i.e., break some training fields from one subclass to
another subclass, or define a new subclass, the menu shown in Figure 8.2.4.1.2-1 will be presented, This
menu requests specification of a subclass name and symbol, and then specification of the fields to be
assigned to that subclass. All statistics updates will be generated.

8.2.4.1.3 Combine Subclasses Menu

Another option on the Statistics Options Menu is a combine subclasses option. If the user selects this
option, the result will be the menu shown in Figure 8.2.4.1.3-1. This menu also requests specification of a
subclass name and a subclass symbol. The user will then be able to type in the names of the subclasses to be
| combined. The user may assign a new subclass into the first entry or an existing subclass. If the class exists,
the subclass name will also be listed in the subclasses to be combined column. Statistics updates will
| automatically be computed.

8.2.4.1.4 Delete Sukclasses Menu

When the user selects the delete subclasses option, the menu shown in figure 8.2.4.1.4-1 will be displayed.
The user will then specify the subclasses to be deleted by cursoring the ALL SUBCLASSES box, ALL ‘
SUBCLASSES EXCEPT box with the exceptions, or the individual subclasses.

N T P T

8.2.4.1.5 Sun Angle Correction Menu

When the user is operating in the LACIE made; i.e,, with a LACIE merged image that has been retrieved L
from the image data base, cursoring the SUN ANGLE CORRECTION box on the Statistics Option Menu |
will cause the Sun Angle Correction Menu (figure 8.2.4.1.5-1) to be displayed. The user will then cursor the
appropriate sun angle correction boxes and then type the subclasses to be corrected. The correction will be
done frota the training segment identified to the recognition segment identified, If the user selects the ALL
box, all of the subclasses within the specified training segment will be corrected.
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8.2.4.1.6 Mean Level Adjustment Menu i

When the user cursors the MEAN LEVEL ADJUSTMENT option (applicable only in the LACIE mode), the
menu shown in figure 8.2.4.1.6-1 will be displayed. This menu provides the same functions for mean level

adjustment (MLA) as described for sun angle correction, paragraph 8.2.4.1.5. In addition, the MLA menu
provides an AVG box. If the user selects the AVG box for the training segment, the average of the MLA
fields will be used to compare against the MLA field of the recognition segment to compute the adjustment oo
constant, y
}
=
SR

Lk
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8.2.5 BHATTACHARYYA Chaining Processor

8.2.5.1 BHATTACHARYYA Subclass Definition Menu

The BHATTACHARYYA Chaining Prrcessor will be selectable from the Pattern Recognition Processor
Selection Menu. The user will then be presented with the BHATTACHARY YA Subclass Definition Menu
(Figure 8.2,5.1-1) requesting specification of the subclass names that are to be chained and the channels
that are to be used in performing the chaining. As with the clustering processor the BHATTACHARYYA
chaining processor will allow and recognize category, class or subclass inputs. Also, chaining may be done
using a subset of the total number of channels but statistics updates will be performed for all available
channels.

8.2.5.2 BHATTACHARYYA Chaining Menu

The next menu to be presented to the user is the BHATTACHARYYA Chaining Menu (Figure 8.2.5.2-1).
The user will type in a threshold value and hit the EOT key. The chaining process will begin and when
complete the subclasses that were assigned to the chains will be displayed to the user. The user will then
type in chain names and hit EOT to have the statistics stored or simply return to cancel storage.
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7
8.2.6 Statistics Manipulation Options
8.2.6.1 Statistics Manipulution Menu
After selection of the statistics manipulation option on the processor selection menu the user will have
displayed to him the Statistics Manipulation Menu shown in Figure 8.2.6.1-1. The menu will request that he S
specify either Sun Angle Correction or Mcan Level Adjustment Options. If sun angle correction is specified, ']
the user will also type in a reference sun angle (corresponding to the sun angle of the image to be processed) I
and an object sun angle (corresponding to the sun angle of the image that was used for statistics
generation).
8.2.6.2 Statistics Manipulation Class Specification Menu
Specification of a statistics manipulation option and striking of the EOT key will result in a display of the ~
menu shown in Figure 8.2.6.2-1. The user will respond to this menu by typing in the class names whose ~ WX

statistics he wishes to have manipulated in the specified manner.
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8.2.7 Feature Selection

8.2.7.1 Feature Selection Processor Selection Menu

The menu shown in Figure 8.2.7-1 will be presented to the user when the Feature Selection option on the
Pattern Recognition Application Selection Menu is chosen. The user may then select one of four principal
options for further processing to determine the optimal channel subset (or linear combinations) on which
to perform classification or to create an enhanced output image of maximum contrast, One of the four
options, the calculation of only the B-distance separability, provides only a report of the separability
computations as described in Paragraph 8.3.2.2, and no reduction in the channe! set. On this menu the user
is also requested to specify channels to be eliminated from consideration , ..or to any feature selection
processing. The maximum channel set size permissible for the divergence option is 30; all other calculations
require a consideration of at most 16 channels. An error message will be generated on user failure to
eliminate sufficient channels for these options.

8.2.7.2 Feature Selecrion Subclass Input Menu

The next menu to be presented (figure 8.2.7-2) to the user will request that he specify, by cursoring the
appropriate boxes, what subclasses he wishes to separate. The user may cursor ALL SUBCLASSES, ALL
SURCI.ASSES EXCEPT, or individual subclasses, The ALL SUBCLASSES selection will cause the chosen
feature selection processor to compute the separations for all subclasses that have had statistics computed.
The ALL SUBCLASSES EXCEPT selection will allow the user to eliminate a small number of subclasses
with minimum input activity. For the individual subclass selection the menu will list subelass names and the
user will simply cursor the box alongside the appropriate subclass name.

8.2.7.3 Exhaustive Search Divergence Processor

8.2.7.3.1 Divergence Checklist Menu

The divergence or channel selection processor will present a menu (Figure 8.2.7-3) to the user. The user will
then specify the channel set size (default is four), the DIJMAX to use (default is 999, refer to Paragraph
8.3.2.1). The user may then specify a channel set, weight the intersubclass divergences, specify a DIJMIN
for any of the subclass pairs (refer to Paragraph 8.3.2.1), or use the fixed subclass pair channel set ordering.
Many of the options mentioned result in a separate menu being displayed.

8.2.7.3.2 Channel Specification Option

In order to specify channel sets the user will respond to the menu (Figure 8.2.7-4) by cursoring the channel
sets that he wishes to specify. The user may specify up to 10 channel sets by cursoring the next desired
channel set before cursoring the CONTINUE box. After all sets have been specified, the user should cursor
the CONTINUE box and the ERIPS will proceed to the next menu.
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8.2.7.3.3 Weighting Factors Option

The menu to input the weighting factors for the intersubclass divergences is illustrated in Figure 8.2.7-5.

The user may specify a subclass pair and a weighting factor, a single subclass and a weighting factor, or no
subclasses and a weighting factor. If two subclasses are entered, the weighting factor will apply only to that

subclass pair. If a single subclass is entered, the weighting factor will apply to all subclass pairs. The user
then may enter no subclasses; i.e., blanks, on the first line and then override that weighting factor for single
subclasses or subclass pairs in following entries.

8.2.7.3.4 Minimum Divergence Option

The user may specify minimum divergence values for subclass pairs by responding to the menu shown in
Figure 8.2.7-6. He will enter 2 minimum divergence value and all the subclass pairs that will be affected or
he may cursor ALL and that value will be applied to all subclass pairs. As in the previous menu if the user
specifies a single subclass the minimum divergence value will apply to all subclass pairs containing the
specified subclass.

i
i

8.2.7.3.5 Subclass Pair Ordering Option

8.2.7.4 B-distance Separability Functions

When a user specifies the subclass pair ordering option, he will be presented with the menu shown in Figure
8.2.7-7 and be requested to specify the subclass pair to be used for the divergence processor ordering.

8.2.7.4.1 Separability Definition Menu

The menu shown in Figure 8.2.7-8 will be displayed on selection of any of the B-distance options on The
Feature Selection Processor Selection Menu (Figure 8.2.7-1). The user is able on this menu to specify those
subclasses which are to be treated as subclasses of non-interest for calculation of total separability, as
described in Paragraph 8.3.2.2.1. Up to 20 subclasses may be defined on this menu.

8.2.7.4.2 A PRIORI Value Definition Menu

The menu shown in Figure 8.2.7-9 will be displayed on EOT from the Separability Definition Menu. All
categories of the classes and subclasses defined via the Feature Selection Subclass Input Menu (Figure
8.2.7-2) will be indicated on the menu; the user will be able to select A PRIORI values in the same manner
and under the same constraints specified for the Classification A PRIORI values (q.v. Paragraphs 8.2.8.4
and 8.3.3.). On the EOT from this menu, the B-distance separability option will be executed on all
channels not specifically excluded on the Feature Selection Processor Selection Menu.

8.2.7.4.3 Output Channel Subset Definition Menu

The menu shown in Figure 8.2.7-10 will be displayed on EOT from the previous menu if either the
WITHOUT REPLACEMENT or FDP ITERATOR option was selected on the Feature Selection Processor
Selection menu (Figure 8.2.7-1). The controls available to the user are (1) a ratio between total channel set
separability and determined subset separability, defaulted to 0.900, and (2) the number of channels to be
output by the FDP iterator. The options are defined on the menu and in Paragraph 8.3.2.2. On T.OT from
this menu the specified activity will be performed; on completion, the Pattern Recognition Agplication

Selection Menu will be displayed. )
v/ 1 (
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8.2.8 Classification Processor

8.2.8.1 Classification Menu

The Classification Processor will initially display the Classification Menu (Figure 8.2.8.1-1). The user will be
requested to specify the channels to be used for the classification process and select the type classification
to be used. The user will have the following channel select options to be pertormed either by the SPP or the
360/75 as a function of the system configuration.

. Divergence best sets, D (AVE), D (MIN), of D (1, J)
) Linear Combination of Channels best set

. Without Replacement Option best set

o Use all channels

] Specify a subset of channels.

The type of classification will be the maximum likelihood classifier and the mixture density function
classifier.

8.2.8:2 Subclass Selection Menu

The next menu (Figure 8.2.8.2-1) to be presented to the user by the Classification Processor will request
that he identify the classes into which the data is to be classified by cursoring the appropriate boxes. The
user may cursor ALL SUBCLASSES, ALL SUBCLASSES EXCEPT, or individual subclasses. The ALL
SUBCLASSES selection will cause the Classification Processor to consider all subclasses that have had
statistics computed. The ALL SUBCLASSES EXCEPT selection will allow the user to eliminate a few
subclasses with minimum input activity. For the individual subclass selection, the menu will list subclass
names and the user will cursor the box alongside the appropriate subclass name.

8.2.8.3 Class/Category Specification Menu

The Class/Category Specification Menu (Figure 8.2.8.3-1) will allow the user to specify what categories will
be classified only to the class level. The user will specify this by checking the ALL box or by typing in the
desired categories one-character name. Default on this menu will be to classify all categories to the category
level. Inputs on this menu will be ignored if maximum likelihood was selected on the Classification Menu
(Refer to Paragraph 8.2.8.1).

8.2.8.4 A Priori Constant Input Menu

The A Priori Constant Input Menu (Figure 8.2.8.4-1) will be displayed to allow the user to type in category
names and specify corresponding a priori classification values. The two left columns will display the
category symbol and associated a priori values that have been retrieved from the fields data base. The user
may then override all or some of these values by typing the category symbol and a new priori value in the
two right hand columns. (Refer to paragraph 8.3.3.1.)
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8.2.8.5 Fields To Be Classified Menu

The user will next be requested to identify by field name the fields to be classified. (See figure 8.2.8.5-1).
The user may elect to classify all training fields, all test fields or both. The user may, instead of cursoring
the ALL OF THE TRAINING FIELDS box or ALL OF THE TEST FIELDS box, cursor the respective
EXCEPT box and then type in the desired exceptions. The user may elect to classify fields of the [

recognition segment (this option includes classification of the total segment), or the fields of up to three oo
merged training segments. This will be accomplished by cursoring the desired box; e.g., R, T1, T2, or T3. It !
should be noted that classification will be done by naming fields to be classified rather than naming images ' )
to be classified; i.e., the fields must have been defined in the Field Selection Processor Menu (Figure
8.2.3.1-1).
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8.2.9 Classification Map Processor

8.2.9.1 Display Processor

The display processor will compute the classification results to be displayed as a classification map,
performance table report, or output in severa! forms to magnetic tape. The performance table generation is
explained in paragraph 8.2.10.6. After responding to the appropriate minus for classification map
generation, the user should select the image manipulation and display (IMD) application to display the
classification map.

8.2.9.2 Classification Map Menu

The Classification Map Menu (figure 8.2.9.2-1) will be displayed when the user cursors the
CLASSIFICATION MAP option on the main Pattern Recognition Menu. The options available on the
Classification Map Menu are:

® CHARACTER MAP (FICHE)

° COLOR IMAGE (8)

] COLOR IMAGE (64)

° GRAY LEVEL IMAGE

. IMAGE TAPE

° CHARACTER MAP (PRINT)

° GRAY LEVEL (PRINT)

Each option selected will be cause an appropriate menu to be displayed.

8.2.9.3 Character Map (Fiche) Menu

The Character Map (Fiche) Menu (figure 8.2,9.3-1) allows the user to specify a standard threshold for all
subclasses, or a threshold for each individual subclass. The user may also specify a standard threshold for all
subclasses and then override that value for a number of subclasses. If the subclass symbols are not defined
on this menu, subclass symbols will default to displayed symbols.

8.2.9.4 Color Image Menus

When the user cursors the COLOR IMAGE (8) or COLOR IMAGE (64) box, figures 8.2.9.4-1 or 8.2.9.4-2
arc displayed, respectively. The only difference is that the user may specify either 8 or 64 colors.
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8.2.9.5 Gray Level Image Menu

The Gray Level Image Menu (figure 8.2.9.5-1) requires the same inputs as the Color Image Menu with the

exception that gray levels are specified instead of colors.

8.2.9.6 Image Tape Menu

ilar to the 64 Color Image Menu in that the user may specify
fication. LACIE products generated from this image tape are

film. Therefore, in order to provide maximum contrast on
nu, refer to table

The Image Tape Menu (figure 8.2.9.6.1) is sim
an intensity level in addition to the color speci
recorded on both color, and black and white
both types of films, a specific set of default color and intensity levels are used for this me
8.2.9.6-1. The defaults should be selected evenly over the entire list. Black, or color number 1, will always
be used for the threshold or null subclass/cluster. If more than 20 subclasses/clusters are present, the
defaults will be repeated starting with color number 2. Again color number 1 is to be used for the null
subclass/cluster. As an example, with five subclasses/clusters the color number increment would be 4(20/5),
the assigned color numbers would be 1 for the null subclass/cluster, and adding the increments 5, 9, 13,17,

and 20 to complete the five colors.
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TABLE 8.2,9.6-1

DEFAULT COLOR AND INTENSITY LEVELS

Color Color Intensity Bit Color Intensity
No. Pattern Decimal decimal

1 BLACK 00000000 0 0
2 BLUE DARK 00110001 2 1

3 MEDIUM 00110111 2 7
4 BRIGHT 00111111 2 15
5 GREEN DARK 01010001 4 1
6 MEDIUM 01010111 4 7
7 BRIGHT 01011111 4 15
8 CYAN DARK 01110001 6 1
9 MEDIUM 01110111 6 . 7
10 BRIGHT 01111111 8 1
11 RED DARK 10010001 8 1
12 MEDIUM 10010111 8 7
13 BRIGHT 10011111 8 15
14 MAGENTA DARK 10110001 10 1
15 MEDIUM 10110111 10 . 7
16 BRIGHT 10111111 10 15
17 YELLOW DARK 11010001 12 1
18 MEDIUM 11010111 12 7
19 BRIGHT 11011111 12 15
20 WHITE 11111111 14 15

8.2.9.7 Character Map (Printer) Option

When the user selects the Character Map (Printer) option the menu shown in figure 8.2.9.3-1 will be
displayed. User inputs to the Character Map (Printer) option are the same as for the Character Map (Fiche)
Menu.

8.2.9.8 Gray Level (Printer) Option

When the user selects the Gray Level (Printer) option the menu shown in figure 8.2.9.5-1 will be displayed
and require the same inputs as described in paragraph 8.2.9.5.
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8.2.10 Report Selection j
8.2.10.1 General

The user should be able to select the following reports from the main pattern recognition menu.

) Field Definition Report
M
. Histogram Report /
° Mean-Standard Deviation Report
) Feature Select Report
) Classification Summary Report .
RSN
° Mensuration Report A

) Chaining Report

These reports will be presented on the conversational screen upon request by the user. After the user selects
a particular report, he will be presented a menu that will request specification of the data that is to be
displayed. A description of the reports and an example of each one are presented in Paragraph 8.4. The
menus that allow specification of the data options will be described in the following paragraphs.

8.2.10.2 Field Definition Report Menu

The field definition report menu will allow the user to specify that he wishes to see the definitions of the
training fields, the test fields or all fields. This menu is shown in Figure 8.2.10.2-1.

8.2.10.3 Histogram Report Menu

As shown in Figure 8.2.10.3-1 the histogram report menu will request that the user specify, by cursoring
the desired boxes, which channel number are to be used for the histograms. The user may elect to specify :
the horizontal scaling by typing in maximum and minimum radiance levels. The user may then select :
subclasses and/or fields by typing in individual names. Since this capability could result in 600 figures (200 | L
pages), the ERIPS will limit the number of figures per report to 30 (10 pages). The user will be notified '
when he has exceeded this limit and asked to decrease his demands.
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8.2.10.4 Mean-Standard Deviation Report Menu

The user will be able to specify on the mean-standard deviation report menu (see Figure 8.2.10.4-1)
whether he wishes to see the report for subclasses, for fields or for both.

8.2.10.5 Feature Select Report Option

—

8.2.10.5.1 Divergence Report Meny

On the divergence report menu the user is asked to please select the ordering option that he wishes to have
displayed; D (AVE), DIJMIN or the fixed pair, D (1,]), option. This menu is shown in Figure 8.2.10.5-1.
The divergence report will consist of two pages and is described in Section 8.4.

8.2.10.5.2 Feature Select Reports

Y

The feature select report from the without replacement Bhattacharyya computations will be generated
automatically when the user selects the feature select option, if the feature selection has been run. No other RN
menu inputs are required for this report.

N

8.2.10.6 Classification Summary Report Menu

The Classification Summary Report Menu will request the user to input threshold values for each of the
categories, The user may specify a threshold value for all categories or a threshold for each of the categories
as shown in Figure 8.2.10.6-1. The default threshold for the classification summary report will be 0.0
percent.

The user will also be able to specify mensuration, if desired. This request will invoke the Mensuration
Report Menu for specific user inputs.

