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^'orewara

t^Vhen the ERTS project was officially announced by NASA it was

receivEd with gr^eat interest a.n Peru since a.t represenfied away to
s

develope Remote Sensing Techniques, that could substantially aceeler

	

'	 ate and improve the study of our natural resources, without	 the

higher initial i.nvestmen't necessary to acquire airborne multiespec---

iral ^;ensors.

The C;eophysical Institute of Peru {IGP) and the National Office

i'nr valuation of Natur^-rl Resources . a'.^ERN} joined their efforts for

1temate Sensing de^^a:icpment dnd with t^- ►e hc3p of the National Agra--

	

^-	 rian Univex^sxty prepared a proposal to par.^fiicipa-te in the ERTS pra^

,jest and presented .it to NASA in 1971.

.^.'irice then an ,^.nten^e grogram of activities was developed and

	

'	 in spite oL^ i.nitial difficulties it has evolved toward a succes-

f'i.3. program.

Pr^evio^xs to the launching of the Eirst ERTS satellite, fiechrii-

ca p groups were organ:i2ed to work on the ERTS imagery that would be

arr.iv^,ng, all the basic information that was available on the Santa

lZiver Basin was collected and at the IGP, Mr. Eduardo Seminario un-

	

.,	 der the direction of I]r. Medardo Molinafrcxn UNA made aHydrologie -

Study of the Santa River Basin to auppart the studies with Uandsat

	

.'	 Imagery.

	

.	 ^.n order to pramc^te -the national interest on remote sensing an.j

inr^rc^a5c-^ su^^purt to thi.^ project, talks were given at Universities ,

'	 r;;^.;.,
!^

..........
^..	 ,.	 ,_...,	 ,..	 t
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national mee^tirig^ and government organizations. These efforts

culminated with a Seminar on Remote Sensing given at UNA in

A^^ri1 197?.

in July 1^i72, an agreement between DNERN and IGF was

signed to work the development of Remote Sensing in Feru anti to

eek rational car foreign tinantial aid to s +.^gport it.

n^^, S^ y wa.. sucoesiully launched in August 1972 ► after

a nuEr^a°r of posigcnc^mer^ts , and finally the first images started

to arrive during -the first half of 1.973.

u :Che images vae^^e taken over our observation site on the

Amazt3n ^7t^ngle. At that time oil exploration activities in the

jungle ^^1ere booming and a prioritary interest was given by the

government tc that region of the country. Tt was then decided

that the efforts of thy: teams at IGF, DNERN and UNA will concen

_

	

	 -tra^te their c:nrk are studies about the jungle areas covered by

ERTS--.1.

rlr. 1'.dtkarda Gemi.nario and fir. Molina made a study o^

Eleanaers aver rivers in the Amazon ,3ungle. By the end of 1973

Nlr. Seminario was leaving to l;urage to benefit from a scholar-^-

ship and I^r. Molina tool: a leave of absence in early 1974 	 to

wnz^l< for UN1a5C0.

At iGY an inFraestructure was implemented to deal with

Li^^ ima^,ery car^t^n^, trc:'iii :dASA, to enlarge the black and white 7D

ii^m. unr^ to produce ^3^ mm color camgasites.

_ `. ^' ,.:.	 ,.-	 ^	 ^	 __ ^,
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The imagery received from NASA was given broad diffusion

peing the mast significant applications the use of 250,000 en-

largements as a help far a phatomnsaic work at 5ervicio Nacional

de Aerofotografia (SAN), the use of 1:250,000 enlargements	 by

	

.	 Selca Petroleum Co. in their planning of an oil pipeline in the

Pdorti^ierr, geruvian jungles The use of 1:500,000 enlargements by

Minero Peru in tkteir research work.

Tn 197+ under the auspices of the rational Institute of

planning a prognsal by ONERN and TGP was presented to the Cana-

than International Development Agency {CIBA) to finance a pilot

	

.:	 Remate Sensing pra3ect. 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.

T1•iXS report presents the work that was performed at

^Cyi', OrDRN and UNA during the period of 1'72 tlkrough 7.975 with --

-the Landsat 1 {^KTS-1) imagery.

