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ABSTRACT

The initial development .of a computer program which implements. a
boundary-detection algorithm to detect edges in digital images is de-
scribed. Output. products include symbol maps for the original data, for
‘the Roberts® gradient of the data, and for the boundaries detected in
the data. Histograr: of the original data values, the data values of
" the boundary points, and the data values not at boundary points aré an
output. An initial evaluation of the boundary-detection algorithm was
conducted to locate boundaries of lakes from LANDSAT-1 imagery. The
accuracy of the boundary-detection algorithim was determined by comparing
the area within boundaries of lakes located using digitized LANDSAT
imagery with the area of the same lakes planimetered from imagery col-
lected from an aircraft p?atform. Relative CPU time costs per data
point are presented for using the computer program on an IBM 370/145
with an 0S/VS eperating system.
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Boundary—Detect1on Algorithi for
Locating Edges in Digital Imagery

M;J; Russell, D.G. Moore, G.D. Nelson, and V.1, Hyefs*

INTRODUCTION.

" The sensors aboard the SKYLAB workshop and other space-altitude

'_Qplatforms acqu1re synopt1c data for many resource app11cat1ons An

examp]e use is for 1rr1gat1on schedu11ng Since irrigation scheduling
“is baséd upon field variations, a method to detect the spatial limits
~or:edges of fields is required to conduct a field-by-field analysis
using digital data. After definition of the field edges, data means
and var1ances W1th1n fields can be determ1ned

R boundary detect1on a1gar1thm was deVe1oped to locate field bound-
aries. The procedures include: 1) data enhancement by computation of
Robeﬁﬁé grad1ent va1ues, 2) 1ocat1on of data regions near boundaries by
'app1y1ng a threshon to Roberts' gradIent data, 3) mapp1ng of potent1a1
bqundar1es in Roberts' gradient data by location of lTocal maximums, and
4) elimination of local maximums which are associated with noise or minor
edges by'appTyiﬁg a gradient-difference threshold. A preliminary single
_-fee;ure‘boundery»detection algorithm is described and illustrated.

DESCRIPTION OF THE BOUNDARY
DETECTION PROCEDURE

Statement of the Prob]em

The radiance d]fferences among 1nd1V1dua1 ground targets are
measured and recorded by the SKYLAB $-192 multispectral scanner. Many
of the ground targets are . re1at1ve1y homogeneous clusters of vadiance
values in the data, e.g. a field of corh, a Take, or a fallow field.
Boundaries between homogeneous clusters are located where abrupt changes
in magnitudes of the radiance values occur. Therefore, a mathematical
operator which measures the amount of change in data values would be
helpful to locate boundaries that separate data classes.

* Staff Specialist, Remote Sensing Institute; Soil Scientist, Remote
Sensing Institute; Associate Professor of Electrical Engineering;
and Director, Remote Sensing Institute; respectively.



One Dimensional Model

An ideal boundary between two data clusters occurs at a step change
in the data. Ideal data containing no boundaries have small constant
gradients or have no gradients. Distortion in the form of a point spread
function and some random noise added to this ideal model would form a
more realistic model of actual data.

An idea] distortionTESS and noiseless step boundary along with its
first and second derivatives is illustrated using solid Tines in Figs. 1la,
1b, and 1c, respectively (page 11). Theré is a constant gradient within
both classes of data and a step change at the boundary The first deriv-
ative at the boundary between the two classes is an impulse function and
~elsewhere it is constant. The second derjvative is a doublet which changes
at the boundary from an infinite positive vatue to zero and then to an
infinite negative value. The function is zero elsewhere.

A vrealistic form for a boundary between two data classes is shown
with dots in Fig. 1. The infinite slope of the ideal step change becomes
. gradua1 smoath change from one class to the other at the boundary. This
biurr1ng of the fdeal data which produces a gradua1 change at the boundary
is analogous to Tow- -pass filtering or averaging of the ideal data. The
first derivative of the realistic data for a boundary between two data
classes is a maximum value at the boundary between the two classes {dots
in Fig. 1b). The second derivative goes from a large positive value on
the Teft side of the boundary to zero at the boundary to a large negative
value on the right side of the boundary. In summary, first derivatives
are infinite at ideal step boundaries and are large at boundaries in

real data. The first derivatives, if no boundaries exist in noiseless
data, are small constant vaiues or zero. Therefore, a simple decision
rule for location boundaries in noiseless data is to locate all points in
the first derivative data that are larger than the surrounding points.

When realistic data are used for analysis, small changes in data
values (noise) are normally present within the relatively homogeneous
data classes. These fluctuations may be caused by actual changes in re-
flectance or emittance or may be caused by etectronic noise introduced
during data acquisition and/or manipulation. The absolute value of the first
derivative will have non-zero values at actual data-value fluctuations.



