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FOREWORD 
I 

This report  discusses  the interpretation and use of the information 

provided by the Nimbus I1 Data Code experiment for acquiring and geographically 

locating A P T  and DRIR data. 
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ABSTRACT 

The Nimbus I1 Data Code i s  an experimental communications sys tem which 

is an  integral  pa r t  of the Automatic Picture Transmission (APT) system. 

provides information a s  to the positions and t imes of both the ascending nodes 

and the perigees of cu r ren t  and near  future Nimbus orbi ts ,  a s  well as  the exact 

t ime of each APT picture on which i t  appears.  

It 

The informationprovided by Data Code i s  used to update a n  initial o r  

provi2cd c ~ h e r f i e r i z ,  w h i c h  i s  mailed o r  transmitted over conventional 

\yeather or other communications a t  relatively infrequent intervals.  

combined sources  of data a r e  designed to be used with standard APT plotting 

boards and geographical gr ids  to  provide a l l  orbital information needed to acquire 

and geographically locate both APT and Direct Readout Infrared Radiometer (DRIR) 

data. 

These 

Detailed procedures f o r  the interpretation of the Data Code, and i t s  use for 

acquiring and locating the data, are  provided. 
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1. INTRODUCTION 

The Nimbus 11 Data Code is basically an experimental  communications 

subsystem developed to provide users  of Automatic Picture  Transmission (APT) 

and Direct  Readout Infrared Radiometer (DRIR) data with updated ephemeris 

information required for the acquisition and geographical location of the APT 

and/or  DRIR data. The Data Code information is provided as an  integral  pa r t  

of the facsimile recorded APT display, and so  is automatically received while 

acquiring the APT picture. 

1. 1 Objectives 

The pr imary  purposes of the Data Code experiment a r e  to: 

1. Automatically provide the precise  t imes at which APT pictures a r e  

taken, thus eliminating the effort and inaccuracies inherent when each picture 

t ime must  be manually determined a t  each ground station. 

2 .  Provide, when combined with an initial o r  infrequently updated ephemeris  

message received through the mails o r  normal communications channels, sufficient 

cu r ren t  orbital  information to APT ground stations to permi t  acquisition and 

geographical location of APT and/or  DRIR data. 

3 .  Eliminate the need for  transmission of lengthy, daily ephemerides 

messages  which overload already crowded conventional communications channels, 

and requi re  APT stations to monitor such communications to insure receipt of 

the necessary  orbital  data. With the use of Data Code, a l l  necesszry  updating 

information is provided automatically when an  APT picture i s  received. 

4. Provide local APT stations with an adequate basis  for  data acquisition 

and location, even i f  conventional communications a r e  inadequate. Once having 

received an accurate  ephemeris message for  any satell i te,  the Data Code information 

permi ts  updating of the required information for relatively extended periods of time. 

1. 2 Background 

A P T  sys tems have already been flown experimentally on two satell i tes:  

TIROS VU1 and Nimbus 1. 
1963, until May 1964; the Nimbus I f rom 28 August to 21 September 1964. 

flights demonstrated both the technical feasibility of the APT sys tem and the g rea t  

value of APT data to local meteorological stations. 

The TIROS VI11 APT camera  operated f rom 21 December 

Both 
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Acquisition and location of the APT o r  DRIR data require  that each station 

be equipped not only with the proper receiving and recording equipment, such a s  

that discussed in Reference 1, but also: 

1. Appropriate nomographs for plotting the subpoint path of the satell i te and 

for  determining i ts  location relative to the receiving station (References 2 and 3 ) .  

2 .  Sets of appropriate geographical gr ids  for  use in locating the features 

in the data (References 2 ,  3 ,  and 4). 

3. Information as to the spatial location of the satell i te as a function of 

t; ,,7 A (i. c.  , ephcixcrl2:;s;. 

The plotting nomographs and the ephemerides are used by any local APT 

station, regardless  of location, to develop tracking data by which the antenna can 

be kept a imed a t  the satell i te (during the times it i s  within range of the station) and 

the APT o r  DRIR data acquired. These same nomographs and ephemerides,  plus 

geographical gr ids ,  a r e  then used to geographically locate and orient (i. e . ,  grid) 
the features  in the data;  only then a r e  the data ready for meteorological interpretation 

and use.  

Since the plotting nomographs and gr ids  a r e  a permanent par t  of the necessary  

equipment of an APT station, the pr imary  problem f rom an operational viewpoint is 

providing cu r ren t  ephemerides in a timely and efficient manner.  

1. 3 The Problem of Ephemerides Preparation and Communication 

Although, in principle, a cur ren t  ephemeris can be computed f rom a ra ther  

l imited number of basic parameters ,  in practice i t  requi res  appropriate computer 

faci l i t ies ,  p rograms,  and trained personnel. Accordingly, ra ther  detailed 

ephemerides  should continue, as  a t  present,  to be generated a t  central  facil i t ies 

and to be disseminated to local APT stations. I t  would be neither feasible nor 

des i rab le  to place this burden on local meteorological personnel. In fact, any 

at tempt  to do so would almost  certainly lead to essentially no operational use of 

the APT capability a t  most  local weather stations. 

Ideally, i t  would be desirable  for  central  facil i t ies to "custom tailor" the 

ephemerides  data required by each local APT station, and so  to disseminate 

individual messages to each station. Existing conventional communication links 

a r e ,  however,  entirely incapable of adding such a message  load to their  present  

traffic,  which already near ly  saturates  their capabilities. 

possible,  the problems would constantly increase as more  APT stations a r e  installed,  

Even i f  i t  were presently 

2 
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more  than one APT satell i te (TOS in addition to Nimbus) is operating concurrently,  

and night side a s  well a s  day side pass  data a r e  made necessary by the 

inauguration of the DRIR capability. 

In fact ,  even the present  system ( see  below) will generate a message 

load taxing the capabilities of existing conventional weather communications 

sys tems when two APT satell i tes (TOS and Nimbus), plus the Nimbus DRIR sub- 

sys tem,  a r e  concurrently in operation. 

The present  system for  providing and using the required ephemerides 

data was develnyPrl ! R e f c r c x c  2 )  5 5  a Lc,lllprvrriise becween, 

overloading existing communications and, on the other,  placing a n  excessive 

work load on the personnel of local A P T  stations. 

disseminated has been essentially limited to daily t ransmissions of incremental  

(two minute) values of the spatial  positions of the satell i te over that  portion of 

a single orbi t  f rom which data can be obtained, and to the ascending nodes for the 

other orbi ta l  passes  that will occur during a period of about twenty-four hours.  

Once the detailed spatial positions for the one orbi t  have been plotted on the 

s tandard APT plotting board, they change sufficiently slowly with t ime (over a day 

o r  so) to be used on other orbits merely by rotating them to different ascending 

nodes. Simple nomographs, tables,  and geographical gr ids  then permi t  the 

t ranslated ephemerides to be used to easily compute tracking angles and 

geographical locations. 

detail  in  References 2 and 3,  and will not be recapitulated here .  

on the one hand, 

The information to be 

The specific procedures have been described in some 

The development of the Data Code capability now permi ts  even a further 

reduction in the information to be disseminated, since it can be l imited to an  

infrequent,  ra ther  than a daily, detailed ephemerides of a typical orbit. The 

detailed ephemerides will be provided in a format  which will normally be valid 

f o r  a week o r  more ,  and they can be computed sufficiently in  advance of their  

valid per iod to permi t  their  dissemination by mail ,  ra ther  than requiring electr ical  

t ransmiss ion  (with the exception, of course,  of the initial message immediately 

following launch). 

day to day updating of the detailed ephemerides) will be provided by the Data Code 

and acquired concurrently with the A P T  picutres. 

All other information required by the use r  (that required for  the 

3 
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1. 4 A Brief Summary of the D a t a  Code Approach 

At the orbit  altitudes normally used for meteorological satel l i tes ,  the shape 

of an orbi t  (i. e . ,  i t s  configuration relative only to the center of the ear th)  changes 

only very slowly with time ( see  Appendix A).  

provided in t e r m s  of an identifiable point on the orbit itself ( r a the r  than in t e r m s  

relative to the ea r th ' s  surface,  such a s  the ascending node a s  used in the APT 

messages in References 2 and 3 ) ,  the ephemeris remains  valid for  ra ther  

extended periods of time. 

dlong the orbit  where its distance f rom the center of the ear th  is a minimum) is 

used a s  a unique and identifiable point i n  t e r m s  of which the ephemeris information 

f o r  the remainder of the orbit  is provided. 

Thus, when ephemeris data a r e  

By convPn t inn ,  t h e  p:;i,-ec <,l ~ I I  ur'uit (tne position 

In using Data Code, the initial and subsequent ephemerides messages 

The provide data on the spatial positions of the satellite relative to perigee. 

Data Code information, transmitted with each APT picture, then provides the 

day to day locations of perigee relative to the surface of the ear th ,  and the r a t e  

of change of the position of perigee. 

semi-permanent,  perigee -related ephemeris to be fixed in its proper position 

relative to the ea r th ' s  surface a t  any given time, and its use  to acquire and locate 

the APT o r  DRIR data. 

Thus, the Data Code information allows the 

Although the approach may sound ra ther  vague and difficult when stated 

only in  general  t e r m s ,  as  those jus t  above, in  practice the necessary  steps a r e  

simple and straight-forward. (The above, very brief summary was provided to  

aid the r eade r  in subsequently visualizing the reason for the various s teps ,  ra ther  

than having to accept them mechanically with no idea of subsequent steps and the 

ult imate goal. ) The remainder  of the repor t  descr ibes  in some detail the format  

of the Data Code as  recorded with the APT picture, the method of interpreting 

the Data Code information, and the procedures for using it and the perigee-related 

ephemerides to acquire and locate APT o r  DRIR data. 

Many aspec ts  of the procedures f o r  the use of Data Code a r e  identical o r  

analogous to those discussed in  References 2 and 3.  

modified procedures a r e  discussed he re ,  with the previously developed procedures 

incorporated by re ference  a s  appropriate. 

Accordingly, only the 

4 



2. DATA CODE FORMAT 

The Nimbus I1 Data Code will appear adjacent to the lef t  edge of the APT picture 

as the facsimile paper feeds through the recorder  (Figure 1). 

by the Data Code does not interfere  with the square vidicon image (i. e . ,  8" x 8" for  

a Nimbus APT picture on a Fairchild facsimile recorder) .  

The Data Code display consis ts  of two rows, each of which is to be considered 

The space occupied 

4, 1. 

as divided into 50 equal par t s .  Row 1 (that neares t  the edge of the paper) consis ts  
of 50 Character  Blocks represented by alternating white and h l a c t  s q - . x z c s  [ T i g ~ l  c q ,  L ~ J .  

c.ounting f rom lef t  t u  right, a s  shown by the image as oriented in  Figure 2a, the odd 

numbered character  blocks a r e  always white and the even numbered charac te r  blocks 

a r e  always black. (As  discussed la te r ,  character  blocks 1, 11, 21, 31,  and 41 a r e  

partially black in actual use. ) The alternating white and black charac te r  blocks a r e  

used for visual reference and identification purposes only. 

actual data content. 

or  0. 16 inches on the 8" x 8" Fairchi ld  facsimile display. 

They do not represent  
4, 4, 1. *,. 

Each charac te r  block represents  four seconds of r e a l  t ime,  

Row 2 is reserved  for data content, The data a r e  presented in  the Binary 

Coded Decimal (BCD) notation. 

f if ty charac te r  blocks (Figure 2b). 

charac te r  block (Row 2 )  i n  Figures  2a and b, for clari ty,  they do not appear on the 

actual facsimile  display. ) The bit locations a r e  identified f rom right to left (one to 

four)  under each charac te r  block (see  Figure 2b). Each bit location represents  one 

second of r e a l  time, o r  0.04 inches on the 8" x 8" Fairchild facsimile display. 

Four bit locations a r e  available beneath each of the 

(Although dividing l ines a r e  shown beneath each 

A bit appears  as a black rectangle totally occupying any of the four bit 

locations beneath the charac te r  blocks (Figure 3) .  

each bit location, as shown in Table 1 .  

cha rac t e r  block, the numerical  values of each such bit a r e  summed to obtain the 

digital  value for the charac te r  block, as can be noted for  charac te r  blocks 4, 6,  7 ,  8 
2nd 10 i n  F igure  3. 

The numerical  value var ies  with 

If more  than one bit appears  under a single 

* .I- 

If Data Code is  la ter  adopted for use on APT TOS, the exact image a r e a  may be 

slightly different since the two satell i tes presently use a somewhat different 

magnification factor ( see  Reference 3 ) .  

::: ::: 
AS used here ,  r e a l  t ime r e f e r s  to the actual t ime elapsed as the picture is 

scanned off the vidicon and recorded by the facsimile. 

5 
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CHARACTER 
BLOCK NO. I i 

CHARACTER 
BLOCKS 

BIT ~ 

LOCATIONS 

4 

Rw1-r 
ROU2r 

4 

- 

I 

1 

7 

4 3 2 i + R O W  2 

I181920 22 1 26 28 30 32 

A P T  VIDICON 
IMAGE AREA 

8; 8” FA1 RCH ILD FORMAT 1 

1 42 44 

- -  A 
MOTION OF FAX PAPER THROUGH MACHINE 

Figure 2a. Data Code F o r m a t  

APT VIDICON 
IMAGE AREA 

 FAIRCHILD CHILD FORMAT) n 

CHARACTER BLOC46 
DATA WNTENT 

Figure  2b. Data Code Bit Locations (Enlarged) 
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TABLE 1 

Numerical Values of Data Code Bits 

I 

Bit 
Location 

1 

2 

3 
A 1 

Binary 
Code 

2O 

22 
3 

L. 

Decimal 
Value 

1 

2 

4 
0 " 

Figure 3 can be used to identify the digital value of any combination of bits .  

The value of a given combination of bits  i s  the same,  regard less  of whether i t  is 

under a black o r  a white charac te r  block. 

charac te r  blocks 44 and 49 have a digital  value of 5. 

Fo r  example, i n  Figure 5b, both 

To simplify location and identification of the various i tems  of data provided 

by the Data Code format,  the f i f t y  character  blocks have been divided into five 

words of ten character  blocks each. Counting sequentially f rom left  to r ight  (Figure 4), 

cha rac t e r  blocks 1, 11, 21, 31 and 41 a r e  used as dividers between words. To 

distinguish these word dividers,  the format of these five charac te r  blocks has  been 

slightly modified. Instead of the white square that would normally appear i n  Row 1 

in  these locations, a rectangular bar  is superposed through - both rows in  what would 

be bit  locations two and three.  

