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Foreword

When the ERTS project was officially announced by NASA it  was
received with great interest in Peru since it represented a way to
develope Remote Sensing Techniques, that could substantiglly accelep
ate and improve the study of our natural resources, without the
higher initial investment necessary to acquire airborne multiespec--

iral sensors.

The Geophysical Institute of Peru (IGP) and the National Office
for Lvaluation of Natural Resources JNERN) joined their efforts for
Remote Sensing develcpment and with the help of the National Agra--
rian University prepared a proposal to participate in the ERTS pro-

jecet and presented it to NASA in 1971,

Since then an intense program of activities wags developed and
in spite ol initial difficulties it has evolved toward a succes-

ful program.

Frevious to the launching of the first ERTS satellite, techni-
cal groups were organized to work on the ERTS imagery that would be
arriving, all the basic information that was available on the Santa
River Basin was collected and at the IGP, Mr. Eduardo Seminario un-
der the direction of Dr. Medardo Molina from UNA made g Hydrologic -
Study of the Santa River Basin to support the studies with Landsat

Imagery.

in order to promote the national interest on remote sensing anid

increase support to this project, talks were given at Universities ,
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national meetings and government organizations. These efforts
culminated with a Seminar on Remote Sensing given at UNA in

April 1872,

In July 1972, an agreement between ONERN and IGP was
signed to work the development of Remote Sensing in Peru and to

zeek naticnal or foreign finantial aid to support it.

ZR 5-I wae succeszfully launched in August 1972, after
a number of postpcnements, and finally the first images started

to arrive during the first hali of 1973,

The images were taken over our observation site on the
Amazon Jungle. At that time oil exploration activities in the
jungle were booming and % prioritary interest was given by the
government tc that region of the country. It was then decided
that the efforts of the teams at IGP, ONERN and UMNA will concep
trate their work on studies about the jungle areas covered by

ERTS"’]—Q

Mr. Eduardo Jeminaric and Dr. Molina made a study of
tleanders over rivers in the Amazon Jungle, By the end of 1973
Mr. Seminario was leaving to Europe to benefit from a scholar--
ship and Mr. Molina tock a leave of absence in early 1974 to

work for UNESCO,

At IGF an infraestructure was implemented to deal with
the imagery coming from NASA, to enlarge thehlack and white 70

mm. and to produce 35 mm color composites.




The imagery received from NASA was given broad diffusion
being the most significant appliecations the use of 250,000 en-
largements as a help for a photomosaic work at Servicio Nacional
de Aerofotografia (SAN), the use of 1:250,000 enlargements by
Belco Petroleum Co. in their planning of an oil pipeline in the
Northern peruvian jungle., The use of 1:500,000 enlargements by

Minero Peru in their research work.

In 1974 under the auspices of the National Institute of
planning a proposal by ONERN and IGP was presented to the Cana-
dian International Development Agency {(CIDA) to finance a pilot
Remote Sensing project., The preliminary part of this project
is already underway and the main part is expected to start

this March with an study based on Landsat 1 and 2 imagery.

This report presents the work that was performed at
1GP, ONERN and UNA during the period of 1972 through 1975 with -

the Landsat 1 (ERTS-1) imagery.

During the course of this work it was decided that ONERN
will concentrate their efforts in the development of photointer--
pretation technigues for multiespectral imagery as a natural evo-
lution of their work on the evaluation of natural resources of
the country. IGP will work mainly in computerized methods of dg
ta handling an analysis. UNA concentrated their efforts in hy-

drologic studies.
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ABSTRACT

tumpaterized technigues are developed to process CCTs
from Landsat-l1 Satellite. A description of the set of prg
gram, named INTERPRET, is made and its application to a
clasnifieation work in areas of the Peruvian Jungle is pre

sented.
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T. Introduction

Tnn the last eight vears a great deal of effort have been
spent in il exploration activities in the peruvian amazonic jun-
gle. At this time a pipeline that will bring.the oil from the
northern rields of the jungle to the coast is under construction.
With the ¢fiv+ts of the oil crisis still present, is oot diffi-
cuit to undeprztand the interest of Peru in this vast region of
the counury.

With the urgency to develop our capability to produce
0ll came the necessity to obtain basic information about the jun-
gle, The first images from ERTS-1 on that area showed that a
great deal of important information could be cobfagined {from them.
The Geophysical Institute of Peou (EGP), the Nautional Office for
Lvaluation of Natural Resources {(ONERN) and the Agraria Universi
Lty {UNA) started working with those ERTS-1 images,  ONERN  and
IGP worked to develop classifical ion methods for multicspectral -
imagery and UNA in the study of meanders in the Amazon Basin,

The first task was Lo select imagery with good quality,
low cloud cover and with a large variety of interesting features.
The image selected was the one taken over the region close to the
citieg ol Contamana and Tarapoto.