Boundaties in noiseless first derivative data are located at Tocal
maximum Tirst derivative values. A local maximum occurs in the first
derivative data if a data point has a higher derivative value than adja-
cent points. The first derivative can reach a maximum not only at major
boundaries but at Tocations of noise or minor boundaries. Noise Tocations
or minor bcundaries‘wquld'be misclassified as edges'using the definition
that all Tocal-maximum First derivatives are boundaries. The absolute
value of the first derivative at a Tocal-maximum-point is less for a minor
boundary. or noise than for a major boundary. Therefore, only first deriv-
atives above a certain Tevel or threshold can be used for initial boundary
discrimination. Figure 2 illustrates two sets of one dimensional data:

a boundary in noiseless data and a boundary in noisy data. Maximums one,
two, and four in Fig. 2b are representative locations of minor boundaries
located within each of the two relatively homogeneous data classes. The
smaller maximums within the first derivative data that might be misclassified
as majqr boundaries can be discarded. First derivative values for maxi-
mum one, two, and four are eliminated as major boundaries because they are
less than the selected gradient threshold indicated in Fig. 2b.

Two Dimensional Model

With two~dimensional data, as in one-dimensional data, an abrupt change
in the magnitude of the data occurs across a boundary. The first partial
derivative in the direction perpendicular to the boundary measures this
change. A spatial gradient can be used to measure magnitude changes in
data. This value is the maximum rate of data change, regardless of direc-
tion, for a specific data location in the matrix of data. If the point is
located at a boundary, the direction of maximum change will be perpendicular
to the boundary.

For continuous functions F(X,Y) the magnitude of the spatial gradient
|9F{X,Y)] is defired as:

1
|[VF(X,Y)] = [:‘i R 13 "‘] :
ax 3y

The partial derivatives in this expression can be approximated by the
first differences between data values in two orthogonal directions. A



d1screte approx1mat10n of th1s magn1tude of a spat1a1 grad1ent is
def1ned as: . N A,
IVf _ '_{3 id - 1+1 J+1) * (F i j+l ~ 1+1,J)i]

This d1screte form 15 approx1mated by using the Roberts grad1ent wh1ch
s deflned as:

IVF1,3 = lFi . F1+1,3+1I + IFi s+l F1+1,j‘

Abrupf changes 1n the original data values Wh]Ch represent boundar1es
become relative maximums in the Roberts' gradient data. Changes due to
m1nor var1at1ons of data va]ues or noise within the relatively homogeneous
data c]asses can also become maximums. However, the magnitude of these
maximums is usually much smaller than those located near boundaries. A
gradient threshold eliminates the smaller gradierts that might become max-
mUms . |

The use of a gradient threshold reduces computer time necessary for
Tocating boundaries in the gradient values below this threshold. To
locate a potential vertical boundary, the Roberts' gradient values, which
are greater than the gradient thresho]d are processed to detect if they
are local maximums in the horizontal lines. A horizontal boundary is
located by evaluating the Roberts' gradient values in the vertical Tines
in a simiTar manner. However, all maximums aren’t boundaries. They are
boundaries only if the Tocal maximums are found while scanning the Roberts'
gradient values in the gradient vector direction (normal to real boundaries).
Without knowTedge of the gradient vector direction, scanning the Roberts!
gradient data for local maximums must procede in two orthogonal directions.
Thus, Tocal maximums are possible both along and perpendicular to the
gradient vector direction. The perpendicular case generates local maximums
parallel to.the boundary, i.e. within a homogeneous data class.

A second derivative operation is used to eliminate the Tocal maximums
which are parallel to the boundary. The magnitude of the second derivative
will vary as a function of the direction traversed while crossing a
boundary. In one dimension, the second derivative of an jdeal step
boundary is a doublet. In two dimensions differencing the gradient values
(second derivative approximation) along the'gradient vector direction



" produces

7ﬂfflgrad1ent vector'dT:

B arge magn1tudes on e1ther swde of the Tocal grad1ent maximum.,
7'fD1fferenciog'the grad1ent va?ues a1ong directions other than the gradient
:~gvector d1r "fon W111 resu]t . 1ower magn1tudes on both sides of the -
“:Yocal: grad1ent max1mum Therefore, a gradient- d1fferenca threshold e]am—
.;,Tnates max1mums 1ocated ln scans of grad1ent values perpendicular to the
or "ct1on (para11e1 to the boundary)

In summary, the boundary detect1on algorithm does the fo11ow1ng
es'ohe Roberts gradient enhancing the boundaries ¥n the

‘:or1g1na]:data 2) thresho1ds gradient values to reduce the gradient data

to on]y th se 1ocat10ns near boundar1es, 3) locates the relative max imums
h Roberts grad1ent values greater than the gradient threshold,

' and 4) eliminates Tocal maximums occurring paraliel to actual edges by
appljoqilon,of~a gradmented1fference.thresho1d.

USAGE OF THE BOUNDARY-DETECTION ALGORITHM

Thé algorithm has been written as a Fortran computer program for
an IBM 370/145 computer with an 0S/VS operating system. The program is
listed in the Appendix. This section describes data formats, sequences -
of steps, and output products. The effect of the gradient and gradient-
difference thresholds is illustrated for several choices of each threshold.