( in  Row 2) to a digital value of 6 ,  this i s  merely a coincidence and the ba r s  have no 

significance except as identifiers of the beginning of each of the five words. 

Although the width and location of this bar  corresponds 

A minor modification to this divider format  occurs  in  character  block 41. 

Here,  although the format  of Row 1 i s  the same as for the other divider blocks, in  

Row 2 the lower half of the rectangular bar is shifted one bit location to the right 

(i. e. ,  to  bit  locations one and two - -  s e e  Figure 4). 

value ( 3  i n  this case)  has  no significance to the user  of Data Code. This modification 

to the fo rma t  identifies the difference in  mode of operation between words one through 

four,  and word five. 

of commands originated on the ground and transmitted from a Nimbus Data Acquisition 

Faci l i ty  (DAF). 

spacecraf t  clock. 

Again, the apparent digital 

The en t r ies  in words one through four a r e  inser ted on the bas i s  

Word five, on the other hand, is automatically generated by the 

* 
The difference in  the format  of the dividers is re la ted to the electronics involved 

iE the ???de nf gener.-ticn ef the 6,rta *vords* hrrt I l P P d  rrnt C n l l C P r l l  125 here. 
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In subsequent discussions,  the character  blocks will be identified in t e r m s  of 

the word number (1  to 5) and of the character  block within each word (1 to lo ) ,  as 

shown in  Figure 4, ra ther  than the 1 to 50 identification used in  the previous description. 

1 1  
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3 .  INTERPRETATION O F  THE INFORMATION PROVIDED 
B Y  DATA CODE 

The decision as to the information to be provided by Data Code was a r r ived  

a t  af ter  considering: 

APT data; (2)  information required to acquire and locate DRIR data; and ( 3 )  the 

amount of space available in  the Data Code format.  

determination of the optimum information content for Data Code was to insure  complete 

compatibility with the equipments previously developed and disseminated for 

acquiring and locating the APT and DRIR data; i. e . ,  plotting boards,  overlays,  

nomographs, tabulated information, geographical gr ids ,  etc. Use of the Data Code 

information does not requi re  any new equipment and, fur thermore,  the procedures  

to be followed a r e ,  in so far as possible, analogous to those previously developed 

for  acquiring and locating the APT data (References 2 and 3).  

( 1) presently established techniques for acquiring and locating 

A major  consideration in  the 

The types and formats  of the D a t a  Code information a r e  summarized in 

Table 2 and Figure 5a, and a r e  described in detai l  below. 

use  of the severa l  i t ems  of information a re  descr ibed in  Section 4. 

The procedures  for the 

Since the detailed description of the information format  is aided by an  

example, the sample Data Code shown in  Figure 5b will be used. 

fur ther ,  the reader  is urged to become familiar with the binary coded decimal  

notation by decoding the se r i e s  of digits represented by Figure 5b. 

Before proceeding 

I 
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Cor rec t  decoding of Figure 5b leads to the following s e r i e s  of digits (the 
word dividers a r e  he re  represented by slashes):  

/ 133871246 1 705121938 / 461401083 /122147107 / 095123156 

3. 1 Information Forma t  

Proceeding now to the description of the information format ,  and using the 

example shown in  Figure 5b and digitally decoded above: 

.I. 

Word 1, CB". 2-5 The number of a reference orbit ,  to which all other data in  

Words 1 through 4 correspond. The orbit  number increases  

by one a t  each ascending node. The reference orbi t  will 

seldom be the one on which the Data Code information is  

acquired; usually it will re fe r  to the 6th, 7th, 12th, o r  13th 

orbit  la ter .  

Example: 1338 Reference orbit  number is  1338. 

Word 1, CB 6 Hemisphere of ascending node of reference orbit; 0 indicates 

the eas t e rn  hemisphere;  7 indicates the western hemisphere.  

Word 1, CB 7-10 Longitude of ascending node of the reference orbit  in  degrees  

and tenths. It i s  to be understood that a decimal point exists 

between CB 9 and 10. 

Example (for CB 6-10): 71246 A s c ending node 

longitude of reference orbit  is 124.6O W 

Word 2, CB 2-4 The longitude increment,  in  degrees  and hundredths, between 

successive ascending nodes. 

decimal  point exis ts  between CB 2 and 3. 

eastward direction of the rotation of the ear th ,  the increment  

is  always to the west for  increasing orbi t  number.  The value 

of the increment  remains essentially constant over a period 

of days to weeks. 

I t  is  to be understood that a 
Because of the 

For the altitudes of typical Nimbus, TIROS, 

* 
CB = charac te r  blocks 
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and TOS orbi ts ,  the range of increments  will be between 24 

and 32 degrees .  Accordingly, only the unit, tenths, and 

hundredths digits a r e  given, with the tens digit (a 2 o r  3, for 

20 o r  30) to be understood f rom the value of the unit digit. 

In any event, the full value of the increment  i s  given in  the 

mailed Ephemerides Message ( see  Section 4); this prevents 

any possible ambiguity, since the most  cur ren t  value (given 

by Data Code) w i l l  differ f rom that in  the mailed message  by 

a t  mos t  a few hundredths of a degree.  

References 2 and 3, the increment  is used to determine the 

longitudes of ascending nodes for orbits other than thc 

reference orbit. 

Example: 705 Ascending node increment  is 27.05O. 

As described in  

Word 2, CB 5-10 Time (Universal) of ascending node of the reference orbit ,  

in  hours,  minutes, and seconds. Since this reference orbit  

ascending node m a y  occur on a different day than that of 

the orbit  f rom which the Data Code is  acquired (provided 

in  Word 5, CB 2-4), and the f i r s t  digit of the actual value 

of hours  can not exceed 2, the f i r s t  digit is a lso used to 

indicate the day, relative to  that of the orbit  f rom which the 

Data Code message  is acquired. A 0, 1, o r  2 for CB 5 is  

the actual tens  digit for  hours,  on the same day as given 

in  Word 5, CB 2-4. 

occurs  the next day (Universal  t ime),  4 i s  added to the actual 

value (i. e . ,  4 = 0; 5 = 1; 6 = 2. 

ascending node occurs on the second day following that of 

Data Code acquisition, 7 is added to the actual value 

(i. e. , 7 = 0; 8 = 1; 9 = 2).  On one orbit  each day (that near  180° 

for  Nimbus), the day in  Word 5, CB 2-4 will be changed 

automatically (by the spacecraf t  clock) pa r t  way along the 

orbit. 

while over a DAF-’, the value he re  (Word 2, CB 5) r e f e r s  in 

this ca se  to the day c a r r i e d  in Word 2, CB 2-4 as the satell i te 

If the reference orbit  ascending node 

If the reference orbit  

Since the values in  Words 1-4 can not be changed except 
.I* 

xc 
Nimbus DAF’s a r e  located at Fairbanks,  Alaska, and Rosman, North Carolina. 
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passes  i t s  ascending node. 

Example: 121938 Ascending node on (reference)  orbi t  1338 

is a t  1219:38 U on day 95 (from Word 5 ,  CB 2-4; s ee  below), 

o r  Apri l  5 (as i t  was not a leap year). 

Additional Examples: If the digital value of C B  5-  10 had been 

521938, ascending node time would have been 1219:38 U on 

April  6; i f  821938, 1219:38 U on Apri l  7. 

Word 3, CB 2-5 Time increment (nodal period) between successive ascending 

nodes in  hours (understood). minutes. and s e c o n d s .  Since 

nodal periods for the orbit  altitudes anticipated for Nimbus, 

TLROS, and TOS range between 1 1 / 2  and slightly over two 

hours,  the hours digit is omitted and only the values of 

minutes and seconds a r e  given. 

only very  slowly, any slight chance of ambiguity can  be 

avoided by comparison with the complete value of nodal 

(ascending node) increment  as given in  the mailed Ephemerides 

Message. A s  described in  References 2 and 3, the nodal 

period is used to determine the t ime of ascending node for 

orbits other than the reference orbit. 

Example: 4614 

Since nodal period changes 

Nodal period is 1 hour 46 minutes 14 seconds. 

Word 3, CB 6 Hemisphere (north or south) in  which perigee occurs .  A s  

discussed earlier, perigee (the point of lowest orbit  zltitude) 

is the point along the orbit  to which, by convention, other 

points a r e  referenced. A s  discussed i n  Appendix A, perigee 

rotates  about the ear th  at a constant ra te ,  and so its latitude 

is somewhat different f rom one orbit  to another. CB 6 gives 

the hemisphere in which perigee is  located on the reference 

orbit. 0 indicates the northern hemisphere;  7 indicates the 

southern hemisphere.  

Word 3, CB 7-10 Latitude of perigee on the reference orbit ,  i n  degrees  and 

hundredths. 

between CB 8 and 9. 
Example (for CB 6-10): 01083 Latitude of perigee on (reference) 

orbi t  1338 is  10.83O N. 

It i s  to  be understood that a decimal point exists 

17 



Word 4, CB 2-7 Time (Universal) of perigee,  on the reference orbit, i n  hours ,  

minutes, and seconds. The day, relative to that of Data Code 

acquisition, is given in  CB 2 using the same convention as for 

ascending node t ime (Word 2, CB 5-10). A 0, 1, o r  2 indicates 

the same day as that given in  Word 5, CB 2-4. 

the actual value in  CB 2 to indicate the following day ( 4  = 0; 

5 = 1; 6 = 2); a 7 to indicate the second day following that of 

Data Code acquisition (7 = 0; 8 = 1; 9 = 2). 

Example: 122147 Per igee  on (reference) orbit  1338 is at 

1221:47 U on Apr i l  5. 

4 is added to 

Additional Examples: 

522147, perigee would have been a t  1221:47 U on Apri l  6;  if 
822147, 1221:47 U on Apr i l  7 .  

If the digital values of CB 2-7 had been 

The motion of perigee, stated in  thousandths of a degree of 

grea t  c i rc le  a r c  per  orbit .  

point exists just  before CB 8. 

given by Data Code, should not be drastically different f rom 

that in the la tes t  mailed message . )  

of perigee will always be opposite to that of the spacecraf t  for  

a near  polar orbit ;  for Nimbus 11, the motion of perigee will  be 

south to north on the night side of the earth,  and north to south 

on the day side ( see  Appendix A). 

Example: 107 The motion of perigee is 0. 107 per  orbit. 

- Word 4, CB 8-10 

I t  i s  to be understood that a decimal 

(The most  cu r ren t  value, as 

The direction of the motion 

0 

Word 5, CB 2-4 As stated ea r l i e r ,  Word 5 is generated automatically by the 

spacecraf t  clock, ra ther  than being inser ted by a DAF. 

give the date on which the APT picture was taken, expressed 

as the calendar day number (1  - 365, -366 for  leap year). 

Table 3 cor re la tes  the calendar day number with the conventional 

notation for  date. 

Word 2, CB 5, to  determine the day of ascending node for  the 

reference orbit, and with Word 4, CB 2, to determine the day 

of perigee for the reference orbit ,  as described above. 

Example: 095 
(Apri l  4 i f  a leap year). 

CB 2-4 

The day as given here  i s  a lso used with 

The APT picture was taken on Day 95, o r  Apri l  5 
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Word 5, CB 5-10 Time (Universal) a t  which the APT picture was taken, in hours ,  

minutes,  and seconds. 

location, and avoids manual monitoring of the precise  instant 

the picture i s  exposed. 

Example: 123156 The picture was taken a t  1231:56 U. 

This information is vi ta l  to geographical 

Summary of Example (Figure 5b): 
i n  Figure 5b i s  as follows: 

The information provided by the Data Code example 

Reference orbit  number 

Longitude of ascending node 

imngituae increment ot asccnding node 

Time of ascending node 

Nodal period 

Latitude of perigee 

Time of perigee 

Motion of perigee 

Day APT picture taken 

Time APT picture taken 

1338 

124.6OW 

27.05': pcr  orbit  

1219:38 U (on Apri l  5) 

1 hour, 46 min . ,  14 sec.  

10:83ON 

1221:47 U ( on April  5) 

0. 107O per  orbit  

Apri l  5 

1231:56 U 

It  is suggested that the reader  allow t ime (a few hours ,  o r  a day o r  so) for 

him to forget  the specific values in  the above summary and then, referr ing only to 

F igures  3, 51, and 5b, and Tables 2 and 3 ,  again decode the sample Data Code of 

F igure  5b to see  i f  he obtains the proper interpretation, as summarized above. He 

should continue this pract ice  until he is satisfied with his ability to locate, identify, 

and decode the information provided by Data Code. 

Unfortunately, Figure 1 does not provide a logical Data Code message. I t  

can, however, be used to pract ice  decoding of the binary coded decimal notation. 

In this  regard ,  it decodes as: 

/ 107122147 / 010834614 / 121938705 / 712461338 / 292023818 

As  a second pract ice  example with regard to interpreting the digital values, 

a s sume  a Data Code message,  after decoding from BCD to digital, was as follows: 

/ 004300905 / 461594050 / 381971903 / 610237239 / 257182736 

The reader  should again practice interpreting these data with reference only 

to F igu res  3 and 5a, and Tables 2 and3. 

the following tabulation: 

His  proficiency can  then be checked against  
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Reference orbit  number 

Longitude of ascending node 

Longitude increment of ascending node 

Time of ascending node 

Nodal period 

Latitude of perigee 

Time of perigee 

Motion of perigee 

Daj- A P T  picture taken 

Time APT picture taken 

43 

90. 5OE 

24. 61°per orbit  

1940:50 U (on Sept. 15) 

1 hour, 38 min. ,  19 sec.  

19.03OS 

2102:37 U (on Sept. 15) 

0.239O per  orbit  

September 14 

1827:36 U 

3. 2 Picture  Time Determination When Word 5 is Missing 

The format  of the Data Code explicitly provides a method for determining 

the t ime an  APT picture i s  taken, in the event that the information provided by 

Word 5 i s  missing. 

is not acquired until sometime after the picture is exposed.) 

(This is most  likely to occur when a satellite t ransmission 

The A P T  picture is exposed a t  exactly the t ime the extreme right scan line 

of Character  Block 10 of Word 5 is generated. 

seconds for i t s  generation, and each bit location one second. 

t ime of generation of any point (bit location) along the Data Code is determined, and 

i t s  location in t e r m s  of Word and Character Block identified, it is relatively simple 

to determine the total Character  Blocks and any odd bit locations, and the equivalent 

t ime, between there  and the r'ight end of Word 5, CB 10. 

t ime the picture was exposed. 