To develop classification schemes, phoiographs from
airplanes were used along with enlargements to 1:250,000 scale
and color composites of 1:1,000,000 scale., 1In the course of

this work it was found that significant detail was being lost in

the photo intevpretation process.  The problem was mainly due to
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cae of the following causes: the photo interpreter found difficul
ties to switeh from one channel to other to identify a ; feature,
the details were too small on the 1:1,000,000 color composites or

too Faint in the enlargements, the photo interpreter got tired and
started naking errors.

Lt wais then decided that computerized technigques should
w0 owstudied as a way to solve some of these problems and to accelg
rate the interpretation ﬁrocess. The initial results at IGP were
promi-ing and then a more systeﬁatic effort was started in this

. Field. It was decided that ONERN will continue working with pho-
fo interpretation methods and IGP will develeop computer nterpre-

totion technigues, both works were carried out in paralicl.

The purpose of this report is to present what was accom- :
plished at the ICP to develop computer technigques to process com-

puter compatible tapes (CCY) from Landsat Satellites,

This work concentrated in the multiespectral analysis of

CCTs, the problem of geometric correction and application of tech

niques to define geometric features and temporal variations  was

left for future developmentf

When this work started a Datracraft b024 computrer was  a-

vgilable at IGP, the memory capacity was 32 K bytes and the tele-

printer was too slow for practical use which made i1the progress too

difficult.
Then, it was decided to use the IBM 360/40 comp:tor atl
ORIGINAL PAGE IS - S

OF POOR QUALITY




the National University of Engineering, but it was found that a
large computer center is not particularly suitable For the type of
work that we were interested in. Finally a Hewlett Packard 2100
computer systen jnstalled by Stanford Research Institute at the
Ancon Observatory of IGP became available and then it was possi--
ble to satisfv most of the requiveﬁents for our work and the pro-

grams For machine processing of CCTs reached a more satisfying

statuc.
11, Repopt Summary

In chapters 1II and IV the general problem of machine -
classification is introduced followed by a brief description al

CCTs in chapter V.

The computer technigues that were developed during this
work are presented in chapter VI and their application to the -

study of jungle areas are described in chapter VII,

The conclusions that were reached are presented on chap-
ter VIII, and finally chapter IX describes our plans for future -
worlk.

)

111 —The Problem of Machine Classification of Remotelv Sensed
Data_
Fig., 1 ilustraies the general problem of machine classi-
tication. The source illuminates the terrain, the sensor receive:
the reflected radiation and at a particular time generates a sor

of numbers, patterns, which are a measurement of the received 1a-




SOURCE PATTERN

i
7

n) -

SENSOR

x.o.
h

TERRAIN
(a)

FEATURE __Cy

SELECTOR : CLASSIFIER| -
YM * : CN

(b) |
FIGURE 1

CLASSIFICATION OF REMOTELY SENSED DATA
INTO N CLASSES

£ ek i il S it B S




diation.

The feature selector extracts those numbers that are sig
nificant to define or characterize the surface under observation.
This new set can be represented by a vector generally known as the

feature vector.

The purrose of the classifier is to assign each input pat
tern to one of the possible pattern classes. The classifier makes
this assignment on the basis of the feature vactor obtained from

the input patterns and also based on past experience.

The development ¢f a classifier has been the main objec--
tive of this work and the feature extractor has been only consi-

dered as a partirmalar caseé of the classifier.

The peoblem of clasgification is basically one of parti-
tioning of the space defined by the feature vectors in regions,
one region for each class. The partition is performed in such a
way that the probability cf missclasification is minimized. Ex~
tenge literature exists on the various methods to solve this prg

L
blem' .

Lt present there are a number of methods for machine clas

6 , ) ,
'Y, they are based on the use of the covariance matrix,

sification
in the measurement of probability distributions (barametric and -
non parametric) clustering technigques and other., The method cho-

seén will depend in general on the problem itsel! and on the avai-

*Superscripts indicate references at the end of report.




lahle digital equipment.

The main purpose of this work was to develop computer tech
nigues to analyse Landsat-l1 imagery over the peruvién Amazonic Jun-
gle elose to Ucayali River, one of the Amazon tributaries. The
structure ot the multiespectral data obtained was very complex, obh
~irusly non gaussian, ground thruth is almost nonexistent and dif-
Tiouit to obtain because of the inaceesibility of the region. The
digital equipment used in the problem was based on a Hewlett Pa-
ckard 2100 computer with 32 k bytes of memory, two tape units and

a 600 chavacter/min teleprinter. These facts led us to choose -

clustering technigques as the base for our classification algorithms.

Iv, The Clustering Method

e S it 4o

Clustering technigues are based on the determination of
Natural groupings in a set of data. The space defined by the fea-
ture vectors is structured and there are regions where the density
of points is.greater than the sufrounding'space, clustering me ~

thods permit to define volumes that will enclose those regions.

Intuitively, one can assume that data points, or feature
vectors, correspending to objects on the terrain that are similar
should come close in the feature space and hopefully forming clus

ters.