"The program accepts positive integer data ranging in value from zero
to 255, The data can be in either one-byte words or four-byte words.
The data are read line-by-line from a tape and stored on a disc. Any
portion of the original matrix of data can be used by specifying the
starting coordinates and the size of the data block.

The program supplies a user with 1) a symbol map with the original
data quantized to 16 levels, 2) a symbol map of the Roberts' gradient
data, 3) a symbol map of the boundaries, and 4} histograms. The first
output is a map of the original'data values. The 256 possible data values
are quantized into 16 equal ]eue1s, each represented by a different
symbol. An illustration of this map is provided in Fig. 3. The original
data was generated by digitizing LANDSAT-1 band 7 (reflected infrared
-0.8+1.1 ym} "9 1/2-inch" transparencies via the SADE system at the
Remote Sensing Institute. The boundary sought was the shoreline of the
lake.



_ A second output is a map of Roberts' gradient data, The first
symbol in the symbol Tist of the program represents the Roberts grad1ent _
value which is equal to the grad1ent threshold chosen. The symbol used
for a Roberts' gradient value of the gradient threshold plus one is the
second symbol. This continues until 48 symbols are used. Al1 gradient-
values greater than the gradient. threshold plus 47 are Tabeled by the .
48th symb01 ExampTes of Roberts' grad1ent output maps for two different
Tevels of gradient thresholds are illustrated in Fig. 4. '
© - The maps iliustrated in Fig. 5 were the result of applying two

different grad1ent—d1fference thresho]ds to the rema1n1ng grad1ent va]ues
after the grad1ent threshold of 16 was applied (F1q 4b). Note that the
boundary in Fig. 5b, is not continuous. As a resilt, the gradient
difference threshold was reduced to four. The resultant boundary is
- presented in Fig. 6. The symbols, presented only at boundary locations,
kepresent'the original data values. For this illustration, the symbols
reiate to film density. |

‘The final output is a Tisting of'three-histograms. One histoqram
prints the number of data points at each value between zero to 255. The
histogram of original data values at boundary points and the histogram of
the data excluding those points Tocated at boundaries are printed as
separate listings. Examples of these outputs are not contained in this
document. - : '

The gradient and gradient-difference thresholds must be chosen by
the user. The number of data points pr1nted on the Roberts' gradient
symbol map is dependent on the levél chosen for the gradient threshold.
A1l Roberts' gradient values of the data which are less than the gra-
dient threshold will be represented as blank areas as illustrated in
Fig. 4, The algorithm only operates on gradient values which are greater
than the gradient threshold. If the gradient threshold is set too Tow,
as illustrated in Fig. 4a, more data points must be checked for bBound-
aries than if the threshold were set higher as in Fig. 4b. When the
proper gradient threshold is selected, on]y data points near those. bound-
aries of interest will be represented on the map. The ideal cho1ce of the
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'”;grad1ent thresha?d 15 a thresho]drwh1c 11m1nates as many po1nts as pos-
".s1ble from the set of potent1aT,boundary_po1nts, but wh1ch does not
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EVALUATION OF THE ALGORITHM

Because SKYLAB S-192 data were not available during the development
phase of this activity, LANDSAT-1 band-7 imagery was chosen to evaluate the
algorithm. On LANDSAT-1 band-7 imagery, a high tonal contrast exists
between water and the surrounding landscape. Therefore, the evaluation was
completed using this special class of water boundaries. The digital
data were acquired by digitization of the 1:1,000,000 scale transparencies
to obtain spatially correct matrices (in contrast to using the digital
tape products which are not spatially correct). The LANDSAT-1 imagery
was digitized at approximately 36 data points per millimeter of film.

This corresponds to approximately 27.7 m on the land surface. These data
are similar in resolution to the anticipated data products from the $-192
scanner aboard SKYLAB. A gradient threshold of 16 and gradient-difference
threshold of four were required to use the algorithm for these data. The
sequence of maps which resulted atier the various steps of the algorithm
are presented in Figs. 3 through 6.

The boundary-detection algorithm was evaluated with comparisons of
water areas measured on the digitized LANDSAT-1 data and areas measured
by planimetering enlargement prints from Zeiss (12-"inch" focal length}
photographic imagery taken from a RB-57 aircraft. The boundary determined
from the digital LANDSAT-1 data was superimposed on Zeiss imagery for one
of the Takes studied in Fig. 7. This boundary was within 27.7 m or one
data sampling interval of the actual boundary. The area of Lake Goldsmith
of Brookings County, South Dakota, by planimetering from the Zeiss imagery
was 120 hectares of 297 acres. The white line superimposed onto the
aircraft image is the boundary located, not from the aircraft image, in
the LANDSAT-1 data. The area determined using the LANDSAT-1 data was 119
hectares of 295 acres.