^• goring the course of this work it was decided that OrERN

will concentrate their efforts in the develapmcnt of ghotointer--

pretatian techn^.gues for multiespectral imagery as a ^^atural eva-

lotion of their work on the evaluation of natural resources of

the country. IGP will work mainly in computerized methods of d,^

to handling an analysis. t3NA concentrated their efforts in hy-

drolagic studies.

a
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^[, Introduction--^--

]'^^ the last eight ycat^:^ a ;teat deal nf' ef:fctrt have >,eer^

f	 spent in i;-i.1	 exp.laz^ata.an	 act i.vi-ties:; in the pei^uvla.r^ ,^n^^zzanic jun-
1

r

gle.	 At "li].:^ tune a pipeline	 that :g ill t]rixza. thn o:i.l 	 from the	 ^^

Jl(]3.'^:lll?1'7'i I l.(^^.CIS	 O.^	 the	 ^11nga.G	 t(^	 t^l {:Oast	 !iS	 11TlC^r'T' 	 i -.i))^i -^1.'UCti0r1.	 -	 ''^1

t+lit.i-^	 t1-«: cE.-^t5 of the	 o^.l. crisis
i

still. present,	 i.s r:+-^i:	 diffi-

c^^.^.4	 !-.^ u^^ti€:t^„font]	 the	 interest	 of Peru i.n tha.s vast region o#'	 ^	 ^'i

^^i t^l^t tlae urgen^^y to develop our capability to 	 produce ,`	 +,.

ail camt? tiEe necessity to flb^t,i.-iaz }^asic inFormation about, the jun-
- `..^

.	 G1e.	 Tht3 first images from £I^'.I'S-1 on that	 area sltot4rcl	 that	 a '^	 3

^;rca^t deal of important inforrn^{i-ion could be n1^3 aic,eri 	 i'rom t13em.

^'1-te	 Geapl^tys.ical	 institute	 of	 f'r- ,.•iz	 (1_GP) ,	 -the	 N;_ttit,n^3.L	 [}ffice	 for
_,.	

d

l^valu<^tion of Natural Resource:, 	 (U^lI:RN)	 and tho	 Agr^^t.r.i^t lln.iversi '.

ty	 tUNA)	 started warl:ing witlx	 thaso E1tTS-1 image;^^,	 Ui\EI2N	 and

1Gt' ^^rar,l<ed to develop	 classific,-t! i.on methods for rztzrlt.ir^specti^a:1	 ^ '_ ^

.	 i.m^^gex^y and L31^1A in the 	 study c,f mc^^tnders in tht? AmaL:^rr 13as.in.

-^	 The i-'irst task was	 Co se.l.ect imagery with on(^ck 	 quality,

]t^ty t~laud cover and faith 	 a	 .l.^zrgr	 v:^riety	 af' inte,rc^rst i.rzg :fen.tua:^es. '<^

The image selected was tht: ortc ta3cr^n over the rcg.ior^ c^lr,se	 Co i:hc

cities;	 o.l' Contamana and ']'arapntt].
^;

7'o develop classification schemes, phc,i c^^rnphs	 from
i

..,,

^.
	 aiz^i]:1-ernes were used along tivith en 3..€rrgements to ] :25(^,OnCl	 scale

^xitd roLox^ enrnposites of 1:1,00(},C}UO scal.c.	 In the cuur^;r.%	of ^^

L^11t; WCi r'Ic it Evan found that Signiflcarit dLtail Was 1,ESng .1(]st	 il]
11

the phc]to :intea:pretatl.an procc5,;. 	 9'h€: problem was m^-zinl}, due	 to ^'

^^

^.
,, r.

..-.	 .
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c ,^: of ^.he fo]lcatrir^g causes: the photo interpretex • fau_nd diti'icul

ies t.ti r.LV:itclx from one channel to other to identify a "feature,

thG ^tet-a:ilr^ Laer'e t«ry .mall on the 1:1,000,000 Go1or compo'si'tes or

tars fa.i.!^t in fine er;largements, the pt!ato interpreter goY tired and

:st'F:il't'E:i ;TIciI<1F1^ ^x'rG!':^.

1: t wa,^ then decided that computerized techns_^-tu^.^ 5I!uu.ld

.^ ,y.tul.icd a: away to solve some of these problems and t-a acr_ele

!°;;^t ^^• t k•tie in C.erpre Cation process. The initial results at IGY were

pr^^rr^ ^ 'i r«; and then a mare systematic effort wcxs started in this

I" i.E' l.d. T't was decided that Oi^I;I:N w^.11 continue work.i n^, c,^ith pho-

tai .i.ntr^rprctatiex! methods and IGP will develop camputar x! ► terl^re--

t.,t i!i!-! technir^!les, bo-^h Laari<s were carried out iz^ parrj^.[r_•!.

'Pilo purpose of this sport is to present kA.^3^at w^^^ ,sccam-

^.li:,i^!ec! at the IGP to develop computer fiechnic^ut^s to Irx^o^e5^ corEi^

;Niter comi3atiblc #:apos (CCT) from Larrdsat Satel Li tes.

Ti!is work concentrated in the mult.iespectrai. analy:,.is a:E

CC:'.I's , the problem of geometric correction and app.l ica^t i_nn n-^ tech

niciues to define geometric features and temporal. vari^tt:i.n!^.:.: was

lei't for future development.

6dhen finis Lvoric ;;taxied a I]atacraft Fi024 cainl^u7-ar. Lti^a:^ a-

.ruilable at 7Gl', the memory capacity was 32 IC byre a^}^l tY^e Ec.le-

printer was too slow for practical. use which made i.hc' prts^;i^'esti tou

diffi.c^ult.