8.2.10.7 Mensuration Report Menu

The Mensuration Report Menu will request the user to specify the conversion factors to be applied to field
and subclass pixel counts for output to the Detailed Classification Summary. The capability to specify units
of acres, hectares, or square kilometers will be provided, as well as an area value (in the selected unit per
pixel (see Figure 8.2.10.7-1).

8.2.10.8 Chaining Report.

A chaining report shall be generated when the user selects the CHAINING REPORT Box. No other menu
inputs are required.

T P TS
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8.2.12 Signature Extension Processor

8.2.12.1 Signature Extension Menu

The Signature Extension Menu (figure 8.2.12.1-1) will allow the user to checkpoint: all data, by cursoring
the SIGNATURE EXTENSION TAPE CREATION box; statistics only, by cursoring the SUBCLASS
STATISTICS ONLY box; or fields only, by cursoring the FIELDS ONLY box. If the user desires to write
data on a specific tape, the user shall specify the tape number. The user will then have the capability to
restart his run later by cursoring the SIGNATURE EXTENSION DATA RETRIEVAL box and typing the
tape number of tape containing his data. For the data checks to be made, refer to paragraph 8.3.6.

LACIE use of this processor will involve reading field definitions and specific subclass information from the
fields data base, and writing the same data to tape to allow for data base update. To use this processor the
user should cursor the FIELDS RETRIEVAL box or FIELDS UPDATE TAPE CREATION box. When
retrieving data from the fields data base, the user will have the following options:

A.  Training fields of the recognition segment may be retrieved as test fields
B.  Existing statistics may be retained

C.  All fields may be retrieved except the test field that encloses the entire segment.

When reading from the fields data base, it will be necessary to add information to both the field and
subclass names and to update line numbers for the field vertices in order to keep track of fields and
subclasses belonging to different segments of the merged image. Then, when writing data base update
information to tape, the reverse process must be performed. An additional problem arises, in that the
interactive user may define fields across the segment boundaries; i.e., across t he line values 117, 214 or 331.
The program will check for this condition and riot write these field definitions to tape. Also, the user will
be informed of the situation. Field name, subclass name, and field definitions will be modified as follows:

. Ficld names. A digit 0, 1, 2 or 3 will be added to the field name to designate whether the field
belongs to the recognition segment, training segment 1, training segment 2, or training segment
3, respectively.

° Subclass Names. Again, a digit 0, 1, 2 or 3 will be added, but for subrlass names to the second
character of the name. Designation of the digit is as for field names.

) Field Definitions. Since the recognition segment and the training segments are merged
vertically, the line numbers within the merged image are renumbered to reflect the new total
size of the image and, therefore, necessitates a change in the field vertex information when the
fields are read from the data base. Vertex line numbers will be updated by adding 117n to the
actual line number where n is the training segment digit, 1, 2, or 3.

8.2.12.2 Signature Extension Data Display

The Signature Extension Data Display, figure 8.2.12,2-1, will be displayed, if the user has cursored the
SIGNATURE EXTENSION box and typed a Signature Extension tape number. This report will allow the
user to verify the contents of the Signature Extension tape. The user may continue by cursoring the CON
box or cancel by cursoring the RET box.

’ ’ (
A PHO
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8.2.13 Goodness of Fit Processor

8.2.13.1 Goodness of Fit Selection

The Goodness of Fit Processor may be selected from the Pattern Recognition processor selection menu
(Figure 8.2.2.2-1), or from the Clustering Summary Report Menu (Figure 9.2.2.2-1). If the user selects the
Goodness of Fit Processor from the Clustering Summary Report Menu, he must have entered G in the
cancel column of that report to specify the cluster that he wishes to test for goodness of fit.

8.2.13.2 Goodness of Fit Tests Menu

When the user selects the goodness of fit processor, the menu shown in Figure 8.2.13.2-1 is displayed. This
menu requests inputs of subclass or field name (not applicable if selected from the Clustering Summary
Report), the channels to which the tests are to be applied and specification of either the Pearson Chi-Square
Test on the Kolmogorov-Smirnov Test. If the Pearson Chi-Square Test is selected, then the user must define
either the desired number of intervals with options of equally populated intervals, or a user specified
number of intervals.

The report portion of the menu will be used to return a goodness of fit value and a percentile computed
from the user specified test option.
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8.3 PROCESSING REQUIREMENTS

8.3.1 Statistics Processor

The training fields (paragraph 8.2.3) will be the operating data base for the statistics processor which will
provide:

. histograms of radiance distributions of user-selected fields and/or sublcasses is specified
channels,
. field and subclass means in each channel, and all covariance merrix elements.

The histograms will be employed as analysis aids. The field and subclass means, and covariance matrix
elements will be used as input data to other pattern recognition sub-processors at user discretion.

Representations of field means and covariance matrix element expressions have been selected to expedite
processing efficiency. The subclass statistics expressions, derived from MSC Internal Note 72-FM-154, 5
July 1972, treat subclasses explicitly as the union of their training fields and permit ready addition or
deletion of training fields without recomputing the complete subclass statistics.

In the event the SPP is online, the specifications of the SPP ICD shall be followed for the computational
field startistics, fields, and imagery transmitted to the SPP for calculation. If the SPP is not online, the
360/75 shall calculate the field statistics as specified in the following paragraphs. Subclass statistics shall
always be compiled by the 360/75.

8.3.1.1 Histograms

Training field definitions and the image data set will be used to display histograms of user-designated fields
(and/or subclasses) in a specified channel. These displays shall indicate the percentage of elements in the
region for each radiance level represented in the field (or subclass) and channel. The histogram, therefore, is
the discrete distribution function of the channel data.

The capability shall exist to display one, two, or three fields and/or subclasses of histogram data
simultaneously in a single channel. Requests for more than three histograms in a channel shall be accepted;
the data is to be retrieved for additional fields by paging the histogram report. Histograms for more than
one channel shall be requested separately.

8.3.1.2 Field Statistics
A.  Field Means

For a channel i and training field f:

N
f f
o= 3

=L f
= N 1-(53:1 xt, )

where: /,lif = mean of channel i data in f.

o) {

o
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*xE. = k™ channel i element (pixel) value in f.
Ng= number of slements in f.

Means are computed for each i in the image data set.

B. Field Covariance Matrix Elements ’

An element of the covariance matrix for field f represents the covariance between a pair (i,j) of channel
data taken over all elements of f. These elements shall be computed: ?

£ £
Xki Xm)'“iﬁ | (2)

where:

K ;= mean of channel i data in f ¢
I»lj = mean of channel j data in f i
| Nf = number of elements in f l i
in = kth channel i element (pixel) value in f

ij = kth channel j element (pixel) value in f

ri- = the (i,j) covariance matrix element in f.

Y
NOTE.

- Since I, =T, computations are to be performed only for i<j, to minimize processing. 5
y -

C. Standard Deviations

f
The standard deviation, g, , of channel i in f is given by:

; r.

1

crf ( f)1/2

., p

g . ;
NASA/DPB “\ Zﬁ.,A . |
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D. Correlation Matrix

The correlation (normalized covariance) matrix element is to be computed for each covariance element for
all fields:

f f, ff |
Yy r‘ij/(cri o) | 3
with i< asin (B).

NOTE

f
yll =1 forall 1.

8.3.1.3 Subclass Statistics

~ \:‘%
The following expressions for subclass means and covariance matrix elements are based on a treatment of j
fields as partitions of the subclass under investigation. These expressions are iterative over the fields defined
for the subclass and permit extraction or incorporation of fields in a straightforward manner. (
A.  Subclass Means '
1.  addition of a field to a subclass :
k] Ny -N (k-1 N k :
wid _Npa N, B, N ) 3 :
where: ¢
(K . e |
i~ = mean of channel i data over the first k fields in the subclass. ] |
1 ’ J
k the o . o . |
K = mean of the k™ field in channel i, as obtained in paragraph 8.3.1.2 A, equation (1) |
N[k'] = total number of elementsin fields 1, .. ., k. g
Ny = number of elements in field k. ‘ i
2. deletion of fields from a subclass ;
The user shall have the capability to eliminate a specified training field from the subclass statistics. The
following equation, subtractive form of equation (3), shall provide that capability: %
/.L[k_l] - N[k] “[k] i Nk l}f N, “ i
1 Nrq-No| i Npoi ”%
[kl 'k [k] <
(The kth field is thereby removed from the subclass.) i ’ "
i
2
Approved C NASA/DPB PHO
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k
“i = mean of the k™D field in channel i, as obtained in paragraph 8.3.1.2 A, equation (1)

N (k] = total number of elements in fields 1, . . ., k.

N k= number of elements in field k.

B. Subclass Covariance Matrix Elements

1.  addition of a field to a subclass
An element, P'['k]’ of the subclass covariance matrix (for the first k fields of the class) will be computed from
3

[k-1] term by:

e P (k-1] K
ij =NH¢1RNmTNk-Q 5 +(Nk-glh
+ Nk(‘i‘[k] #i()(%k] -#jk)+ (v 'Nk)(“i[k] e ) ;3[1(]- “j[k-ll)]

k
in which each [ _is obtained through equation (3).
y

2. deletion of a field from a subclass.

The subtractive form* of the equation above is to be used to establish the covariance matrix elements of
the subclass following the deletion of a field k:

Ig("ﬂ - Nug [”[kl 'S k ' (#,[kl-ufc) (A{[k]- uk)
i N K] N L N k)l N (k) 1 174] J
Npq-N k] tk-11,, k] (k-1

LKk (#_ - )( )]

MoK,
Nk i i j ]

REV P TICIBILITY OF THE
CRi: ... PACGE IS POOR

"bsing the biased estimator of MSC Internal Note 72-FM-154.

A g
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C. Standard Deviations

c
The standard deviation , O;, of channel i in subclass C is given by:
c c\1/2
g; =( ﬁ)

D.  Correlation Matrix

The correlation matrix elements for the subclass C are to be computed:
c c c c
Vi = Tyg/oy o),

c
with i< asin (8.3.1.2 B), ’)’iiE 1foralli

8.3.1.4 Statistics Manipulation

Statistics manipulation for sun angle correction and mean-level adjustment will be selected by the user as an

operation to be performed on the subclass statistics generated in any of the user specified statistics options.

\ These manipulations are performed to enhance the capability of extending signatures from one area that

' contains ground truth information to another area that does not. References in this section will be made to

| “reference” and ““object” parameters with the “reference” pertaining to the non-groundtruth area and the
| . “object” to the groundtruth area. That is, when the ‘‘reference” sun angle is discussed, the sun angle that is
| being refered to is the sun angle of the area to which signatures are to be extended. The final statistics

manipulation is to be performed automatically. Subclass covariance matrices will be checked for singularity
and if necessary will be manipulated as shown below.

8.3.1.4.1 Sun Angle Correction

Sun angle correction will provide the user a means for normalizing data between areas that have different
sun angle elevations. A table of coefficients (a]. ) ﬁi) versus the sun angles of the reference and object areas
will be provided. There will be two coefficients, @ . and Bi for each channel with a specific sun angle; i.e., an
N channel image would have 2N coefficients. The sun angle ranges of the table will be 20° to 70° in
increments of 1°. The coefficient @; will have a decimal value X.XXX varying between 0 and 5.000 and 6i a

decimal value XX.XX varying between -100 and 100. After the coefficient values have been determined, the
subclass statistics will be corrected as follows:

4
Ho=a e+ By (1

where:

,
,u;:= The corrected mean in channel of the Cth subclass

a = 15 correction coefficient for channel i corresponding to i’r and §o

Approved: NASA/DPB 784&’ PHO
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gt , §0 = sun angles of the reference (1) and object (0) images
l l-lf= mean in channel i of the Cthsubclass L
'i'

ﬁi = 2nd correction coefficient for channel i corresponding to § . and § o _

] The subclass covariance is then: ]
b ' /
=T %% @ B

where:

| I§ = the element of the covariance matrix for the Cth subclass representing the
I relationship between a pair {i,j) of channel data _‘
S
I = the corrected I S

ij ij ;

a = correction coefficient for channel i corresponding to §r and § o '

(1j = As @ but for channel j ’
L

8.3.1.4.2 Mean Level Adjustrnent ,
The means are to be computed in the reference area and in the object area for the mean-level adjustment r ;
fields, If sun angle correction was performed, the means will be corrected as in the Paragraph 8.3.1.4.1. § '1

Then mean-level adjustment will be done as follows:

O
Api- b 3)
where: i 4
p.i°= mean over the MLA fields in the object area for channel i ,
3
r_ 0 ;
M; = as Ky but for referénce area 5
4
l The mean will then be ;}djusted for each subclass statistic as: %
c_ . C :
#i = I“li A“i 1‘
where:

“(i: , “‘i: and Ay, are as before.

e} j
Z # )
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8.3.1.4.3 Covariance Singularity Adjustment

During further processing the generated subclass covariance matrices must be inverted. If because of

singularity conditions a matrix cannot be inverted, the matrix will be modified according to the following
rule:
C'

e - 1~§ + EI (4

ij i
where:
c . - . .
r i = subclass covariance matrix to be modified
E = a constant value 0.1

I = the identity matrix
CI
r ij= the modified subclass covariance matrix
This modification will be repeated a maximum of five times. The user will be notified of the number of
modifications required. Also, if five attempts do not correct the singularity, the job will be aborted and the
user notified.

8.3.1.5 Bhattacharyya Chaining Processor

The Bhattacharyya distance (B-distance) function is discussed in Paragraph 8.3.2.2.1 as applied to the
Feature Selection Processor and referenced in other sections of this document. The application of this
distance function in this case is to chain fields of the same class that contain a number of subclasses.
Therefore the chaining processor will chain subclasses of a class into a different group of subclasses as

follows:

Intraclass B-distance
HI[ij, ik] = exp | - —i—S; (Fij+r'ik)'1 sjk

L ( Iy« Tyl )

G
where: )
i = class identifier ’
j» k = subclass identifiers
6jk = My - B subclass means
Approved: 4 NASA/DPB %W’g PHO
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8.3.2 Feature Selection Processors

The objective of the feature selection applications is the reduction of the channel dimensionality of an
image from N to k<N. The k coordinates represent either a proper subset or linear combinations of the
original channel set. The function performed in any of these processors is the elimination from
consideration of those channels in which little or no definition between the defined classes can be made.

Two separability measures and three channel search procedures are to be provided in accordance with the
controls identified in Paragraph 8.2.7 and with the requirements below.

8.3.2.1 Divergence Processor (Exhaustive Search)

The divergence processor will provide a user capability to select a “best” channel set to be used in the
classification process. The divergence process involves the use of a methodology to measure the degree of
statistical separability of the probability distributions of each of the classes. The output results (output
format is described in paragraph 8.4.4.4) is a list of the “best” sets of channels to be utilized in the
classification of the data into the subclasses chosen, minimizing the probability of misclassification.

8.3.2.1.1 Inputs To The Divergence Processor

The following are inputs needed to compute the best set of channels (spectral bands) to be used for
maximum separability (divergence).

A. Channels. The channels not to be considered in selecting the optimum set of channels for
maximum spearability. The default will be all channels. The maximum number of channels to
be considered will not exceed 30.

B.  Channel Set Size. The number of channels in a selected set. Maximum channel set size will be
eight. The default will be four channels.

C.  Subclasses. The subclasses for which optimum separability is to be determined. These must be
input. Each subclass will have been given a character name.

D.  Weighting Factors. Weight to be applied to a particular pair of subclasses in determining
average divergence. This will be a value from 0-10 (10 is the default).

E. D{(MAX) Maximum value of pairwise divergence. If 2 computed weighted pairwise divergence
exceeds this value, the pairwise divergence is assigned the D(MAX) value, (Default is 999)

F. D(MIN) Minimum value of pairwise divergence. If a computed pairwise divergence falls below
this value for a channel set, the set is not considered.

G.  Ranking. Methud to be used to rank the best channel sets; i.e., D(AVE), D(MIN) or user
specified subclass pair, D(1,])

.
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8.3.2.1.2 Divergence Processor Computations

8.3.2.1.2.1 Divergence
The divergence between the cth and Kt subclasses given a set of up to 30 channels is defined as:
N N N N
c k -k ¢ -k -c
D=2 & (L) - ) XX (LT ) Al
i=1 j=1 } 1 1 i i=1j=1 " ij ij
where:

N = channel set size (maximum 8, default 4)

c
I'.. = the element of the covariance matrix for the Cth subclass representing

Y
the relationship between a pair (i,j)|of channel data.

covariance matrix for subclass C )

-c
rij = the (i,j) element of the matrix inverse of re

c k

Bj =Kk
¢ . . h
M. = mean in channel i of subclass ct

8.3.2.1.2.2 Transformed Divergence

The transformed divex;gence between the CHh and Kt subclasses will then be computed from the

divergence, Dy, as:

T, = 999 [1- exp (D / 16)]

8.3.2.1.2.3 Weighted Divergence

Then the weighted divergence between the Gth and Kth subclasses will be computed from the transformed
divergence, T k,as:

WC k =W- Tck/10.0

where:

W = the user designated weight for the subclass pair, (c,k)

P4
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8.3.2.1.2.4 Average Divergence

The average divergence will be computed as the average of all weighted subclass-pair divergences, W, for a
particular channel set, N.

) M1 M
D(AVE)C,k = M(M-l)z E Wc,k
=1 j=i+l

where:

M = the total number of considered subclasses

8.3.2.2 Bhattacharyya Distance Functions

The three optional uses of the B-distance measure are shown in Figure 8.2.7-1. All three require the
computation of a total separability measure on all identified channels under several input controls:

A.  Channels. The channels not to be considered in selecting the optimum set of channels for
maximum separability, The maximum number of channels to be considered will not exceed 16.

B.  Subclasses. The subclasses must be input for which optimum separability is to be determined.

C.  Excluded Separability Subclass Set. A set of subclasses to be subject to no intraclass or
interclass separability computation among themselves in the calcation of a total separability
measure. These must be input.

D. A Priori Category Values., A set of input values indicating a bias to be made to each category
weighting on the basis of prior information.

In the case of the Without Replacement and Iterator Options, the following two additional inputs may be
made:

E.  Separability Criterioi. A value between O and 1 indicating the requirements on a channel
subset separability in terms of a ratio between such a separability and an ALL CHANNELS
total separability, This value is defauited to 0.900.

F.  Channel Set. A number of channels between 3 and 16 to be generated by the iterator as linear
combinations of the original channel set. If defaulted, this value is determined on the basis of
the smallest without replacement channel set satisfying the separability criterion of
subparagraph E above.

8.3.2.2.1 B-Distance Separability

The distance measure employed is an exponential expression of the Bhattacharyya distance function, herein
designated B-distance; the exponential form is such that, although monotonic, the function diminishes as
the Euclidian distance measure increases.