The data values Tocated at the boundary between the lake and Tand using
these digital LANDSAT-1 data were distributed between values of 112 to
192 (Fig. 8). Therefore, a significant improvement over simpie thresh-
olding to locate the water was possible with boundary detection because
no one threshold of data values would have located the same boundary that
was obtained using the boundary-detection algorithm. These results imply



that for the data used, simple thresholding of the data would not Tocate
the boundary found between land and water in the digital LANDSAT-1 data.

EXPECTED ERRORS IN COMPUTING AREAS QF WATER BODIES
WHEN BOUNDARIES ARE LOCATED USING THIS PROCEDURE

An accuracy evaluation was conducted by measuring lake areas on
LANDSAT data using the algorithm and comparing these areas to the actual
area as measured from aircraft photography. The sampiing frequency using
these input data from the "9 1/2-inch" transparency at 36 points per milli-
meter corresponds to the ground interval of 27.7 m., For the illustration
in Fig. 7, the predicted boundaries from LANDSAT-1 data were Tocated within
27.7 m of the actual boundary. Assuming the 27.7 m value to be the max-
imum expected error for this specific application, the error of measuring
various sized water bodies can be computed and presented as in Fig. 9.

The maximum expected error in percentage of total area was computed using
the 27.7 m value for circuiar Takes. An expected error of less than 10%
can be anticipated for lakes larger than approximately 3 hectares or 7.4
acres. The lake used as an example in this report was 120 hectares or

297 acres and was measured within 0.6%. The "o" are measured error values
for various sized lakes which were evaluated using similar procedures as
outlined.

A circular lake was the Teast perimeter per unit area of any geometric
shape. Therefore, by increasing the perimeter per unit area for irreqular-
shaped lakes, the error in measuring lake area increases. The maximum
expected error in measuring lakes having differing shoreline development
factors is illustrated in Fig. 10.

COMPUTER TIME FOR USING THE ALGORITHM

The costs for datd processing are dependent upon the system used.
An IBM 370/145 computer with an 0S/VS operating system was evaluated.
The initial compiiing time for any size of data matrix was 28.8 sec. The
additional computing and printing time averaged approximately 1.18 milli-
second per data point. As an example, the dollar cost incurred for a 100
by 100 matrix of data (10,000 data points) would be approximately $3.40
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on the South Dakota State University IBM 370/145 computer with an 0S/VS
operating system. This cost is based upon the initial input data as a
digital tape. Figure 11 iT1lustrates the computer time required for ap-
plication of the computer program for various sizes of data matrices.
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a. Plot of original data values.
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The symbols represent film density values quantized
The 16 symbols are

into 16 equal levels of data which are distributed over a

range of zero to 255.
increasing magnitude, where "." equals 0-15,

9, A,8,C,D,E, and F, respectively.
equals 240-255, etc.

3 - A symbol map of the original data for a digitized LANDSAT-]
image.
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Gradient threshold equal to 16.

Gradient threshold equal to 6.
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resulting from two different levels of gradient thresholds.

Fig. 4 - A symbol map of the Roberts' gradient of the d
algorithm considers only these rema
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Fig. 5 - The boundary symbol map of the digital LANDSAT-1 data (presented in Fig. 3) with two choices

of the gradient-difference threshold.
map (Fig. 3). The gradient threshold level was 16.

The symbols are the same as those in the data output

Mote that in 5a the boundary is noisy, indicating that the gradient-difference threshold was

too small.

In 5b, the boundary lost continuity indicating the threshold was too large.
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Fig. 6 - The boundary symbol map with the best choice of both gradient
and gradient-difference thresholds. The gradient threshold
was 16 and the gradient-difference threshold was four. An
exampie interpretation of the boundary location is denoted
by the solid line,
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Fig. 7 - Land-lake boundaries on Zeiss imagery ("12-inch" focal
length camera in RB-57 aircraft) compared with those located
using digital LANDSAT-1 data. The white line is the boundary
located using the boundary-detection algorithm applied to
digitized LANDSAT-1 imagery taken on the same day as the
aircraft image.
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Note that a simple

thresholding of film density values would not have resulted

in the similar boundary.

The symbols represent film density

values quantized into 16 equal levels of data which is
distributed over a range of zero to 255.

Fig. 8 - The boundary located from a digitized LANDSAT-1 image registered
with a data symbol map.
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APPENDI X

SAKPLE MAIY PROSIAM FER ThE DETECTION OF BRUNDARIES
FROM DIGITAL DATA

........-......‘--'ou-.---..-.-..-......o..--...----..........-;.».....RB?DOOI

9:04-.h.to--lanol;o.---;-l-to.u-.-n---.-.----oo------o--n-.--.-h--o-.--*dHDODS

RENBOLO
L L R FURpUSE ﬂ-l'...-QI-.l.ﬂ-..'.....-ll.....'..'ll.....'.ll.l....'DRBNr!UlS
RERDCZO