When, it was decided to !.!se the IBM 3Gf;^i.}p c'uml^^ft^'r 	 ai.
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OF POOR QUALIr1'Y

.-
	

--^



	

1	
tfiF? ida'{:ioRr3.i ^Jniver:^ity t]f l;ngineering, but it was found that	 a

	

1	 iaroe computer eenta;^ as net particularly suitable for the type oi`

	

.	 ^	 taork tlial•. t+Te i^iere interested in. 	 Finally a 1-few^.ett Pac]<ard 21Q0

computer :^ysfie;r: installed by Stanford Research Institute at 	 the

	

` ^	 .neon Ubserv-rtc^iy of SU13 became available and then it was possi.--

bla to 5a^lisf'y rn,^st of the requirements for our work and the pro

araJns f'cx^ r^ia, 1'xine processing of CC I's reached amore satisfying •-

+^ f	 LIG ^, kl dl'^ ^LL1l4illlyy M

	

. ♦ 	 L•	 -..	 L

In ch^ters .%II and I CI tl^e general. problem of machine

ala:^^i.i'.er.^t:^c yn i y in•truduced fal.iowecl by a brief deseriptir,,n 	 u1'

CCTs in cliap^ter V.

The computer techniques that were developed during this

work are presented irx chapter III and their application to tltc

study of ^unQle areas are described in chapter VII,

The eanclusians that were reached are presented on c:i-ral^-

tar VIII, and finally chapter IX deseri..bes our plans for future --

wat$<.

III.

	

	 The Problem of Machine Classification of ftemote.ly Sen^,ecl

1)âta

Fig. 1 ilustra'^es the oene^^al problem of machine c,l.r,ssi-

^^icatinn. The source illuminates the terrain, the sensor receive::,

!'he reflected z^adiation and at a particular time generates a ti^^ r .

of n`mbers. patterns, [^hiel^i are a measurement of the receivc^cl 1`^'•- r

s
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diction.

The featu_ ^: st:iector extracts 'those numbers that are sig_•

riificant tQ define ar characterize the surface under observation.

`-^`h.i^; n^.•. c;+at can Yea represented by a vector generally known as the

feature vector.

The ^^ur^ • r^se of the classifier is to assign each :input pat

tarn tc^ one oaf the ^aossible pattern classes. The classifier ma]<es

this assigTatnent on the basis of the feature Factor obtained from

the input patterns and also based on past experience.

The development cf a classifier has been the mean ob^jee^--

five of this work an;.i the future extractor has been ar^iy 	 c ^:.^^si-

. ,	 derc:d a5 a p^xrti{^^^l:^r e.^.^c- r,f the classifier. 	 -'`
^^^

:.	 Ti^.L nrc^blem or classification is basically one of F^arti-^	 ;.^ ^

-	 tianang at the space defined by the feature vectors in 	 reg:^ans,

°-	 one region fnr each class. The partition is performed irz such a

way that the ^,robability cf ^rtissclasifieation is minimized.	 Ex-

tense .Literature exists on the various rraethads to salvo this pro

-	 b.l.^r:^^` F-.

1'.t present there are a number of methods far machine clan

si£icatic^n^ ,b , they are based on the use of the covariance 'ma^r.i.x,

^	 .in tl^^p measurement qf probability distributions (parametric and -

non parametric) clustering techniques and other. The method cha--

sen will depend in general an the problem itsel+; and on thc^ avai-

*Superscripts indicate references at the •end of report.	 ^;^

1^

_-	 ^	 .:.. ..,	 : . ,;. ,.
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l ah,le digital egui,pment.

The main purpose of this wor]< was to develop computer tech

niques to analyse Landsat--1 imagery over the peruvian Amazanic ^7un-

^;lc clr,se to ^lcayali River, one of the Amazon tributaries. 	 The

^trueture of the multiespectral data obtained was very complex, ab

-..f^;usly non gaussian, ground tl^ruth is almost nonexistent and dif-

i^ i^^r.^lt to obtain because of the inaceesibility of the region. The

digital equipment used in the problem was based on a Hewlett Pa-

cicax^d 2100 computer with 32 k bytes of memory, two tape units and

a fiil0 cha^aeter/min telepr^.nter. These facts led us to choose

clu.^tering techniques as the base f'or our classification algorit}uns.

IV.	 The C^.usterin^ Method_.	 ___,.

..	 Clustering techniques are based on the determination c,f

Natur,^l groupings :i.n a set of data. The space defined by the fea-

turn vectors is structured and there are =pgions where the densiky

of paints is .greater than the surrounding space, clustering me--

thnrls permit to define volumes that will enclose those regions.