It is fundamental to the clustering metnod the definition
of a metric to determine closeness, or similarity, in the feature

space. From the variety of similarity measures%, the Euclidean -

.
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distance hetween feature vectors was used in this work and close--

ness was define in base of the nearest neighhorll criterion.

v, The Computer Compatible Tape (CCT)

As a new tool for the study of remotely sensed land sur-
faces come the CCTsl generated from data collected by the multi-

espectral scanners (MSS) on board of Landsat Satellites.

The MSS covers the visible and near infrared spectrum -

with four channels:

Channel
Yy 0.5 - 0.6 microns
5 0.6 - 0.7 "
€ 0.7 - 0.8 v
7 0.8 - 1.1 "

The MSS scans crosg track swaths 185 km wide at a nomi-
nal altitude of W94 nautical miles. It consist of six detectors
for each of the four channels, video outputs from each detector
are sampled, commutated and multiplexed. The comnutated samples
are encoded and transmitted to ground-base receiving sites. The
receiving stations compile the raw data on video tapes and trans
mit these tapes to the NASA Data Pracessing Facility (NDPF) at
the Goddérd Space Flight Center, Greenbelt Maryland. The NDPF
corrects, calibrates and formats the raw MS8S data and converts

it to hinary form on Computer Compatible Tapes (CCT).

A 185 km square ground scene on the CCT is a final pro-




duct of the M55, VFig, 2 illustrates a typical scene correspond-
ing to a pass of Landsat-1 Satellite over the Ucayali and  Hua-

llaga River in the Cuntral Amazon Jungle of Peru.

A scene is made up of parallel scan lines each contain-

ing a large number of video points or pictuve elements (Pixels).

The BBPL pecords a complete ground scene on four sepa-
rate CCYTs,  Lach CCY contains image data for one U6, 25-185 Km
strip, The CCT contains data that has been radiometrically ca-
librated! but not geometrically corrected for skew due to earth

rotation. CCTs come in BOO hpi and 1600 bpi densities of tapes.

In this work L6C0O bpi CCT corresponding to the  image

siwwn in Figure 2 was used.

VI, The Development of a Computer Techniques to Anaglyse Re-

motely Sensed Data Recorded on CCTs

As g framework for this work the following bhasic requi-
rements were defined:

¢ Clustering technigues will he used.

o The programs will he interactive so that they permit,
as much as possible within the limitations of our
equipment, the intervention of the specialist during
the analysis.

®» The pregrams should use the four chamnels from the

CCTs but will have,as an option,the use of less num
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ber of channels,

@ The presentation of results will be, either on te-
leprinter or CRT,

o Although they will be developed with a particular
probnlem in mind, they should be sufficiently gene-
val s that they can be used in other applications
toc.

e -rograas should use,as much as possible , stand
ard langnages, like ALGOL or FORTRAN IV,

Fig. 3 illustrates the eguipment used in this work.

The group of programs developed to process CCTs was named

INTERPREY and consist oi the following:

subroutines for data manipulations from CCTs,
written in ASSEMBLER language callable from ALGOL
and FORTRAN IV programs.

% Programs ALMAP I and ALMAP II display on the tele-
péinter and oscilloscope respectively the video’ig
formation, levels of reflectance, from one of the
channels stored on CCTs. The display is in the form
of a selected area from a scene. The language used
is ALGUL,

These programs have an option that permits-to li--
mit the range of the video informatiom so that,
only those areas on the terrain that produce ra--

flexions lJevels within given limits will he dis--
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played, Also the desired range, between the limits
can be divided into slices of egual width and,
displayed with different symbols on the teleprinter
or different gray levels on the Oscilloscope, this
permits to identify features on the terrain with ,

levels on the video information. }

It was found desirable to be able fo vary the scale
on the display, and therefore AIMAP I and II  were
provided with an option that permits to produce dis f

plays at a prescribed scale,

The programg asre interactive through a continous

interchangze of messages between the machine and
the operator. Fig.H, shows a sample of ALMAF I
messages. Fig.5 and 6 show typical displays £from

AILMAP I and IT respectively.

» Programs HISTA and HISTB display, on the oscillos-
cope and teleprinter respectively, two dimensional
histograms of any pair of MSS channelé. The value
of histogram elements are indicated by means of

gray levels on the oscilloscope or symbols on the

teleprinter. These programs are interactive and
have options that permit the user to display a pres
cribed range of levels or to slice out the more
intense peaks so0 fhat to enhance the fine structure

of the histograms.
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ALGOL MODIFIED MAP PROGRAM (ANCON SEPTEMBER 75)

UNIT,TAPE? ,RECORD LLONGHT?,RECORD POSITION?

9.3295,~1

TITLE?

HCRTE OE CONTAMANA

CHANNEL?

6

INITIAL LINME?.,FINAL LINE?.INITIAL POINT? ,FINAL POINT?