01.12EAG THE INPUT MATRIX,wHICH IS DIGITIZED DATA, 2BNDO25
FRO® 4 TAPS AMD WRITE IT ON 4 DISC. 2BV0227
02,7140 THE BOUNCARIES BETWSEN DIFFZRINT CLASSES CF DATA. XBNDC30
03.3FIND THE HISTOGAAM OF THZ INPUT CATA,THE I%PUT DATA MINUS 28119035
UDATA POINTS AT GSOUNDARIES,AND THE ECUNDARY PCINTS. 28%0 340
ABNOQAS

READ 50

b h o mpos USAGE ...I“l'..'l.I.'..-..-l‘-...e...-..--.‘.‘..l.'l‘.-lt.--'.uﬂ.“noss
REN0060

RAND265

OL.1THE DATA USED BY THIS ALSCRITHM IS OBTAINEC FRCM HASNETIC RANDCTO
TAPE. A DATA wURD CAN BE IN Tw3 DIFFEKENT FCRHaIS. RENDCTS
PACKEC FOSMAT IMBLIES THAT 1 DATA wCRG =OME 8 BIT BYTE RANG 260
UNIAZKED FORMAT IMPLIES THAT  } ©ATA WORD = FCIR B BIT BYTES. RBYD385

{ THE PARAMETER 17 TELLS THE PROSRAF wAlCri, OF THESE Tw0 KBND19O
TAPE FOAMATS ARE USED) RBNDLYS
C2.)IHE PARAMETER NR, WHICH I3 LISTED ON THE MEXT SHEST, IENDIND
MUST B8E CHANGED ON THE FOLLOWING DIMENSIDM CARC- #BNL 107
{TECFR*2 NUATINR=1,132):JRBARINZ-1132) HEND105
OFLITAPT HNTT MM TINTIAL C7INE ABC wIIDSD [UNIT-MAT =0T SBLTALED
D4.JISC UNIT JIB CONTROL CARDS Ad4E NESTED. {UNIT=8 ) RENLILS
U5 IGNE PARAYETER CAFD IS USED RITH FCRHAT(1515). RB%120
05.11F THE SYMBOL SEQUENCE IS5 CHANGED THEN A SECOND RANM12%
AAFAMSTER CARD IS NEEDED . USE 4 FGAMAT OF 2044 K3ND 125

FU< 4B SYMBULS. J3NE 20
G7.31F THE DATA IS PACKED SUBRGUTINE RSIUN? IS NECESSARY R3NL L2
TG UNPACKR THME DATA. RBD133

: 88D 134

kaND 135

- o & eDy DESCR{PTIU“‘ DF PARAHETERSI .D.D.-.'.‘.D.IG-G..-..'C...‘-l.lllRE"DlBé
BNE137

Di.)L2L =LOGICAL ALOCK LENGTH OF THMS DATA BLGSK LSED. ¥3NG 140
IT vUST BE DIVISIALE BY FOUR EVERLY. R=NT150
02.1UR = NUPBIR OF RESOLUTIMNS WAMTED. THAT [5 THE NUMBER n3INO160
JE FUTAL SCAN LINES KEAD FR(G¥ THE TAPE TO PAWE ONE PICTURE. RBLDLTO
33.3NEXsLAL/L28  IF THIS MUM3IER 1S NOT EVENLY DIvISIALE, RANI18J
AC) OVE TO THE ANSWER NOT USIHG THE REVATALSR. IF IT IS 2B 190
EVINLY DIZISIBLE EY 128 THEN THAT IS ®tCQUR VILUS +d2 NLX. ABNDZ00
04.11%E5 = 15 THE RESGLUTION AT wHICH YCU WANT 3 wJRx ON THE ABNL21I0
DATA. (IZXKAPLI..IGES=L [MPLISS EVE2Y {INE EVIuy pLINTI, RENG 220
{EXAMYLE.. 120533 IMPLIES EVERY THIAD LIME. ZVERY 1°Inl PCINT 1. RAND23C
5.0 1CHANE [F THE SYM3OL SEOUENCE IS TS AE CHANGED WIfH AMCTHER ARN0240
LATA CAR3, A OYE 1S PLACID WIRE. IF & CHANGE [S RUT weNTED, Q850260

5 ZeA2 18 BLACED IN THIS FIELG. RRND.70

fe 1iP=1 iF THE DATA 15 PACHED, [#=0 [F THE DATA {5 UVPACKED. RE4D260
0/.)%% 1% ThE X CDORDINATE CF TME STAYT CF THE DATA ALLIK USED RAND 290
FRGNMOTRE TARE AD LAL IS THL X CUSRSINATE A1 Thi B47. R2'1U 15D
Uhad'¥ 1§ THE ¥ CUNIBINATE CF THI STA?T Ck ThE DaTe BLOLK BB 120
LbED FP4 THE T4P: &MD M: IS THE ¥ CUCHDEIRATE OF THE END. RIZINZ20
BY.1UiAS 15 A TA-£43Ld FOX nCI5S MEAZ ELJNDARIES. PA4DII0

A oFyw oot PANGE FUl RTeth... & GT NTHS LT L2 - A8L3333
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10 ILRAGR IS THE THRESHOLD FOR THE GRADIENT VALUE FOR NOISE WITHIN RBND335