Intuitively, one can assume that data points, ar feature

vectors, corresponding to objects on the terrain that are similar

sl ►ould came close in the feature space and hopefully forming c^lus

t^r^.

xt is fundamental to the clustering method the definition

of a metric to determine clasenetis, or similarity, in the feature

space. From the variety of similarity measures, the F,uclidearr -

f ^,..
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distance between feature vectors was used in this work and close--

na ys was define in base of the nearest neighborll criterion.

V.	 "1'he Commuter Carnpatible Tare (CCT1

As a necv tool f'or the study of remotely sensed land sur-

E'aces came the CCTs l generated from data collected by the multi

eSl^oetral scanners {MSS) oia board oi' Lands at Satellites.

The 1^1SS covers the visi',

with four channels:

Channel

^	 U, 5

5	 Q, 6

6	 U, 7

r	 ^, s

ble and near infrared spectrum

- 0.6 macrons

-- 0. 7	 Rr

- 0.8	 „

- 1, l

'I'he MSS scans cross trac]c swaths 185 km wide at a nami-

•	 nal altitude of ^-9^- nautical males. It consist of six detectors

far each of the four channels, video outputs From each detector

sire sampled, commutated and multiplexed. The canunutated samples

.	 aa'e er-teoded and transmitted to ground-base receiving sites.	 'I'tie

receiving stations campale the raw data on video tapes and trans

mit these tapes to the NASA Data Processing Facility (NDPF} 	 at

the Goddard Space Flight Center, Greenbelt Maryland.	 `Phe NtIPF

corrects, calibrates and formats the raw MSS data and converts

it to binary £arm on Computer Compatible Tapes (CCT)"

A 1$5 3<m square ground scene on the CCT is a Final pro-



Y

r$	 •

11l.lL'f: oI' •Lfze ^^1,^;;.	 €':ic;, r i.l.lustrates a typical scene ^orrespond-

i^zg to a 1^^^r;5 cai: f^r7xul:^^:rt ^^ SateJ.lite aver the 1Jcayali and 	 HLta-

Naga P.iver in t3te Cciitra^. 1^rnazan Jungle of Peru,

A scene is made ul^ oi • parallel scan lines each contain-

ing a large nu^nf^c^r cs1 vi^l^o ^aoints or picture elements (Pixels) .

Tfic I,131'1.' ^^ecF:^r•:15 tt complete ground scene on four 5epa^

^:jaL'e ['L:'1.'^s, Czah Ct^l' ct^nl^- g ins ^.mage data for one X6.25-].85 ICr^^

strip. The CCT contcii^xs clafia that has been radiometrically ca-

librated l bu't not geomet • rical.ly corrected for skew due to earth

rotafiion. CCTs come in 80D bpi and 160D bpi densities of tapes.

xn this tti^ork .1.60[3 bpi CCT corresponding to the	 image

:aiior^^ai in .Figure ^ c •!a5 used.

V:f.

	

	 The 1}cye:loprt^ei7^_c^^f a L'oml^uter Techniques to Anal sy • e Re-

motely. SeiZSed . Data ^^.ecorded on CCTs

As a Framework for f:his cvprk the Fallowing basic requi-

i^e:mr-:nts were defined:

^ Cl.u.4tc=ri.i^g techniques will be used.

7'lie I^x• o^rarns will. be interactive so that they permit

as u^uch X35 possible within the limitations of our

equipment, the intervention of the specialist during

the analysiti.

^ Tl^r^ f^rrgzam5 ^:kiould use the four channe3.s from the

CCTV; but ^t^:i.il have,as an option,the use o.F less num

j

r^ ^

i,
^,	 ..	 .,,	 .

S
^.	 ^^.0
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ber of channels.

,,, .The presentation of results will be, either on te-

lepr.!_nter ox^ CRT.

A:Lthatig}i Chey will be developed with a particular

i;r^oi^lem in mind, they should be suffieientl^^ genets

,R sl ^^^ i:h-xt they can be used in other applications

toe.

'^.i.--: ,-c7grtz•a^ should use , as much as passible	 stand

t^r^^.} .l,^n^^.iabes, like ALGAL or FORTRAN 1V.

F^,ig. 3 illustrates the equipment used in this work.

The group of programs developed to process CCTs was named

TN`i'!iltPltf^:'!' at^^i c^cinsist ili tEze fallowing

^;uL?r^c^utine5 far data manipulations from CCTs,

written in ASSEMBLER language ea^.lable fro ►n ALGOL

and FUk'!'}tAi^f lV programs.