7
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The structure of the equations below is predicated on the assumptions that the defined classes are of two
types: a set of classes T | t0 Ty (see paragraph 8.2.7.4.1) with respect to which several measures of internal
and mutual separability are of interest, and a set of classes Ty ; to Ty (all other classes) for which
distinction is not necessary or critical in the same sense as for the T My and further that each class 7.
(i=1, ..., y) may be composed of one or more subclasses T i (j=1, ..., j;), for which class (subclass) statistics
are defined.

The expressions below are to be calculated for each imuge entering the B-distance feature selection
| processors with a set of subclass statistics defined in the indicated manner. The same expressions are
employed in subsequent paragraphs for channel subsets or linear combinations.

e B-distance:
1 . T -1

1 Ity + Tyl

N < T Tl )

where:
i, k are distinct classes (k,i may be equal)
j, I are subclass identifiers for i, k respectively
5j1 =5 - By as previously defined, an Nxl matrix
r ij r K are the covariance matrices for subclasses ij, kl
|I‘ij| is the determinant of r'ij

The B-distance is to be calculated over all channels N of the statistics under the following limits on i,

j k. L:
i=l.,Y
i=hendy
k=1i,..,Y

I=1,.., 4 whenifk
I=j+l, ..., I} wheni=k
e Distance flag

Subclasses having undesirable distance measures from other subclasses of the same class shall be
flagged for output to report; this flag is established when:
/0
HIij, k1] < 0.5 i%?it/'ff ’ (2)
g PHO
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8.3.2.2.4 Image Transformations /

The output of the linear combinations procedure is a k x N matrix, B, to be applied to each pixel of the

object segment for creation of (1) a film product, where k=1 or k=3, and/or (2) a k dimensional i image

suitable for operations by the classification algorithm,

The transformation is ' .

Y = BX ‘ i

where X is the Nx! input measurement vector and Y is the KxI output measurement vector.

The statistics used will be those related to the classification subclasses designated by the user. An error
should be returned if the respective statistics have not been computed.

=

~ i)

3

8.3.2.2.5 Statistics Transformations g
|

e pe . :

A rotated set of subclass statistics is to be obtained and employed by the classification processor when the :
linear combinations option has been exercised. This set of statistics shall replace the existing subclass
statistics. |

Using previous notation, the following values are to be calculated for each subclass for which statistics are

defined. j
i

Hyj = Bl

- T

:4

where: 3

]

1=l .., X

.] = 1’ ooy Jl |

N

oo

s
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8.3.3 Classification Processor

The Classification Processor will provide the user with the final desired result of the pattern recognition

processor; ie., the classifying of each pixel of a designated field(s) into one of the specified training A
subclasses. The final assignment is made by evaluating the maximum likelihood equation shown below for “
each of the measurement vectors of the designated field(s) and assigning the pixel to the subclass that yields

the maximum probability that the element belongs to that subclass. ’

defined in the SPP ICD, when the SPP is online. If the SPP is not online, the requirements of the following

The Classification Processor shall prepare the parameters defined below for transmission to the SPP, as I
paragraphs shall be performed by the pattern recognition application internal to the 360/75.

8.3.3.1 Inputs To The Classification Processor

To initiate the classification of the image being processed, the following input parameters must be specified.

A.  Classification Subclasses. The individual subclasses into which the data is to be classified. 1

B.  Class/Category Specification. The categories that are to be classified only to the class level.

C.  Classification Channels. The channels to be used to classify each element of the image.

D. Classification Area. The portion of the image which is to be classified. This is designated by
specifying the field names to be classified.

probability for all categories: i.e., the a priori values P as normally input will be 100/C, where
C is the number of categories into which the data is to be classified. Possible inputs permitted
for a priori specification are:

E. User specified a priori constants for each category. The processor will default to equal I

e

1. Value for all classes and ch = 100. The value used for the classification likelihood
equation will be P¢/100 for the appropriate Cth class.

2. Value for a subset of classes butZp, = 100. The value used for the classification
likelihood equation will be A/100 for the appropriate Cth class, however classes with no
inputs will not be considered.

3. Value for a subset of classes and Epc < 100. The value used for the classification
likelihood equation will be P /100 for the appropriate Cth class, however the remainder
of the classes will be assigned a value of (100 -zpc)/moc; i,e., the remainder of the
classes will assume equal probability of the remainder of the sumation.

4. Value for a subset of classes or for all classes butZp, >100. The value to be used when |
the summation is greater than 100 will be p /Zp.. If values were input for only a subset :
of classes, the classes which had no input will not be considered. 1

5.  Category input of a priori values will be handled as in items 1 through 4, but will then be
assigned equally over the class and subclass divisions; i.e., the p , as computed above will
be assigned the value #/MN for each subclass of the category, where M and N are the N
number of classes and the number of subclasses, respectively, in the category. This ~
computation is performed only when utilizing the mixture density function classifier
described in Paragraph 8.3.3.3.
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8.3.3.2 Maximum Likelihood Classification Computation

Each pix
assigned to it. An He
which yields the Hg
likelihood value is computed an
extracted, transformed to an cight-

el of the field(s) to be classified will have a classi
is computed for each subclass for eac

that provides the minimum probability o
d used in the subclass decision making. Th
bit integer and stored, i.e., accurate to 2
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fication likelihood value (Hg) anda subclass (C)
h pixel and the pixel is assigned to the subclass
f misclassification. The classification
e chi-square form of the value is
bout 1/2 of one percent for use

his process is as follows:

by the display processor. The formulation for t

H_=S$ 3 § o
= + ag. . 0,
4 ¢ =1 1 j=1 FiJ j

where:
S.=(R¢- P

[+
= 1/21n|pij|

P = In P
] C = the element of the covariance matrix £
I between a pair (i,j) of channel data:

c ) ¢
‘I‘ij \ = the determinant of Fij

¢
rij = the matrix inverse of Fij

= a priori constant for the C'th subclass
c P

Xi = neasurement vector in channel i

c
M= mean in channel i of the Cth subclass

The measurement vector, X

Hc< Hk forall K #C

or the Cth subclass representing the relationship

(v

EN

is then assigned to the subclass, C, for which:

(2)
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8.3.4 Display Processor

8.3.4.1 Display Processor Inputs’

The Display Processor displays classification results for an image which has been classified. The following
are necessary input for the display processor.

1. Desired mapping option. Options include color map, gray level map, character map (microfiche)
and image tape.

2. Color values, gray level values, class characters and colors and intensities for image tapes.
3. User threshold values

4, Mensuration constants.

8.3.4.2 Display Processor Computations

The following computations will need to be made to implement the display processor:

A.  Threshold Option. The user will specify a threshold percentage that the processor will utilize to

. look up in a table (ILIKE values versus percentages) an appropriate ILIKE value to be used to
determine the null subclass, Zero percent will correspond to an ILIKE of 255 and 100 percent

to zero ILIKE. Then for any classified pixel that has an I value (Paragraph 8.3.3.2) that falls

above the ILIKE value, the null subclass will be assigned to that pixel for display purposes.

Therefore, a threshold of zero percent (ILIKE=255) would cause no pixels to be assigned to the i

null subclass and a threshold of 100% would cause all pixels to be assigned to the null subclass,

i

B.  Percentage. Simple percentages will need to be computed (no. sample X 100 percent/total no.
sample for training and test fields. LACIE recognition segment percentages will be biased to
account for designated unidentifiable (DU) fields as follows:

; No. of samples

Total no. of samples - DU

% =

x 100

C.  Mensuration. If the mensuration option is selected, the display processor will need to multiply ;
the number of samples classified into each class by the appropriate constant. 5

I P

z
rd
e e

Mt_;/
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8.3.4.3 Display Processor Outputs

The display processor will output many types of display output.

A, The Classification Map. The designated portion of the classified image will be output. Each

element will be represented by a symbol, color or gray level associated with the subclass that
the element has been classified into.

B. Performance Tables. One line will be output for each field (training or test) plus one line for a

set of totals for each type of field. Each line of data will contain the following:

L

Field ID
Subclass
Total number of samples in field or group

The percentage of the samples classified correctly into the subclass assigned to the field or
group is also output.

Total number of samples classified into each group (a null group is added if a threshold
was input).

C.  Mensuration Tables. Mensuration output will contain the same information as listed for the

performance tables, except that instead of number of samples output a mensuration value is
output.

D. CAS Interface Tape. A CAS interface tape will be output that contains the information as

described in paragraph 8.4.4.7.

Approved:
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8.3.6 Signature Extension Processor ¥

8.3.6.1 Fields Only

The Signature Extension Processor can checkpoint only fields at the user’s request. When the Signature
Extension option is specified, the program will only check the boundaries of the loaded image for inclusion 1
of all checkpointed fields and not the number or compatibility of channels. T

8.3.6.2 Statistics Only }

The user may opt to checkpoint subclass statistics only at checkpoint time. Then when the Signature 1
Extension option is selected, the program will only check compatibility of the channel configuration of the
loaded image and not the boundaries.

|
|
8.3.6.3 Fields and Statistics ,‘j

The program Signature Extension logic will have to check both the channel configuration and the - \ﬂ
boundaries of the loaded image when the user has elected to checkpoint both fields and statistics. All of the “
options, Fields Only, Statistics Only, and Fields and Statistics, require the storing of Signature Extension
data in order that all Pattern Recognition Processors can access the data for further processing.

el

4/
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8.3.7 Goodness of Fit Processor

8.3.7.1 Inputs to the Goodness of Fit Processor

The following user inputs are required to initiate the Goodness of Fit Processor.
A. The subclass, field, or cluster to be tested.
B. Channels of the subclass, field, or cluster to be used.
C. Test to be performed, i.e., Pearson Chi-Square or Komolgorov Smirnov Test.

D. Statistics of field, subclass, or cluster.

E. Intervals, if the Pearson Chi-Square Test is selected.

¥
/
Vb

8.3.7.2 Pearson Chi-Square Test

Using and Fij computed from the Statistics Processor or clustering application form compute:

N i -
Q - 2 Gi E Fij Oi
1 =1 j=1

for the collection of data points to be analyzed.

where:

e e

N = number of channels

follows:

G, = (Xi - K ) |

X; = measurement vector in channel i j

Fi-j = covariance of the field, subclass, or cluster to be tested. | ' {

Then apply the Pearson Chi-Square Goodness of Fit Test to the chi-squared distribution of Q values as %
.

§

A. Tix number of intervals, K, for partition of Q values

B. Fix interval endpoints based upon
1. Equidistant intervals or,

2. Equally populated intervals.

Approved: NASA/DPB
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C. Partition the Q values for each interval to determine the theoretical population, PTi' and observed
population, Poi'
D. Then form:
K 2
G= % (Poi - Py

E. Qutput the value of G and its percentile in the chi-squared distribution for K-1 degress of
freedom.

8.3.7.3 Kolmogorow-Smirnov Test

From the chi-squared distribution of Q values, Paragraph 8.3.7.2, apply the Kolmogorow-Smirnov
Goodness of Fit as follows

. % 2 2
A. Find Li= f Xn d Xq -
o

where: i = 1, 2, 3..N intervals

| B. Find K, = max [ILi-—i—I,'Li— i-ll]
n

n

]

C. Output K .. =max [K;

D. Output percentile equals:

. .2
+1 2 2 2
2 j2=1(-1)J el N° K2,

For more information concerning both goddness of fit algorithms see NASA JSC Internal Note 73-FM-63,
dated May 4, 1973.

Approved: NASA/DPB % %J PHO

|
1
:
;’

8.3.7-2




y ST | I S I T Y R i l o

+ JSC-10152
(SIS0-TR514)

8.3.8 Batch Input Processor A

8.3.8.1 Processor Inputs

The Batch Input Processor reads records from the Process Control Data Base to build the corresponding
menu inputs that are used to process the Process Control Data Base data. For the Process Control Data Base
inputs, refer to paragraph 4.8.2.

8.3.8.2 Processing Flow

Since options such as sun angle correction (SAC) and mean level adjustment (MLA) of the subciass statistics
are available, care must be taken to use the proper statistics in classification of the sample segments of a
merged LACIE image. The data processing flow diagram (figure 8.3.8,2-1) illustrates the processing flow
required to assure data processing integrity. The flow diagram also includes all options associated with the
data processing. The following steps make up the complete data flow.

A.  lmage Merge. Retrieve recognition segments merged with associated training segments (up to
three training segments). The number of training segments is used to define the constant K. If
no external statistics are given, go to the Fields Retrieval step.

B.  External Statistics. Retrieve external statistics from a user specified tape and pass on to the
1z ’ Statistics Report step. External Statistics step is optional

C.  Fields Retrieval, Retrieve field definitions from the fields data base.
D.  Normal Statistics. Compute the statistics for all training fields.

E.  Cluster/Chaining. Perform the clustering and chaining as specified by the process control input
cards.

F.  Store Statistics. Store resultant statistics for later use.

G.  SAC/MLA. Perform the sun angle correction and the mean level adjustment as specified by the
process control input card. Output the results as a statistics report. Note, the SAC and MLA
performed in this step is to correct the subclass statistics “from” the training segments “to”’ the
recognition segment.

H.  Statistics Tape, Produce a statistics tape from the SAC/MLA output, if requested. s
A
L Statistics Report, Produce a statistics report from the statistics computations or from the -

external statistics from the External Stacistics, step B. ;

J. Feature Selection. Perform feature selection.
K. Classify RSEG. Classify the recognition segment. . _
~
2.4
' ‘/&/ ‘,
Approved: I NASA/DPB PHO I
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L. Classification Output. Output a classification map, summary, and CAS interface tape. }

M. Mensuration. Perform mensuration and output to mensuration data base.

NOTE
The following steps are the steps in the training q
segment classification loop that correct the subclass
statistics to the specific training segment classified. !
N. If K#O.nis set to 1. If K js not equal O, proceed to Retrieve Statistics. If K equals O, exit.
O. Rerrieve Statistics, Retrieve statistics from step F. If SAC and MLLA are not require go to
Classification TSEGN, step R. ~
3
P. SAC/MLA. Perform SAC and MLA to the training segment to be classified. ki
|
Q. Statistics Report. Produce a statistics report. )
R. Classify TSEGy). Classify the training segment with the statistics of step P or from the Retrieve é
Statistics, step O.
|
| S.  Classification Output. Output classification summniary and a CAS interface tape from the
Classify TSEGr) step.

T. n=K. If 77 equals K exit. If 7 does not equal K increment 7 by 1 and go to Retrieve Statistics,
- step O. Steps O through T will be repeated until ) equals K, which means all training segments
have been processed.

T
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Figure 8.3.8.2-1 Data Processing Flow Diagram
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8.4 OUTPUTS

8.4.1 General

This section describes the outputs of the Pattern Recognition program in the areas of imagery, graphic data | ]
and digital data. The imagery displays will appear on the imagery television screen in 16 levels of gray
and/or on the color television screen, while the graphic data and digital data will appear on the
conversational television screen in black and white. All reports will be made available for display as

requested by the user. In addition, all reports will be available for retrieval upon request under the
following conditions:

A,

The user has not exited the applications program that computed the display; i.c., pattern
recognition.

New data has not been requested by the user; i.e., if new training regions have been defined and
statistics data recomputed, then the previous statistics data is no longer available.

The Batch Input Processor will automatically output the following reports to a microfiche outpout tape.

Image Merge Report

Fields Report

Statistics Report (output when all statistics manipulations have been completed)
Bhattacharyya Chaining Report

Classification Summary Report

Also, a classification image consistent with the requirements described in paragraph 8.2.9.6 will be output

for each classification run. An additicnal output will be a Crop Assessment Subsystem (CAS) interface tape,
refer to paragraph 8.4.4.6.

Approved:
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8.4.2 Imagery
8.4.2.1 Graymaps
Graymaps may be used for two purposes during pattern recognition processing:
A.  Initially for the user’s visual inspection and training field(s) definition and
B.  For the final classification map.
8.4.2.2 Initial Graymaps
—_—
The graymap for the initial training field(s) definition will be generated by the Image Manipulation and
Display Processor using one of the gray level determination methods of Paragraph 6.3.3. ;
8.4.2.3 Classification Maps ;. :,
Classification maps may be generated on the 16 levels of gray television screen, on the 64 color television ]
screen, as a character map to microfiche, or as an image tape. The user will have the option of specifying
gray levels and colors or using a computer default set. If the user opts to have the classification printed he
must enter the symbols to be used for the subclasses. The Subclass map will depict visually the |
. correspondence between the class membership and spatial location of any given pixel in the image.
Classified Fields may be displayed simultaneously in proper geographic context relative to the overall
image, See Figure 8.4.2.3-1.
£
N
O \1\
7 ]
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Figure 8.4.2.3-1 Illustration of Class Maps (Character Option) G
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8.4.3 Graphic Data

8.4.3.1 Histogram Plots

Histogram plots will be displayed on the conversational television screen upon request to determine the
validity of the Gaussian distribution assumption. The histogram plots will express the percentage
(maximum scale of 50 percent) of total elements of a training field for a group of training fields (subclass)
versus a particular relative radiance as a line graph. The relative radiance scale will increase to the right ‘
regardless of the direction of increasing brightness, There will be up to four histogram line graphs per plot g
for up to four subclasses and one channel. If the user has elected to expand (i.e., blow up or specify the I

scaling) this plot, an indicator with the percentage of total points under all four curves that is outside the
scale will be displayed. Also, the total number of points in each subclass will be listed with the subclass
name. An example of the histogram plot is shown in Figure 8.4.3.1-1. There will be Reseau Marks on the
histogram plot to aid visual interpolation accuracy. If the amount of data required to display four

histogram line graphs results in an overflow condition, the user will be notified and requested to specify
fewer histograms.

PR e

i
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8.4.4 Digital Data

8.4.4.1 Field Definition Display

The user may request at any time during processing a display of the field definitions (training fields, test
fields or any miscellaneous fields). A sample of this output is shown in Figure 8.4.4.1-1. The columns of
data will list the field ID and subclass, the type of field (training, test, other) as a symbol, the category
symbol and the vertices (up to 10) of the fields. The vertices will be defined by line and column numbers. A
page capability will exist to allow observation of all field definitions.

In addition to the field definition report, an annotation page shall be output when the fields have been
retrieved from the fields data base. This page will reflect the current status of the fields for the recognition
segment and all training segments being analyzed. The format of this report is shown in Figure 8.4.4.1-2.