250,324,2n8,2549

LINE INTERVAL?,POINT INTERVAL?

1'1

MIMIMUM LEVEL? ,MAXIMUN TEVEL?

@.,33

LEVEL INTERVAL?:

3

CHARACTERS?

SI

GP339040648111

1234567894812

abcdefgnijkl

NORTE DE CONTAMANA

CHANNE s 6

FROim TO CHAR
g 2
3 5
5 8
2 11
12 14
1% 17
1a 23
21 23
24 25
27 29
39 32
33 33

AU RPTIMD MG T M0

FIG. Y4 - Program ALMAP I. Example of messaycs
‘ interchanged between the user and the
computer. '
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Program CILNST is the main one, it permits to de--
fine clustars in the feature space and has bheen dg
veloped based on the technigue named ISODATA (Ifeg

ative Self Organizing Data Analisys), Reference 5.

ISODATA is a collection of iterative technigques -
that permit to find the brineipal modes, or sub -
clusters, in the data by grouping those patterns -
that are close together, and representing them by
a hypersphere centered on the average of the pat-

terns.

By means of these techniques a'cluster ié repre--
sented by a number of subclﬁsteré in such a way
$hat the variance of each subcluster is kepf.sﬁa;;
er than a parameter defined by the user. In each
iteration the subclusters are split or lump toge-
ther depending on a set of control parameters. Fig

7 and Table I briefly describe ISODATA,

CLUST has been implemented in.ALGOL with a modular
structure, 1t consists of ; set of subroutines -

that pefform each of the functions described iq'
Fig, 7. CLUST is interactive and permits the'opeg
ator to redefine all the control parameters after

a given number of iterations,

The results obtained by CLUST are a set of subeclug

ters which are printed in form of .a table specify-

e e b ki et
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LSODATA tain Iunctions as Specified in Fig, 7

Step Fancltion Description !
1 Tnitial subeluster centers are fed to the

computer and the control process parameters

are specified.

N

Inont patterns are gllocated to the subclus-

ters using a minimum distance criterion.

Ti:e following variables are computed:

- Aversge vector for each subcluster,

~ Standard deviation for each sub-- ;

clust-=r,

- Average distance of the patterns to-their
subcluster center

-  Numboer of patterns for each subcluster.

3 Discard those subeclusters whose number of pat-'
terns is less than the parameter ©n.
i Take this way ii:
- Liast iteration
- iy even iteration
- U wmber of subclusters greater than
Ltwe times the number of subclusters(2 N)
ORIGINAL PACH .. }
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(Continuation)

Step Funection Description

specified at the beginning of the process.

5 Take this way if:

- 0dd iteration

- Or number subclusters less than half the num~
ber of subclusters (0.5 N ) specified at the

beginning of the process.

6 Lump together two subclusters if the distance between

their average vectors is less than Cc.

7 Split a subecluster in two if in any dimension the

standard deviation is greater than Oe.
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TARAROTO S RICIPANL 1875
AQUAS DE MISTERT

N
VURTY SE=APR2 (LAVE REANEWaS TRLFPRINTLR=)
3
Pl ) ANPORTLD 0 0 S PRITEL R B P MU T S ]
1
PV N
Z.X1,42,%0,
Sos o D [A RN [ 7 < MIe e BATOS) : i
Y1 o= LA ITMICTAL
{7 = L1 FA FIMSEL
W3 oE PLNTG TMICTAY

Wi RTINS (3

1.2745,2702,17 +, 154

-1

L1STADD?

51

£ ZUNA LILEA BRICIAL. TLINUA FINAL PUNTD INICIAL PUNPD FINAL !
1 2749 2162 134 1558

LAS DATA?

Y]

LNIT HUMBER? (SCHAYCH TAPR ONFY

14

Ehn HARY CHAMRELS? ,WIMAT CHANMELS?

2lq47

UNLOAD ERTS FARE,LOAD SCRATCH TAPE TWO

SUBCLUSTER CENTERS?

51

1NPUT UNIT?{PRINTER=1,TAPF READER=%

1

gUMEﬂD DE SURCLUSTERS?

ERRCPOL 0% 0000 00 3 I8 + 0§ 99 4 4
H=NMUMERO DEL SUACLUSTER
N¥.XX COORDENADAS DEL SURCLUSTER CENTER

PARM ACABAR NCOB

1,32.1.19.1

2,33.0,16.0

-1

LISTABO?