^; irograms Ai.MAP T and ALMAP ii display nn the LeleW

printer and oscilloscope respectively tl^e video irk

formation, levels of reflectance, fram_^ne of the

channels stored on CCTs. The display as in the form

of a selected area from a scene. T}ze i1nguage used

is ALGAL,

These programs have an option tha^[ F^err^its ^ta li-^-

mit the range cif the video inform? rir,n ^r^	 that ,

only Chase areas on the terrain that l,t^nclucr_^ ^:^e-^

fl.t^xian5 ^eve^s within given limits caill he clis--

......	 , , , ..	 .:._.	 .... ;,	
. ^ ^_._.	 __..	 r .	 _ , md..._	 ^ W. _ _ . ^	 _ . _... _	 _. _	 ..	 ..	 _	 ...

_.	 ;` ^.
-..
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Unit	 Unit

[^ P 2100	 -

COMPUI'CR	 Paper aepe ex
	 I^ ,.

32 K MEMORY	 fast Read	 .^
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'	 playeri. Alto the desired range, between the limits

can be divided into slices of equal width	 and,

displayed with different symbols an the teleprinter

or s^ifferent gray levels an the Oscilloscope, this

-

	

	 permits to identify features on the l:errain 	 with

levels pn the video information.

It was found desirable to tae able to vary the scale

on the display, and therefore ALMAP I and II were

-	 pravidec with an option that permits to produce dis

plays at a prescribed scale.

The prngramti are interactive through a continous

interchange of messages between the machine 	 and

the operator. Fig., shows a sample of ALMAF 	 I

rnessa^;es. Fig.S an,I 6 show typical displays from

..	 AfsMAP I ar1r1 IT respectively.

^'rubx'ams HISTA and HISTB display, an the oscil.l.os-

cope anti teleprinter respectively, two cl.^.mensional

-	 his^kograms of any Hair of MSS channels. The value

of histogram elements are indicated by means 	 of

gray levels on the oscilloscope or symbols on the	 `^
s

teleprinter. These programs are interactive	 and	 -

have options that permit the user to display a prey
i

crated range of levels or to slice out the	 more

intense peaks so that to enhance the .fine structure

of the histograms.	 {
^^;: i:;

;.	 ^

l
a .,

..	 ...	 .
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1

.'1LGQL ^'1(7DIFII;D t^AP PROGRAM {AIdCON SEPTEMBER ^5)
UNI`1',TA pE? , RECORp LIa^FGHT? . RECORD POSITION?
9 .32.95 ,-°1
TITLI3 ?	 .
Tdf"^TE t?E CONTAl^ANA
C^3ANNEL?
b
	 .^

II!IiTIAL I^IPIC?.^'INAi, LINE? , INITIAL POINT? , FINAL POINT?
25n , 32^3.2^i7.2&^	 F'

LItdt; IL^TERVAL?,PDZI•I r# INTERVAL?
1.1
,^IIPlT4;I3I^! r^I;vEL ?,rtAxx^UN Y.I;'vEt•?
0,33
LEVEL INTERVAL?•
3
CI•iARACTFi^S?
SI
EI[^7^^7^^0^111]
123455789712
abcde^^^tijkl
NORTE ^E CONTAMANA
CHANid^;!:,:	 6
PROiYi TO Ck1AL't

4 2 a
3 5 b
5 8 c
9 11 d

1?. 1^ c
1^ 1.7 ^
1:. 2 ;i n
1.1 23 ti
24 2n i
2^ 2? a
30 32 k	 ,

33 33 1

FIG. ^E - 1'rugram ^C,MAP I . Example of me ^; E a^,e
interchanged between the uaer and the
campu-^er. '
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^d Program CI:?iST is the main one, it permits to de--

fine cl^^^^^.:^: rs in the feature space and has been de

veloped based on the technique named ISODATA .{Iter

ative Selr Organizing Data Analisys), Reference 5.

ISODATA is r^ collection of iterative techniques -

that p^:rmit to find the principal 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-

ter.is.

Hy means of ttie5e techniques a' cluster is repre--

serited by a number of subclusters in such a way

that the v,ariar^c.e of ,each subcluster is kept• small

er than a parameter defined by the user, In each

iteration the subclusters are'split or lump toge-

Cher cinpe3^d iiig on a set of control parameters. Fig

7 and Table I briefly describe ISODATA.

CF.^I^ST has been implemented in.ALGOL with a modular

structure, it consi=ts of a set of subroutines -

that perform each of the functions described a,n

Fig. 7. CLllS`1' is interactive ar^d permits the oper

ator to redefine' all the eantrol parameters after

a given number of iterations.

'	 The results obtainod by CL,tiST are a set of su]aclu.;

tern tti^hiclt :ire prantod in form of .a table specify-

s

,:	
;^'
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^^

^^^1

^^«Dt `IA_l1^^:^n^i,unr_ #. i.ons „_as Specified in Fig. 7_ _.._._,	 _	 _	 ._._._-

r

...

^tc^g ruT3L• L' Lela] De^:cription ;.

•
•

1

-	 ---	 -	 -

initial 5^ii^c^lu^ter centers are feel to the
!.