8.4.4.2 Mean-Standard Deviation

A request to view the computed means and standard deviations will result in a report on the conversational g
television screen as illustrated in Figure 8.4.4.2-1. The channels will be listed in the first column with the L
means and standard deviations in each of the channels for up to four subclasses or training fields listed in
columns to the right of the channels. The total number of elements in each subclass or field will be listed
under the subclass or field name. In the field columns the subclass name to which the field belongs will be
listed under the number of elements in the field. The user will have the option with this report to view all
subclasses, all training fields or both. When requesting data for more than four subclasses and/or training
fields the user will have the capability to page to observe the complete set of data. For each set of subclass
statistics, the statistics manipulations performed to arrive at that set of statistics will be shown. The
possibilities are normal statistics, clustering, chaining, sun angle correction, mean level adjustment, and
combining,

&

8.4.4.3 Feature Select Reports

8.4.4.3.1 Divergence Processor Displays

In order to compact the display of the best channel sets and the interclass divergence values, the first
display available to the user from the divergence processor will be the list of the 30 best channel sets as
determined by the divergence processor (see Figure 8.4.4.3-1). If any user-specified channel sets are
contained in the best 30 channel sets, they will be flagged with an asterisk, see ranking No. 10 in Figure o
8.4.4.3-1.

Following the Best 30 Channel Sets will be the detailed interclass divergence values for all 30 sets in Figures
8.4.4.3-2, 8.4.4.3-3, and 8.4.4.3-4. The user will have the capability to page and observe interclass
divergences for all class pairs.

If the user has specified any special channel sets, the sets will be listed as the last entries in the top 30 best
sets, and if they appear in the 30 best sets marked with an Asterisk and not repeated; i.e., if the user
specifies five sets.they would appear in position 26 to 30 unless one or more were included in the top
thirty,
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8.4.4.3.2 Feature Selection Displays

The feature selection reports resulting from the without replacement Bhattacharyya distance computations
are illustrated inFigures 8.4.4.3-% through 8.4.4.3-9. The first page of the Feature Selection report contains
user input data and seperability information. The following pages contain more detailed data for intraclass,
interclass, widely seperated subclass pairs, and other separabilities.

8.4.4.4 Classification Summary Display

The classification summary display will contain data relating to the performance of the classification

processor. The display. first page (Figure 8.4.4.4-1) will identify the image from which the data was

| . generated followed by a list of category/class/subclass names that were considered during classification (the

: symbol will be listed also) and the corresponding percent threshold values and a priori constants, The
channels used to perform the classification will be the final column on the first page.

¢
Ay

Then, on the second and following pages will be a list of individual training and test fields with their
classification summary results. Groups of training fields for a subclass will be totaled as well as groups of
test fields. Columns of data on these pages will list (as shown in Figure 8.4.4.4-2) the field 1D, the subclass
name, number of samples in the field, percent correct classification (number of samples classified into the
category assigned to the field divided by the number of samples in the field times one hundred), and the
number of samples classified into each category/class/subclass. A page capability will exist to observe all
categories/classes/subclasses and all fields.

The category/class/subclass names will be listed left to right; i.e., the category name will be listed followed
by the first class in the category and then the subclasses within that class. Then the second class in the
category will be listed followed by the subclasses in the second class and so on until that category’s
subdivisions are exhausted. The second category will be listed next, organized in the same order as above. 3
This sequence will be continued until all categories are exhausted.

Alternatively, if the mensuration option had been selected on the Classification Summary Report Menu, the
‘numbers of samples’ values throughout the display shall be replaced by area measurements reflecting the
parameters input on the Mensuration Report Menu. The display shall also indicate the units and scaling
from the Mensuration Menu.

8.4.4.5 Bhattacharyya Chaining Reports.

Two chaining reports will be generated when the chaining report option is selected. The first report displays :
the initial Bhattacharyya distances between all subclass pairs involved in the chaining (See Figure 8.4.4.5-1.) :
The second report reflects the distances between the resultznt chains. (See Figure 8.4.4.5-2.)

Approved: g NASA/DPB PHO
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8.4.4.6 Image Merge Report.

The Image Merge Report (Figure 8.4.4.6-1) lists the sample segment numbers and acquisition dates of the
merged composed image data set being analyzed.

8.4.4.7 Crop Assessment Subsystem Interface Tape

When operating in the LACIE batch mode, a Crop Assessment Subsystem (CAS) interface tape will be
output for use by an offline program designed to aggregate crop production and assess system accuracies.
The following paragraph is presented to aid in the design of the processor.

The tape used shall be an ASCII format labeled tape containing one data file and an end-of-file signaled by
three consecutive end-of-file marks. The data file consists of multiple data sets with each set being one or
more physical records. Each record shall have an identifier in the first byte indicating that this record
contains recognition segment data or fields data and a sequence value in the second byte. When both

recognition segment data and fields dzta is to be written on tape, recognition segment data will always
precede fields data.
| A.  Recognition Segment Data. The recognition data content on the CAS interface tape shall be as
follows:
1. Record Identification
2. Record Sequence Number
3. DPAR Number ' ;
4, Run ID
5.  BHATTACHARYY Separability (All channels)
6.  External Statistics Tape Number 3
7. Number of Recognition Segment Subclasses » 4
8.  Number of Merged Image Fields ‘
9. Number of Pixels in D/O Fields
10. Number of Pixels in D/U Fields '
11.  Date of Classification ;
12. Number of Acquisitions used for Classifications S
SN
Approved: NASA/DPB PHO
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13. Channels used in Classifications

14. BHATTCHARYYA Separability (Channels used for Classification)

15. Biological Windows 1 thru 4
(a) Window 1
) Beginning Day - Year
) Ending Day - Year
(b) Window 2
° Beginning Day - Year
] Ending Day - Year

(c) Window 3

° Beginning Day - Year

. Ending Day - Year

| ‘ (d  Window 4

® Beginning Day - Year

o s e g Sl

) Ending Day - Year
16. Segment Related Information
(a) Sample Segment Data
(1) Segment Number

(2) Spring/Winter Wheat

(3) Sample Segment Use Indicator
{b) Channel Set Acquisition Dates

(1) Channel Set 1

(2) Channel Set 2

Approved: NASA/DPB PHO
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18.
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(3) Channel Set 3
(4) Channel Set 4

(c)  Training Segment Data
(1)  Segment Numbers

(2) Spring/Winter Wheat Indicators

(d) Channel Sets Acquisition Dates
(1) Channel Set 1
(2) Channel Set 2 :
(3) Channel Set 3
(4) Channel Set 4
Threshold and A Priori values by Category
(a) Category Name
(b) Classification Level Indicator
(c) Threshold Value
(d) A Priori Value (Normalized)
Subclass Classification Results for All Subclasses
(a) Subclass Name
(b) Statistics Manipulation Flags
(c) Pixels Classified Into Subclass

(d) Pixels Thresholded Out of Sublcass

B.  Fields Data. The fields data content on the CAS interface tape shall be as follows:

Record ldentifier

Record Sequence Number

NASA/DPB PHO
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)
3. Field Name
4. Subclass
5.  Field Type
6.  Field Population (Total Number of Pixels)
7. Number of Subclasses
8.  Classifi..tion results by Subclass
() Subclass Name
(b) Mean Level Adjusted Flag
(¢) Sun Angle Corrected Flag
(d) Pixels classified into Subclasses
(e) Pixels thr¢sholded out of Subclasses.
g
o .
|
Approved: y NASA/DPB - PHO
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Where:

‘N=2
N = Number of channels

DEFAULT2

Same as DEFAULT1 except set Maximum number of clusters 20, ITMAX 8

9.2.2.2 Clustering Summary Report Menu (Figure 9.2.2.2-1) -

A.  The Clustering Report Menu will display the following:

1. A run number indication.

2. Alist of each cluster, for the current run, showing: 3
~ N
e  Cluster number :

) Population

. CLASS MATCH - Name of class in statistics table which most closely matches

o each cluster.
CA"'

. DISTANCE - RMS difference in means between each cluster and the closest class
match, ' '

. CLUSTER MATCH - Name of cluster in statistics table which most closely
matches each cluster. . E

™ DISTANCE - RMS difference in means between each cluster and the closest
cluster match,

.

B.  The Clustering Report Menu will require user input of the following:
1. NAME - Anenury of the cluster name.

2. CANCEL - An option to cancel a cluster(s) by entering letter C, or to specify a cluster
for GOODNESS of FIT (Paragraph 8.2.1) by entering G. C

3. DETAILED REPORT - An option to generate a detailed clustering report (refer to
Paragraph 9.4.4.1, Figure 9.4.4.1-1).

4, DISTANCE TABLE - An option to generate an- intercluster distance table (refer to
Paragraph 9.4.4.2, Figure 9.4.4.2-1).

5. CHAINING - An option to request chaining (refer to Paragraph 9.2.2.3), N

<‘ ’ Approved: W NASA/DPB % &MZ PHO
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B-matrix Summary Report

To be determined

Figure 8.2,10.7-1
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8.2.12 Siggature Extension Processor

8.2.12.1 §ignature Extension Menu

The Signature Extension (figure 8.2.12.1-1) allows the user to checkpoint all data, writing data to tape, by
only cursoring the CHECKPOINT box. To checkpoint class statistics only or fields only, the user may
cursor the CHECKPOINT and CLASS STATS ONLY boxes or CHECKPOINT and FIELDS ONLY boxes,
respectively. By cursoring the CHECKPOINT box, the data will include fields and statistics (field and class),
and, if divergence has been executed, the best channel sets for D(AVE), D(MIN), and D(l, J) options will be
included. The user may restart his run later by cursoring the SIGNATURE EXTENSION box and typing

the tape number of the tape containing his Signature Extension data, Refer to Paragraph 8.3.6 for the data
checks, '

LACIE use of this application will involve both reading field definitions and specific class information from
the fields data base and writing the same data to tape to allow for a data base update capability, This will be
done by typing in up to four segment numbers and cursoring the appropriate immediate action box; i.e.,
FD to read the fields data or TU for a tape unload of fields data.

When reading from the fields data base, it will be necessary to add information to both the field and class

names and to update line numbers for the field vertices in order to keep track of fields and classes belonging

to different segments of the merged image. Then, when writing data base update information to tape, the

reversc process must be performed. An additional problem arises, in that the interactive user may define

. fields across the segment boundaries; Le., across the line values 117, 214 or 331, The program will check for

( this condition and not write these field definitions to tape. Also, the user will be informed of the situation.
o Field name, class name, and field definitions will be modified as follows:

. Ficld names. A digit 0, 1, 2 or 3 will be added to the field name to designate whether the field

belongs to the recognition segment, training segment 1, training segment 2, or training segment
3, respectively.

° Class Names. Again, a digit 0, 1, 2 or 3 will be added, but for class names to the second
character of the name. Designation of the digit is as for field names.

) Field Definitions. Since the recognition segment and the training segments are merged
vertically, the line numbers within the merged image are renumbered to reflect the new total
size of the image and, therefore, necessitates a change in the field vertex information when the
fields are read from the data base. Vertex line numbers will be updated by adding 117n to the
actual line number where n is the training segment digit, 1, 2, or 3.

8.2.12.2 Signature Extension Data Display

The Signature Extension Data Display, figure 8.2.12.2-1, will be displayed, if the user has cursored the
SIGNATURE EXTENSION box and typed a Signature Extension tape number. This report will allow the

user to verify the contents of the Signature Extension tape. The user may continue by cursoring the CON
box or cancel by cursoring the RET box.

%l
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8.2.13 Goodness of Fit Processor

8.2.13.1 Goodness of Fit Selection

The Goodness of Fit Processor may be selected from the Pattern Recognition processor selection menu
(Figure 8.2.2.2-1), or from the Clustering Summary Report Menu (Figure 9.2.2.2-1). If the user selects the
Goodness of Fit Processor from the Clustering Summary Report Menu, he must have entered G in the
cancel column of that report to specify the cluster that he wishes to test for goodness of fit.

8.2.13.2 Goodness of Fit Tests Menu

When the user selects the goodness of fit processor, the menu shown in Figure8.2.13.2-1 is displayed. This
menu requests inputs of class or field name (not applicable if selected from the Clustering Summary
Report), the channels to which the tests are to be applied and specification of either the Pearson Chi-Square
Test on the Kolmogorov-Smirnov Test. If the Pearson Chi-Square Test is selected, then the user must define
cither the desired number of intervals with options of equally populated intervals, or a user specified
number of intervals.

The report portion of the menu will be used to return a goodness of fit value and a percentile computed
from the user specified test option.

% wned |
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8.3 PROCESSING REQUIREMENTS

| 7
i 8.3.1 Statistics Processor ;7
j i
1
: 4
The training ficlds (paragraph 8.2.3) will be the operating data base for the statistics processor which will ;
provide: :
e  histograms of radiance distributions of user-selected fields and/or classes in specified channels,
® field and class means in each channel, and all covarignce matrix elemerits.
The histograms will be employed as analysis aids. The field and class means, and covariance matrix elements k
will be used as input data to other pattern recognition sub-processcrs at user discretion. f
i
' Representations of field means and covariance matrix element expressions have been selected to expedite E
processing efficiency. The class statistics expressions, derived from MSC Internal Note 72-FM-154, 5 July ; \
1972, treat classes explicitly as the union of their training fields and permit ready addition or deletion of
training ficlds without recomputing the complete class statistics.
8.3.1.1 Histograms
} Training field definitions and the image data set will be used to display histograms of user-designated fields
! . {and/or classes) in a specified channel. These displays shall indicate the percentage of elements in the region ’
{. for cach radiance level represented in the field (or class) and channel. The histogram, therefore, is the i
‘ discrete distribution function of the channel data.
The capability shall exist to display one, two, or three ficlds and/or classes of histogram dita
' simultaneously in a single channel. Requests for more than three histograms in a channel shall be accepted;
the data is to be retrieved for additional fields by paging the histgram report. Histograms for more than one
channel shall be requested separately.
8.3.1.2 Field Statistics
— 3
A.  Field Means
3
For a channel i and training field {: ;
N :
f f -
= L £
Hi= % 33:1 xt. (1
A
where: pf = mean of channel i datain f. !
Xfci = kth channel i element (pixel) value in f.
N = number of elements in £.
Means are computed for each i in the image data set.
(‘ — (
Approved: ZA)y'/ NASA/DPB__ 4 4& PHO
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B. Field Covariance Martrix Elements

e matrix for field f represents the covariance between a pair (i,j) of channel

An clement of the covariarc
£ f. These elements shall be computed:

data taken over all elements ©

N,
f f f f f f
=1 Q.
5 '};E (in ij> Hi ¥ : @)
f k=1 h
- ‘i‘
where:
f . .
;= mean of channel i datain £
f : ,
}: = mean of channel j data in f 3
J AN
3
Nf = number of elements in { ‘
f %ﬁ
Xgi = kth channel i element (pixel) value inf )
f : :
ij = kth channel j element (pixel) value in f \
i

f
Fij = the (i,j) covariance matrix element in {.

NOTE.

f f
SincelT' =T, computations are to be performed only for i<j, to minimize processing.
ij 3 —

C. Standard Deviations

f
The standard deviation, 05 , of channel iin f is given by:

Gf - (I“f )1/ 2

1

;
R
o
i
]

!’:{ ‘
‘\}\  Approved: & NASA/DPB _ (s PHO
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D. Correlation Matrix

The correlation (normalized covariance) matrix element is to be comrputed for each covariance element for

all fields: \

' f f, ff ) o
Y=Lyl ' |
. }

with 1<j as in (B). .
NOTE - g

f :

yii =1 forall i
8.3.1.3 Class Statistics N

The following expressions for class means and covariance matrix elem =nts are based on a treatment of fields j

. 3
as partitions of the class under investigation. These expressions are iterative over the fields defined for the g
class, and permit extraction or incorporation of fields in a straightforward manner. ]

A.  Class Means v j
i 1.  addition of a field to a class ;
4
4

plkd Ny =Ny #rk-u
! N{k] i

N k
. S (3)

Nrk] 1

where:

(k) '
# = mean of channel i data over the first k fields in the class.
i

k
th
K, k"

= mean of the field in channel i, as obtained in paragraph 8.3.1.2 A, equation (1)

ka] = total number of elements in fields 1, . . ., k. ' 5
Ny = number of elements in field k. %

2. deletion of fields from a class ?

The user shall have the capability to eliminate a specified training field from the class statistics, The
following equation, subtractive form of equation (3), shall provide that capability:

M[k-lJ ) Nk ”[k] ) _r:l_k_ “k ' ,'l'"\
1 Nr,q-Ny | i N i
k) "k (k]

I A T T

(The kth field is thereby removed from the class.)
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k
“i = mean of the k1! field in channel i, as obtained in paragraph 8.3.1.2 A, equation (1)
Nk = total number of elements in fields 1, .. ., k.
Ny = number of elements in field k.

B. Class Covariance Matrix Elements

1. addidon of a field to a class

‘An element, ng], of the class covariance matrix (for the first k fields of the class) will be computed from the
1

[k-l]term by:

I‘[k] [k-n. k
i Npgt|! o) Ty
R T R R |

1

i}
-
'qz:-‘
N
Z
P
[y

k
in which each [ is obtained through equation (3). .
ij i
2. deletion of a field from a class. : ’ i

The subtracfive form* of the equation above is to be used to establish the covariance matrix elements of |
the class following the deletion of a field k: ‘ ‘

. T e koo-H .
rlj N[,k]'Nk (1 i’ J

(k-1 N k] N, k N (k] k {k k
[ [ Do p e ) ’-#)
j N[k]u N[k)

N,q-N (k) (k-13,, (k] (k-1
s )

*Using the biased estimator of MSC Internal Note 72-FM-154. L
o

7, el i
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C. Standard Deviations

c
The standard deviation , Ui’ of channel i in class C is given by:

c c\1/2
i =(Fii)

D. Correlation Matrix

The correlation matrix elements for the class C are to be computed:

c Fc c c
Yij = ij’("i "j)’

c
withi<j asin (8.3.1.2 B), ¥ ;= 1 forall i,

8.3.1.4 Statistics Manipulation

Statistics manipulation for sun angle correction and mean-level adjustment will be selected by the user as an

operation to be performed on the class statistics generated in any of the user specified statistics options,

These manipulations are performed to enhance the capability of extending signatures from one area that

contains ground truth information to another area that does not. References in this section will be made to
( “reference’” and “‘object” parameters with the “reference” pertaining to the non-groundtruth area and the
“object” to the groundtruth area. That is, when the “reference’ sun angle is discussed, the sun angle that is
being refered to is the sun angle of the area to which signatures are to be extended. The final staristics
manipulation is to be performed automatically. Class covariance matrices will be checked for singularity
and if necessary will be manipulated as shown below.