Each Character Block requi res  four 

Thus, i f  the precise  

Subtraction then gives the 

A complication arises, however, from the fact that the facsimile stylus i s  

covered to avoid the danger of e lectr ical  shock and the image is  f i r s t  accessible 

fo r  marking about 6. 35 cm ( 2 .  5 inches) after formation, which i s  over the heater 

ba r  i n  the Fairchild recorder .  (The function of the heater bar is to dry  the moist  

facs imi le  paper. 

a c r o s s  the width of the paper . )  

same side as the Data Code. 

be applied will be offset  f rom the point to which i t  applies. 

picture  t ime,  this offset  mus t  be taken into consideration. 

The bar  is approximately 1. 5 cm (0.6 inches) wide and s t re tches  

The paper can  conveniently be marked here  on the 

Thus, in general  the only t ime mark  that can feasibly 

Hence, in determining 
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A suggested technique to handle this problem is  a s  follows: With the facsimile 

shut off, uncover the stylus and carefully measure  ( say ,  for the Fairchild facsimile) 

6 .  35 cm (2 .  5 inches) f rom the image forming line of the facsimile in  the direction 

towards which the paper feeds. 

distance,  scr ibe a m a r k  on the case  to each side of the paper. 

of la ter  operators ,  i t  would a l so  be well to place a notation stating that this m a r k  is 

6. 3 5  cm from the stylus. ) During an interrogation, at an integral  minute (U),  place 

a m a r k  beside the Data Code exactly opposite these points and label this m a r k  with 

the t ime a t  which it was made. 

4- ,,- 
This is directly over the heater bar .  At this exact 

(For  the convenience 

A s  soon a s  the paper i s  removed from the facsimile recorder ,  measure  back- 

wards ( in  the direction opposite to the feed of the paper) 6. 3 5  c m  (2 .  5 inches) f rom 

this mark ,  and place an  "offsetT' mark .  

original m a r k  by a lightly drawn arrow.  If the t ime was carefully noted when the 

original m a r k  was made, and i f  the measurements  were made with precision, the 

offset m a r k  is now beside the point along the Data Code generated a t  the t ime the 

original mark  was made. The picture time can then be determined as discussed 

just  above. 

Connect the offset m a r k  to its corresponding 

Of course,  i f  Word 5 is fully acquired on a successive APT picture, the t ime 

of an ea r l i e r  picture can very easily be calculated since, for Nimbus 11, the interval  

between the t imes successive APT pictures a r e  snapped is 208 seconds. 

A full scale  copy of Figure 5a can  aid the APT user  in  locating, identifying, 

and reading off the Data Code entr ies .  

for  checking the size of the image as displayed on the facsimile  paper.  

such a copy, along with a reproduction of the BCD interpretation, has been included 

as Figure  5c. It can be removed from this report ,  and could be used directly (after 

mounting and providing a protective transparent cover). 

photographically copied, a t  exact scale,  directly on an  appropriate t ransparent  base.  

(Note: 

8" X 8" Fairchi ld  format--will  be provided to  the stations a t  a la te r  date. ) 

It  can also be used for backup timing and 

Accordingly, 

Better st i l l ,  it could be 

It is anticipated that a t ransparent  full-scale copy of Figure 5c--for the 

* 
Other situations, o r  mos t  appropriate distances to be measured,  may exis t  for 

different  fac simile r eco rde r  s. 

2 2  
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4. USE OF DATA CODE FOR DATA ACQUISITION AND LOCATION 

I 

The following discussions a r e  lim-ited to those modifications to the APT and/or  

DRIR data acquisition and geographical location procedures that mus t  be followed when 

using Data Code. 

and par t icular ly  in the more  recent Reference 3 .  

of DRIR data a r e  described in Reference 4. 

reader  is a l ready familiar with the mater ia l  in ei ther  Reference 2 o r  3; and, i f  using 

DRIR data,  Reference 4. 

The basic APT procedures a r e  fully described in Reference 2 ,  

Procedures  applicable to the use 

The following discussions assume the 

The standard APT and/or  DRIR procedures require  that the use r  be provided 

;+ dridiieci ephemeris (a  tabulation uf satellite subpoint t rack  and height as a function 

of time) for  each day. When using Data Code, a detailed ephemeris is provided only 

initially, and at relatively infrequent intervals thereafter.  The information provided 

by Data Code is then used to update the tabulated ephemeris to the degree necessary  

fo r  daily operations. 

4. 1 Ephemerides Message 

As soon as possible following the launch of Nimbus 11, APT stations will be 

provided a Nimbus I1 Ephemerides Message. The message will be disseminated 

during "unscheduled" t ime on weather teletype circui ts ,  and wil l  simultaneously 

be mailed to participating APT stations. 

In addition, subsequent centrally updated Nimbus I1 Ephemerides Messages 

will be disseminated by mail at  periodic intervals.  

subsequent messages  a r e  prepared will depend on the actual orbit  of Nimbus 11. 

is anticipated that updated ephemerides messages will be prepared and mailed about 

weekly fo r  highly ell iptical  orbi ts ,  but perhaps only once a month for nearly c i rcu lar  

orbits.  

f r o m  field use of the local updating procedures,  using Data Code in.formation, to be 

descr ibed below. 

updated Ephemerides Message, will be monitored by personnel a t  the Nimbus Data 

Utilization Center of NASA's Goddard Space Flight Center.  

messages  will be mailed to APT u s e r s  i n  sufficient t ime to prepare completely updated 

subpoint t r acks  before large e r r o r s  a r e  accumulated from extrapolation. 

at APT stations may c a r e  to compare the revised data provided by the updated 

ephemerides  messages  with those they obtain from the extrapolation techniques, 

The frequency a t  which these 

It 

The frequency will be determined by the amount of e r r o r  that would resu l t  

The degree of accumulated e r r o r s ,  and the need for  issuing an 

The updated ephemerides 

(Personnel  

descr ibed below, as a method of verifying the approach and their success  in  i t s  execution.) 

23 



I 

If a new station commences operation some t ime af ter  satell i te launch, it 
must  a r range  to obtain a copy of the most  recent  ephemerides message,  and for the 

receipt of subsequent revisions.  

Although the specific format  for the init ial  and subsequent Ephemerides Messages 

is s t i l l  under discussion a t  this writing, the content will include at least  the types of 

information i l lustrated in  Table 4. The message includes three c lasses  of data: 

1 .  

Table 4). 

A set  of basic orbit  parameters  (the information grouped a t  the top of 

2. A subpoint track, referenced from perigee,  with associated satell i te 

This subpoint t rack  is expressed in  t e r m s  of minutes f rom perigee, heights. 

measured  in the direction towards which the satell i te t rave ls  (i. e . ,  i n  the direction 

opposite to the motion of perigee). 

3 .  

It  i s  to be noted that the message includes all orbital  information provided 

Tabulation of argument of satellite versus  latitude ( see  Section 4. 3 ) .  

by Words 1-4 of the Data Code (see  Sections 2 and 3). 

(in accordance with the procedures  described below) to determine updated ephemerides 

for  a few days before o r  af ter  the date of the reference orbit  whose parameters  a r e  

provided in  the Ephemerides Message. 

which in turn  provides cu r ren t  Data Code information. 

Accordingly, i t  can be used 

This permits  acquiring an APT picture,  

The most  current ly  available Ephemerides Message should always be used 

(this can  be determined f rom the date of the reference orbit  cited in the message) .  

4.2 Plotting of the Data in  the Ephemerides Message 

P lace  a blank t ransparent  overlay on the APT plotting board. Using the data 

in  the m o s t  cur ren t  Ephemerides Message, plot the subpoint t rack  on the basis of the 

given latitude-longitude coordinates. 

mark ,  and label i t  with the number of minutes f rom perigee and the satell i te height 

a t  that  point, as given i n  the Message. 

Mark each plotted point with a smal l  hatch 

* 
There a r e  severa l  points that will aid this plotting and the subsequent use of 

the information: 

1. A small piece of masking tape can be used to avoid the danger of unintended 

rotations of the overlay during the plotting. 

* 
to s e e  i f  the previously plotted t rack  falls along the new points. 

f r o m  perigee points need be e rased  and replotted. 

the argument  values always remain the same for  any one satell i te,  since they a r e  

f i i a~ t io i ia  ~ i i l y  of laiiiurie driJ orbit inciination. 

When updating from a subsequent Ephemerides Message, a check should first be made 

If so, only the t ime 

A s  will be discussed in  Section 4. 3, 
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T A B L E  4 

NIMBUS I1 EPHEMERIDES MESSAGE 

t 

ORBIT 095; D A T E  (87) 28 M a r  1966 TIME O F  PERIGEE:  09 42 15  U T  

ASCENDING NODE: 08 51  16 UT; 151.23W Long.  MOTION O F  P E R I G E E :  3 . 0 1  D e g / D a y  

I N C R E M E N T S t P E R  ORBIT): OlHr  38Min 19Sec; 2 4 . 2 3  Deg. Long. MOTION O F  PERIGEE:  0 . 2 0 1  D e g / O r b i t  

DESCENDING NODE: 09  44 46 UT; 153.61W Long. INCLINATION: 98 .602  D e g r e e s  

- 

P A R T  I: EPHEMERIDES 

MIN F R O M  LATITUDE LONGITUDE HEIGHT ARC. MIN F R O M  LATITUDE LONGITUDE HEIGHT ARG. 
P ERIC EE (DEG.) (DEG. ) (KM) (DEG.)  P E R I G E E  (DEG.) (DEG. ) (KM) (DEG. )  

0 
2 
4 
6 
8 

10 
12 
14  
16 
18 
20 
22 
2 4  
26 
28 
30 
32 
34  
36 
38 
40 
42 
44 
46 
48 
50 
52 
54  

N 18. 1 W 149.2 428.7 
N 10 .3  W 150.9 431.3 
N 2 . 5  W 152.6 438.9 
s 5.2 W 154.3 451. 5 
S 13 .0  W 156.0  468. 8 
s 20 .7  W 157.7 490.3 
S 2;3. 3 W 159.7  515.6 
s 35 .9  W 161.8  544.1 
s 43 .3  W 164.2  575 .1  
S 50 .6  W 167.2  608 .0  
S 57 .8  W 171.0  642. 1 
S 64 .9  W 176 .3  676.6 
S 7 1 . 5  E 175.0  711 .0  
s 7 7 . 4  E 158.7  744.5 
S 8 1 . 1  E 124.4  776.7 
S 80 .0  E 80 .0  807 .0  
s 75 .2  E 55.0 834.9 
S 69 .2  E 42 .9  860. 1 
S 62.7 E 36.0 882 .3  
S 56. 1 E 3 1 . 5  901.2 
s 4 9 . 4  E 28.2 916 .8  
s 42 .7  E 25 .5  928 .8  
S 36 .0  E 2 3 . 3  937.3 
S 29 .3  E 2 1 . 3  942.2 
S 2 2 . 6  E 19.6 943 .5  
S 15 .8  E 17.9 941 .2  
s 9 .0  E 16 .3  935 .5  
s 2 . 3  E 14 .8  926 .4  

161.9 
169.7 
177. 5 
185.2 

1 

1 
269 .8  
272 .3  

351.0 
357.7 

P A R T  11: A R G U M E N T  O F  S A T E L L I T E  VS LATITUDE 

56 
58 
hn 
62 
6 4  
66  
6 8  
70 
72 
74  
76 
78 
80 
82 
8 4  
86 
88 
90 
92 
9 4  
96 
98  

100 
102 
104 
106 
108 

N 4 . 4  
N 1 1 . 3  
N 1 A  1 

N 25 .0  
N 31 .9  
N 38 .9  
N 45 .8  
N 5 2 . 8  
N 59 .7  
N 6 6 . 6  
N 73 .2  
N 7 8 . 8  
N 8 1 . 4  
N 78 .4  
N 72 .4  
N 6 5 . 5  
N 58 .2  
N 50 .7  
N 43 .0  
N 35 .3  
N 27 .6  
N 19 .8  
N 12.0 
N 4. 1 
S 3.6 
s 11 .3  
S 19 .0  

E 1 3 . 3  914. 1 4. 4 
E 11 .7  898. 8 1 1 . 3  
r in .  1 R R n .  C, 

E 8. 4 859 .7  
E 6. 5 836. 5 
E 4. 4 811. 1 
E 2 . 0  783. 9 
w 1 . 0  755 .1  
w 5 .0  725. 1 
w 11 .0  694. 1 
w 2 1 . 0  6 6 2 . 6  
W 4 1 . 5  
W 8 4 . 4  600.0 90. 0 
W 125.0  569 .9  
W 144.4  541. 3 

W 159.8  490.9 
W 163.8  470. 3 
W 166.8  453. 3 i 

i W 171 .4  432.2 
W 173 .4  428. 8 
W 175. 1 430. 4 
W 176 .8  4 3 7 . 1  175.9 
W 178.5  448. 7 183. 6 
W 179.7 465. 1 191. 3 

4 8 5 . 9  199. 0 E 178.0 

631. 1 t 

W 154. 1 514. 8 1 

W 169 .3  440. 5 i 

1 

! 

ARGUMENT L A T I T U D E  ARGUMENT LATITUDE ARGUMENT LATITUDE ARGUMENT LATITUDE 
(DEG. ) (DEG. ) (DEG.)  (DEG.) (DEG.)  (DEG. )  (DEG.) (DEG.)  

I i j 
0.0 
2 .0  
4. 0 
6 . 0  
8 . 0  

10.0 
12 .0  

90 .0  I 

0 . 0  N 92 .0  N 
N 

1 
0.0 

2?2.0 
274 .0  

1 
366 .0  

! c  

1 ;  
! 

0 .0  I 
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2 .  If colored ink is available, i t  w i l l  help to distinguish this semi-permanent  

plot f rom the daily updating, to be described la te r .  

suggested. 

The use of a red  acetate ink is 

3.  In m o r e  than half the cases ,  perigee will fall within that portion of the 

subpoint t rack  that is within the l imits of the edge of the plotting board. 

to a discontinuity in  the subpoint t rack of perigee ( see  Figure 6 )  which must  be 

avoided. 

latitude circle ,  plotting in  the direction of increasing minutes f rom perigee. 

rotate the overlay westward exactly one orbit 's increment  of ascending node longitude, 

a s  given in  the message  ( see  Figure 6) .  
subpvints of the message  falling along, or in line with, the previously plotted t rack;  

if not, the amount of rotation was not correct .  

t rack  lying within the l imits  of the plotting board. 