51

¢ SUBCLUSTER Rl X2

1 32.19 19,10
33.08 16,08

2
A5 DATA?
HY '
PARARETERS?
S
TETACZ, TETAE? , TETAN? , 17, KITER? , NDCLU? i
2,5,1.8,0,5,9,12
TARAPOTD 5 DICIEMHRE 1975
NOBENCLATURE ¢
! #I=POPULATION

. K«AVERAGE VECTOR COORTINATES

AV=AVERAGE DISTANCE FROM THE AVIRAGE VECTOR
S=STANDARD DESVIATION :
t NI %1 X2 51 a7 AV ;

1 26 33,5305 24,1530 1,2779 1,0707 1.531n

2 2 51.5000 72,5009 ?.8400 1.5087 7.0144 :
k] 13 28,6023 27.0769 L2123 LOYRA 1.1676 !
& 27 e, 35341 0L 22,3812 1 pO4AT .. . 1o2288 L L3I oL L=
5 ae 13,5417 In,A547 1,2048 RLLL 1.4
4 47,6554 31,1000 .nnﬁ: . fzg? 1.;3:;
g 1 YRLLE 35:R843 2548 1182 1.0363 .

9 a6 20,6544 21.11%1 1.475% 1.0407 1,331

in 13 25,3077 22.234% ¥.135R L7994 1.3105

11 22 28,1364 24.090% .nia3 L7925 1,p2087

12 1 19.5600 1R,.RAA0 LSA0D 1.1A62 1.164%

13 9 22.555h 27.RBA0 V.0657 1.1947 1.5153

14 9 43,3750 11.2%aq 1.1114 .R297 1.7340

15 7 45,42R86 21.a009 L7284 La76R L9195

16 17 36,6471 19,5082 1.881% ,3113 1,3434

17 5 22.800808 25,4330 LA325 LA325 LRRD0

OVERALL AVERAGE DISTANCE OF PATTERPNS: 1.32557

TOTAL POPULATION: 278

FIG.8 « Typical result from CLUST, Subclusters
are given in a table indicating their
most important paramcters.
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ing their main characteristics such as feature
space coordinates, population, standard devia-
tion and radius. Fig. 8 shows a typical print

out from CLUST.

Program CLASIF written in ALGOL performs the
classification based on the subclusters de-
fined by CLUST and selected through an opti-

mization process that will be described later.

A pattern is assigned to a subcluster if its
Euclidean distance to that subcluster is the
minimum distance to any subcluster and it is
smaller than a maxiwmvr -adius defined during
the optimization process. The result of this
classification can be displayed by the tele-

printer or the oscilloscope.

A modification was made to the teleprinter -
symbols so that to produce a gray level presen

tation on the teleprinter.

The program is interactive and permits to -
change the area to classify and the subclusters
parameters,Fig. 9 shows a sample of CLASIF mes-
sages.
With these set of programs it was possible to developé a me-
thodology to pertform the computer analysis of CCTs. Figures
10, 11 and 12 descriﬁé the process of analysis in which the user

plays a central role.
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TARAPOTN & DYCTUMBRL 1975
ENTRADA DI ZOKAS DE MUESTRA
UNTT NUMBLR? (TAPE RCADER = 5, TELEPRINTER=1)
1
NUMERO DL SOMAS DIii MUESTRA?
1
ZONAS DL MUERTRA?
Z,X1,X2,X3,X4 |
Z=# DE LA ZONA DE MUESTRA (SI LS O FIN DE DATOY
POR LA UNIDAD
X1=LINEA INICIAL
X2=[INEA FINAL
X3=PUNTO INICIAL
X4 :PUNTO FINAL
1. 2748, 2702, 139, 156

é% DESEA UN LISTADO TIPEAR O

21 VA AUMENTAR DATOS TIPEAR €O
3NIT NUMBER? (SCRATCH TAPE ONL)
égg ?ANY CHAMNLLS? ,WHAT CHANNELS?

UNLOAD ERTs TAPE,LOAD SCRATCH TAPL TWO
SUBCLUSTER CENTLRS?
51
INPUT UNTT? (PRYNTER=1. TAPLC REANDLR=5
1
NUMERG DE sUBCLUSTERS?
2
NN XX XX, 000 XX, XX XX, XX,
N=NUMLRO DEL SUBCLUSTER
XX, XX. COORDE:NADAS DEIL, SUBCLUSTLR CENTER

PARA ACARAR N O '
1.32.10.19.10
2.33.0.16. 0
-1
LISTADO?
5T
# SUBCLUSTLR X. X2

1 32.10 15.10

2 33,00 16.00
MAS DhAaTA? '
NO
PARAMETERS?
51 .
TETAC?,TUTAL? , TETYAN? ,L? ,M1TLR? ,NDCLU?
2.5.1.0,5.9,12

Fig. 9 Typical messages between the user and
the computer,. Program CLAS'Y,

e
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Symbols used on flow charts

HP 2100

(=)
O
1

UsER

-

TABLE II

-y

HP 2100 Computer
32 K Bytes

Magnetic Tape unit
Loaded with a CCT

1200 biable Printer

1200 Diablo Keyboard

Tektronix Oscilloscope
Equipped with a Polaroid.
Camera

Remex Fast Paper Tape Reader
and Punch

Lspecialist using
INTERPRET

REPRL. .
ORIGINAL, ..