8.3.1.4.1 Sun Angle Correction

Sun angle correction will provide the user a means for normalizing data between areas that have different
sun angle elevations. A table of coefficients (a., §.) versus the sun angles of the reference and object areas
will be provided. There will be two coefficients, @ . and B for each channel with a specific sun angle i <., an
N channel 1magc would have 2N coefficients. The sun angle ranges of the table will be 20° to 70°
increments of 1°. The coefficient a; will have a decimal value X.XXX varying between 0 and 5.000 and {3 a
decimal value XX. XX varying bctwcen -100 and 100. After the coefficient values have been determined, the
class statistics will be corrected as follows:

! c
#ic=ai‘“i+ﬁi ¢3)

where:

]
p§= the corrected mean in channel of the ™! class

a = 15¢ correction coefficient for channel i corresponding to S‘r and fo

i . @l
Approved: L NASA/DPB PHO
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» & = sun angles of the reference { r) and object (0) images
%o 8 ]
#§= mean in chnnel i of the Cth class
ﬁi = 214 correction coefficient for channel i corresponding to § . and §‘0

The class covariance is then:

g

r=Taa : - @

where:

I = the element of the covariance matrix for the Ct' class representing the relationship
bétween a pair (i,j) of channel data

/
I% = the corrected I
ij ij
@, = correction coefficient for channel i corresponding to §,and§

(1‘.l = As @ but for channel j

8.3.1.4.2 Mean Level Adjustment

The means are to be computed in the reference area and in the object area for the mean-level adjustment
fields. If sun angle correction was performed, the means will be corrected as in the Paragraph 8.3.1.4.1.
Then mean-level adjustment will be done as follows:
Ap. = pl- it : 3
im%
where:
11?: mean over the MLA fields in the object area for channel |
r o
;= as but for ref..ence area
The mean will then be adjusted for each class statistic as:
C_
By == Ay
where:

yci , /.l? and A{Ji are as before.

. e
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8.3.1.4.3 Covariance Singularity Adjustment C

During further processing the generated class covariance matrices must be inverted. If because of singularity
conditions a matrix cannot b= inverted, the matrix will be modified according to the following rule:

o e

!

c c
where: L
/
¢
r ij = class covariance matrix to be modified -
E = a constant value 0.1
I = the identity matrix
o
U -
c
Fij = the modified class covariance matrix RS
This modification will be r.peated a maximum of five times. The user will be notified of the number of
modifications required. Also, if five attempts do not correct the singularity, the job will be aborted and the
user notified.
8.3.1.5 Bhattacharyys Chaining Processor
The Bhattacharyya distance (B-distance) function is discussed in Paragraph 8.3.2.2.1 as applied to the
Feature Selection Processor and referenced in other sections of this document. The application of this
distance function in this case is to chain fields of the same class that contain a number of subclasses. ,
Therefore the chaining processor will chain subclasses of a class into a different group of subclasses as ;
follows:
Intraclass B-distance
1 T 1 |
H[l], lk] = exp - T 5jk (Flj + Flk) 6]1( j
A (Tl ) 3
" T %
;
where:
i = class identifier :
j, k = subclass identifiers £
Sjk = - e subclass means \ ]
v
A
Approved: | NASA/DPB PHO

8.3.1-7

SRR WA £ K i




| S i
PHO-TR514
. Change 5
. . . 11 March 1975

Pij Fik = subclass covariance matrices
’
I | = doterminant function

n = number of channels

then if, H[ij, ik] > 0.5, combine the statistics of the two fields/subclasses into one field/subclass.

N 8 ‘9‘)\
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8.3.2 Feature Selection Processors

The objective of the feature selection applications is the reduction of the channel dimensionality of an
image from N to k<N. The k coordinates represent either a proper subset or linear combinations of the
original channel set. The function performed in any of these processors is the elimination from
considération of those channels in which little or no definition between the defined classes can be made.

Two separability measures and three channel search procedures are to be provided in accordance with the
controls identified in Paragraph 8.2.7 and with the requirements below.

8.3.2.1" Divergence Processor (Exhaustive Search)

The divergence processor will provide a user capability to select a “best” channel set to be used in the
classification process. The divergence process involves the use of a methodology to measure the degree of
statistical separability of the probability distributions of each of the classes. The output results (output
format is described in paragraph 8.4.4.4) is a list of the “best” sets of channels to be utilized in the
classification of the data into the classes chosen, minimizing the probability of misclassification.

8.3.2.1.1 Inputs To The Divergence Processor

The following are inputs needed to compute the best set of channels (spectral bands) to be used for
maximum separability (divergence). '

A.  Channels. The channels not to be considered in selecting the optimum set of channels for
maximum spearability. The default will be all channels. The maximum number of channels to
be considered will not exceed 30.

B. Channel Set Size. The number of channels in a selected set. Maximum channel set size will be
eight. The default will be four channels.

C.  Classes. The classes for which optimum separability is to be determined. These must be input.
Each class will have been given a character name and a character symbol.

D. Weighting Factors. Weight to be applied to a particular pair of classes in determining average
divergence. This will be a value from 0-10 (10 is the default).

E. D(MAX) Maximum value of pairwise divergence. If a2 computed weighted pairwise divergence
exceeds this value, the pairwise divergence is assigned the D(MAX) value. (Default is 999)

F. D(MIN) Minimum value of pairwise divergence. If a computed pairwise divergence falls below
this value for a channel set, the set is not considered.

G. Ranking. Method to be used to rank the best channe! sets; i.e,, D(AVE), D(MIN) or user
specified class pair, D(1,]J)

o+ rUCIBILITY OF THE
... ~-al, PAGE IS POOR
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8.3.2.1.2 Divergence Processor Computations

8.3.2.1.2.1 Divergence
The divergence between the c® and k™ classes given a set of up to 30 channels is defined as:
N N ‘N N c
c k k- -k -C .
Doy =2 (L -TJ(r -1 )+ ZX (0 + T ) A
i=1 j=1 By | i} i) i=1j=1 ‘i ij
where: i
N = channel set size (maximum 8, default 4)
c
I';; = the element of the covariance matrix for the C™P class representing the relationship
between a pair (i,j) of channel data.
c
I' = covariance matrix for class C
-C
Fij = the (i,j) element of the matrix inverse of '€
c k
Ai =My oH
c
M. =mean in channel i of class C
8.3.2.1.2.2 Transformed Divergence
The wransformed divergence between the c™ and K™ classes will then be computed from the divergence,
D ,, as:
ck?
Top =999 (1- exp (D / 16)]
8.3.2.1.2.3 Weighted Divergence

Then the weighted divergence between the cth and xt classes will be computed from the transformed
divergence, T, as:

W. = W T,/10.0

where:

W = the user designated weight for the class pair, (c,k)

GMW NASA/DPB % Ay PHO
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8.3.2.1.2,4 Average Divergence

The average divergence will be computed as the average of all weighted class-pair divergences, W,

for a particular channel se: N.
M-1 M

2
D(AVE) L, w
C,k M(M'l)g §+1 C,k

where:

M = the total number of considered classes

8.3.2.2 Bhattacharyya Distance Functions

£ the B-distance measure are shown in Figure 8.2.7-1. All three require the

The three optional uses o
1l identificd channels under several input controls:

computation of a toral separability measure on a

the optimum set of channels for

A. Channels. The channels not to be considered in selectirg
dered will not exceed 16.

maximum separability. The maximum number of channels to be consi

B. Classes. The classes must be input for which optimum separability is to be determined.

lass Set. A set of classes to be subject to no intraclass or interclass
lves in the calculation of a total separability measure.

5

C. Excluded Separability C
separability computation among themse

These must be input.

D. A Priori Class Values. A set of input values indicating a bias to be made to each class weighting

on the basis of prior information.

In the case of the Without Replacement and lterator Options, the following two additional inputs may be

made:

alue between O and 1 indicating the requirements on a channel

E.  Separability Criterion. A v
£ a ratio between such a separability and an ALL CHANNELS

subset separability in terms o
total separability. This value is defaulted to 0.900.

£ channels between 3 and 16 to be generated by the iterator as linear
his value is determined on the basis of

fying the separability criterion of

F. Channel Set. A number o
combinations of the original channel set, If defaulted, t

the smallest without replacement channel set satis
subparagraph E above.

8.3.2.2.1 B-Distance Separability

The distance measure employed is an exponential expression of the Bhattacharyya distance function, herein
designated B-distance; the exponential form is such that, although monotonic, the function diminishes as

the Euclidian distance measure increases.

ﬁﬁ NASA/DPB | ‘. %////ﬁ PHO

Apprm'ed:

8.3.2-3

e

L.
(.
B
/
Ty
-




R e T ' E o L IR . 6 e M L

PHO-TR514
Change 5
11 March 1975

The structure of the equations below is predicated on the assumptions that the defined classes are of two
types: a set of classes T 4 to Ty (sce paragraph 8.2.7.4.1) with respect to which several measures of internal
and mutual separability are of interest, and a set of classes 7 x+1 0Ty (all other classes) for which
distinction is not necessary or critical in the same sense as for the @y,..., Ty, and further that each class ;
(i=1, ..., y) may be composed of one or more subclasses T . (_| .,ji), for which class (subclass) statistics
are dcfmed .

The expressions below are to be calculated for each image entering the B-distance feature selection
processors with a set of class statistics defined in the indicated manner. The same expressions are employed
in subsequent paragraphs for channel subsets or linear combinations.

o B-distance:

1. T -1
H[ij, kIl = exp |- —;*Sj <F-- + Pkl> ajl (1)

1 < Iy + I‘kll )
-—1In
2 2" IFI_]I Tl

where:
i, k are distinct classes (k,i may be equal)
j, I are subclass identifiers for i, k respectively
5)-1 =uij - [} as previously defined, an Nx| matrix
Pi' T}y are the covariance matrices for subclasses ij, ki
ll" l is the determinant of P

The B-distance is to be calculated over all channels N of the statistics under the following limits on i,

j kbt
i=1L.,Y
i=lenidg
k=1..Y

; =1 .., 1, wheni#k
I=j+l . wheni=k
e Distance flag

Subclasses having undesirable distance measures from other subclasses of the same class shail be
flagged for output to report; this flag is established ‘when;

Hij, kI] < 0.5 % j (2)
Approved: "‘T%}xg NASA/DPB / PHO
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¢ Interclass separability

Compute between classes i and k (i #k):
i 1 1%
j=1 l=1 _

wherei=1, ..., X
k=I+,.. Y

and pij’ P |y are the a priori probabilities determined or specified elsewhere (see Figure 8.2.7-9)

o Intraclass separability

Compute within each class i = 1., X:

I -
i) = 3 3 Pij Pil H {ij, kl] 4)
=1 lj+l '

where 1; designates here the subclasses of i.

e Intercategory separability

A separability measure is to be computed between each class LA (i=1, ..., X) and the set of classes
Ty 10 oo Ty 38 follows:

Y
Ta,9 = % ¥4 oo (5)
j=X+1

where j here is each class X+l to Y.

e Total separability

X
W@, j) + ‘2 ¥ G, v) .. (6)

X
V-3
i=1 i=1

M e

]

. el

This value is the separability criterion employed in determining ‘‘best” subsets or linear
combinations, as per subsequent sections.

1 - wod
Approved: NASA/DPB IV
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8.3.2.2.2 Without Replacement Procedure

The processor shall, or selection of the without replacement opticr, determine the minimum number of
channels k required to satisfy the condition

Yy, > 09 P
where W = total separability derived from N channels, under the following guidelines. }
" A. Each single channel will be investigated as in Paragraph 8.3.2.2.1 with N replaced by I and only i

those class statistics in the channel empleyed. The minimum (extremum) of the calculated
\J(I)’s is selected as the optimum and the channel providing that value selected for (b).

B. Each remaining (N-1) channel is paired with the “best” channel, and the best ‘I{(Z) determined, -
again via Paragraph 8.3.2.2.1. 3

C. This process is repeated until k 2 4 and ‘I’/‘I’k > 0.9 are satisfied.

D. Reports on all separability measures obtained from the channel subset k selected as “best” will
be prepared as in Paragraph 8.3.2.2.1, as well as the ratio \I’/‘I’k.

8.3.2,2.3 FDP Iterator Option

On the selection of the FDP iterator option the program will have either a specified or unspecified channel ;
set size for the output image generation. In the event the channel set is specified, a preliminary to the 1
iteration process is an execution of the without replacement procedure of the previous paragraph with the
distinction that no determination of separability ratios is made, only a selection of the best channel set at
the specified level. 1f no specification of channel set size is made, the without replacement option is
executed to determine the minimum channel set size satisfying the separability criterion.

In both cases the determined channel set from the without replacement procedure is employed as a starting
matrix for the FDP search process, of dimension k x N,

This matrix, designated B, is modified until the separability values for the selected matrix have been

optimized ar level k.
The FDP interator is not described here; references are: =
Requirements Document to Incorporate Linear Feature Selection Techniques i
Into The ERIPS, (EC-1403, NAS9-12200, November 1973) %
and documents referenced therein. .
~
beo
,‘f?
2 /
Approved: ] NASA/DPB KA PLIO ~,{
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8.3.2.2.4 Image Transformations

The output of the linear combinations procedure is 2 k x N matrix, B, to be applied to each pixel of the
object segment for creatic1. of (1) a film product, where k=1 or k=3, and/or (2) a k dimensional image
suitable for operations by the classification algorithm.

The transformation is

Y = BX

where X is the NxI input measurement vector and Y is the KxI output measurement vector,

The statistics used will be those related to the classification classes designated by the user. An error should
be returned if the respective statistics have not been computed.

8.3.3.2 Maximum Likelihood Classification Computation

Each pixel of the field(s) .0 be classified will have a classification likelihood value (H ) and a class (C)
assigned to it. An H_ is computed for each class for each pixel and the pixel is assigned to the class which
yields the H,, that provides the minimum probability of misclassification. The classification likelihood value
is cowaputed and used ir the class decision making. The chi-square form of the value is extracted,
transformed to an eight-bit integer and stored, i.c., accurate to about 1/2 of one percent for use by the
display processor. The formulation for this process is as follows:

N i _ .
Ho=S.+% o; X FC. o (1)
=1 =1 iji J
where:
Se= (Rc )

c
R =1/2ln|T |
y
Pc = In P
I".:. = the clement of the covariance matrix for the C™0 class representing the relationship

Y between a pair (i, j) of channel data

C

: . C
II‘iJ- = the determinant of Fij

c
Ff:» = the matrix inverse of Pij

3

P, = a priori constant for the c™ class

I
.J;ﬂ %@4{
Approved: LAY NASA/DPB PHO
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( C
Ui— Xi-#i)

Xi = measurement vector in channel i

c . . th
K= mean in channel i of the C* class

The measurement vector, X, is then assigned to the class, C, for which:

H, < Hy forall K # C ' ) 2

8.3.2.2.5 Statistics Transformations : ;‘

A rotated set of class statistics is to be obtained and employed by the classification processor when the
linear combinations option has been exercised. This set of statistics shall replace the existing class statistics,

Using previous notation, the following values are to be calculated for each subclass for which statistics are

defined.
Hj = B
_ Br. BT I
andFlJ BFU B , A L 5
3
where: ]
-
i=1..,X %
.’= li vesy Jl é

g

s

‘a
1
(
{
3

0 gt
Approved: NASA/DPB . PHO
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8.3.3 Classification Processor

The Classification Processor will provide the user with the final desired result of the pattern recognition
processor; i.e., the classifving of each pixel of a designated field(s) in ‘¢ one of the specified training classes.
The final assignment is made by evaluating the maximum likelihood equation shown below for each of the
measirement vectors of the designated field(s) and assigning the pixel to the class that yields the maximum
probability that the element belong to that class.

8.3.3.1 Inputs To The Classification Processor

To initiate the classification of the image being processed, the following input parameters must be specified.

A. Classification Classes, The individual classes into which the data is to be classified.

B.  Class/Category Specification. The categories that are to be classified only to the class level.

C. Classification Channels. The channels to be used to classify each element of the image.

D. Classification Area. The portion of the image which is to be classified. This is designated by
specifying the ficld names to be classified.

E.  User specified a priori constants for each class/category. The processor will default to equal

i probability for all classes: 1.¢., the a priori values A as normally input will be 100/C, where Cis

( the number of classes into which the data is to be classified. Possible inputs permitted for a
priori specification are:

1. Value for all classes and Epc = 100. The value used for the classification likelihood
equation will be P¢/100 for the appropriate Cth class.

2. Value for a subset of classes butZp. = 100. The value used for the classification
likelihood equation will be £./100 for the appropriate Cth class, however classes with no
inputs will not be considered.

3. Value for a subset of classes and ch < 100. The value used for the classification
likelihood equation will be P /100 for the appropriate Cth class, however the remainder
of the classes will be assigned a value of (100 -ch)/IOOC; i.e., the remainder of the
classes will assume equal probability of the remainder of the sumation.

4. Value for a subset of classes or for all classes but ch >100. The value to be used when
the summation is greater than 100 will be p /p_. If values were input for only a subset
of classes, the classes which had no input will not be considered.

5.  Category input of a priori values will be handled as in items 1 through 4, but will then be
assigned equally over the class and subclass divisions; i.e., the p . as computed above will
be assigned the value A/MN for each subclass of the category, where M and N are the
number of classes and the number of subclasses, respectively, in the "category. This
computation is performed only when utilizing the mixture density function classificr
described in Paragraph 8.3.3.3.

( ' %ﬂ ~ NASA/DPB | ﬁf”//é PHO
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8.3.3.2 Classification Likelihood Computation

Each pixel of the field(s) o be classified will have a classification likrlihood value (H o and a class (C)
assigned to it. An H_ is computed for each class for each pixel and the pixel is assigned to the class which
yields the H , that provides the minimum probability of misclassification. The classification likelihood value
is computed and used in the class decision making, The chi-square form of the value is extracted,

transformed to an eight-bit integer and stored, i.e., accurate to about 1/2 of one percent for use by the
display processor. The formulation for this process is as follows:

N i . -
He=S.+2 o 2 o Y
=1 j=1 ij I
where: .
Sc=(R.-PY)

C
R = 1/21n|I‘ij'
Pc=lnpc

l{ = the element of the covariance matrix for the C'' class representing the relationship
Y betweena pair (i, j) of channel data

c c
I]"ij ' = the determinant of I‘lj

c
I‘F- = the matrix inverse of rij

]

P, = a priori constant for the cth class
(-4
g. = .- fhs
i xl Hi
Xi = measurement vector in channel i

c .
H; = mean in channel i of the Cth class

The measurement vector, X, is then assigned to the class, C, for which:

H_ < Hy forallK #C , | )

| % 20 s
Approved: e NASA/DPB PHO
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The chi-square form is then extracted by the following:

. N i .
Q. =H/-Sie;Q =2 0, % I'o

1

and transformed by:

I = MIN (A-Q, 255)

where:

=1 =1 i

o A A . St it A A
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(3)

4)

I = transformed eight-bit integer to be stored for use by the display processor

MIN = minimum function

Q_. is us above, equation. (3)

A = prestored constant based on the number of channels used for classification. The table
of values is as follows:

CHANNELS | A CHANNELS | A
1 64.72 11 19.02
2 48.10 12 18.02
3 39.84 .13 17.10
4 34.22 14 16.28
5 30.55 15 15.54
6 27.56 16 14.86
7 25.12 17 14.28
8 23.18 18 13.70
9 21.60 19 13.20
10 20.22 20 12.74

NASA/DPB
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8.3.3.3 Mixture Density Function Classification Computation

Classification, using the mixture density function, is performed in much the same way as for the maximum
likelihood classifier. The main difference is that the statistics are ca-tied at a lower level; i.e., the statistics
corresponding to the class statistics of the maximum likelihood classifier are subdivided or refined to two
lower levels. Therefore, the notation category (Zj class (C) and subclass (S) are used in this paragraph. “
The category level corresponds to the class level of the maximum likelihood and if class or subclass statistics -
were not extracted from the categories to be classified the mixture density function classifier would reduce
to the maximum likelihood classifier. The same chi-square form is then computed and stored for use by the o
display processor and equates to the form corresponding to a subclass. This is because the densities of the
mixtures (subclasses) are summed to the class level and then the classes to the category level and the only o
chi-square form that seems reasonable is the form computed for the most likely subclass of the decisive ’
category. The option will exist to sum the density functions to the class level only or on to the category
level. The formulation for this process is as follows.