This leads 

To prevent this, f i r s t  plot only those points f rom perigee to the outermost 

Then 

This should resu l t  in the positions of the la te r  

Then plot the remainder of the subpoint 

When completed, the subpoint t rack should form a smooth, continuous curve.  

I t  should look like that in  Figure 7. 

the standard APT plot of a subpoint t rack  (References 2 3r 3) ,  except that t ime a t  

two minute intervals  is now referenced from perigee ra ther  than from ascending 

node. 

A s  can be seen, this subpoint t rack resembles  

4. 3 Argument of Satellite P lo t  

To update this subpoint t rack  for subsequent dates ,  it is necessary  to work 

in  t e r m s  of the argument of the satell i te,  for reasons discussed in  some detail  i n  

Appendix A. 

of grea t  c i r c l e  a r c  in  the orbital  plane and in  the direction of satell i te motion, f r o m  

ascending node to the position of the satellite. 

i s  the angular distance f rom ascending node to any given position along the orbit. 

Since the Nimbus orbit  does not pass  directly over the poles, the argument is  not the 

same as the latitude of any given point along the orbi t  (see Section A. 2). 
distances in  argument a re ,  however, equivalent to  equal angular distances along an  

orbit. 

for  updating the ephemeris),  all points along the orbit  move an equal distance in  

argument.  

The argument  of a satellite is the angular distance,  measured in  degrees  

By extension of the concept, the argument 

Equal 

If an  orbit  i s  rotated within i t s  orbital  plane (as occurs  la te r ,  i n  the procedure 

Once the inclination of an orbit  i s  given, the argument of any point can, 

however, be determined f rom the latitude of the point ( see  Section A. 2). 

of argument  ve r sus  latitude, for  the actual inclination of the Nimbus I1 orbit ,  will be 

A tabulation 
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Figure  7. Plotted Subpoint Track ,  with Points Referenced f rom Perigee 
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included with the Ephemerides Message. 

of argument as a function of latitude and inclination, could be used. 

orbital  inclinations a r e  given at  one degree intervals.  

the given values is proper ,  this degree of accuracy is not normally required for APT 

purposes;  and i t  is recommended that the latitude values tabulated for  that inclination 

c loses t  to the actual inclination be used. 

Ephemerides Message. 

leads a t  mos t  to a one degree e r r o r  in the latitude of a given value of argument,  and 

even that much e r r o r  occurs  only a t  values of argument of 90 

In any event, Table 5, which is a tabulation 

In Table 5, the 

While interpolation between 

The actual inclination is  stated in  the 

(Note, in  Table 5, that a one degree inaccuracy in  inclination 

0 0 and 270 . )  

Using the values f rom either the Ephemerides Message o r  Table 5, plot and 
0 l a b e l  hatch marks  representing argument, a t  2 

plotted subpoint track. (While this can be done in  black ink, i f  necessary,  a second 

color of ink - say  green o r  blue - is  preferable as i t  will make la ter  s teps  e a s i e r . )  

The proper  position of each hatch m a r k  is determined from the latitude corresponding 

to the appropriate value of argument. 

intervals ,  along the previously 

Figure 8 shows the values of argument properly plotted along the subpoint 

( F o r  c lar i ty ,  the t ime from perigee points have been omitted, and only 10 0 track. 

argument points a r e  shown.) Note: 

60° of argument occurs  a t  about 58 1/2O of latitude. 

1. That the values of argument differ f rom those of latitude; for example, 

2. That 90° of argument always occurs a t  the point along the orbit  neares t  

of argument always occurs at the orbi ta l  point nea res t  to the 0 the north pole. 

south pole. 

270 

This plot of the subpoint track, with labeled points of t ime f rom perigee,  

and of argument,  is a semi-permanent plot that will be used repeatedly. 

to be replotted only'when a more  cu r ren t  Ephemerides Message is received (see 

footnote i n  Section 4.2). 

t racks ,  with the additional information needed provided by Data Code. 

I t  will need 

It  will be used a s  a basis  for preparing updated subpoint 

4. 4 Possible  Initial Use of the Ephemerides Plot  

F o r  a day or  so af ter  the date of the reference orbit  given in  the Ephemerides 

Message, this semi-permanent subpoint track can  be used directly for determining 

tracking data,  and for  locating APT and/or DRIR data. 

with, o r  completely analogous to, those inReferences  2, 3, and 4. Note that the 

Ephemerides  Message includes: 

The procedures a r e  identical 
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Figure 8. Plot of the Argument of the Satellite 
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1. Ascending Node Longitude, Time, and Increments  

2. Per igee Latitude (the f i r s t  entry in the ephemeris  tabulation; that for 
minute zero)  and Per igee  Time. 

The ascending node data a r e  used, exactly as described in  References 2 and 3,  to 

rotate the subpoint t rack  to the ascending node longitude of the orbit  to be tracked. 

When determining t ime (for computing antenna tracking data),  o r  latitude 

relative to t ime (for determining geographic locations of the pictures o r  the DRIR 

data), it is recommended when using Data Code that i t  be done in t e rms  of t ime 

relative to perigee ( ra ther  than t ime relative to ascending node, a s  in  previous 

practice) since the subpoint t rack  is now annotated in  t e r m s  of t ime from perigee.  

F o r  this purpose, use the latitude of perigee as given in  the Ephemerides Message. 

F o r  determining the t ime of perigee for orbits other than the reference orbit ,  it i s  

necessary,  when determining tracking data o r  picture locations, to assume that the 

t ime from the perigee of one orbit ,  to that of the next, is equivalent to the nodal 

period. 
J, -0- 

(See also Section 4. 11, ) 

4. 5 Updating of the Plotted Subpoint Track 

After a day o r  so,  depending on the actual orbit, it becomes necessary  (as 

discussed in  Appendix A) to determine a n  updated subpoint t rack  i f  tracking and data 

location a r e  to be performed with adequate accuracy. 

information for doing this is provided by Data Code. 

constrained mainly to the mechanical procedures, with only a minimum of explanation. 

Appendix A descr ibes  the full rationale for these procedures  in  relatively non-technical 

t e rms .  

The necessary additional 

The following discussion will be 

Basically, the procedure required is a rotation (in argument) of the ent i re  orbit  

by an amount equal to the motion (in argument) of perigee between (1) the position of 

perigee on the semi-permanent plot (that given in  the most  cur ren t  Ephemerides 

Message) and ( 2 )  the position of perigee a t  about the t ime the satell i te is to be tracked. 

As  this rotation is made, the orbit  altitude of each point along the orbit  (when de ter -  

mined relat ive to perigee) re ta in  i t s  previous value. 

* 
only an  approximation. 

Anomalistic Per iod (the t ime between successive perigees) is normally slightly different 

f r o m  the nodal period. 

Although this is a necessary  and satisfactory approximation for this purpose, it is 
Because of the motion of perigee ( see  Appendix A), the 
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When making this rotation, i t  i s  best always to s ta r t ,  each time, f rom conditions 

a t  the t ime of the most  cur ren t  Ephemerides Message, and to rotate the orbit  the total 

increment  required since that t ime. 

r e su l t  i f  the rotation was performed by adding another, mos t  recent  increment to one 

or  more  previous, short  increments (see Section A. 2). 

This avoids the accumulation of e r r o r s  that might 

4.6 Determining the Amount of Rotation f r o m  the Movement of Per igee  

A s  stated ea r l i e r ,  the precise  latitude and time of perigee,  as used on the 

semi-permanent subpoint t rack  plot, i s  given in the most  cu r ren t  Ephemerides 

hfesssgc. 

is given in the Data Code (the latitude in  Word 3, CB 6-10; and the t ime in  Word 4, 

A new latitudc and time of pcrigce f u r  ct spccificd la tcr  ( rcfcrcncc)  orbit  

CB 2-7). 

In some cases ,  however, the desired orbi t  may not be the reference orbit  

used in  the Data Code information received. 

orbit, given in  Word 4, CB 8-10) must  also be used. 

argument) i s ,  for all pract ical  purposes,  a constant. The motion of perigee (given 

in  thousandths of a degree per  orbit) i s  muitiplied by the number of orbits between 

the Data Code reference orbit  and the desired orbit. 

displacement (in argument) of perigee over this number of orbits.  The latitude of 

perigee as given for the Data Code reference orbit  mus t  be adjusted appropriately 

by moving the position of perigee this much in  argument (not in  latitude), along the 

subpoint t rack,  to determine the position of perigee on the desired orbit. 

In that case,  the motion of perigee (per 

The motion of perigee (in 

The resulting value is the total 

F o r  example, using the data in Table 4, perigee on orbit  095 was a t  18. 1°N,  

and the motion of perigee was 0.201 degrees per  orbit. 

with a Reference Orbit Number 131, a perigee a t  25.3 N, and a motion of perigee 

of 0. 202 degrees  per orbi t  ( in argument). Fur ther  assume the orbit  of in te res t  is 134. 

The motion of perigee between orbits 131 and 134 would be 

Assume a Data Code message  
0 

3 (0.202) = 0.626 = O.6O of argument. 

At  low lati tudes,  this i s  a lso equal to approximately 0 . 6 O  of latitude, and the latitude 

of per igee on orbit  134 would be 

25.3O t 0.6O = 25.9' N. 

(Note, f rom Figure 7,  that perigee in  this  case  was 

a r e  added. Remember that, for near-polar orbi ts ,  

in the direct ion opposite to that of the satell i te.)  

moving northward, and so  the values 

the motion of perigee is  always 
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0 Fur thermore ,  in  this case ,  perigee had moved 25. 9-  18. 1, o r  7. 8 of latitude, 

between perigee a s  given on the Ephemerides Message (and plotted on the semi-  

permanent subpoint t rack)  and the position of perigee on orbit  134. 

because i t  is near the equator ( see  Section A. 2), the displacement of the argument of 

perigee would be essentially the same (i. e . ,  7. 8O of argument);  near the poles, however, 

this much displacement in  latitude would lead to a far grea te r  displacement in  argument. 

F o r  example, when near  80 , a n  8 

equal to a 12O displacement in argument. 

t 

In this case ,  again 

0 0 I displacement in  latitude may be approximately 

1 
4. 7 Plotting of the Updated Subpoint Track I 

1 Once the movement of perigee has  been determined ( in  t e r m s  of argument),  
I the new subpoint t rack  is determined by moving each two minute point plotted along 

the t rack  (as referenced to perigee) a distance in  argument, along the track, equal 

to, and in  the same direction as, the movement of perigee.  As each point is  moved, 

it re ta ins  i t s  previous value of time (relative to perigee) and of orbit  altitude. 

operational practice,  only points within and immediately outside the station acquisition 

c i rc le ,  and the point of perigee i tself ,  need be updated. 

In 

If perigee happens to lie beyond the limits of the plotting board (e.  g . ,  near  

the south pole for a northern hemisphere station), the conversion between its movement 

in  latitude and i t s  movement in argument can be determined by using the equivalent 

latitudes, but in  the hemisphere represented on the plotting board. 
i 

4. 7. 1 Specific Procedura l  Steps 

The suggested procedure for actually accomplishing the above steps is  as follows: 

1. Place a second, blank overlay over the plotting board overlay containing 

the semi-permanent  plot (that f rom the Ephemerides Message). 

2. Now using black ink, t race  on this new overlay the curve of the subpoint 

track. 

3.  Determine the point along the new subpoint t rack  of the position (latitude) 
Label it with t ime relative of per igee a t  the t ime of the desired orbit  (Section 4.6). 

to per igee (0) ,  

t emporar i ly  plot i t ,  and the perigee from the Ephemerides Message, a t  the correspond- 

ing lati tudes within the limits of the plotting board.)  

and the perigee orbit  altitude. (If perigee is  off the plotting board, 
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4. Determine the movement of perigee, in  t e r m s  of argument,  between the 

t ime of the semi-permanent plot and the newly plotted perigee point. 

by re ference  to the 2 

necessary  to temporarily plot perigee positions from outside the plotting board 

l imits ,  they should now be erased.  ) 

This is done 

(If i t  was 0 
points of argument on the semi-permanent plot. 

5.  Displace each two minute point on the semi-permanent  plot the same 

amount and direction, in argument,  as the movement of perigee,  and replot it on 

the new subpoint track. 

(Note: 

points, i s  always opposite to the direction of the motion of the satell i te,  or  towards 

smal le r  values of argument. ) 

Label it with i t s  same t ime (from perigee) and orbit  altitude. 

for near polar orbits , the direction of the motion of perigee,  and of all other 

This procedure should be applied t o  every point within o r  on the acquisition 

c i rc le  of the local APT station, and for at least  the first point beyond the acquisition 

c i r c l e  on each side. 

Note the semi-permanent plot is never changed (until a new and more  cur ren t  

Ephemerides Message is received),  and that a second, blank overlay is used each 

t ime an updating is performed. 

The frequency with which the subpoint plot needs to be updated, using the 

above procedures ,  depends on the degree of eccentricity of the orbit. 

c i rcu lar  orbi t  is achieved, as planned, the variation of orbit  altitude around the 

orbi t  will be ra ther  small. 

c r ea t e s  the need for updating.) In general ,  an  updating about once a day would seem 

to be in  order ,  especially i f  perigee i s  used as the basis  of t ime and latitude for 

tracking and data location computations (see Section 4. 11). Advice as to the desirable  

frequency of local station updatings of the Ephemerides Message, using the Data Code, 

m a y  be mailed to the stations. 

i t  should be prepared for a next day's orbit that will pass  nearly overhead and for  

one f r o m  which data a r e  to be acquired. 

If a nearly 

(It is principally the variation of orbit  altitude which 

When an updating is performed on the plotting board, 

4. 8 Use of the Updated Subpoint Track 

Once the orbit  is updated, i t s  use for  tracking is  the same as for the init ial  

semi-permanent  plot, as described ear l ie r  (Section 4.4). 

with r e g a r d  to ascending node and perigee should now be those from a recent Data 

Code message  , ra ther  than f rom the older Ephemerides Message. 