DATA CLASSTS NOT NtiR BOUNDARIES. RBND I&0

A TYPICAL RANGE FOR® LRBGR... 6 GT LRBGR LT 24 RBND343
RUNII34S5

RBNG 248

-e sn B HETHDG ......I.l’ﬂl..l...I.Il.‘.-.ll'lI..II..‘.'....I..IIIQIRB'JO350
REND35S

O1.1READ THE TAPE OF INPUT PAIRIX TH,. RaMD350
02.)1ndAITE THE INPLT MATRIX IM ON THE DOISC. R30D370

O3, )0PERATE ON THE FIRST 123 COLUMNS COF OATA STORTCD CM THE DLSC. RBENDABY
123 COLUMNS wAS CHOS:N BECAUSE ONLY 128 PCINTS CAN BE PrINTED  RBEND3QO

PER LINE PRINTER PAGE WIDTH. RENDACO
04.JUNPACE THE DATA IF NECESSARY. RBND4LO
05.)TAKE THE ROBEARTS GARADIENY GF THE DATA..: RBND43O
ROBERTS GRADIENT =[ASSINDATII J)—-NDATII+1lJrL2)+ ABND4%40
[ABSINDAT{Id+1)=NOAT{IZ1,4)) RAND45Q
D& )nHITE A PAGE OF DATA NDAT IN SYXICL NOTATIOM. RBND 460
CUANTIZED INTO 18 LEVELS. RENUSTO
07.)wRITE A PAGE OF ROBERTS GHADIENT IN SYMBOL NOTATION . RBNLC&BO
SYyM{l)=1IS EQUIVALENY TC LRBGR RENB4SG
SyMtll= I3 EQUIVALENT TC LRBGR4i-} RBNDSAQ
OB.)THE BOUNDARY IS FOUND FROM RCRFRTS GRADIENT INFORKATION RBNDSLIC

DATA IN BOTH VHE X AND Y OIRECTICNS. RGNDS30

06. 1A BIOUNCARY CANNOT BE FOUND FRCM RCBERTS GRADIENT . INFORMAT JON- RBNDS54Q
IRBGR{L,J) IF THE GRADIENT IS LESS THAN THE THRESHOLO LRBGR. ABND550
10 IwHEN A MAXIMUM IS FOUND WHILE WORKIRG IM THE X O v OIREZCTIORS RBNDSSGD

THE MAXIMLY DIFFERENCE IS5 IS CALCULLATED BETWEZEN THE MAXIHUM ABNB3TO
AND Thi GRADIENT POINTS ON EITHER SIDE OF THIS PCINT RBHOLBO
[N THE X CR Y DIRELCVION RESPECTIVELY. ]BNDS30

t1.}THE THRESHOLG NTHS ELIMINATES ALL BOUNDARY POINTS IM WHICH THE RBMDGOO
MAX TMUM DIFFERENCE IG AS CALCULATED ABOVE IS LESS THAN NTHS. RRN04610

12.37T03 BOUNDARY S ZLASMLITICR BY FIRDING THE avERARE OF THE vEMDLLS
Fubd waATa POIRTY dunacuvieles Tod Clunbiand FLINT. TR Ala
13,04 SYMQOL PRINTOUT QUANTIZEU IATO l& SYMBOULS OF FAE BaTA RBNZS20
POINTS AT A BDUNDARY [S PRINTED ON THE INE MPRINTER. RBN2L30
14.JTHE ABOVE PROCESS 1S REPEATED [F ANECESSARY ON THE TECONRD 120 R3%{asT
COLUMAS OF DATA. HONG650

15, THE HISTOGRAH OF THE DATA, THE HISIOGRAM OF THE DaTA MINUS R3ND&660
THE BOUNDARY POINTS: AND THE HISTCGRAM OF THE DATA I8 R3ND&EES

NDW PRINTED OuT7. ABMDATO
A3ND&E0

YL P BO RS OD PP R RN DA SISO e el TR AC RS AARUG ARSI RIEND R ..-.....-..RB‘!D&‘:‘U

[a¥sXziziaisizsinislaiziaisiskslistalianraliziskalsEeliaaksinlzsEkalaisXaks ks isinlisiaiasiaNaka R Nalala

INTEGERSZ IRBGRI90,132)NDATI90,132}

INTEGER®Z NAT132),N8(132)

DIRINSION SYNM({48)

CIMENSIUNM DECLLISH)

CIMENSIDN KCCUNT{2548):

DIVENSIDN  JCOUNTI256)

DIsenSION ICOUNT(256)

COM'CMNICLOMWAC /L INEC2CHH) JCOMBYT/LINEPRIS1EZ)

CATA SY=/? P e N LN 22204033300, 142448 ,155550,
LPeccit " T7T7TTY,YHEARY*"T35Q9 , FAAAAY 2 BDAQY (02 ,'CCCD?, YESEE?Y,
BPFFFF O 'O0E U Yy "HEHB2 g VLI DT p PSS o PREXA T PELLL T P WaMMe NN,
GEOCI IV TEPDP Y PQCCD T, A PSS, TTITT W PLILLU® P HUVVE, il
bcxx,‘g!'tfy\(yt'lzzll!'l".'r'lli.ll"_--_!.|====l'l;q..p(.i'l(‘([l'
Grovend VOO0, Y1)}, TREELE Y8084/

C 1042 Cati ACACEIR AS 1MPUT.
d L= LN PIINTER AS QuTauT,
o MALTE NMAGUETIC Tars AL frPUT.