Compute for each subclass the terms ‘ . ]
P, = Pz
MN
and R, = IF ls} 172,
where: .
.Pz = a priori constant for the zth category
| M = number of subclasses in the Ct' class
! N = number of classes in the ZH category
rlj = the element of the convariance matrix for the S™ subclass representing

the relatonship between a pair (i, j) of channel data.

Then compute the chi-square form as:

. N i -s
% 2o Z T g
=l j=1 ij j :
7
where: !
4
N = number of channels used to classify
.= . - S ‘
oi= X - W%) i
X; = measurement vector in channel i .
: o, ]
I'? = the matrix inverse of s . o
ij ij R
. LA
Approved: j%%;{ﬁy NASA/DPB Enlf PHO
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And store if, H, > H_4 ]
where:
g, A
H, = (PBEJ/R o
and E; = exp(-Qg/2) ' o
M . -
Then H, = s§1 H; , where M is the number of subclass § in the class c.

If classification is performed only to the class level for this class then assign the measurement

vector, X; , to the subclass that yielded the Hs if:
H >Hy foral K # C 3
B %
R \z
and H.>H, forall Z
|
If classification is t> be performed to the category level, then compute the additional sum: §
_ N
H, = ¥ Hc
C=l
Q; : where: N is the number of classes C in the category Z 4
|
) and assign the measurement vector, X;, to the subclass that yiclded the largest Hg if: ;
' E
!,
H, >H_ foralC g
?il
and H, > Hy forall Y * 7 !
In each of the assignments above the name of the subclass, S, is stored that yielded the ’
largest H and the associated Qg is transformed by #
I'= MIN (Ae Q, 255) %
ii
where: .
7
!
I = transformed eight-bit interger to be stored along with the subclass name ;
for use by the display processor :
MIN = minimum function ‘

Q = as in equation (2)

A = prestored constant as in Paragraph 8.3.3.2 (same table values).

Approved: NASA/DPB
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8.3.3.4 User Designated Fields

As described for the Field Selection Processor (Paragraph 8.2.3.2), the user will have the capability to select
designated fields. Specifically, the user may select two types of the designated fields; other and
unidentifiable. These fields are to be assigned to the user designation regardless of the previous classification

result. This special case will be handled as follows:

S, and a confidence level, Q.. The smaller; i.e., closer to zero, the
bservation vector was classified correctly. Therefore, after the
classification process has been completed, the temporary work data set that was created to represent the
subclass names and confidcnce levels will be searched for all designated ficlds of the recognition segment.
The designated name and a confidence level of zero will be assigned to all pixels lying within these fields.
The search will be done in the order of unidentifiable and then other; i.e., pixels lying in both designated
unidentifiable and designated other will assume the name other. The resultant work data set will be utilized

by the display processor for classification summary and imagery output.

Using the previously stored subclass name,
of a subclass the more assurance the o

K

ZZ@% NASA/DPB
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8.3.4 Display Processor

8.3.4.1 Display Processor Inputs

it a4 k) , e

The Display Processor displays classification results for an irﬁage which has been classified. The following
are necessary input for the display processor.

B I ~
1.  Desired mapping option. Options include color map, gray level map, character map (microfiche)
and image tape. j
- -
;
i
2. Color values, gray level values, class characters and colors and intensities for image tapes.
3. User threshold values , j
il . ;
4.  Mensuration constants. §
-
8.3.4.2 Display Processor Computations ;
The following computations will need to be made to implement the display processor: :
A. Threshold Option. The user will specify a threshold percentage that the processor will utilize to , “3

look up 1n a table (ILIKE values versus percentages) an appropriate ILIKE value to be used to
determine the null class. Zero percent will correspond to an ILIKE of 255 and 100 percent to
zero ILIKE. Then for any classified pixel that has an I value (Paragraph 8.3.3.2) that falls above !
the ILIKE value, the null class will be assigned to that pixel for display purposes. Therefore, a ) K
threshold of zero percent (ILIKE=255) would cause no pixels to be assigned to the null class ‘ ‘ ‘ i
and a threshold of 100%. would cause all pixels to be assigned to the null class,

B.  Percentage. Simple percentages will need to be computed (no. sample X 100 percent/total no. g
sample). '

C.  Mensuration. If the mensuration option is selected, the display processor will need to multiply
the number of samples classified into each class by the appropriate constant.

YODUCIBILITY OF THE
AT, PAGE IS POOR
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8.3.4.3 Display Processor Outputs

The display processor wil' output two types of display output.

A.

Approved:

The Classification Map. The designated portion of the classified image will be output. Each

element will be represented by a symbol, color, or gray level associated with the class that the
element has been classified into. )

Performance Tables. One line will be output for each field (training or test) plus one line for a

set of totals for each type of field. Each line of data will contain the following:

L

Field ID
Class
Total number of samples in field or group

The percentage of the samples classified correctly into the class assigned to the field or
group is also output.

Total number of samples classified into each group (a null group is added if a threshold
was input).

Mensuration Tables. Mensuration output will contain the same information as listed for the

performance tables, except that instead of number of samples output a mensuration value is
output.

Lol T
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8.3.5 Batch System Interface Processor

8.3.5.1 Purpose

The batch system interface processor will write an interface tape to be used as input to the CYBER 73
LARSYS for divergence, classification and display processing. The menus presented to the user for
definition of the control card information are presented in paragraph 8.2.9. In addition to the control card
information, the interface tape will contain image data. A detailed description of the format of this
interface tape is presented in Section 10.0 of the Earth Resources Data Format Control Book. A summary
of the data to be contained on this tape will be presented here.

8.3.5.2 Control Card Information

Each control card will be identified by a four-digit number. A particular control card nced not be present
and there may be multiple control cards for a particular four-digit identifier. A list of the identifiers and a 3
summary description of the content follows.

0000 User comments and annqtation ‘:

0100 Image information such as name, dimensions, channels‘ and sencor identification ;

0101 Number of bits/pixel i

(::‘ 0200 Field definition including name, type, class and class symbol ;

' 0201 Vertex definition of fields i
0300 Class name and symbol for statistics 1

0301 Number of samples j

0302 Mean value for a channel

0303 Covariance matrix

2000 Divergence processor information including channel set size, D(I,j) and D(MAX) excluded . ’ 4

channels, and user specified channel set

2001 Classes to be considered for divergence computations N

E
2002 Weighting factors (
2003 D(1]), D(MIN) values

2004 Class pairs affected by D( _[), D(MAX) values

Approved: — 22‘%2 NASA/DPB ?éM PHO
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2004  Class pairs affected by D(L,]), D(MAX) values
2005  Ranking crizerion for divergence processor

- 3000 Classification channel set definition .

3001 Classes to be calssified and threshold values

. 3002 Fields to be calssified

4000  Type output; 1in column 9 = printout, 1 in column 10 = microfiche,
1in column 11 = DAS

8.3.5.3 Image Data

The image data will follew the control card information and will be limited to ten million bytes with a
maximum of 1000 elemerts or pixels per scan line. Maximum block size will be 3840 bytes and the image
formats may be in multiple lines per block, multipie blocks per line or one line per block. A line is defined
here as a scan line for all channels, i.e., a 1000 byte scan line for five channels would be a total of 5000
bytes and require two blc:ks per line. This means a line may not begin in a block if it cannot be completed

in that block.

70 nid
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8.3.6 Signature Extension Processor

8.3.6.1 Fields Only

The Signature Extension Processor can checkpoint only fields at the user’s request. When the Signature
Extension option is specified, the program will only check the boundaries of the loaded image for inclusion
of all checkpointed fields 2nd not the number or compatibility of channels.

1 8.3.6.2 Statistics Only
The user may opt to checkpoint class statistics only at checkpoint time. Then when the Signature

Extension option is selected, the program will only check compatibility of the channel configuration of the
loaded image and not the boundaries.

8.3.6.3 Fields and Statistics

The program Signature Extension logic will have to check both the channel configuration and the
boundaries of the loaded ‘mage when the user has elected to checkpoint both fields and statistics. All of the
options, Fields Only, Statistics Only, and Fields and Statistics, require the storing of Signature Extension
data in order that all Pattern Recognition Processors can access the data for further processing.

Emd
Approved: W;Q NASA/DPB Z PHO
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8.3.7 Goodness of Fit Processor ]

A
8.3.7.1 Inputs to the Goodness of Fit Processor ; j
3

The following user inputs are required to initiate the Goodness of Fi. Processor.

A. The class, field, or cluster to be tested.

b3
B. Channels of the class, field, or cluster to be used. j
C. Test to be performed, i.e., Pearson Chi-Square or Komo’lgorov Smirnov Test,
D. Stratistics of field, class, or cluster.
E. Intervals, if the Pearson Chi-Square Test is selected. ~
3
8.3.7.2 Pearson Chi-Square Test ~ )
Using 4, and Fij computed from the Statistics Processor or clustering application form compute: :
]
N i -1 ’{
i=1 j=1
C‘. . for the collection of data points to be analyzed. :
where: j
|
N = number of channels *
i
0, = (X1 - H ) 3
X; = measurement vector in channel j |
-1 ' |
Fi' = covariance of the field, class, or cluster to be tested. ,
Then apply the Pearson Chi-Square Goodness of Fit Test to the chi-squared distribution of Q values as
follows:
’h' £
A. Fix number of intervals, K, for partition of Q) values :
B. Fix interval endpoints based upon :
i
1. Equidistant intervals or, |
2. Equally populated intervals,
o
Approved: 7 NASA/DPB d PHO i
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C. Partition the Q values for each interval to determine the theoretical population, PTi' and observed

population, P ..

D. Then form:

K 2 1
(P . - P |
6= 5 LoiifmT P

E. Output the value of G and its percentile in the chi-squared distribution for K-1 degress of
freedom.

8.3.7.3 Kolmogorow-Smirnov Test

From the chi-squared distribution of Q values, Paragraph 8.3.7.2, apply the Kolmogorow-Smirnov <
Goodness of Fit as follows - .:i

A. Find Li=ﬁ X, dx2

where: i = 1, 2, 3..Nintervals

B. Find K; = max [ILi-i—IsILi- Hl]
n

n

NPT o o T SRS

C. Output Kma.x = max [Ki]

D. OQutput percentile equals:

]
1

For more information concerning both goddness of fit algorithms see NASA JSC Internal Note 73-FM-63,
dated May 4, 1973.

-t
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8.4 OUTPUTS
8.4.1 General

This section describes the outputs of the LARS program in the areas of imagery, graphic data and digital
data. The imagery displays will appear on the imagery television screen in 16 levels of gray and/or on the
color television screen, while the graphic data and digital data will appear on the conversational television
screen in black and white. All reports will be made available for display as requested by the user. In
addition, all reports will be available for retrieval upon request under the following conditions:

A. The user has not exited the applications program that computed the display; i.e., pattern o

recognition.
B.  New data has not been requested by the user; i.e., if new training regions have been defined and <
statistics data recomputed, then the previous statistics data is no longer available. —
‘ﬁi
3

(s
|
:
;
;
s j
.3
’?
o

*
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8.4.2 Imagery
8.4.2.1 Graymaps G

Graymaps may be used for two purposes during pattern recognition processing:
A. [Initially for the user’s visual inspection and training field(s) definition and

B.  For the final classification map.

8.4.2.2 Initial Graymaps

The graymap for the initial training field(s) definition will be generated by the: Image Manipulation and
Display Processor using one of the gray level determination methods of Paragraph 6.3.3.

"y

TR Ay

8.4.2.3 Classification Maps N

Classification maps may be generated on the 16 levels of gray television screen, on the eight color television
screen, as a character map to microfiche, or as an image tape. The user will have the option of specifying
gray levels and colors or using a computer default set. If the user opts to have the classification printed he
must enter the symbols to be used for the classes. The Class map will depict visually the correspondence
. between the class membership and spatial location of any given pixel in the image. Classified Fields may be
displayed simultaneously in proper geographical context relative to the overall image. See Figure 8.4.2.3-1.

C. |

- -}
( ) wpd
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(a) Contiguous Image Clustered
LINE P
4 i
AAAABBB CCC o
AAAAAAB CCC
o
AAAAABB CCC"~ '
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BLANKS INDICATE THRESHOLDED =
POINTS. .
WWWW WWWW ’
WWWW WWWW
WHWW 0000O0
000090 0000
> PIXEL j
[ : - .(b) Field Subsets Clustered .
LINE
A
AAA B . C¢C —l
' |
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BOUNDARY :
B CC 3
y
' |
4
< __BLANK INDICATES OUTSIDE i
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WWWW ‘ j
§
WWWW G 00 | |
000 ‘ : ‘i
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> 5
Figure 8.4.2.3-1 Illustration of Class Maps (Character Option) 4 j
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8.4.3 Graphic Data
8.4.3.1 Histogram Plots

Histogram plots will be displayed on the conversational television screen upon request to determine the
validity of the Gaussian distribution assumption. The histogram plots will express the percentage
(maximum scale of 50 percent) of total elements of a training field or a group of training fields (class)
versus a particular relative radiance as a line graph. The relative radiance scale will increase to the right
regardless of the direction of increasing brightness. There will be up to four histogram line graphs per plot
for up to four classes and one channel. If the user has elected to expand (i.e., blow up or specify the
scaling) this plot, an indicator with the percentage of total points under all four curves that is outside the
scale will be displayed. Also, the total number of points in each class will be listed with the class name. An
' example of the histogram plot is shown in Figure 8.4.3.1-1. There will be Reseau Marks on the histogram
plot to aid visual interpolation accuracy. If the amount of data required to display four histogram line
graphs results in an overflow condition, the user will be notified and requested to specify fewer histograms.

Approved: yids NASA/DPB PHO
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8.4.4 Digital Data

8.4.4.1 Mean-Standard Deviation

A request to view the computed means and standard deviations will result in a report on the conversational
television screen as illustrated in Figure 8.4.4.1-1. The channels will be listed in the first column with the
means and standard deviations in each of the channels for up to four classes or training fields listed in
columns to the right of the channels. The total number of elements in’each class or field will be listed under
the class or ficld name. In the field columns the class name to which the field belongs will be listed under
the number of elements in the field. The user will have the option with this report to view all classes, all
¢ training fields or both, When requesting data for more than four classes and/or training fields the user will

have the capability to page to observe the complete set of data. ' ,

A o e
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8.4.4.2 Divergence Processor Displays

In order to compact the display of the best channel sets and the interclass divergence values, the first
display available to the uter from the divergence processor will be the list of the 30 best channel sets as
determined by the divergence processor (see Figure 8.4.4.2-1). If any user-specified channel sets are
contained in the best 30 channel sets, they will be flagged with an asterisk, see ranking No. 10 in Figure -
8.4.4.2-1. v

R i

i Following the Best 30 Channel Sets will be the detailed interclass divergence values for all 30 sets in Figures
8.4.4.2-2, 8.4.4.2-3, and 8.4.4.2-4. The user will have the capability to page and observe interclass
divergences for all class pairs. oo

If the user has specified any special channel sets, the sets will be listed as the last entries in the top 30 best
sets, and if they appear in the 30 best sets marked with an Asterisk and not repeated; ie., if the user
specifies five sets they would appear in position 26 to 30 unless one or more were included in the top

thirty.

8.4.4.3 Classification Summary Display

The classification summary display will contain data relating to the performance of the classification

processor. The display first page (Figure 8.4.4.3-1) will identify the image from which the data was

) generated followed by a list of category/class/subclass names that were considered during classification (the

( symbol will be listed also) and the corresponding percent threshold values and a priori constants. The
- channels used to perform the classification will be the final column on the first page.

Then, on the second and following pages will be a list of individual training and test ficlds with their
classification summary results. Groups of training fields for a class will be totaled as well as groups of test
fields. Columns of data on these pages will list (as shown in Figure 8.4.4.3-2) the ficld ID, the class name,
number of samples in the field, percent correct classification (number of samples classified into the class
assigned to the field divided by the number of samples in the field times one hundred), and the number of
samples classified into each class. A page capability will exist to observe all classes and all fields.

Alternatively, if the mensuration option had been selected on the Classification Summary Report Menu, the
‘numbers of samples’ values throughout the display shall be replaced by area measurements reflecting the
parameters input on the Mensuration Report Menu. The display shall also indicate the units and scaling
from the Mensuration Menu.

When operating in the LACIE mode (using mixture density function) the category/class/subclass names will
be listed left to right; i.e., the category name will be listed followed by the first class in the category and
then the subclasses within that class. Then the second class in the category will be listed followed by the
subclasses in the second class and so on until that category’s subdivisions are exhausted. The second
category will be listed next, organized in the same order as above. This sequence will be continued until all
categories are exhausted.

/(éj %/J PHO
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8.4.4.4 Field Definition Display

The user may request at any time during processing a display of the field definitions (training ficlds, test
fields or any miscellaneous fields). A sample of this output is shown in Figure 8.4.4.4-1. The columns of
data will list the field ID and subclass, the type of field (training, test, other) as a symbol, the category
symbol and the vertices (up to 10) of the fields. The vercices will be defined by line and column numbers. A
page capability will exist to allow observation of all field definitions.