Of course,  the values used 



4. 9 Examples of Updating the Subpoint Track 

For  a f i r s t  example, we will use the data in  the Sample Ephemerides Message 

(Table 4), and again the situation used as an example in  Section 4.6. 

here ,  as taken from Section 4.6, a r e  as  follows: 

Ephemerides Message: 

The data required 

Orbit Number 095 

Per igee  18. I O N  

Orbit of Interest:  

Number 134 

Per igee  (calculated in  Section 4.6) 25.9 N 

The left side of Figure 9 is a plot of a portion of Orbit Number 095 (taken 

f r o m  Table 4), showing the values of argument and the t imes from perigee. (For  

c lar i ty ,  the satell i te heights, which a r e  uniquely tied to their  respective values of 

t ime from perigee,  a r e  omitted.) A s  was stated in  Section 4.6,  and can be seen 

in  Figure 9, the movement of perigee from 18. 1°N to 25.9 N i s  equivalent to about 

a 7.8 change in argument. 

0 

0 

0 

The right side of Figure 9 shows the subpoint t rack  updated to the conditions 
0 of orbit  134 by translating perigee and each 2 minute point by 7 .  8 in argument. 

F o r  c lar i ty ,  the two plots a r e  shown side by side here ,  ra ther  than one over the 

other as would be the actual ca se  when executing the procedures on the plotting board. 

Again, f o r  c lar i ty ,  the data on satell i te height a r e  omitted, but the values of height 

ve r sus  t ime from perigee,  in  the plot on the right side of Figure 9, would still be the 

same as i n  Table 4 (i. e . ,  0 minutes = 428. 7 km; 2 minutes = 431. 3 km; 4 minutes = 

438.9 km, etc.) .  

In this case ,  the amount of translation happened to be just  about the same 

as the spacing of the 2 minute points, but this is mere ly  a coincidence and would not 

normally be the case.  

A second example is i l lustrated in  Figure 10. 

Message Reference Orbit (orbit  243) is plotted in  Figure lob. 

An assumed Ephemerides 

Assume perigee on orbit  243 was at 58. 3OS. Assuming the station doing the 

updating i s  in the northern hemisphere,  it will  be necessary  to temporarily plot 

per igee as i f  i t  were  in  the northern hemisphere. 

only the values of argument are shown along the subpoint t rack.  

This is  done in  Figure loa, where 
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Assume the Data Code message  that was received used orbit  285 a s  i t s  
0 reference orbit ,  and indicated perigee a s  being a t  66.9O S ,  with a motion of 0.245 

per  orbit. The orbit  285 value of perigee is  a lso plotted on Figure  loa. 

Fur ther  assume the orbit  of actual interest  i s  291, or  6 orbits la ter .  

these s ix  orbi ts ,  perigee will move 6 (0.245) = 1.47O in argument.  

movement is  a lso plotted in  Figure loa,  and i t  can be seen that the total  movement 

of perigee from orbit  243 to orbit  291 is about 10.6’ of argument (although only about 

10. l o  i n  latitude). 

Over 

This further 

Figure 1Oc shows the subpoint t rack updated to the conditions of orbit  291, with 

perigee and the other 2 minute points translated 10.6O of argument in  the direction 

opposite to the motion of the satellite (toward lower values oi argument). 

4. 10 Determining the Subpoint Track on the Grids,  for the Purpose of Determining 
the Picture  Centers 

The geographical positions of the centers  of the APT pictures  (or  of the 

points where t imes have been determined alonga DRIR str ip;  see  Reference 4) can be 

determined only approximately by using the updated subpoint t rack  on the plotting 

board,  even when rotated to the appropriate ascending node. 

data locations, necessary  for many meteorological applications (especially at the 

mesosca le) ,  a r e  obtained by also using an  APT grid to extrapolate points (as 

established relative to perigee) to determine an  updated subpoint track. 

The mos t  prec ise  

Although the projection-type APT grids developed by the National Environmental 

Satellite Center of ESSA (Reference 3) can  be used fo r  this purpose,  i t  will be found 

eas i e r  to a s e  the plastic gr ids  (developed in associaticn with Reference 2 and used with 

the TIROS VI11 and Nimbus I APT experiments) for the updating, and then to use the 

projection gr ids  for the actual geographic referencing of APT pictures.  

plastic gr ids  a r e  not available, any map of about the same scale (1: 1,000,000), and 

including the a r e a  covered by APT pictures acquired by the station, can also be used; 

and this wil l  be found eas i e r  than the use of the projection grids.  *”) 

(If the 

.b 

* 
include: 

The disadvantages of using the projection gr ids  for the subpoint t rack  updatings 

1. The need to repea t  the plotting of argument along the heading line each t ime 

pictures  a r e  received. 

with a n  actual  heading line drawn, with argument plotted along i t . )  

(This could be overcome i f  the NESC grids  a r e  la ter  re issued 

2. The need to determine a p p r o ~ m a t e l y  the projection grid to be used (as regards  

cen t r a l  latitude),and the sca le  of projection (dependent on satell i te height), before 
executing the remairlder of t,lie pyocediirc tc f - , ~  f ~ ? ? ~ ~ . , e d .  

3. The possibility that  it may be necessary t o  use  m o r e  than one projection grid 

to update a sufficient length of subpoint track. 
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a. U s e  of D i s p l a c e d  P e r i g e e  I I 

I 
, 
I 
I 

b. O r b i t  243 ( R e f e r e n c e  O r b i t  of E p h e m e r i d e s  M e s s a g e )  

, -  

. ...._.-.I. 
. .  

c.  O r b i t  29 1 (Updated  Subpoint  T r a c k )  

F i g u r e  10. A Second  Examde of Updating a Subpoint  T r a c k  
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The procedure is as follows: 

1. Select a grid o r  map with the A P T  station at about i t s  central  latitude, 

and with an a r e a  including the coverage of all APT pictures to be received by the 

station. 

2. Draw the heading line ( see  Section A. 2 for definition) ac ross  the center  

of the gr id  o r  map. This can be done using the procedures  described in  Reference 2 ,  

o r  by use of the projection gr ids  (Reference 3 ) ,  with the heading line transposed from 

the projection gr id  to the grid o r  map being used for the updating. 

3 .  Using one of the sources  of information discussed in Section 4. 3 ,  plot 

the argument  of the satell i te (a t  2 O  intervals) a t  the appropriate latitudes along the 

heading line. 

4. Since this plot of the heading line and the values of argument is permanent 

(except when a new satell i te with a greatly different orbit  inclination is launched, 

s e e  Section 4. 3),  it is now well to cover the above plots with a sheet of c lear  plastic 

S O  they wi l l  not be destroyed in subsequent, day to day use of the grid o r  map for 

subpoint t rack  updatings. 

5. Use (a) the difference between the ascending nodes of the reference orbit  

in  the m o s t  cu r ren t  Ephemerides Message and the reference orbit  of the la tes t  Data 

Code, and (b) the ascending node longitude increment  in  the la tes t  Data Code, to 

convert  the subpoint longitudes used in  the Ephemerides Message to the actual 

longitudes of the orbit  on which the data a re  acquired. 

6. Plot  on the grid the subpoint track given in  the most  cur ren t  Ephemerides 

Message, but using the longitudes computed just  above. 

t ime (in minutes f rom perigee) and orbit  altitude. 

Label each point with i t s  

7. Determine the total  movement of perigee,  in t e r m s  of argument,  f rom the 

t ime of the reference orbit  i n  the Ephemerides Message to the time of the reference 

orbi t  on the mos t  cu r ren t  Data Code. (Note: when updating the subpoint t rack  on the 

gr id ,  it should always be done by reference only to the most  cur ren t  Data Code 

re ference  orbit ,  which is  not necessar i ly  the orbit  on which the picture o r  DRIR data 

a r e  acquired.  

(plus the nodal period increments;  see below) to determine a "false perigee" reference 

for  picture  center  location. Otherwise, due to the motion of perigee, the anomalistic 

per iod ( see  end of Section 4. 51, which is not given in  the Data Code, would need to be 

used. ) 

- 
4- 1- 

This allows use of the latitude of perigee,  and the t ime of perigee 

* 
Note, however, the longitudes used a r e  those of the orbit  on which the pictures or  

DRIR data  a r e  acquired; s e e  steps 5 and 6 just  above. 



8. F o r  each two minute point (relative to perigee),  determine i t s  value of 

argument  by reading the argument (on the heading line) a t  the same latitude a s  that of 

the point (as plotted on the subpoint track).  

9. Subtract the total  movement of perigee in  argument (as determined in  s tep 7, 
just  above) f rom this value of argument. 

of argument from the plot of argument along the heading line. 

Determine the latitude of this new value 

10. Plot  the updated subpoint position, on the subpoint t rack,  at the new value 

of i t s  latitude (that of the new value of its argument, as determined in step 9, just  

above). 

i t s  same orbit  altitude. 

Label the updated point with its former value of t ime from perigee,  and with 

Figure 11 i l lustrates  the above procedure. I t  uses the sample subpoint t rack 

given in  Table 4, but assumes  that the orbit f rom which the picture data  a r e  acquired 

has  an  ascending node 72O eas t  of that i n  the Ephemerides Message (as would be 

determined f rom the ascending node and the ascending node increment a s  given in  

the la tes t  Data Code). 

Assume the movement of perigee,  between the reference orbit  of the Ephermerides  

Message and the reference orbi t  of the Data Code (often not the orbit  on which the 

pictures  a r e  acquired),  was 5. 1 degrees  of argument. 

f r o m  perigee.  

Subtracting 5. lo gives an updated argument of 34.4O, at a latitude of 34.ZoN. 

is then the latitude, along the updated subpoint track, of the point 66 minutes f rom 

perigee.  

the grid.  

Consider the point 66 minutes 

I t  is a t  a latitude of 38. 8 O N .  Argument at this latitude i s  39. 5O. 

This 

F igure  12 shows the subpoint track updated for  all points within the a r e a  of 

4. 11 Determining the Geographical Location of the Picture  Center (or  of a Point on 
the DRIR Data) 

To locate a picture center:  

1. Determine the (Universal) time of a "false perigee", for the orbit  on which 

the data  a r e  acquired, f rom the t ime of perigee of the Data Code reference orbit  and 

the nodal period given in  the Data Code ( i . e . ,  by assuming the t ime from the perigee 

of one orb i t  to the ' ' false perigee" of a later one is the nodal period t imes the difference 

in  orbi t  number).  

2. Determine, f r o m  this "false perigee" time and the (Universal) time of the 

picture ,  the minutes f rom perigee of the time of the picture. 
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Figure 11. Procedure for Updating a Subpoint Track on a Grid 
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Figure 12 .  Updated Subpoint Track  
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3. The picture center  will be located along the updated subpoint t rack at this 
t ime from perigee, and is  located by interpolation between the two minute points 

plotted along the subpoint track. 

4. Use this picture center  point and the (interpolated) orbit  altitude to se lec t  

(a) the appropriate (projection) grid,  (b) the scale  a t  which to project i t ,  and (c) the 

latitude and longitude at which to place the picture center on the (projected) grid. 

Otherwise, the procedures a r e  the same as given in  References 2 and 3. F o r  

the DRIR data, use the procedures given in Reference 4, and the above techniques 

to determine the locations, along the DRIR centerline,  for which t imes of observation 

were determined. 
A c  2m ,=,v2mn!e 9f the -he-.- -..AmmA.-..m,- -nn . .mm - -:-t..-- .-.-,- t-L,- -- A,?-:+ 1 K A  *.*- r * v ' . , u u * w L ,  u---**-- ... y " U . 2 ' -  I"_" ---.-A* " A I  V I U L C  * d L ,  r -.I c - - - A A *  

a t  2143:54 U, and that the updated subpoint t rack  shown in Figure 12 

used to determine the location of the picture center  (i. e . ,  it is plotted at  the longitudes 

of Orbit 154). 

a s  regards  updated t imes from perigee) i s  Orbit  150, that i t s  perigee was a t  1506:09 U, 

and that the nodal period was 1 hour 50 min. 30 sec. 

is the one to be 

Fur ther  assume the Data Code reference orbi t  (that shown in Figure 12 

Since i t  i s  obvious that the las t  perigee before the picture t ime occurred before 

the ascending node on Orbit 154, we use the "false perigee" for  Orbit 153, the third 

orbit  af ter  the Data Code reference orbit .  

30 s ec . ,  o r  5 h r .  3 1  min. 30 sec.)  to the perigee of Orbit 150 gives a 'Ifalse perigee" 

for  Orbit 153 of 2037:39 U. 

"false  perigee" on Orbit 153, o r  a t  the 66 min. 15 sec.  after perigee point along the 

updated subpoint t rack  shown in Figure 12. 

at  36.7O N 77. 2 O  E. 

Adding 3 nodal periods ( 3  X 1 hr .  50 min.  

Thus, the picture was taken 66 min. 15 sec. after the 

Accordingly, the picture center is located 

It i s  to be noted that, in  the Data Code procedures,  the Ephemerides Message 

provides data for the ent i re  subpoint track (not just  its daylight portion) and therefore  

it provides a basis for location of the night side DRIR data to be transmitted by Nimbus 11. 

In fact ,  i t  is expected to provide the only basis for acquiring and locating DRIR data,  

since the re  i s  not t ime on available weather communications to send the night side 

ephemer is  data in  the format  of the standard APT message  used for  TIROS VIII, 

Nimbus I, TOS, and the Nimbus I1 APT data. 
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5. SUGGESTED PROCEDURES DURING THE NIMBUS I1 

DATA CODEEXPERIMENT 

The following procedures a r e  suggested for those APT stations desiring to 

participate in the Nimbus I1 Data Code Experiment. 

It should be understood at the outset that, at leas t  for  a reasonable period of 

t ime following the launch of Nimbus 11, both the standard daily APT message  

(Reference 3) and the Ephemerides Message discussed in  this repor t  will be transmitted 

to participating APT stations. 

in Reference 3, will be available i f  required. 

Thus, the standard APT procedures ,  a s  discussed 

Gn the o t h e r  hand, stations whose  AFT bets  b v e  Lee11 itlc,dicied Iui,  411111 w l A c l i  

de s i r e  to acquire and use,  DRIR data (Reference 4) will have to depend on the Data 

Code procedures ,  since the types of message described in  Reference 3 will not be 

disseminated for  the night side portion of the Nimbus I1 orbit. 

During the period immediately prior to the Nimbus I1 launch, stations desiring 

to participate in  the Data Code Experiment should prepare their  APT nomographs and 

t ra in  their  personnel in  both the standard APT procedures (Reference 3) and the Data 

Code procedures  discussed in  this report .  

F o r  a t  l eas t  a few days after the launch of Nimbus 11, it is suggested stations 

use the s tandard (Reference 3) techniques as  the pr imary  basis  for acquisition and 

location of APT data. 

should a l so  be t r ied in parallel ,  and the merits and resu l t s  of the two procedures  

compared. If, af ter  a reasonable t r ia l  period ( 3  to 5 days), the Data Code procedures  

seem to provide resu l t s  as good as the standard techniques, the Data Code should then 

be t r i ed  as the p r imary  method, with the standard procedures used a s  a confirming 

backup. 