-`

^^cinguter an^f t^xe control Process parameters
.y

;"

are	 cgec^ifiecl. 'i;

..
Inn^:t }^attern.^ are allocated to the subclus-

tPrs u^, ing 3 ^"^^nlmllm distance criterion. `'^

!'!:^ f^.,l^awir3^' v^iriables 	 are computed: ;^^:
;^

Ave_r,.gn vector for each subcluster,

-	 St an^lr;r:# dev.ia^tion for	 each	 sub---- -	 ^

-	 Avex^sge distance of the patterns to-^heir

subc^uster center

--	 Ntlrrtbc:r of pattern, for e•^ch subcluster. "-,

3 Discard ti^o.;c .^ul^,cl.txsters whose number of gat-

terns i^. 1s :^ ^ than the parameter	 9n. ;= _^

^:	 s

r
t€ Take the r;	 w,^,	 ^..^ :

i

;

--	 ^3.'	 F?^'E'1'1	 1t^ratioTl

f'
'

-	 ^.^;:	 ^uar:^^cr of	 subclusters greater than
L^^;rJ times the number of subclusters {2 ^)

"	 ;^

`

ORIG^FAL PA^'^ ^^;	 .: ,

^	 ,,	 x
^^

OF POOR Q^^^',:^.a.',^. ;;

_.,
^,
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;.1
nI:I"i	 .,r^,'-;^ST'i:?(•l'ni'F'	 FBAraCI<=,.'Sr'r,rphTnTT.R=1}

r,%1.'t7^,x?, o-r.
:^,	 ^	 ;al	

[n	 ^^^^ ^	 I	 a	 c	 ^'	 :'r^	 nt;	 r,nTn,^

J

1 r274'r?711,1 '	 .1 ;4
^ [

[.t ^ rAlh71

^ tii. t	 7.UN,t	 LIr. °.A 	tr . IC[AI.	 r.I^l'A	 Finn[.	 1'UN'1'p	 INTCIAL r'IIr:TU	 FINA[. '
I	 7744	 97ri?	 134 155 -

rats ;n^.t t
;.0
fiMIT Nll+1HER7{iCl r n 'i'CH	 'l'APE	 ONr}
1 ^l ^..:
Ir•};^	 ;• .ZISY	 CflArl r;CL5?,Y:9AT	 Cfi gr^^:ELS7 1'!As
2,5,7
UwT,pAD T;RTA TAPh'.TAAp SCRATCH TAPE. Ts9U ^
!iUti1CLllSTER CEt1TERS7
SI

Ii1PUT UNIT7 ( Pf.It1TrR=1.TAPF,	 R£ADJ3R.+5 s
t
IIUr'[ERU pE SURCLII5TER53
2 q
Y,X%,XK,%X.XX,X%.Xa[,XX,XX ^+'

r1= r tUT1ER0 pE[, SU!3CLtiSTER ^_^
'	 'lX.XX CUURDENADAS pEL SDRC[ ,iTST['R CENTER

PARR ACJ1r3l;A t1Ce ,
1,3z.l.ly.1
z, 33.11,16.n

y

^ 1
;

^	 ;
LIS'rAD07 ^
y I _

^
i

b SU6CLUSTER	 X1	 X2 I,	 -	 `

1	 32.111	 19.1n
2	 33.110	 16.n0 c

r:\5 DA1'A7
rIU ^

PAItAi;B'r8RS7

st
Ti;TACZ, TETAE?. TR'rAri7. I . 7. r1TTER7 , NUCI.17?

,

z,5.1.M,n.5.9,12 -
'1'ARAPUTO 5 DICIEN,HRE 1975 i
NQ[•:£NCLA 'i'U1rE= 1
r!I=PUBULATIUN
X yAV£RAGE VCCT4R CUUR^iliAT£fi =`
AV=AVERAGE DISTANCE PRf9N T11E AVT'RACF VFCTUR
S=STANpARp D£SVIATION
4	 NI	 xt	 x 7	 51 '<7 Av
1	 26	 33.5385	 2n .1534	 1.7774 t.o'iP7 1.531n

T2	 2	 i1.5DNn	 72.5nnq	 7.571nn 1.riPoq 7.4155 ^
3	 13	 24.F473	 27.r,7F'1	 .8713 .41 r, r, 1.1F7F i	 ;:.^
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.^

12	 10	 34.SBnU	 1R,tr^f00	 .SnOSf 1.11;57. 1,149n
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UVGRAE,L AVERAGE DISTANCE OP P,1TTEE+ yS:	 1.32557
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FIQ,B -Typical result f' rrxn CLUS"1'. Su^clu}rtern
arc given in .i table in^icnting their

^	 moat impnz'tant parameter:+. -	 ',

^- ^'^	 ^'UUIi 	: ^	 '
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ing their main characteristics such as feature

space coordinate s population, standard devia-

tion and radius. Fig. 8 shows a typical print

out from CLUST.