L
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HP 2100

PROGRAMS [ — — — = = = o o= oo o
ALMAP 1,11

e

PRINTED
MAP

3
USER

SELECTS
SAMPLES

COORDINATES
OF SAMPLES

: k- &
HP 2100

PROGRAMS -
HIST A,B
\ ’
<1 ISTOGRAMS HISTOGRAMS

N

FiG.10- FLOW CHART OF THE PROCESS TO DETERMINE
SAMPLE DATA POINTS FROM CCTS

L“_**—. —-ﬁ“—_m—J




=
COORDINATES CONTROL }
OF SAMPLES PARAMETERS |
|
|
HP 2100 |
PROGRAM |
CLUST I
l
" I
STATISTIC FROM CLUSTERS I
PREVIOUS STEP POINTS I
|
. |
USER '
B EVAWA-|  _ _ .
TION OF
RESULTS
CLUSTERS
“POINTS
HP 2100
PROGRAM
TEST
STATISTICS OF | cLASSIFICA- | S
PREVIOUS STEP \ TION (TEST) | e

l

FIG. 11- FLOW CHART FOR SUBCLUSTER FORMATION AND
OPTIMIZATION

g e




- 26

CLUSTERS
POINTS

7
L

HP 2100

PROGRAM
CLASSIFIC

THEMATIC
MAP

FIG 12 FLOW CHART FOR COMPUTER CLASSIFICATION
CONTINUATION FROM PREVIOUS PICTURE
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_IOnééftheﬁﬁrohlem has been defined the process of analysis

;étavté with:fhe'selenfiqn:oﬁwsamplesu..The»user hélpad by all the
'_ihformafinn aﬁailéble,.aerophotography and .. ground thfuth, selects
‘ _”areas W1Lh,kn0wn characLermstlcs by displaying the Landsat .infor-

K matlon on. Lhe teleprlnter hy means of AIMAP 1.

:Théfusef determines the. coardinates-of the samples and ask

the conpﬁferrto»punch them on: paper tape., With the help of HISTA

:'or HISTB the user ‘aisplay on the teleprlnter. or on .a polarcid -

plcture. twu d1ment10nal~h15tognams uhtu-ned for the sample areas,

”:later - Lhﬂsa'hlsiagrams will be used to. ﬂheuk the results of -

CLUST.

- The second step of the process is to determine subclusters

'“g“frdm;ﬁhelsample déta'by_means of CLUST. Once the subelusters are

dEterminéd_theyrére'mapped'oﬁ‘fﬁé'ﬁiﬁénfidnal histograms and com-

-pared with the histograms determined in the previous step.

'The éamplevpattefns that are‘fed‘to CLUST are not comple-

_ felj “pure" that is. they nontain"data that do not belong %o a

knuwn cla551flcat10n and Lherefore those patLerns will he rejected

‘durlng ihls sLep

' Neit the subclusters are passed through an optimization pro

"cess by means of che program CLASIF Baéh;subcluster is tested
_ u31ng the classmflcatlon a]gor¢thm of CLASIP and the resulting maps
:are dlsplayed on the oscllloscope, and on the teleprinter. Data
'LrOm a knqpn area, dlfferent from that of Lhe sample daia is used

7for thls prucess._.The “adlus of each suhrluster is. rpducad to mi-

_nlmlze.the number of missclassifications or increase to maximize

—
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correct classifications.

The last step is the analysis of the area of interest, the

classification is performed using CLASIF and the resulting maps

" are either displayed on the teleprinter or on oscilloscope as il-

© lustrated on figure 1l2. If the maps are not satisfactory then new .

sampling areas are définedeand the process is repeated egain but

only limited to those classes that were not being correctly clag

' sified. The process usually.does not reguire.more than two itera-

tions.

VII.  Applications of INTERERET to the Study of Amazonian Jungle

The jungle of Peru ig soaroely developed and - its present

'condlilons. in most of the amazon basmn, is the same as it was

15 L'éThe-vegetatlon has evolved to adapt if

, self to the evv1ronmént (soll, geomorphology, weather, eto } and

has reached the oonq;;;on_ofgo%;max-forest in most of the Jungle.
The rivers are the mein~Qiﬂamio“agents and the wavelike evolution
of the meanders.oreate.typigelipaftérnsvwith oxbow lakes and for-

men river;bedsoomeraiwiﬂihﬁrvapeous vegetation.

Afier dlSCUSSlGHS wmth professor Jorge Malleaux from the -

"TForest Deparimnni of the Agrarlan National Unlver51ty the area

close to the town of ConLamana on the Ucaya11 rlver was chosen ,

'zone T of Fla 13 Thls reglon was attractlve for this work  be-

- cause of ine varleLy of forESL types that presented

At First, WhiierINTERPRET éas still in its preliMinary form

it ‘was used For an identification of drainage patterns, lakes, man

£osme s




- FI1G.13 Scene from Landsat | chosen for this study zonel

and zonell are the area covered.