1.



513

Lp=12
MAGT =049

RZELUIZ2 s FILLL o NRyNEX G TRES,, [ CHAN,IP,¥X, MY, NTHS,LRBGR

IFUICHANLEGL 1) KREAD(ICR,42) SYM
LBLr=LIL/%

NR=NR-IKeS

NRR=NR/ [RES

CC 1 IH=1,255

KCOUNT(IR)=0

ICCUNTLIH) =0

RewIND B

LO 513 1=1,MY

REACIMAGT 40 ) (LINEPKIID) «ID=1,LBLW)

C READ TaPz wRITE TO DISC

11
03

12

21
800

5

CO 02 [=1|NRDIRES
CO 11 1G=1.IRES
REAC(MAGT 40 )ILINEPK{ID) »ID=1,LBLNW)
WRITE(B)(LINEPKIID) ,IiD=1,LBLN)
CO & LM=1,NEX
wWoIIZ(LP, 1)
L=MX+( 130%IRES)
IF(LF.GT.1 ANDJL.LT.LBL) L=L+1
IFILM.EQNEXJANDJIP.EQ.O)L=LBLN
IFILY . EC.MNEXANDLIP LEQ.1)L=LBL
JE=IL=-MX)/IRES +1
JCG=JB~-1
JXu=JCcu
IF(JCD.GT.128) JKO=128
RZwliNC 4
whl TELLP,304LHN
CU & JiJ=1,i~%R
LMDACKY THE DATA
XTAUIBMLIMNEPKIIO)ID=]1,L8LW)
IF{ERP.ED.LIGO 10 o
LC 7 CKOD=1.LBLW
LINS{LKC)=L INEPK{JIXD]
GO TO 12
CALL ~SIUNP
IF(JJ.0.C0.1) GO TO &00
CO 21 KK=1,J0
NA[¥K)I=NO(KK)

MB=0
CO % “K=MX,L,IRES
MB=MYiL

NDAT(JJJ«MR)=LINEIKR)
NA(MBY=L INE(KK)

C ROJERTS GRADIENT

22

IFtJJ3.EQ.1) GO 19 4
0N 22 KK=1,JC0
JE=KKXEL
IYRT=“AIKKK)=NA(JF)
I1XRT=KA(JE)-N3IKKK)
A= PARSLIYRTICIABSIIXAT)
IRRLNEJI I RKK) =A

wnliE 1%L DATA NDAT
L0 =1 X4=1,JK0
prc=ritey)
JUA LTS/ LR)+2
[FlNUTa.I0.0040=1
DECtrn)=SYV(UD)
ICCNTEE. TS =10 LN L NUTS)EL
MUY =L COUN EEETS)

SR Pl 2 T SR L RS

24



G
26
2%
¢
51
52

WIL1E “O3ERTS G!ADIENT
WRITEILP, 1)
RATTE(LP, 1O
WRETELLP, 3051LM
B 25 122,N3R
GO 26 4=1rJd%0
JE= IR“Gkil.Jl-LRBGR
IF(JC-U..-HBUDNW
LF(J0.LT .1 )09
BECLJI)=SYM IO
ARITE(LY 2 (DECTIMI 4 1M=L 4JED)
Miz|PESHLYe] 28-]
JEESIED-L
NRE=NRRASL
WA ITEILP,10)
WRITEWLP 4 10)
WRITIELP, 306ILN
ED 29 I=34.NRE
PLUS=T+1
IMINSal=l
2 27 d=2,JCE
JPLUSTIEL
JMINS=) =1
IFB2IRBGRI 1,4}
160
1{=0
3B=1 S
WF(IFDWE.LR25R) GO TO 250
CFZEX FOR X BOUNPARILIES
IR =1A5C U [¥LUS )
1952 IABGR LIMINS, 8)
TELIRLGTJIFDNRLIBR.GT.VFDY GO TO 52
16 =IFD ~tpd
12=HFO- 1B _
WLIP.GT.IG) IG=1B
CONY INu

€ LHICK FOH Y ROUNECARIES

53

56

250

29

1Ds IRAGAL 1, JPLUS)
[Du= JROSA(L.JNINSY -
FFIIE.5T.1FD,ORLICN,GT. IFC) GO0 TQ 5%
11=1FD~100D
[D= 1 FO-1D
IFLID.5T.11) Il=1D
cmNtrNug )
IF{Il.57.1G) 1Gall
lFl.u.Lt.vaﬂ)GG TQ 250
JBANDAT( L, JMINSIONGATIl.JlONDAtilPLUS-JHPNSIvNDAIIIPLUS.J)
X=FLAATLIE )/ 4a0
dDE LEIXI %) o
JCCUNT(JEY SCOUNTLAD =1
KCOUNTUIE) =KCUUNTIID ) 1
!éXIlb.O £l