4
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SECTION 9

DATA CLUSTERING REQUIREMENTS

9.1 INTRODUCTION |
9.1.1 General

Data Clustering, as a generic class of techniques, has been used by various statistically-oriented disciplines
since the 1930's to separate distributed “population” samples into discrete subsets according to similarities
in certain specified attributes, or features. More recently, investigators studying the classification of ground
features from multispectral imagery have discovered the applicability of clustering data points in ' -
multispectral “feature-space.” This concept has immediate potential as an adjunct to the LARSYS
technique (sce Section 8) since it provides a means for evaluating the data structure of supposedly P
homogeneous ‘“training fields”, as well as, providing an alternate source of “training” statistics. Data TN
Clustering also has future potential for so-called “‘unsupervised classification” whereby features are first
categorized without benefit of “a priori” class information, then ussigned to classes by comparing a
geographically correlated Cluster Map to known ground features. ERIPS clustering will be designed first to {
optimize the interactive use of clustering as an adjunct to LARSYS; and second, to provide the analytical
capability necessary to allow pursuit of the latter goal of “unsupervised classification.”

%;0/ M
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9.1.2 Program Description

s

The CLSTR Program will function either as a stand-alone program or as an adjunct to LARSYS. However,
in either case it will Je selected from within the Pattern Rocognition Program, using the Pattern
Recognition Processor Selection Menu, (see Figure 8.2.2.2-1) because of systems considerations. CLSTR
will be subject to the same input data set constraints as Pattern Recognition (PR).

P
7

* Two basic options will be provided:
) An ITERATIVE Algorithm which may be either “self-starting” or started using externally o 1
provided statistical parameters.
. An ADAPTIVE Algorithm, while theoretically less optimal than the iterative technique,
requires much less time to reach an acceptable (for many purposes) solution.
Along with the choice of Algorithm, the user will be provided with menu inputs (sce Paragraph 9.2 “User 3

Interface Requirements”) allowing to choose from available “starting”” options and to specify appropriate ~ .

‘ program control inputs (thresholds, number of clusters desired, number of iterations desired, etc.). The user
will also be given a choize of clustering “fields” (as defined in Paragraph 8.2.3.2) or “classes” (consisting of
all fields assigned a comron class name). CLSTR will have the capability to use field definition and channel
selection information pi wiously generated in PR and/or to arrive at this information starting from CLSTR.
Similarly, CLSTR will be able to use PR-generated class statistics as an input, and/or to generate these

oo statistics for output to PR. The user shall have the capability to add clusters to, or delete from, the class

<‘ ’ statistics table. Because of the symmetry between CLSTR and PR, the conventions and constraints
regarding the maximum number of classes (60), the naming of classes, and the assignment of class symbols
and/or gray/color levels for output will apply likewise to clusters.

i

For the ITERATIVE Algorithm, the user will have the capability to manually force additional iterations
following completion (as per input value) of the automatic iteration loop. For both algorithms, the user will
be provided with evaluation displays (sce Paragraph 9.2) giving current information on the individual cluster
statistics, “‘distance’’ between clusters, and cluster “dynamics” (merging and splitting of clusters from one
iteration to the next). Informarion will also be provided on which classes (or previously entered clusters) in
the PR class statistics table most closely match newly computed clusters.

l
|

For the ADAPTIVE Algorithm, the user will be provided with appropriate error messages and diagnostic *
and recovery capabilities sufficient to detect (and recover from) anomalous program performance (such as '
getting stuck in a “loop™).

. _ . ;.

i -

It T
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The final output of the CLSTR program will consist of: (1) cluster means, standard deviations, and
convariances (consistent with LARSYS input requirements), and/or (2) a cluster map. The cluster map will
be exactly analogous i concept to the classification map define{ in Paragraph 8.4.2.3. It will depict
visually the correspondence between the cluster membership and spatial location of any given pixel in the

image. Areas which contain points belonging to 2 cluster will be displayed in proper geographical context P
I relative to the overall image, and displayed in up to 16 levels of gray or 64 colors. Gray/color assignments
will be a user input. The cluster map may be output to microfiche in up to 60 cluster symbols (the same 60 |

used for class symbols). See Figures 8.4.2.3-1 and 8.2.7.2-1.

The user will have the capability to modify the cluster map output as follows:

® Gray/color/character assignments (as exists in PATTERN RECOGNITION).

) Thresholding out of “loosely clustered” points (similar to PR thresholding of “loosely -
classified” points).

) CHAINING (or display grouping) of clusters which are within a (user-specified) distance from :
one another. |

",

Y’ 4/
ﬁ;ﬂ NASA/DPB - ﬁ/l : : PHO
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9.2 USER INTERFACE REQUIREMENTS

9.2.1 General Capabilities

All menus presented to the user in the CLSTR application will include capabilities: to scroll the image(s), to
select the image manipulation and display application, and, via error recovery logic, allow unloading and
scratching from disk, all without exiting from the CLSTR application. Also, the capability will exist to
indicate the EOF (End-of-Field) and EOT (End-of-Transmission) on all menus without use of the keyboard.
The user may return to the previous menu by indicating a return on any of the menus in this application,

All displayed images in this application will include on the overlay a position indicator (line & column) of
the upper right hand corner and the lower left hand corner. The corner positions will be updated as the
image(s) scroll is halted.

Approved: ﬁ/ NASA/DPB ‘éﬁé( PHO

9.2,1-1

L

iy

e




o, o S v R T T T TR AT TR S
D A v T e T o R T
’ 13

PHO-TR514
Change 5
11 March 1975

9.2.2 Processor Selection

The CLSTR program will be selectable as one of the options included in the Pattern Recognition processor ‘

selection menu (see Figure 8.2.2.2-1). Upon selection of CLSTR, the operator will be presented with the
= selection menus (see Figures 9.2.2.1-1, 9.2.2.1-2, and 9.2.2.1-3).

. e
9.2.2.1 Clustering Selection Menus :

9.2.2.1.1 Clustering Channel Selection Menu

This menu shall provide the user channel selection with the following entries (see Figure 9.2.2.1-1):

A. ALL — All 30 channels selected.

Load

B.  Subset of channels may be selected by cursoring the numbered channel(s) boxes.
c
C. Best channels set from; DAVE, DMIN, or DIJ, a
|
9.2.2.1.2 Clustering Area Definition Menu j
This menu shall provide the user with the following entries (see Figure 9.2.2.1-2): 1
e A. FIELD AND/OR CATEGORY/CLASS/SUBCLASS NAME TO BE CLUSTERED — Entries ;
& must be made consistent with the names used in the field definition processor (Paragraph 8.2.3) 1
or read from the fields data base. When operating in the LACIE mode, the user may input i
category/class/subclass names. Input of category or class names will cause all subclasses in that ‘
» category or class to be clustered. Of course, individual subclasses may be input to be clustered.
. . 1
: ' : P
B.  SKIP FACTOR ~— This is an option to skip lines and/or pixels to be clustered. For example an -
entry of 10 in the LINE field and 5 in the PIXEL field will indicate clustering every 5th point 2
of every 10th line within the defined fields. Lo
' o
9.2.2.1.3 Clustering Initialization Menu
This menu shall provide the user with the following entries (sec Figure 9.2.2.1-3): ]{' E
A.  RUN NO. This is an operator incremented number to identify repeated passes through ’ a

clustering with updated initialization data, An entry of zero will clear the menu and re-initialize
all clustering reports.

Approved: NASA/DPB
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Initialization parameters, as defined and specified in JSC MPAD IN 72-FM-268 Rev 1, dated 23
April 1973 are:

1.

MAXIMUM NUMBER OF CLUSTER - NV MAX,

STRIP GENERATION PARAMETER - S :

In the column under ADAPTIVE option:

C - A cluster merging threshold.

R1 - Value of the refinement parameter R for the ls‘t iteration.
R2 - Value of the refinement parameter R for the 2nd iteration.
M1 - Multiplier of R1, 0>M12>1.

NMIN1 - Threshold for eliminating small clusters.

NET - A test threshold for cluster elimination.

NMT - Merge frequency, i.c., merge every NMT data points.
NPT - Cluster update priority frequency.

STATISTICS - Option to compute cluster Statistics on remaining channels (those
not selected on Clustering Channel Selection’ Menu).

In the column under ITERATIVE option:

PERCENT -'Initial cluster splitting threshold. If percent is 0, then the
Split/Combine Sequence will be followed. If percent is greater than zero and less
than or equal to 100, split until percent of clusters satisfies STDMAX, then use the
Cluster Summary Report menu sequence (Paragraph 9.2.2.2).

SEP - A splitting parameter denoting the number of sigmas to separate the two
new clusters from the mean of the original cluster, thus, for a given channel:

New Mean 1 = Old Mean + SEP X Sigma
New Mean 2 = Old Mean - SEP X Sigma

STDMAX - Threshold sigma for splitting clusters. Cluster will be split if sigma
STDMAX.

e,
770 xpz:
: NASA/DPB PHO
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® DLMIN - Thresholq for merging clusters
) NMIN 2 — Threshold for eliminating small clusters

° ITMAX — Maximum number of iterarions allowed in initializing iterarive cluster
using P option.

' SPLIT/COMBINE SEQ - s/¢ SEQ (max of g characters) to be followed, if,
PERCENT js 2¢ro, or after ITMAX satisfied, or after PERCENT satisfied.

) STATISTICS — Option to compute cluster Statistics op remaining channels,

5. REACESS — An option to reacess 5 specific run, The rup number should be specified in
the RUN NO, field.

. SELF GENERATING VECTORS

. CLASS STATISTICS VECTORS

- ) VECTORS FROM RUN NUMBER
° EXTERNAL VECTORS
C.  DEFAULT OPTIONS — The user will have the option

initialization parameters on this meny vig the boxes labeled DEFAULT] and DEFAULT2. The
values to be used in cach case are given below.

DEFAULT1

Maximum number of clusters 10

Strip Generation Parameter 5

Select ITERATIVE option and input the following:
Percent 0.8

SEP 1.0

STDMAX 3.2

DLMIN 3.3

NMIN2  q1*N

ITMAX 5

Split combine sequence SC
“Select STATISTICS Box

Select CLASS STATISTICS VECTORS Box

{ | A.nprovcd:-~__“m

L
e
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6. MAP GENERATION — An option to request map generation. Selection of MAP
GENERATION will provide a subsequent menu which allows the uscr to select the type of
map; color, gray-level, image tape, or character map. When the user selects the map type, an
additional menu will be displayed allowing the user to select; levels, colors, or characters with
thresholds for the clusters, see paragraph 8.2.7. The use: may call IMD for display of the color

or gray level maps.

——
"4

7. REJECT RESULTS AND RECOVER — An option to reject results and recover may be used if,
e.g., a forcing of an interative sequence produced undesired results, and the user desired to try a

different sequence. 4 $

8. FORCE INTERATIVE SEQUENCE — An option to force an interative sequence typed in by
the user. The user would have had to make the necessary entries for interative algorithm in the

initialization menu.

9.  WITH STATISTICS — An additional option if FORCE INTERATIVE SEQUENCE is selected.

t4

™

10. GOODNESS OF FIT — An option to call the Goodness of Fit processor (paragraphs 8.2.11 and
8.3.7) for the clusters with an entry of G in the CANCEL column.

11. END RUN, STORING STATISTICS — Terminates run and returns to clustering Initialization

Menu with next Run Number. 1f STATISTICS option l'ad been selected for current Run and

o Clusters had been named, then statistics were stored in the class Statistics Table. Any clusters to
( X be CANCELLED are done so at this time.

9.2.2.3 CLSTR Chaining Menu

}» This menu will allow the user to generate and view a display of inter-cluster grouping as determined by a
user-input distance threshold. This menu will be callable from either the Cluster Summary Report
(Paragraph 9.2.2.2) or the Inter-Cluster Distance Table (Paragraph 9.4.4.2). Following the user's entry of
the distance threshold, the program will determine which clusters could be connected in a “chain” with §
“links”. The clusters belonging to a given chain will be displayed (by cluster number) in a line across the ?
display, one line for each chain.

-y

The user will be provided with an input to name each chain and to call up the PR Class Map Menu (Figure
9,2.2.3-1). The map MENUS for assigning gray/color/character symbols will appear with the chain names
previously entered in the chain menu, so that the user may conveniently assign common symbols to chained

clusters. 1

Approved: / NASA/DPB ' PHO i
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9.3 PROCESSING REQUIREMENTS

9.3.1 General

The mathematical algorithms for performing clustering as described herein will be as documented in JSC _
Internal Note Number 72-FM-268. MPAD, Rev 1, dated 23 April 1973. The ERIPS Software Contractor
will adhere to the Internal Note subject to the following guidelines: :

A. The “end results” visible to the user will be consistent with the Internal Note subject to system
limitations and/or waivers negotiated with the MPAD and EOD.

B. Subject to guideline A above, the detailed math flow expressed in the Internal Note may be
altered to conform to ERIPS system characteristics.

C. The user interface requirements expressed in Paragraph 9.2 supercede those expressed or
implied in the Internal Note. Any critical differences should be resolved during the review ’
period of PHN-TR514, Section 9, Data Clustering Requirements. ;

v){wt/’

D.  The chaining algorithm to be used is described in Paragraph 8.3.1.5. E i
C. |
|
|
! 24
Approved: . NASA/DPB "/éf?ﬂ PHO
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9.3.2 Cluster Map

The general features of the cluster map have been described in Paragraphs 9.1.2 and 9.2.2.2. An additional
capability, as specified oy JSC Internal Note Number 72-FM-268, will be to “threshold” data points of the

image array prior to display. This may be accomplished by use of existing {properly modified) PR Menus in
Figures 8.2.7.3-1, 8.2.7.4-1, 8.2.7.5-1, and 8.2.7.6-1.

w % Tl
. 7 Z
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9.4 OUTPUTS

9.4.1 Gcnerg_!_

This section describes the outputs of the CLSTR application in the areas of imagery, graphic data and

digital data. The gencral features of the image and conversational video displays will be as described i
elsewhere in this document and in the “ERIPS FUNCTIONAL SPECIFICATION" document. In addition ;
to video displays, the system will provide for printer hardcopy output of digital/graphical displays and J
microfiche hardcopy of imagery dara. . -

52 o
Approved: ? NASA/DPB - Z PHO
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g )
9.4.2 Imagery 4
9.4.2.1 Gutput Image to Tape
Images, e.g. cluster maps, generated in the CLSTR application may be output to tape by using the LOAD
application (Section 5). This may be done without exiting CLSTR or PR, : ) ‘
9.4.2.2 Output Image to Video i

]
Images,. e.g. cluster maps, generated by CLSTR will be displayed by and consistent with the requirements
for IMD (see Section 7) and/or PR (see Paragraph 8.4.2).
-
- \%
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9.4.4 Digital Data
9.4.4.1 Detailed Clustering Report : ' 1

This report will be generated on receipt of the appropriate menu inputs from the Cluster Summary Report
(Paragraph 9.2.2.2). The inputs* will specify which clusters (maximum 4), from which “run”, are to be

used to generate the detailed report. The report “header” will identify the Run Number and Iteration I
Number (if applicable). The cluster numbers will be identified, and for each cluster, the following data will 1
‘be displayed: /

A.  If the cluster resulted from a merge of two previous clusters, the ID number of those clusters.
B.  If the cluster resulted from a split of two previous clusters, the ID number of those clusters.

C.  The means of the cluster of all channels (spectral bands) used to define the cluster.

T T T

*Automatic except for “special action’ request

P VL

; ; .
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9.4.4.2 Inter-Cluster Distance Table (ICDT) !

This report will be generated keyed on a menu input via the Clustering Summary Report see Paragraph

9.2.2.3). 1t will refer to the set of clusters belonging to the “run’ denoted on the CSR at the time of input.

For that set of clusters the ICDT will show the “‘distance” between all pairwise combinations of clusters,

and identify (by number) the pair corresponding ro a given distance. The data will be displayed in columns ;

in the order of increasing distance. The distance formula is: ) 3

a  ADAPTIVED(L))= %[ IMIL -Mle ]
where:
M=Mean
L=Channel
~

b.  ITERATIVE;D(l,]))= JEL Sigma (I,L) X Sigma (J,L)

where:
M=Mean
L=Channel Set
Sigma=Standard Deviations

e YUCIBILITY QF THE
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SECTION 16

IMAGE CREATION REQUIREMENTS

10.1 INTRODUCTION

The Image Creation Application will provide the user with the capébility to manipulate the input imagery !
data in several specified manners. Also, a processor within the Image Creation Application will allow the !
user to generate several test images that may be used in any of the ERIPS applications. Specifically, the
Image Creation Application will provide the user the capability to compose an image, difference two

images, merge image subsets as in mosaicing, ratio channels of an image, create a subsct of a loaded image,
and to create test images.
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10.2 USER INTERFACE REQUIREMENTS

The ERIPS user will have the capability to select the Image Creation Application from the application

selection menu after having signed onto the system and loaded the data necessary for the image creation

processing. The Image Creation Application will also be accessible from the Pattern Recognition

Application Image Specification Menu (Figure 8.2.2.2-1) via an Immediate Action control function. ’ ;
i
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10.2.1 General Capabilities

All menus presented to the user in the Image Creation Application will include the capabilities to scroll the
image(s), to select the image manipulation and display application, and to allow unloading and scratching
from disk via error recovery logic, all without actually exiting the applcation. Also, the capability wi'l exist
to indicate the EOF (End-of-Field) and EQT (End-of-Transmission) on all menus without the use of the

keyboard. The user may retum to the previous menu by indicating a return on any of the menus in this
application.

All displayed images in this application will include a position indicator (line and column) on the overlay of

the upper right hand corner and the lower left hand corner. The corner positions will be updated when the
image(s) scroll is halted.
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10.2.2 Processor Selection

Upon entrance to the Image Creation Application the user will be presented with a menu which will request
specification of the image creation desired. The processors will consist of the following:

. Image Composition
) Image Difference

° Image Merge

. Image Ratio

) Image Subset

. Test Images

. Image Smooth

This menu is illustrated in Figure 10.2.2-1.
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10.2.3 Image Composition Menu

When the user selects the 11age Composition Processor the menu as represented in Figure 10.2.3-1 will
appear. This menu will request the user to specify the name of the first image to be used in the composition
and the channels of that image that are to be composed and then the identical information for the second
image to be used in the composition. The user will then specify an ID or name for the image to be created
and may type in comments to be associated with that image. The user may also unload or delete images :
when finished. It should be noted that the line and Pixel count of the two images must be identical. . |
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10.2.4 lmagc Difference Menu

The Image Difference Processor will present a menu to the user requesting the following: the names of the
two images to be diff-renced, the name to be assigned to the vutput image and the channels to be
differenced. This menu is shown in Figure 10.2.4-1. Again, it should be noted that the line and pixel count 11
of the two images must be identical. ]

N
Y

. 7
C -0 il
7 N/
N Approved: r NASA/DPB PHO

10.2.4-1




+Tol

>
o
Be
=
o
<
o
o

4dd/VSVYN

f-/ﬂ@%

OHd

| MAGE DI{F

PLEASE TYPE NAMES OF 1M

IMABE |
IMAGE 2

AND ASSIBN NAME TO

PLEASE CURSOR CHAMMNELS

FERENGE MENU

AGES TO BE DIFFERENCED:

OUTPUT I1MAGE . _ ..o

TO 2E DIFFERENCED: | ALL

S IO TT|[12][13{]14{{15

16[1IT||18[|19]]|20]| 21|l22}|23

2411251|26(|27||28!| 22|30

NOTE: NUMBER OF CHANNELS IN [MAGES MUST BE IDENTI!CAL
NUMBER OF LINES IN IMAGES MUST BE IDENTI!CAL
NUMBER OF PIXELS PER LIME IN IMAGES MUST BE I|DENTICAL

Figure 10.

n,

P T T T TR L T TV O T A O T T S S U PP AR T

2.4-1 Image Difference Menu

RET

EOT

+ 98ueyn

$L61 aunf ¢
+169.1-0Hd




. ’ PHO-TR514
Change 5
11 March 1975

10.2.5 Image Merge Menu

10.2.5.1 Menu 1

The menu shown in Figure 10.2.5-1 will be displayed when the user selects the Image Merge option on the
Image Creation Processor selection menu. The user is able to specify on this menu up to four images which
will be merged into a single contiguous image. The user, on this menu, selects only the bandlists to be
merged from each input image. An error message will be displayed on the following input conditions:

(1) The number of channels selected on all input images is unequal (however, different channel sets

are permissible), or

(2) A specified channel number on an input image does not exist.