ORIGINAL PAGE -
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Cand” over the reglo

fﬁade'eiéaﬁiﬁgs- _the'Jungle or plaGES where herbaceous vegatatlon

“has started to arow. swamps and.wet areasr

'-VIn*Oabeef5197uz undef'the ausPides'of:tﬁe'National Agro-

B by'personnel of ONERN and IGP.- Thls m18510n flew OVEr Contamena':

"hlack and whlie plctures were taken hy an RC lD camera and alsof

T35 color Ektachrome plctures This lnformatlon and that al—Tj{i;

-

' ready exastent WaS used o help both the photolnterpretatlon Work'

if:at ONERN and ihe dlglLal analy31s at IGP. i

_ Flg 14 shows the result of an early vers10n of INTERPRET

made durlng Lhe 1ast part of 1974,w Channels 5 and B, ehannel - 7

-

o was. m1551n0 due Lo unknown causes, -on. the. scene of Flg. 3 were . -

used Fig.- 14 15 a computer output made with multlple prlnt to

-"obtaln a. gray 1evel presentatlon It Was thought thai thls type'

of presentatlon would be edvantageous for the dellneatlon of the

- Flg 15 shows a color ver51on of thls analy31s, 1t was ob-

talned from computer prlntouts by eolorlng each eharacter a w1th

A

_ dlfferenf colors, Thls flgure shows a branch of the Ucaya11 Ri~

r'ver west of Coniamena and the swamp area south of 1t.

Blue, violet and ,151@61&-- 'iﬁéiic-a.-téé | di-fferéht --%one's"-‘- of wa:fe'f' -
-as»Seenvfrothaﬁdsat‘l The black represents hlghly sedimented -~
' --water and the ofher eolors, water w1th dlfferent concentratlonsjdf'

>'matter in suspen91on.

E;.L )
{)RIGmALPAGM o
omooa QUM" E

"fphotographme Serv1e”f{SAN), ¥t trlp Eo zone I+ of Flg,lS ‘was- made:ﬁ‘ﬂﬁ

r?around the SWamps seuth west uf this" town 3{Hff;fffi-r“ i

VTR R w T
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FIG.14.- Map from an early version of INTERPRET
Multiple print was used to obtain a
gray level presentation for the dif-
ferent classes.

The area covered are the swamps inside
zone 1 of Fig.13. :



282

The green color represents a combination of water and vegg

tation, this was concluded after examining the ground truth and

considering that the MSS detectors picks up an averége'bf the re-
flected radiation over an area of aproximately 5,000 “‘1._2 and there
furg a mixture of water and vegetation is observed at the border
.qf lakes-aﬁd-rivers, it is interesting to ohserve that very mna--

rrow rivers like the one that goes from the swamﬁs toward the -

north also appears green due to this effeet on figure 15.

Orange represents zones where herbaceous vegetation is grow
ing usually over former meanders or lakes. The dark yellow color

represents swamp or muddy area.

Fig. 16 show a result from the present version of INTERPRET
as it was displayed on the oscilloscope and Fig. 17 a display on
the teleprinter. In the later picture, special characters design

ed Tto produce a gray level presentation were used.

Fig., 18 shows a color version of the same result, here the
Jungle was also included, an attempt was made to match the classi-
fication obtained with INTERPRET to that obtained by Malleaux®Erom
analysislof aernphotpgraphy. Muqh of the detail obtained with tﬁe
computer was avergged out so that to have a more general presenta-

tion suitable for this comparison.

% Forestry Map of Peru 1876. -~ = R -
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Cdlor'map from an eérly version of INTERPRET,

The following calor code was used

Black _ higly sedimented water

Blue and Violet water with intermediate degree
: of sedimentation
Orange. herbaceous. vegetation,
Green mixture of water and vegetation,

and- wet areas

Dark vellow - swamps
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AREA CON VEGETACION HERBACEA

AREA CON VEGETACION ARBOREA- COMPOSICION DE LAS 3 AREAS -
POBRE ANTERIORES

.

FIG. 16 - OSCILLOSCOPE MAPS FROM PRESENT
VERSION OF INTERPRET
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FIG.17 - Teleprinter map from the present version of INTERPRET,
Special characters are used for gray level presentation.
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Tig. 18 Color map. from present version of INTERPRET.  The
E following color code was usgdi_._
Vellow ' Alluvial forvest type ITI
1 '
£ ] :
- _ Green Mixture of vegetation and water,
wet areas or alluvial forest type-
- ) TI . -
Orangs Herhaceous vegetation or .agricul-
o tural land
&
N Blue Water
%? : Pink ' Swamps
| White Unrecognized pixels
5
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~ Pig, 19 shows an extract From the “Mapa Porestal del Peril"

published by UNA at a l:l,OOU,OOD scale., A comparison.with Fi-

" gure 18 shows that there are some obvious differences on the

drainage patterns due to the fact that the aerophotography used -

as g base for the forestry map is over 20 years old while the

Landsat imagery is recent, October 1972. It is interesting  to

observe that the lake east to the swamp area, zone I, has almost

dryved oul and an oxbow lake has been formed south Contamana given

~a clear indication of the changes that are continously ocouring in

the meander valley of the Ucayali river.