? e  dropped except for  emergencies.  

During this same period, however, the Data Code procedures  

If this continues to provide satisfactory resul ts ,  the standard procedures  could 

It  i s  requested that participating stations provide information, analogous to 

that  i n  F igure  13, by mail to: 

Nimbus Data Utilization Center 

Attn: APT Coordinator 

Nimbus Project ,  Code 450 

Goddard Space Flight Center 

Greenbelt, Maryland 20771 



FIGURE 13 
Mail  to: 
Nimbus  Data  Uti l izat ion Center  
Attn: A P T  Coordina tor  
Nimbus  P r o j e c t ,  Code 450 

Greenbel t ,  Maryland  2077 1 

NIMBUS I1 A P T ,  DRIR, AND DATA CODE 

DAILY SUMMARY AND EVALUATION R E P O R T  Space =light Center  

A P T  Station: Mail  A d d r e s s :  
0 0 

LOC ation: Lat. ; Long. - 
Telephone No. : 

Station Chief ( o r  Per son P r i m a r i l y  Respons ib le  

Date: 
f o r  A P T  at Station):  

(Signature  not r e q u i r e d )  - 
A P T  P I C T U R E  CENTER LOCATION 

Standard  A P T  P r o c e d u r e s  Data  Code A s  Deduced Picture, 
(Daily Message)  F r o m  L a n d m a r k s  Quality--” 

Orbi t  P i c t u r e  T i m e  (U) 

Lat - Lat Long L a t  Long - -  - -  Long 

T i m e  (U)  of P o i n t  
M a r k e d  & U s e d  

O r b i t  As  Deduced 
F r o m  L a n d m a r k s  

Lat Long - 
Data  Code 

Long - Lat - 

\I. -6. 

E = Excellent; G = Good; F = F a i r ;  P = P o o r ;  U = Unusable  ( P l e a s e  c o m m e n t  on r e v e r s e  

f o r  F, P o r  U da ta)  
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COMMENTS ON PICTURE DEGRADATION (I. E., NOISE, INTERFERENCE, CONTRAST, ETC.) 

APT: 

~ 

DRIR: 

Is Data Code Legible? 

DAILY SUMMARY O F  PIC TURE UTILI ZA TION 

APT: 

DRIR: 

~~ ~~~~~~~~ ~ ~ ~ 

SUGGESTIONS FOR IMPROVING DATA CODE INFORMATION OR PROCEDURES 

OTHER REMARKS 



Daily mailings would be appreciated during the f i r s t  15 days following the launch of 

Nimbus 11. Thereafter,  the daily information sheets can be mailed weekly unless 

special  circumstances suggest a more  urgent t ransmit ta l  of information might be 

desirable.  Such special  circumstances would include: 

1. A drast ic  change (improvement o r  degradation) in the accuracy of the 

Data Code method. 

2. Suggestions as to ways to significantly improve the Data Code information 

or  procedures,  within the constraints that this repor t  should make obvious. 
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APPENDIX A 

SIMPLIFIED THEORETICAL BASIS OF THE DATA CODE 

PROCEDURE FOR EPHEMERIS EXTRAPOLATION 

A detailed and rigorous discussion of the factors influencing the orbit  of a 

satell i te would not be in  order  in  a primarily procedural r epor t  such a s  this one. 

Such information is available in Reference 5, and in various full and often highly 

theoretical  t reatments  of orbi ta l  mechanics (some of which a r e  cited in Reference 5). 

It i s  very  much in  order ,  however, to demonstrate that the procedures adopted for 
n a t a  C n d ~  are p r n p e r ,  and a d ~ q 1 2 ~ t ~ l y  a.r_-ri~-r?.tn. 

A. 1 Proper t ies  of an Elliptic Orbit 

Once a satell i te has  been injected into orbit ,  the shape of the orbit, relative 

only to the center  of the ear th ,  is essentially constant at the altitudes normal  to 

meteorological satell i tes (i. e. ,  about a few hundred miles) .  

Figure A-1 i l lustrates  an elliptical orbit about the earth.  (Some aspects  have 

been deliberately exaggerated for  c lar i ty  of illustration. ) 

only one of the two orbit  orientations shown, that where perigee (the point of lowest 

orbi t  altitude) is near  the south pole. 

We will f i r s t  consider 

F i r s t ,  however, to insure  Figure A- 1 i s  understood: 

1. The large,  outer c i rc le  is merely a means of depicting the argument of 

the satell i te.  

of g r e a t  c i r c l e  arc in  the orbi ta l  plane (the plane of Figure A-1) and in  the diiection 

of satell i te motion, f rom ascending node (northbound equator crossing) to the position 

of the satell i te.  Argument 

is  ze ro  at the right of F igure  A - 1  (the northbound crossing of the equatorial  plane) 

and inc rease  s counter -clockwise. 

The argument of a satell i te is  the angular distance,  measured in  degrees  

The satell i te is  moving counter-clockwise in  Figure A-1. 

2. We have arb i t ra r i ly  used an orbit with a 100 minute period in Figure A-1. 

The t imes  in  minutes f r o m  perigee that i t  requires the satell i te to reach various points 

on i t s  o rb i t  a r e  indicated just  outside each of the two orbits.  

3. Orbit altitudes in  ki lometers  (arbi t rar i ly  chosen to i l lustrate  pertinent 

points) a r e  indicated a t  various points just  inside each orbit. 

Returning now to the orbit  with perigee near  the south pole, we note that the 

t imes ,  to cover  equal portions of the orbit as expressed in  argument,  vary widely. 
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Figure A - 1 .  Relationships between Perigee,  Time from Perigee,  
and  Argument, for an  Elliptical Orbi t  
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Near perigee, where the satell i te i s  moving most  rapidly, it covers  a large distance 

in  argument in  a short  period of time (i. e . ,  about 80 

Figure A-1). 

slowly and covers  only about 10 

0 of argument in  10 minutes in  

Near apogee (point of highest orbit  altitude), the satell i te moves m o r e  
0 in  argument in  a s imilar  10 minute interval.  

It should be obvious from Figure A - 1  that equal distances in argument represent  

a lso essentially equal. distances over the ear th ' s  surface.  

the satell i te moves ac ross  the ear th  during a given time interval  a lso var ies  f rom one 

p a r t  of the orbit  to another. 

Accordingly, the distance 

Although the shape of an orbit  will remain essentially constant for long periods 

of time, i t s  orientation in space will not normallv do so. 

of the orbi t  in  space a r e  pr imari ly  due to the nonspherical shape of the ea r th  (the 

equatorial  bulge and the concurrent flattening of the poles). 

The changes in  the orientation 

One of these changes in orientation, the precession of the plane of the orbit  

(a rotation of the orbit  plane in absolute space about the ear th ' s  axis;  s ee  References 

5 and 6) need not concern us  here.  

ascending nodes (which a r e  directly used in the APT procedures),  and it directly 

determined the choice of the (near  S O o ,  re t rograde)  inclination of Nimbus orbits 

(Reference 7) .  

I t  does, however, influence the positions of the 

The second change in  orientation is a slow and constant rotation of an ell iptical  

orbit  in  its own plane. 

f r o m  an ini t ia l  perigee near  the south pole to a perigee near  the equatorial  plane on 

(This is i l lustrated in Figure A - 1  by the rotation of the orbi t  

the left  side of the diagram.)  The direction and r a t e  of this rotation a r e  functions 

of (1) the orbi ta l  inclination, (2)  the average altitude over the ent i re  orbit ,  and (3)  

direct ion of satell i te motion. 

F o r  altitudes near  those planned for Nimbus, the ra te  of rotation is about 

2 - 3O p e r  day (in argument;  Reference 5) .  The direction of rotation depends sole 

the 

Y 
0 on inclination (Reference 5). 

for  Nimbus, whose orbital  inclination is near 80 , re t rograde) ,  the direction of 

orbi ta l  rotation is opposite to  the direction of motion of the spacecraft  (i. e . ,  towards 

smal le r  values of argument). 

orbi t  and the motion of the satell i te a r e  in  the same direction.) 

F o r  orbital  inclinations greater  than 63.4 (as in the case  
0 

0 (For  inclinations l e s s  than 63. 4 , the rotation of the 

In F igure  A-1, the two orbits shown a r e  intended to i l lustrate  the rotation of 

the Nimbus orbit  that  might occur over an  interval  of about a month. 

F o r  the immediate1 y following discussion, i t  will be convenient to temporar i ly  

consider  the ea r th  as non-rotating, since we will need to consider points on the ea r th  

i tself  only in  t e r m s  of their  latitude. F o r  any given value of orbit  inclination, each 

5 3  



value of argument always has a corresponding value of latitude (see Table 5 and 

Section A. 2). 

by (a) the change in longitude , from one orbit to another , of ascending node (see  

References 2 and 3) ,  (b) the plotting of the data, i n  actual practice,  along a subpoint 

track, and (c) the difference between the subpoint t r ack  and the heading line - see  

Section A. 2). 

(Fac tors  re la ted to the rotation of the ear th  a r e  taken into consideration 

F rom Figure A-1, i t  is obvious that any point that can  be identified along the 

orbit  el l ipse rotates  (in argument and about the ear th)  a t  the same (essentially constant) 

r a t e  as the entire ellipse. F o r  example, in Figure A-1, while the ellipse and i t s  
n o v i m e e  T n t = t e  9" , the pnint 70 mini i tes  from perigee rotates  from about 115 (in 

argument) to about 2 5  , or  also 90°. Furthermore,  since there  is no significant 

change in the shape of the orbit ,  each point re ta ins  its orbit  altitude a s  i t  rotates  

(1416 km in  the case  of the above discussed 70 minute point), neglecting the ra ther  

smal l  effects of the non-spherical shape of the ear th  (which introduces an  e r r o r ,  

a t  most ,  of about 6 nautical miles ,  o r  10 km.) Accordingly, i f  we know the r a t e  of 

rotation of any one point of the orbit  and the shape of the orbit ,  we can  predict  the 

future  position and altitude of any point on the orbit  a t  any given time. 

0 0 
L -0 

0 

By a convention long established i n  astronomy, perigee (the point of lowest 

orbit  altitude) is chosen as the unique point on the orbit  whose motion i s  determined, 

and as the point to which we reference all other points (in t e rms  of t ime from perigee 

as the satell i te moves around i t s  orbit). 

by the computer facilities a t  NASA's Goddard Space Flight Center, the t ime (Universal) 

and the argument (angular distance from ascending node) of perigee a r e  determined 

for  a specified crbi ta l  revelution (or  num-bered orbit). By the fixed relationships 

between argument  and latitude, for a known inclination (Table 5 ,  or  Section A. 2 )  , the 

latitude of perigee on that orbit  can  then easily be determined, thus relating the position 

of perigee to the earth's surface.  

of perigee (in argument),  thus allowing the prediction of the position of perigee (in 

e i ther  argument  o r  latitude) a t  any future time. (Note - see  Section A. 2 o r  Table 5 - 
that  a given change in  argument does not lead to an  equal change in  latitude, and that 

this  is especially t rue  at high latitudes.) 

When a n  orbit  ephemeris is calculated ( a s  

The computations also provide the rate  of motion 

By accepted pract ice ,  the longitude of perigee i s  usually not given directly,  

but is established by implication when the longitude of ascending node (northbound 

equator crossing)  is computed. 

ascending node will only ve ry  ra re ly  be the same.) 

(Of course,  the longitude of perigee and that of 
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To provide the information needed f o r  the Data Code technique, we then have 

the orbit  computations provide u s  with the latitude, longitude, and height of perigee,  

and of each point a t  successive two minute intervals f rom perigee,  for a single orbit .  

A S  perigee,  and the orbit  as a whole, rotate, the heights of each two minute point, and 

the distances (in argument) between any given pair  of points, remain essentially 

constant. Since the motion of perigee can be predicted, so  can  the future positions 

of the two minute points. The relationships between argument and latitude (Section 

A . 2  and Table 5) allow us to re la te  the change in argument,  during such a rotation, 

to changes in latitude. 

plane conserves  those properties (altitude and distance) of the two minute data points 

along the orbit  that a r e  pertinent to our purposes, and so  is a valid procedure for 

updating ephemerides for acquiring and locating APT and DRIR data. 

.*, 1- 

Thus, a simple rotation of the orbi ta l  path within the orbital  

Figure A-1 also can be used to  i l lustrate the troubles that would a r i s e  i f  we 

did not take this rotation of a non-circular orbit into account i n  the Data Code procedures.  

On the init ial  orbit  ( that  with i t s  perigee near the south pole), the t imes (relative to 

perigee) f rom 60 to 89 minutes (about 29 minutes along the orbit) cover some 80 in  

argument (from looo to 180°), which, for a near-polar Nimbus orbit ,  is a lso equal 

to near ly  80° in latitude. 

90 to 100 minutes (only 10 minutes along the orbit)  cover near ly  the same distance 

and the same band of latitudes along the earth. 

difference when relating t ime,  relative to an equator crossing,  to distance from the 

equator,  as the APT procedures  require.  

orbi t  altitude a t  an argument of looo  (about a latitude of 80°) is over 1500 km, while 

30 days la te r  i t  i s  l e s s  than 900 km; this difference in  altitude leads to a significant 

difference in the scale of the APT pictures  (or  the DRIR data) and the proper location 

of points other than near  the picture center.  

orbi t  is not related to the ra te  of rotation of perigee and the orbit  as a whole, it does 

effect  the need for taking the rotation into account and the frequency with which the 

orbi t  needs to be updated. 

0 

Yet, only 30 days la ter  (the second orbit), the t imes f rom 

Obviously, this makes a grea t  

Furthermore,  on the init ial  orbit,  the 

While the degree of eccentricity of an 

A. 2 Effect of Earth Rotation on the Validity of the Procedures  

W e  now need to consider the effects of the rotation of the ear th  within the orbit .  

Because of this ear th  rotation, the subpoint path (the t rack  of the satell i te over the 

ear th)  and the heading line (the instantaneous direction of the motion of the satell i te 

projected on the ea r th ' s  surface,  o r  the instantaneous intersection of the ea r th ' s  

sur face  and the orbi ta l  plane) are not quite the same. Looking along the orbit  i n  the 



direction of satell i te motion, the heading line is directed slightly (0 - 4O) to the eas t  

of the subpoint t rack  (except at the northernmost and southernmost l imits  of the orb i t . )  

The rotation of the orbi ta l  path in i t s  own plane is equivalent to translating 

In updating the subpoint path on the 
- 

points along, o r  paral le l  to, the heading line. 

g r ids  (Section 4. l o ) ,  this is exactly what was done and there  is accordingly no question 

as to the validity of that procedure.  