The output image channel numbers will be redefined as 1 through N.

10.2.5.2 Menu 2

o sy

The menu shown in Figure 10.2.5-2 will be displayed on a satisfactory exit from Menu 1, above. The user is
given optional horizontal (pixel coordinate) or vertical (line coordinate) merge capabilities. Under the
horizontal option specification is made of the number of lines (of all images) to be extracted and the
starting line in each image, as well as the starting and ending pixels in each image. The output image will
then have the number of lines specified and the sum of the pixels specified. An error message will be

( ¢ generated if:
(1) the sum of the requested pixels exceeds 1000, or

(2) the line and/or pixel numbers requested do not exist on an input image.

The vertical merge capability is similar. The user also specifies the name assigned to the merged output
image on this menu. A RET Immediate Action will return to the previous menu.
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10.2.6 Image Ratio Menu

The Image Ratio Processor will present a menu, as shown in Figure 10.2.6-1, to the user requesting the

following: the image nane of the image to be ratioed a name t be assigned to the output image, the

portion of the image to be ratioed, the channels of the image to be ratioed, and a multiplication factor for ,

the result. The user may default the portion of the image to be ratioed by cursoring the box for default Ty
boundary limits and ratio the entire image. Each pair of channels to be ratioed will constitute a channel of :
the output image, numbered in order of input. The multipiication factor will default to 100 and if the !
result of the ratio times the factor is greater than 255 that elernent will assume the value of 255.

e

i

F
s

L .«l-,..::un._<<a.A...__ R T T U o~ o

NASA/DPB %)%’M

10.2.6-1

Approved: PHO




z-9Tot

>
o
o
=
o
<
o
o

H4dd/VSVN

o)
=z
o

IMAGE RATIO MENU

PLEASE TYPE NAME OF IMAGE YOU WISH TO RAT 10

IMABE NAME e

AND ASSIGN NAME TO OUTPUT IMASE o e eeem

.

[:]CURSOR THIS BOX FOR DEFAULT BOUNDARY LIMITS

OR TYPE INITIAL LINE e AND FINAL LINE

INITIAL PEXEL ———— AND FINAL PIXEL o

AND THEN TYPE CHANNEL PAIRS TO BE RATIOED

)

1

Jomt
| ~——,
[

LA

—

PLEASE TYPE DESIRED CONSTANT MULTIPLIER___., DEFAULT=!100

[:]CQRSOR THIS BOX !F FURTHER PROCESSING 1S DES!IRED

Figure 10.2.6-1 Image Ratio Menu

S

-

L par

BlE

RET

pL61 dunf €

p 28uey)
+1541-OHd

o i




V. s . T e P A et I S e e 3

PHO-TR514
Change 4
3 Junc 1974

10.2.7 Image Subset Menu

The Image Subset Processor will simply allow the user to create subsets of a loaded or ERIPS generated
image for further processing or for unloading. This will be done via the menu shown in Figure 10.2.7-1. The
user will respond to this menu by specifying the image name of the .mage from which he wishes to selecta
subset, assigning a name to the output image, and selecting the line, pixel and/or channel subset values. The
user will have the options as shown in Figure 10.2.7-1 of selecting dimension subsets with all channels, .
dimension subsets with selected channels or to default dimension subsets, i.e. the full dimension of the f

image, and select subsets of channels.
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10.2.8 Test Images Menu

When the user selects the test image option from the image creation options menu, he will be presented
with the menu shown in Figure 10.2.8-1. This menu will offer the user the option of creating a background
image, a grid image, or a function image simply by cursoring the box opposite the desire option. The user
will then be presented with one of the menus as described in the following paragraphs.

10.2.8.1 Background Test Image Menu

The expected user response to the background test image menu (see Figure 10.2.8.1-1) will be a specified j
image name, an itensity of the first pixel, an intensity increment between pixels, and the dimensions of the '
output image, i.c., number of pixels and number of lines. Default will be first pixel intensity of zero with an

intensity increment of 16 for an image the size of the image screen, i.e., 439 X 612.

10.2.8.2 Rectilinear Grid Image Menu

i

The menu shown in Figure 10.2.8.2-1 will be used to define a rectilinear grid image generation. The user

. . . . . . . N
will specify the number of elements per grid cell by pixel and line increments and then specify the
dimensions of the output image by pixel and line values. Default will be a 50 X 50 grid cell image the rize

of the image screen.

ST /7

10.2.8.3 Function Test Image Menu

Q; ' Figure 10.2.8.3-1 is a representation of the function test image menu. The user will type in the coefficients
¢ of a general fifth order polynomial and specify the dimensions of the output image again by pixel and line
values. The user must specify coefficient values here for the default will be zero values.
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10.2.9 Image Smooth Menu

When the user selects IM¢ GE SMOOTH on the Image Creation Processor selection menu the Image Smooth
menu will be displayed (Figure 10.2.9-1). The user is able to specify on this menu an image or image subset
to be smoothed, and the channel set he requires for creation of the output image. The channel numbers of
the output image are the same as those input. The user is also able to specify the size of the outpur image
via the expansion factor (an integer) and the interpolation limits via the window size (an odd integer less
than twice the expansion factor). The data range of the output image is controlled as a function of the
input data value and the two data ranges specifiable. -

Error messages will be displayed on the following input specification conditions:

° Number of pixels in input image (subset) line exceeds 500
° Number of pixels in input image times expansion factor exceeds 1000
. Output image size predicted to be greater than 10 elements

. Window size greater than twice the expansion factor
) Specified channels do not exist

) Specified data ranges outside the limits 0 to 255

7
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10.3 PROCESSING REQUIREMENTS

10.3.1 Image Composition P ocessor

This processor will take two input images and create one output image from the composition process. The

processing requirements will be to simply renumber channels and rearrange the image into a format suitable P
for processing by the other ERIPS applications. The output channels will be renumbered consecutively ’
beginning at number 1 where the channels from the first image will be 1, 2, 3 ... N of the output image and |
the M channels of the second image will be N+1, N+2, N+3 ... N+M of the output image. i
i
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10.3.2 Image Difference Processor !

The Image Difference Processor will simply difference the two input images to generate an output image.
This difference will be d e as follows

N oM
Dy P55 - X . -
Where: D, p= (li,p)th component of the output image ! ‘
N th : ‘ |
Xl p= ap) component of the first input image
M th |
Xy p= @.p) component of the second input image 2
3
The difference will be taken on a channel by channel basis such that, if two images of N channels each are ~ \é
differenced, the output image would contain N channels, also. A
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10.3.3 Image Merge Processor

The Image Merge Procestor will create an output image from the two- to four-input images, replacing ll
channel numbers with a sequential set of channels beginning with 1, and all line and pixel coordinates with
a new set beginning at line 1 and pixel 1. The output coordinate (1,1) is defined as the lowest line and pixel
pair in the first image subset on Menu 1 of the Merge application. Defining pg as the number of pixels in
the first image, in the horizontal merge option the coordinate in the output image of the lowest numbered
line/pixel coordinate from the second image will be (p +1,1). This convention is extended through all j
input images and is applicable for line numbering in the vertical merging option.

£
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224 %
Approved: ’/ v/{ﬂ NASA/DPB 7 /Z PHO -

10.3.3-1 ’

i v . e T



r. n I n o I . T e St el SR S e P A o i e A A i (o Rat §

PHO-TR514
. ) ) Change 4

Cﬁ\' 3 Junc 1974

10.3.4 Image Ratio Processor

The Image Ratio Processor will simply ratio specified channels of an input image and multiply that result
by a user-specified constant (default = 100) to create an output ima je with channels numbered beginning at
1 to N where N is the number of ratios specified.

This will be done as follows:

N
K _
Rp=C -}5';-E
XM
XP
Where:

l}Kp = output of line, g, pixel, p, for resultant channel K

C = specified constant, default - 100

)in input of line,}, pixel, p, for the first specified channel, N

M

AP

input of line,®, pixel, p, for the second specified channel, M

(M

»

= 'ﬁ’ 7 s
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10.3.5 Image Subset Processor

The processing requirements for the Image Subset Processor will be to simply pull the required subset from . |
the original image and piace the image subset onto disk in order to allow further processing by the ERIPS |
of only that subset of the input image. No renumbering of lines, pixels or channels is required.
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10.3.6 Test Images Processor
10.3.6.1 Background Test Image
The Background Test Image Processor will simply create an image from the user specified inputs requiring
simple additions and multiplications and store that image on disk for further use by the ERIPS. [
10.3.6.2 Rectilinear Grid Image 1
Again, this processor will simply create an image from the user specified inputs requiring simple operations
and store that image on disk for further use by the ERIPS.
l 10.3.6.3 Function Test Image
| o .
' The Function Test Image Processor will require the evaluation of a general fifth order polynomial to - X
; generate the output image again to be stored on disk for further ERIPS use. The polynomial will be of the %
a form: i

: = 2 3 4, 5
: Y—AO+A1X+A2X +A3X +A4X +A5‘X

where AO, Al' AZ’ A3, A4, AS are user inputs and Y and X are the coordinate system of the image screen,

C ys; 2% Ep
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10.3.7 Image Smooth Processor o

10.3.7.1 Introduction

The data smoothing technique is 2 muldple bilinear interpolation of adjacent measurement data from an
input image to create an output image of increased siz=. The technique has utility in the creation of film '
products from “small” images or subsets in which strict data integrity is not mandatory and where it is
desired (for presentation or display purposes) to avoid the visual granularity of data elements under
standard pixel-repetition techniques. The current scheme eliminates this visual granularity while retaining a

generally correct (visual) representation of the image data. The output image may then be stored on the
image disk in Universal format.

10.3.7.2 Description

d
A.  Applicability “

An image (or defined subset of a loaded image) with less than 500 pixels/line may be smoothed.
Any or all channels of such an image or subset may be specified simultaneously for smoothing.

The channel numbers of the smoothed output image will correspond to the input image channel
numbers.

B.  Concept

.Subsequent discussion is based on a single channel of an input image containing L lines and P
pixels/line. The measurement value at a point in the channel is X (p,l). The operation of the
algorithm is primarily determined by the following user inputs: ' : T ‘

®  Scale Factor: M = positive integer, such that MP <1000
) Window Size: W = odd, positive integer < 2M.

The scale factor defines the size of the output image (MP x ML) and, therefore, the number of
interpolations to be performed between each input pixel and its adjacent neighbors,

The adjacent pixels to a point (p,l) in the input image are defined in Figure 10.3.7-1 and ‘
denoted in terms of their respective’ measurement values. A notational convention is adopted
which will simplify later expressions.

For purposes of discussion (although the actual manipulation is not required by the
formulation) the input image is considered to be magnified by M, with each input pixel
becoming M? identical data elements in the magnified image. The mechanism of the
interpolation is the replacement of each new data point with an appropriately smoothed value,
which is a function of the data values at the point and the defined adjacent points.

"
R

G

Approved: _ / NASA/DPB L

PHO

10.3.7-1




v
PHG-TR514
Change 5
11 March 1975 ©
]
[
A
X2 = X(pl, 1+]) X6 = X(p,l+1) X3 = X (p+], 1+])
Xs = X(pl1) X9 = X(p,D X, = X(p+, 1) [
i
X, = X(pL1D Xg = X(pl Xy = X(pt, 1)
- ;
i
L
Figure 10.3.7-1 Adjacent Pixels to (p,h
P
=
-~ \;q:
The window size determines the magnitude of the effect of each adjacent data element in the

determination of the smoothed output data element. W represents the integral side of a square
of pixels in the magnified input image, centered on the pixel of interest, Figure 10.3.7-2. The
output data value is the simple average of all pixels within the square. In the following
expressions, W has been constrained as odd to simplify com.plications and is limited to <2M for
consideration of only the specified input data values.

| The process, for the set of M2 data points associated with a given input pixel (p,l), is repeated
by centering the window on each data point and calculating the average of the W? values. For
efficiency of operavion, a functional relationship between the output value, and M and W has

been developed for each of these M2 points, which obviates the necessity for building the
magnified input image.

T T P S R T

C.  Program Operation

Let a given data point in the (magnified) input image be designated: |
xab (pyl) |
where a = pixel displacement “within® the original input s
pixel X(p,l), 12 M =

b = line displacement, similarly defined, 1< b < M, : ,

P
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I 3
Xa 1 %e| X3 INTERPOLATED

i REGION OF :

ZZV/Q; INPUT IMAGE - ro
Xs 7 %] %1 *

%’// A /
X1 Xg X, .

MAGNIFIED INPUT IMAGE (M=7)

WITH W=5
S
e . g ~ \s
)" X2 X6 X6 X? \
( {
. XS X5 Xg XC) X7

<QS§C§ya‘§é?\NQ§S§g§

Z
Z

\\ N\ :
3 ‘fs %51 %ol *9 Q& %ol X7 o |

4o N hxebabzal | L | xa] % :

| ; : |

! ] : : 1

! -~ W ! :

i W ; A -

i

Output value of shaded pixel [element of x (p,1)] ?

is given by: ' |

1 |

’("5")"2 (le + 8X5 + 3)(8 + 12X9) . i

. N

v “‘j

Figure 10.3.7-2 Sample Calculation of an ‘;

Output Data Value R
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All xab (p,]) have the same data value from X (p,l). For a given a and b, the number of pixels
within the window square which belong to each of the considered input pixels is designated:

Fi,ab

wherei=1,2, . . ., 9;associated with the Xi of Figure 10.3.7-1 for a given a,b:

and the average of the data elements in the window around a,b is:

1 9 '
X'ab (p,)) = WZ . 211=10 (Fi,ab>. Xi (1)

The initial step in the program is the calculation of the values of F; ,,, which are stored as a set
of 1x9 vectors for each ab. The computation is given in subsequent paragraphs. These M2
vectors are then applied in equation (1) to each input pixel and its neighboring pixels, iterating
through a and b to create M“ output data points from each input pixel of the image, The
output image is then an image of dimension MP x ML.

D. Additional Considerations

It may be desirable to modify (in general, increase) the significant data range of the output
image. Therefore, the equation for the output data value at every point can be modified to:

1 o k' K 9 X
Xapp) =k +—2 - Y l)s Fiab ) T ()

where kp, k, are the specified input data range limits,
0<k < k, £ 255
and k’}, k’, are the specified output data range limits,

0SK|, < K, < 255

ot "i’ < )
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10.3.7.3 Program Requirements §
A. Conrtrols ’ Z
Controls are specified in Paragraph 10.2.9-1 and Figure 10.2.9-1. Control errors will be flagged /
via appropriate messages. Default values will be provided only for the data ranges (0 - 255 in ; -
_both cases) and for subset definition (default to entire image). Failure to speicfy other
parameters will result in an error message. i
- |
B.  Processing Requirements ?
1. A set of M2 1x9 vectors will be calculated upon entry to the program. These vectors 1
contain components as described in subparagraph 10.3.7.2C. The vectors are:
= .. . -
Fap = [Fl,ab Fz,ab T F9,ab] - \é
*
i
wherel £ a £ 9 andl € b < 9 and the F; are related to the X; of Figure 10.3.7-1. ]
From strictly geometric considerations the following va!vcs have been derived from the F; :
associated with an (a,b) pair. These values will be computed for each such pair, using the
notation
- we
(° S = INT H , (1) i
PR 2 |
F = (St)? — (S#) (a+b) + ab
computed forl€a <8, 1 <bp £ 8, otherwise 0. i
i
;
Fy, = S% - S(abiM) + (&) (M-b) :
whenl€a £ 8, 6 & Mb £ S, otherwise 0.
Fy = S§% - § (2Mab) + (M) (M-b) |
when 0SM-2< S, 0 S Mb <8, otherwise 0. :‘
.
Fy = §2-S (ba+MD + (M2) (b-])
when 0 M-2<5, 15b <, otherwise 0. ‘
Fs = W(Sa) - F| - F, |
when 15a< S, otherwise 0. "
~ 1
|
4 4 _
Q\ ”’?“ ;ﬁ*ﬁ? /‘g?ﬂeg -
. Sy iy '
Approved: Al £ NASA/DPB PHO |
‘ 1
10.3.7-5
S~




e 2 A S T
N AY
’ PHO-TR514
- Change 5
11 March 1975
Fg = W (SMb) - F, - F, ,
when 0<M-b< S, otherwise O.
F7 = W (§-M+a) - F3 - F4
i when 0 S M-a < S, otherwise 0. i

Fg = W (§b+1) - Fp - Fy }

when | Sb S, otherwise 0.

8
- w2
Fg = W2 — 2

i=] Fi

The M? vectors thus calculated are stored for subsequent use.

2. The smoothing algorithm will be performed using the calculated F vectors on each pixel
of the input image to create M* output pixels as follows:

i
i
v,
|
1

! !
X! oD =k, +[X2 - kM i\ s
2 ' <k2 -k N2 4 (Fi,ab)(xi) 2

for1 < aS<Mand1Sb <M

with all terms as defined in Paragraph 10.3.7.2.

The convention is adopted in the case of an input pixel which is a boundary pixel of the
image of subset is that the X (p,l) is extended horizontally or vertically to create the
appropriate X; which would be outside the input image or subset.

The X'ab (p, ) will be calculated as 32-bit floating point values and rounded to the
nearest integer for creation of thc output image.

o Q b PR
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The output product of all the processors within the image creation application will be an image as specified
by the user that is in a format compatible for use throughout the EFIPS,

2
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