=[FIXIX)
lFlJD LE.E1J09)
EECIJ)=3¥Miag)
CONT TNUE
RATIELLF, 2ILCEC L TM), [M22,4JCE)
TCATIMYE
€% T I ,

FUriM 4 ¢ ISIBSEAM OF THE DATA NDAT
ad IEILS, 1L
WOV (L, 393
W2 ETLILD, 201D
WATT (LA, 02!

NS SRR B PRSP | S URCLIRN T B PE SuCut AN B S RPIN LIPS §- 3 |



S
9
19
2
40
42
1a¢
a0
Jcl
g2
193
131
334
335
126
1286
*
L ]
" 2
Ed
]
t 3
k-1
[
'
*
"
E ]
&
L]
]
»
»
RSLUNP
ZERD
MUYE
tEX

U3ieAT(s ' ,12940)
fCruA! 1615)
FataTio ) *
EDRATI @, 5X,81,515)
FA4ATE 3020044 ) )
FORATL2244) )
FOR: AT S, 508141 5)
FNRAT00G 14,164, 160008,16,54,416)
Fotearte Telkpen AMBER s 2%, 1 I TiRI§ SYMACL USED)
FOMRATIY Vo 21%p *OATA L A%, “"ATA MINUS JCLADARYY 5%, * BOUNYARY® )
EoHATINRY 304, DATA HISTEGRANY,
TEAN rlzlzhcahi)
FAAMATIY %, 50K, BATA PAG
T -Arfl t"
EQ4matt

GE®.12)
Xy "ROBERTS GXADIENT PAGE" o E2)

', 50X, YBOUNBARY DATS PRGE®,12)
FORMATY 30 2€C84))
sToe
END

SUBROUTINS RSIUNP

THA APRAYS ARE INVOLVED IN THIS suaaourln= EACH GF wWhICH STORES
648 CHARACTERS. C*COMHRD® STEGRES ONE CHARACTER PER wORG {ALGHT
JUSTIFIEC) 4D *CONBYT! STSIES UNE PER SYTE,

THES SUBROUTINEG FIRST ZZRES COMWRD, THEN KOVES EAgw BYTE Fhow

CCMIYT T6H The CERRESPONDING WCHD 1N GOMARD AND STERS: (T RIGHT
JUSTIFIED. THUS I UNPLCKS THE DATA FACHF THE BYFZ ARRAY AND
STANES IT RIGHT JUSTIFIED IN THE wWOIC ARRAY,
ENTERED 3Y *CALL RSFuUNP? )
CALLING PROGRAM KEQUIRES COMVEN STATEMEMT
COFMD/COYWRD /L INS(2048) FCEPAYTALIREPKISLR)
*COMWRDY AND 1CCMAYTY aRE RZGUIRED NAMES
SLAINE®Y AND YLRINEPKT ARE ARPITRAEY Bul
) 12043° AND *S12' ARE neBWIAED
PROGRLM S REUSAILE
REMLIE SEASING INSTITUTE
SCLTat GAKETS STATE oNivERpITe
BHOCKIANGS SAUTH BAKOTA $780¢
_ o BEL JUNE 13972
PRIIT NGGEN
ENTRY RSEFuMp
EXTUN COMWRO
EXTEN GOMBYT S ]
wSING %415 A1S 2ASE QEG.TTER
ST las 12020100 SAVE FCITRAN REGISTEFR
L 5y=A {CLMAD) PUT ARLSRESS OF FISST 483w IN A5
L Ty=A1EQFAYTY Pl APODRESS GF FL4ST 3¥IE 1N KT
t 345F12045" PLT 2048 IN B3
L LyzFEe PLT & IN Ré
t G,2F0 30 Puf 3 IN R&
L Bezfprye PUT 1 N RA
+VE 015,5)4=E 40" ® IERO
AR S5e 4 WORD
[l 3, i8R ATRAY ¥
L 3,5F V2048 PuT 2048 1N R)
L 5,2L{CBAWARD) PLT ACGAESS CF rifst WOLKQ IN RS
AR 5,6 AEO 2258 LAST evIE F TwE WERD
ANC B{l.51,00 1) FCWE FRCM 3YTE ASRAY TC w020 ARRAY
BC¥ IeNERT HAVE &LL DAala SEEN CLNVERTED
(2 2,12, 28013 & iF SO PETYRN
My 12113) 4 X*FF* CONTHCL TO
LIS 14 FOMTERAK ORCGFAN
4R Beh
AR 7.3 PLT AINIESS GF NZXT BYTE I w7
h} M
%)

REPRODUCIEL 1
ORIGINAL PAGE

—‘

1LY ©
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