On the APT plotting board, however, only a subpoint t rack  is plotted, and the 

rotation of the orbit  plane is  approximated by the translation of the points along the 

subpoint t rack  to provide a rotated and updated orbit. I t  remains to be shown that, 
i f  al ly e r r o r  is introduced, it is s o  small a s  to be acceptable, and that we were proFer 

in  omitting the extra  labor that would be involved in  using translation along the heading 

line (analogous to that on the grids,  Section 4. 10, where the few points to be updated 

and the additional accuracy thus incorporated in  the meteorological data locations made 

i t  both tolerable and advisable). 

Fo r  this purpose, le t  us f i r s t  investigate more  precisely the relationship 

between latitude and the argument  of the satellite. 

to Figure A-2 ,  where 

We can do this by reference 

0 = center  of ea r th  

P = a rb i t r a ry  point along an  orbit  (it could be perigee) 

EBAQ = the equator 

P B  = meridian of longitude through P 

P A  = intersection with ear th 's  surface of orbit  plane through P, 

o r  heading line at point P 

i = orbi t  inclination 

@ = latitude 

%: = angular distance along orbit, o r  argument 

Since PBA forms a r ight  angle, from the trigonometry of right spherical  

t r iangles  , 
sin $I = cos (90 - w) cos (90 - i), o r  ( 1 )  

sin @ = sin r i ;  s in  i .  (2) 
Once injection into orbit  is completed, i is  a constant; so  le t  us represent  

s in  i as I = a constant < 1 - 
Thus, s in  I$ = I s in  IU.  (3) 
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Figure  A-2. Perigee as  a Function of Latitude 
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This is  the expression relating latitude and argument,  which was tabulated 

in  Table 5. 

expressed @ in the m o r e  conventional -90 < qj <90 

Although Q, i n  Equation ( 3 )  would go from 0 to 360° ,  in  Table 5 we have 
0 0 format  normal  to latitude. - -  

F r o m  Equation ( 3 ) ,  we note that: 

1. When @ ranges from 0 to 360°, there is a unique value of argument for 
I 

each value of latitude (for a given orbit  inclination). 

2. Since I < 1, s in  d, < s in  [I], o r  qj < VI. We can s e e  this in Table 5, where,  - - - 
0 

as  ' 1 1  goes f rom 0 to 90 , @ goes only from 0 to a maximum value equal to i ;  o r ,  in  
other words,  when !!1 = 90 , s in  w = 1, sin @ = sin i, and @ = i. 0 

Now, differentiating Equation (3) ,  we obtain: 

cos  Q dd, = I cos  UI dw, o r  (4) 

drc - cos  Q a - I cos  01 

Since cos ry = J1 - sin2 u) 
substitution of ( 3 )  and (6) in  (5) gives: 

This demonstrates  that the relationship between 

proportionality. 
and w is not one of direct  

(If it were,  dw would equal a constant. ) When @ = 0 (at the equator): T F  

F o r  i = 90°, w 1, a s  we noted in  the example i n  Section 4.6. 

0 When r$ = i (its maximum value, where w = 90 , or  90° * 90°), (7) becomes, 

since I = s in  i. Thus, the r a t e  of change of argument  increases  f r o m  approximately 

one (for nea r  polar orbits,  like Nimbus) near the equator, to very  large (and rapidly 

increasing)  values near  the poles. 

0 0 .I. -i. 

This is ,  for pract ical  purposes,  a lso true when -90 < 4 < 90 ; but now there  a r e  - -  
two values of (I: for  each value of e; one for  the northbound and the other for the 

southbound portion of the orbit. 
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We can now relate  the above discussion to the procedures we used on the plotting 

board to update the subpoint track. 

of the argument along the subpoint track, by virtue of the relationships between latitude 

and argument given in Table 5. 
-- sin d, = I sin xi. 

You will r eca l l  we plotted the two degree values 

In so  doing, we were  implicitly using Equation (3) -- 

Accordingly, i f  our updating procedures could have been res t r ic ted  to advancing 

f rom precisely some plotted two degree point of argument to precisely any other 

plotted point of argument,  there  would be no source of e r r o r  in  the procedure (other 

than very smal l  ones due to inaccuracies in  plotting, use of inclination to only the 

neares t  degree,  etc.) .  

gr ids  (Section 4. lo ) ,  which we have already seen was a rigorous procedure. 

In fact, we would implicitly be doing just  what we did on the 

In practice,  however, a two minute point f rom perigee wi l l  usually l ie some- 
0 where between two 2 

orbi t  and on the updated subpoint track. 

C! and T (Equations 3 and 7) may  lead to minor e r r o r s  in  interpolation, especially 

near the poles where the relationships a r e  particularly nonlinear. It was to minimize 

the number of these e r r o r s  i n  interpolation that we recommended always s tar t ing 

f rom the Ephemerides Message reference orbit when performing a subpoint t rack  

updating ( see  Section 4. 5). 

points of argument, both on the Ephemerides Message reference 

Here, the nonlinear relationships between 

These e r r o r s  a r e  particularly likely to occur when updating to a n  orbit  other 

than the Data Code reference orbit  (as described in  Section 4.6). 

make an additional movement of perigee,  from its precise  latitude as given in  the 

Data Code reference orbit ,  by an amount of argument determined by the motion of 
perigee pe r  orbit ,  ( in argument) t imes the number of orbits since the Data Code reference 

orbit .  

in  distinguishing the movement of perigee in latitude from that in  argument, and to 

use the appropriate motion in  the proper way. 

There,  we must  

The above discussion shows why, in Section 4.6, we had to  be so carefu l  

A s  a conclusion to the above discussion, we can state that the procedures 

developed and described in  the main par t  of the repor t  provide an accurate  method 

for  acquiring and locating A P T  and DRIR data. 

ones such as: 

The only sources  of e r r o r  a r e  minor 

, 1. Inaccuracies i n  plotting. 

2.  

3. 

Use of unit values of orbit  inclination, i f  Table 5 i s  used. 

Interpolation between 2 O  values of argument. 
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25 March 1966 

The Addendum, E r r a t a  and Operat ional  Modif icat ion f o r  t he  NIMBUS I1 
DATA CODE EXPERIMENT (at tached)  dated March 1966 is designed to  s impl i fy  

ope ra t iona l  procedures.  I t  incorpora tes  e r r a t a  prev ious ly  i ssued  and 

da ted  February 1966. 

The enclosed Addendum, Er ra t a  and Opera Llonal Modif icat ion (March 

1966) provides  techniques to make both the  ope ra t iona l  t r ack ing  and 

g r idd ing  procedures,  a s  descr ibed  i n  the  manual, s i m i l a r  by using the  

s z t e l l i t e  nodal per iod and " f a l s e  per igee" concept i n  both procedures .  

These modified techniques do not  requi re  updating the  l o c a t i o n s  of 

pe r igee  and the  t ime/height  d a t a  poin ts  from the  r e fe rence  o r b i t  to  the  

t r ack ing  o r b i t .  In s t ead ,  t he  d a t a  po in t  l o c a t i o n s  along the  la tes t  

a v a i l a b l e  re ference  o r b i t  a r e  assumed t o  be i d e n t i c a l  wi th  the  d a t a  

p o i n t  l o c a t i o n s  along the  d e s i r e d  t r ack ing  o r b i t .  This  d a t a  p o i n t  

p o s i t i o n a l  approximation i s  v a l i d  f o r  time per iods  of t h e  o rde r  of one 

day f o r  nominal meteorological  s a t e l l i t e  o r b i t s .  

The au thors  acknowledge the suggest ions and con t r ibu t ions  made t o  

the  Addendum by personnel  from the  U . S .  Navy and ESSA. 

ARACON Geophysics Divis ion 
Al l ied  Research Assoc ia tes ,  dnc. 



March 1966 9626 

ADDENDUM, ERRATA and OPERATIONAL MODIFICATION 
for the  NIMBUS I1 DATA CODE EXPERIMENT 

(Technical Note No. 1) 

Contract  No. NAS 5-10114 

Paae 3. Lines 1 and 6 

Add * t o  "TOS" 

Pane 3. Last  ParaPraDh. Line 3 

Change I1  ephemerides" t o  "ephemeris" 

Page 3, Last  Paragraph, Line 10 

Change '*picutres"  t o  "p ic tures"  

Page 3, B o t t o m  of Page 

Add footnote :  "*An acronym f o r  TIROS - Operat ional  - System. 

used i n  t h i s  sys t em a r e  named ESSA, which is an acronym f o r  Environmental 

Survey S A t e l l i t e .  

The s p a c e c r a f t s  - 
- 

- - 
Page 4, Last  Line 

Add "It i s  recommended t h a t  Reference 3 be read p r i o r  to  t h i s  r e p o r t  and 

t h a t  t h i s  r e p o r t  be read p r i o r  t o  Reference 4 .  I 1  

Page 5, Paragraph 1, Line 1 

Change "adjacent to t he  l e f t  edge of" to "in p lace  of t he  usual  white 

phasing ba r  on" 

Page 5, Paragraph 2, Line 2 

Change " ( t h a t  n e a r e s t  t he  edge of the paper)" to " ( the  l e f t  column of 

t he  Data Code)" 

Page 5, Paragraph 2, Line 9 

Change "block represents"  to "block is generated by 16 vidicon r a s t e r  

l i n e s  and r ep resen t s "  



Parre 5. Par;aEraDh 3. Line 6 

Change " b i t  l o c a t i o n  represent ,s"  t o  " b i t  is  generated by 4 vid icon  

r a s t e r  l i n e s  and r ep resen t s "  

Page 5. Footnote (*I 

Delete footnote  

Paae 8. Table 1. Column 3 

Change "Decimal" to "Digi ta l"  

Page 12, Paragraph 1, Line 9 

Add * to  "equipment" 

Page 12, Bottom of Page 

I 1  Add footnote:  *A map (1:1,000,000 s c a l e )  may be necessary;  r e f e r  to 

second paragraph of Sec t ion  4.10, Page 41. 11 

Page 13, Table 2, Column 3, Last  Line 

Change "Pic ture  Time" t o  "Picture  Time to t h e  n e a r e s t  second a f t e r  

s h u t t e r  operat ion" 

Page 13, Table 2, Footnote (*I,  Lines 1 and 2 

Add ** t o  "CB" 

Page 13, Below Footnote (*) 

Add footnote:  "**CB is  an abbrevia t ion  f o r  Character  Block(s) ." 
Page 14. Figure 5a and Paee 22a. Figure 5c 

Change "0 P i c t u r e  Time (Secs)" to "0 ELAPSED TIME (SECS)" 

Add: 

t i m e s  i n  seconds from the  beginning of t he  scan of t he  f i r s t  raster l i n e  

of video t o  t h e  Character  Blocks i l l u s t r a t e d  .I1 

"The numbers i n  the  ELAPSED TIME (SECS) r o w  i n d i c a t e  t h e  e lapsed  

Page 16, Discussion of Word 2, CB 5-10, Last  Line 

Change "Word 2" to "Word 5**" 

- 2 -  



Page 16, Bottom of Page 

Add footnote :  "**Caution: S t a t i o n s  i n  t h e  v i c i n i t y  of 180' should 

be a l e r t  f o r  a poss ib l e  discrepancy i n  the  ind ica t ed  day of t h e  next  

re ference  o r b i t .  

should resolve t h i s  ambiguity." 

Check of p r i o r  and/or fol lowing acquired orbits 

Page 20, Discussion of Word 5, CB 5-10, Line 1 

Add * to  "taken" 

Page 20, Bottom of Page 

11 Add footnote :  *Accurate to  the  nea res t  second fol lowing t h e  ope ra t ion  

of t he  s h u t t e r ,  may be up to  0.99  second a f t e r  t he  p r e c i s e  p i c t u r e  time. )I 

Page 21. Sec t ion  3.2. Paragraph 2 

11 Delete. I n s e r t  following: The APT p i c t u r e  is  exposed a t  2.5 seconds 

before  the  beginning of the  video t ransmission.  Each Charac te r  Block 

r e q u i r e s  4 seconds f o r  i t s  genera t ion ,  and each b i t  1 second. Thus, i f  

the p r e c i s e  t i m e  of genera t ion  of any poin t  ( b i t )  along the Data C o d e  i s  

determined, and i t s  l o c a t i o n  i n  terms of Word, Character  Block and b i t  

i d e n t i f i e d ,  i t  i s  r e l a t i v e l y  simple t o  determine the  e lapsed  t i m e . *  

Sub t r ac t ion  then g ives  the  time the  v id icon  scan was started, and i f  a 

f u r t h e r  s u b t r a c t i o n  of 2.5 seconds i s  made, the p i c t u r e  time is determined." 

Page 21, Bottom of Page 

11 Add foo tno te :  *Elapsed t i m e  is i l l u s t r a t ed  i n  Figure s a ,  Page 14, and 

Figure 512, Page 22a, of the ELkDSED TIME (SECS) r o w  of numbers." 

Page 22, Last  Paragraph 

Add new paragraph: 

Pages 22 and 23 of Reference 3 ." 
"Pic ture  t i m e  may a l s o  be determined as ind ica t ed  on 

Page 23, Paragraph 1, Line 4 

Change "use" t o  "geographic referencing" 



Pane 24, Footnote (*) , Line 2 

Change " t i m e "  t o  "time/height" 

Page 26, Line 6 

Change " t rack  of per igee" to  " t rack a t  per igee" 

Page 26, Line 15 

Add * t o  "Figure 7 . "  

Page 26 ,  Bottom or Page 

Add footnote:  

placed on the  same s i d e  of the  subpoint t r ack  and t h e  values  of argument, 

"*It is  recommended t h a t  t he  t i m e  and he igh t  va lues  be 

t o  be p l o t t e d  next ,  be placed on t h e  oppos i te  s i d e .  I t  

Page 29. Lines 17 and 24 
~ .~ ~ 

Change "time from" t o  "time/height from" 

Pages 30 through 33, Table 5, Column 1 

B e l o w  " Inc l ina t ion"  add "(Retrograde) 'I 

Page 35, Line 11 

Delete . 
Page 35, Line 15 

Change "Section 4.11" t o  "Sections 4.8 and 4.11" 

Page 35, Sect ion  4.5, Paragraph 2, Line 4 

Change "a t  about the t i m e  t he  s a t e l l i t e  i s  t o  be t racked."  to  "given 

i n  t h e  Data Code f o r  the next  re ference  o r b i t . "  

Page 35, Sect ion  4.5, Paragraph 2, Line  6 

Change " re ta in l t  to  " re t a ins"  



Page 36. Sec t ion  4.6 

Delete a l l  a f t e r  f i r s t  paragraph. 