It can be seen that in spite of the averaging performed on

the computer results to obtain figure 18, there is still a great

deal of detail in this figure when compared with the forestry map.

The matching of figure 18

yellow color represents what has

est type III on the forestry map.

and 19 is satisfactory, the

been defined as an alluvial for

The wet areas or mixture of vegetation and water are repre

sei:ted by green color in figure 18. It appears that the large

areg colored green at the left hand bottom corner of this figure

mii he also a representation of an Alluvial forest type II, this

shall be investigated during the

continuation of this reseach,

The orange color represents areas with herbaceous vegeta--

tion or alsc areas where the aetion of man has taken place. Blue

color represents water and pink represents the swamp apeas. White

are those samples that were not recognized by the computer,

h 4
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FIG. 19

Ag AGRICULTURA

Ap AREA PANTANOSA
BAI BOSQUE ALUVIAL I
BAIl BOSQUE ALUVIAL 11
BAIIl BOSQUE ALUVIAL III
BGI BOSQUE COLINA I
BCII BOSQUE COLINA II
BCII BOSQUE COLINA III
BFI BOSQUE PROTECCION I

EXTRACT FROM “MAPA FORESTAL DEL PERU 1976"
SCALE 1:1,000,000

NATIONAL AGRARIAN UNIVERSITY
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When the areas south of Contamana are observed from an air

. plane they -show an incipient development of agriculture which copr

relates very well with the orange area to the vight of figure 18

. South of the.islénd and, extendiﬁg toward the South. This is part

-of the area that is classified as agricultural land in the fores-

try map.

INTERPRBT is also being tested on the study of the eity of
Tarapoto trylng to determine the maximum amount of information -
that ecan be obtained from a Landsat imagery. Fig.z20 shows a pre-
llmlnary result obtained on the oscilloscope from zone II . In

Fig.13 the ecity has been clearly delineated along with tne main

roads that converge on it.

At present there is not a recent mep of the ecity and its
*surroundings,and it is probable that the present development of
the agricultural areas close to Tarapoto have not been assesed -
yet. . Classification maps from Landsat could be very valuable for
the determination.of the present state of development of eities.~
like Tarapoto. This work with INTERPRET will continue in order
to determine its actual potential as a tool for demographiec stu-

dies.

VIII. Coneclusions

The use of clustering methods permit the development of

relatively fast classification algorithms that could be implemeni

ed in an inexpensive computer system with limited amount of memory.

_!' o
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FIG. 20 - Map of Tarapoto. Brighter points
represent urban areas. Medium leg
vel poircs represent unpaved roods.
Weak [z2vel points represent water.
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‘The analysis of CCTs by means of -these techniques can provide a

greagl deal of detail permitting the use of the maximum resolution

of Landsat imagery.

o Under the supervision of an specialized user Tthe programs
developed can produce satisfactory thematic maps in a reiatively

short time if an appropriéte recording system is used.

In the course of this work it has been detected potential

cases in which the use of other ‘techniques for classification us-
ing a gaussian approximation for the distribution funections can

‘be used with advantage. In general a system that uses several -

different methods of classification is desirable.

For the study of jungle areas) channels 5 and 7 {(or 6)can
prbvide enough information to delineate drainage patterns, swamp
and wet areas and make a reasonable broad classification of for-

est types.

The results obtained by means o INTERPRET were found satig
factory, by direct observation of the area from an airplane, aerg
photography . and‘when compare with the Forestry Map published by

UNA,

Computerized methods sustained by special purpose hardware
can accelerate the process of evaluation of natural resources and

represent the most logical way to deal with multiespectral im-

agery.
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IX. Future Work

At present technigues hased on the maximum likelyhood ra-

tio are being developed and will be added to INTERPRET.

Under the auspices of the Canadian International Develop-.
ment Agency the present computer system will supplemented as -
shgwn in Fig, 21. This system will permit to produce.thematic

- maps on film so that to permif enlarsements to an scale appropri-

ate for practical purposes.

Techniques for geometric correction, scale and earth rota-
tion skew, shall be develped when the envisioned additions to the

present computer system malerialize.

Techniques based on linear and nonlinear adaptive algo---

rithms are also being study as additions to INTERPRET,

ORIGINAL PAGE 13

OQ‘POOR-QUAL
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FIG.21- FUTURE COMPUTER SYSTEM FOR MACHINE ANALYSIS
OF IMAGERY.
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' ABSTRACT

Landsat multiespectral images and aercphotography was used to
classify the different jungle types in the region close to the
cities of Contamana and Tarap.to. The attached map shows the
results of this work.
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