Program CLASiF written in ALCQL 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 i5 assigned to a subeluster if its

Euclidean distance to that subeluster is the

minimum distance to any subeluster and it is

smaller than a maxin^ir •adius defined during

the optimization process. The result ter= 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

Cation on the teleprinter.

The program is interactive and permits to

change the area to classify and the subclusters
y

parameters.,Fig.9 shows a sample of CLA9IF mes-

sages.

With these set of programs it was possible to develope a rne-

tliodology to perform the computer analysis of CCTs. 	 Figures

l0, 11 and 12 describe the process of analysis in which the user

i	 pla;^^ a central rote.

.. ,.
,...	 _..

.	 _	 ,.
_:..;.
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Tr^IZApaTn ^^ i)^} • E:rI:M13R1: ^^^^
IN^'RADA !]!: 'LOIvAS I)E Nil3ESTliA
iJNIT N13^!!3!:!i? {TAPE 1iCAT}ER = 5 , 7.'I;LEPRINTER=.I}
].
N!)r'fl;liq l7I; 7Ilr.AS T}!: h9UE51'RA?
3
ZONAS f)I.; AIUI:-'I'RA?
Z,X1,X2,X3,X^!

Z-# DE f,AI.(INII llL MUESTRA (SI LS 	 q FIN D!; DAT(]S
PO}t LA iJNIDAD

X1-LINI:A INICIAL
X2 =I,INLA FINAL
X3=I'!lNTO INICIAL
X4-YIlNI`0 FINAL

1. 274ti. 2?u2. 1:3'!. I5G
_I

SI DESEA 11i^ LIS1'ADO TI PEAR ( a
(]
57 VA AIJf^iI:N`i'A!: !]11TU5 TIPEAR, ^a
a
IiNI'!' f^iJMP.Ei^? (5r:l^ATClE '1 APE QNL)
:t 0
lfC^„z MAN'S' (:!{ANNt:LS?,4VlIA'.i CliANNELS?
2. 5. 7	 .
UNLOAD EI^7':-^ 'f'A!'f;,I,OAB SCRA'I'CFf 't'Al'L' 'P[^d0
SUl3CLi1S'i'L'It f:f;N'f'Ei2S?
SI

INPUT L^NT7'? (I'IZrN7'1:R^1. 'IA!?1: I^l:;A!]I:R=S

^?ilt^aLi:c3 UI; ;;llE;('1JI]5^'lJRS?

N =NllP9LR0 DEL suf3CLUSTI:R
XX. XX. COORD[;NADAS 11Li., SUBCi,USTL'!Z CENTER

PAIZA ACAIiR'^fl N d
I..32. ZD. L^). 1l]
2. 33. U. 1G. to
_I

ST
# SUrJCLI.l:i'1'I:lt	 X.	 X2

1	 32. 10	 3.4. 10
2	 33. Od	 16. OU

MA5 lIATA'?	 '
NO
PAkr^^II:TI;ltS?
Si
Tk:TAC? ,'!'1:`t'AE:'? ,'f'!:!.'AN2 , L? , M:l. `!'L:lZ'? , NUCLlJ^
2. 5, 1. (]. 5. 9. l.2

Fig, y Typical messages between the user ar^d
the L`Qt31^]L1^EY'.	 Pro^;t•am CLAST}',

r

:^

,_^^'
k	 ^, .,:
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TI^3 LC I Y

Symbo3.s used on flow charts

--ti

HP 2100	 HP X100 Can^puter
32 K Bytes

CCT	 Magnet^.e Tape unit
Loaded with a CCT

1200 Diablo Prin-^er

0
12fl0 Diablo Keyboard

Tektronix Oscilloscope
Bquipped w3-^h a Polaroid.
Camera

Remex Fast Paper Tape Reader
aid Punch

U.'f:it
^tipecialisi- using
II^TCRPR^:T

^^itt.. .
^U^I^7^'.^a_., ^ .,

^:

_ .	 ..	 .,	 .. _ ^^
,®.,v	 --
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CC i	 '

HP 2100

^

PROGRAMS

	

	 ^° `- °" -' '_' '^ ..,° ^.' ..' .^' ^

AL_MAP I,TI	 ^

	

,^	 f

I
P1^€NTED	 MAP ON	 ^	 '^I

Al AP	 POLAROI p	 ^	 ' ^` ^^

'	 '^	 ".,'

	

f	 ^F

t.^SER	 ^
)' . i.

SELECTS	 ^
.... ^T	 ..e ma .e, .^ ..r.. .^ .^,. ^^ rrr ..rr

SAMPLES
;}

CCT	 COORDINATES	 COORDINATES

OF 5AMPLE5	 OF SAMP

HP 2100

fi'l^OGRAMS ^	
,.,

HIST A,D

t

H ! S TOGRA M S	 HISTOGRAMS

F^^.^O^ ^'L01^1 C^IAl^T OF YME PROCESS TQ DETERMINE
SAI^PI^E DATA P^}I NTS FR®M CCTS

^,^	 ,
;. ,.