I n s e r t  fo l lowing  paragraphs below f i r s t  paragraph: 

Determine t h e  t o t a l  movement of pe r igee ,  i n  terms of argument, I I  

from i t s  p o s i t i o n  on t h e  r e fe rence  o r b i t  i n  t h e  Ephemerides Message t o  

i t s  n o s i t i o n  on t h e  reference o r b i t  of t h e  most c u r r e n t  Data Code. 

When updating t h e  semi-permanent subpoint t r a c k ,  i t  should always be 

done by r e fe rence  only  t o  t h e  most c u r r e n t  Data Code r e fe rence  o r b i t ,  

which i s  n o t  n e c e s s a r i l y  the  orblt  on which the p i c t u r e  C)F DRIR data are 

acqu i red .  This  a l lows  use of t h e  l a t i t u d e  of pe r igee  t o  de termine  a 

" f a l s e  per igee"  r e fe rence  f o r  t r ack ing .  

a c t u a l  p o s i t i o n  f o r  the o r b i t  on which d a t a  a r e  rece ived ,  t h e  anomal i s t i c  

p e r i o a ,  which i s  no t  g iven  i n  t h e  Data Code, would be r equ i r ed .  

I f  pe r igee  were updated t o  i t s  

For example, us ing  the  d a t a  i n  t h e  Ephemerides Message (Table 41, 

per igee  on o r b i t  095 was a t  18.1°N. Assume a Data Code Reference O r b i t  

number of 131,' with  a per igee  a t  25.3%. Fur the r  assume t h e  o r b i t  of 

i n t e r e s t  is  134. 

I 1  

O r b i t  La t .  of Pe r igee  Argument of Pe r igee  Obtained from 

0 95 18. 1°N 161. go Current  Ephemerides 
Message 

13 1 25.3ON L a t e s t  Data Code 

13 1 154.7O Calcu la t ion*  o r  
P l o t t i n g  Board 

134 25.3ON 154.7O Fa l se  Pe r igee  

0 0 
"Total movement of per igee  i s  161.9 minus 154.7 , which i s  7 . 2  

degrees  of argument. Remember, f o r  near-polar o r b i t s ,  t h e  motion of pe r igee  

i s  always i n  t h e  d i r e c t i o n  oppos i t e  t o  t h a t  of t he  s a t e l l i t e .  The argument 

of 154.7O i s  used a s  t h e  argument of a 

in te res t ,  o r b i t  134. This i s  t h e  concept used i n  t h e  d a i l y  APT P r e d i c t  Messages. 

1 1  f a l s e  per igee"  f o r  t he  o r b i t  of 

* I n t e r p o l a t i o n  of t h e  l a t i t u d e  v e r s u s  ar,-::rne:it va lues  giv% i n  t h e  Ephemerides 
Xf---.-.-- 
lVIGJJa6r 
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Page 37, Paragraph 1 

I t  Delete. I n s e r t  following: I n  t h i s  case, because i t  is near  t h e  equa to r  

(see Sec t ion  A . 2 ) ,  t h e  displacement i n  a c t u a l  l a t i t u d e  (south t o  nor th)  

of pe r igee  would be e s s e n t i a l l y  the same ( i . e . ,  7.2O); near  t h e  po le s ,  

however, t h i s  much displacement i n  argument would l ead  t o  a f a r  smaller 

displacement i n  a c t u a l  l a t i t u d e .  For example, when near  80°, a 120 

displacement i n  argument may be approximateiy an Sn displacement. i n  

a c t u a l  l a t i t u d e .  S ince ,  one degree of l a t i t u d e  equa l s  one degree  of 

Great Circle Arc, l a t i t u d e  can be wed t o  measure angular  movements on 

Great Circles i n  t he  same manner as l a t i t u d e  i s  used to  measure d i s t a n c e s .  

Therefore ,  l a t i t u d e  could be useri to ineasure t h e  angular  displacement i n  

argument if t h e  subpoint t r a c k  were s Gi-zai Circle .  

Paae 37. Sect ion  4.7.1. Line 7 

Change "at t h e  t i m e  of the desired'' CG ' 'as : - . ~ c n  ., i n  t h e  Data Code for 

t h e  r e fe rence"  

Page 38, Lines 2 and 3 

Change "done by" t o  !'Cli)ne by  i n t e r p o l a t i o n  o r  by" 

Paae 38. Line 6 

Change "minute po in t "  t o  "minute time/height po in t  It  

Page 38, Line 12 

Change "every po i n  t 'I t o  "every t ime/he igh t p o i n t  'I 

Page 38. Sec t ion  4.7.1. Last  Sentence 

Delete 

Page 38, Sec t ion  4.8, Line 1 

1 1  Change " t r ack ing  is" t o  t r ack ing  is  the  same a s  descr ibed  i n  Reference$ 3 

and is" 

- 6 -  



Page 38, Sect ion  4.8, Line 4 

Add: "TO determine t h e  t i m e  (Universal)  of t h e  t ime/height p o i n t s  f o r  

* t h e  t r ack ing  log ,  do the  following: 

1. Determine t h e  t i m e  (Universal)  of t h e  " f a l s e  per igee" f o r  

each pass  on which t h e  d a t a  are t o  be acqui red .  This  i s  accomplished 

by adding a t i m e  increment t o  t h e  Data Code t i m e  (Universal)  of 

per igee  on t h e  r e fe rence  O r b i t  (Word 4 ,  CB 2 - 7 ) .  ?he time inciieaefit 

i s  the nodal per iod (Word 3, CB 2-51 m u l t i p l i e a  by the  d i f f e r e n c e  i n  

o r b i t  numbers between the  re ference  o r b i t  and the  o r b i t  of t h e  " f a l s e  

perigee:'. Caution: Remember t h e  o r b i t  number i n c r e a s e s  by one a t  

the  ascending node (Page 98, Reference 3). 

' 2 .  Add the  time-from-perigee va lues  of t he  p o i n t s  t o  the  t i m e  

of t he  " f a l s e  perigee'. '. 

Page 39, Sect ion  4.9, Line 9 

Change t o  " 'Fa l se  Per igee  (determined i n  Sec t ion  4.6) 25.3ON.I' 

Page 39, Sect ion  4.9, Line 14 

Change "25.9" t o  "25.3" 

Page 39, Sect ion  4.9, Lines 15 and 17 

Change "7.8" t o  "7.2" 

Page 39, Last Paragraph, Line 3 

Add * t o  "per igee" 

Page 39, Bottom of Page 

Add footnote :  "*This method should  be used i f  an i n t e r p o l a t i o n  of the  

l a t i t u d e  versus  argument values  of t he  Ephemerides Message i s  no t  used." 

Page 40, Figure 9, Right-hand Diagram 

Th i s  diagram should be ad jus t ed  t o  show t he  e r r a t a  va lues  i n s e r t e d  on 

Page 39. 

- 7 -  
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Page 41, P a r a g r a p h ' l ,  Lines 2 and 3 

Delete a l l  a f t e r  "66.9°S" 

Page 41, Paragraph 2, Sentence 2 

Delete 

Page 41, Paragraph 2, Lines  2 and 3 

Delete a l l  before  "it can" 

Page 41, Paragraph 2, Lines  4 and 5 

Change "291" t o  "285", "10 .601' to "9. lo" and "10. lot' to  "8.6°" 

- Page 41, Paragraph 3, Line 2 

Change "10.6O" t o  "9. lo" 

Page 42, Figure 10a 

Delete "ORBIT 291 and i t s  per igee  point" 

Page 42, Figure 1 O c  

This  Figure should be ad jus t ed  to  show t he  e r r a t a  va lues  i n s e r t e d  on 

Page 41. 

Page 43, Line 2 

Add ** to  "grid" 

Page 43, Procedure 7 . ,  Line 1 

Change "determine the" to "determine by i n t e r p o l a t i o n  the'' 

Page 43, Procedure 7 . ,  Lines 1 and 2 

Change 11 t he  t i m e  of" t o  "its pos i t i on  on" (2 places)  

Page 43, Procedure 7., Sentence 3 

Delete. 

pe r igee  t o  determine a ' f a l s e  per igee '  r e f e rence  f o r  p i c t u r e  center loca- 

t i on ,  and t h e  Data Code t i m e  of perigee and nodal per iod t o  determine a 

Inser t  fol lowing sentence: "This allows use  of t he  l a t i t u d e  of 
I 

t i m e  of ' f a l s e  pe r igee '  (Sect ions 4.8 and 4.11). 11 



Page 43. Procedure 7. .  Line 9 

Change "Section 4.5)" t o  "Section 4.4)" 

Page 43, Bottom of Page 

I? Add footnote :  **Caution: I f  an NESC p o s i t i o n  g r i d  is used, be su re  

t o  select a g r i d  from t h e  "South t o  North" set of g r i d s . "  

Page 44, Sect ion  4.11, Steps  1. and 2 .  Delete. I n s e r t  t he  following: 

1 .  !ktermir\,e the t i n e  (Vniverssl) cf the 11 f a l s e  per igee  11 for  

each pass on which the  d a t a  a re  t o  be acqui red .  This  i s  accomplished 

by adding a t i m e  increment t o  the  Data Code t i m e  (Universal)  of per igee  

on t h e  r e fe rence  o r b i t  (Word 4, CB 2-7). The t i m e  increment is the  

nodal per iod (Word 3, CB 2-5) mul t ip l i ed  by t h e  d i f f e r e n c e  i n  o r b i t  

numbers between the  r e fe rence  o r b i t  and the  o r b i t  of t h e  " f a l s e  

per igee".  Caution: 

ascending node (Page 98, Reference 3). 

Remember the  o r b i t  number increases by one a t  t he  

2 .  Convert t he  t i m e  (Universal)  of t he  p i c t u r e  t o  minutes from 

pe r igee ,  i n  t h i s  case  t h e  " f a l s e  pe r igee , "  by  s u b t r a c t i n g  the  per igee  

t i m e  from t h e  p i c t u r e  t i m e .  

Page 45, Figure 11 and Page 46, Figure 12 

Change " longi tue ,  E" t o  " longi tude,  E" i n  the  lower l e f t  of t he  g r i d s  

Page 47, Paragraph 5, Last  3 Sentences 

De le t e .  I n s e r t  fol lowing sentences:  "Adding 3 nodal per iods  ( : 

(3 x 1 h r .  50 min. 30 sec., or 5 h r .  31 min. 30 s e c . )  t o  the  per igee  

t i m e ,  Orb i t  150 g i v e s  a " f a l s e  per igee" t i m e  of 2037:39U f o r  Orb i t  153. 

Thus, t h e  p i c t u r e  was taken 66 min. 15 s e c .  a f t e r  t he  t i m e  of t he  " f a l s e  

per igee"  on Orb i t  153, or a t  t he  66 min. 15 sec. a f t e r  per igee  po in t  

a long the  updated subpoint t r a c k  shown i n  Figure 12. 

p i c t u r e  c e n t e r  i s  loca ted  about 35.4ON 77.8OE. 

Accordingly, t he  

- 9 -  

# -  



Page 54, Line 22 

Insert  'I) 'I a f t e r  "Center" 

Page 56, Line 24 

I t  Add "( re t rograde)"  a f t e r  o r b i t  i n c l i n a t i o n "  

Page 58. Line above Eauation (9) 

Change "or 90° + 90°)" t o  "or 90° t n 9O0)"  - - 
Fagc 59 ,  ?2r2grqh 4 ,  Line .5 

Delete the  comma fol lowing the  word "o rb i t f '  

Pane 59a 

I n s e r t  APPENDIX B.between pages 59 and 60. The use r  i s  requested to  

read APPENDIX B a f t e r  reading Sect ion 4 , 6  of the  o r i g i n a l  document. 

Page 60, Reference 2 

Add: (Out of p r i n t ;  may be a v a i l a b l e  through t h e  Defense Documentation 

Center  o r  t he  Federal  Clear ing  House f o r  S c i e n t i f i c  and Technical 

Information .) 



APPENDIX B 

A NOTE ON THE USE OF THE ANOMALISTIC PERIOD 
FOR TRACKING PROCEDURES 

The following information pertaining t o  the Anomalistic Period i s  
provided a s  a refinement t o  the tracking procedures as out l ined i n  
Nimbus I1 Data Code Experiment, Section 4.6-4.8.  Its use  (providing 
addi t ional  tracking accuracy) is  not necessary i n  the day t o  day operat ions 

but  would be necessary i f  the  Data Code and Daily Message were not received 
f o r  several  days.  In  t h i s  case,  t o  re loca te  the s a t e l l i t e  s igna l ,  the  
following procedure would be used i n  conjunction with the o r i a ina l  updating 

procedure described i n  Section 4 . 6 .  

‘E 
---- 

The Anomalistic Period i s  defined a s  the t i m e  between successive 

per igees .  This t i m e  in te rva l  i s  a necessary piece of information to  obtain 
a correct t i m e  of perigee when the s a t e l l i t e  subpoint t rack is updated 

beyond the reference o r b i t  given i n  the Data Code. 

The Anomalistic Period i s  not provided e x p l i c i t l y  i n  the Data Code* 

but can be derived by one of the  following methods: 

(1) Obtain the t i m e  of perigee (lord 4 ,  CB 2-7) from t w o  successive 

reference o r b i t s  and subt rac t  the e a r l i e r  perigee t i m e  from the l a t t e r .  

(2) I f  the t i m e  of perigee f o r  two successive o r b i t s  i s  not ava i lab le ,  
sub t r ac t  the times of any two perigees and divide t h i s  t i m e  d i f ference by 

the number of o r b i t s  between the  two per igees .  
- 

A s  a fu r the r  s t e p ,  t o  obtain the perigee t i m e  (Universal) of a desired 

t racking  o r b i t  the derived or given ( in  the  Ephemerides Message) Anomalistic 

Period must be mult ipl ied by the difference i n  o r b i t s  between the reference 

o r b i t  and a des i red  t racking o r b i t .  

*I t  may be included i n  the Remarks sect ion of the Ephemerides Message. 