'^:
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1 --	 - - -,
CCT COGRDINATES CONTROL	 ^

OF SAMPLES PARAMETERS	 [

I
HP 2100

t̂
PROGRAM ^

CLUST I
i

ISTATI5TIC FROM CLUSTEFS
PREVIOUS STEP POINTS	 (

I
USER

i
^

EVALUA,	 .... - _, _ .Y ..,....,.. _ _ ....1
TION OF
RESULTS

CLUSTERS
PoiNTs

I	 HP 2100	 (

PRO GRAM
TEST

STATI5T(CS OF	 CLASSIFICA-
PREVIOUS STEP	 TfON (TEST)	 OPTIMAL

CLUSTERS

F(G. 11- FLO W CHART FOR ^J6C^USTER t=ORMAT I ON AND

OPT[M[ZATIGN

r

.	 ..^
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cc r	 c^usr^Rs
Pol!vrs

HP 2100

PROGRAM
•	 CLASSIF!^

rl-l^NiAr IC	 rHEMAr IC

MAP	 MAP

FIG 1Z FLOW CHART F®R COMPUTER CLASSIF'iCATION

CONTINUATION FROM PREVIOUS PICTURE

..	 .. Y:'



^:	
1

r	 ^

;̀̀F ^Li ^-^^
•

k ^ . 4nse •.L•I•t^- ^rol3lent hasbeen de-^^.ned tha ` process of analys^.s

^^ ^•^^ -sta^:^•a:s w^:th •I:he s^^.ec^:idr^:o:C,^sampxes.:	 . xhe .:user he^:p^d b 	 a3.1 theY 1

;^	 .. anfarnta'L•inn ava^.labl^, ..aerophotograp^.y. snd.ground thruth, selects`,^ 'I,

,. areas ,w't^. kr^avan - clzar.ae •L-.eristics by disp^.aydng the .. Landsat :ixi^or--.	 -
,^'I

^^
.,

^	 n►ata.o^t on-.^L-he. tel^.pr^.n•L-er.]ay .means or ALMAP ^.
r

f ^	 ,'
4.:y The user deterrt7zneS the:, enordinates-^ of the samp^.E; s and aslC

^

,^

` ^ ^:he ^oE,puteL •ta ::punch -tl-cem^ .an paper ,:Cape. ;	 Wi•L'h •t.I•te hc^Ip .nf HISTA
'^

3, ^y
-	 .

br -HT^TB' the user aispla^ on the .teleprinter ^ nr on ..a ..p.olar4a.d i

picture ► ^:wa . dmentinn.a^.-^hi<s •tograms obt^c^ned _rar the samp3.e az^eas,
i

^`	 ,,
-

s

•	 :,
^

^.aten	 •l:Ia^se.:, Iiis^:ograms . vri^.^. be used •Ca..check .the .results of	 w
_

^!
, ,

;< CLUaT.
is

^}
_.

I , ;^
^^

^	 TI^e ` .seacnd step of the . process is to determine subclusters
_„	 ^ ^, -

f^rim :the sample dada by -means of CLLIST. 	 Elnee the subclusters are

.,^,,; -	 dE:terminecT they are mapped an tcao ^damentiQnal his^:agrams and cam--
.	 '.	 3. -

9

M ^	 ,	 . :pared with tl^e'his-l:o^;ra+rES determined in i:he prt::v^.ous step. ^	 ;
.^

^

	

^^	 ^	

;-:
'	 'I^he .samp^.e pa^:terns •L-hat are fed to ChllST are not sample- 	 1

	

^^	
;

	

^-	 i_ely "pure", than i.s ^ they con •t^ n data that da na •t be^.ang to a

Icnotan classifi.cata.ar^ and therefore thane patterns wild. be rejected

during tlt^.s step.	 .
f	 _	 .

r

Next,th^ stxbciusters are passed through an optimization pro

	^-^}	 eese v 'means off' ^l^ey	 program CLASTF. Each subeluster is	 tested

	

^.^	 ;

Using `-the clas^^.fisatian a^.g^r^.ti:^ii of CIaP;^I^` -and the resulting maps

	

^.	 ^	 -

	^	 ^zre ^ispla^ed nn tl^e oseil^.ascope, aticl on the •Le^.eprin^ter. 	 llata

,J, from a.Irna^,ni area, , different -from that a^' •tl^e sample data,is used	 ^

	

t -(	 fQr tlazs prracess. .The radios of each s^.^h^lus•L-e^^ is . x^duead to mi-

	

^	 nimize-the number of missclassifications or increase to maximize

	

-'	 ,
..

i

_.	 =,. ..
.._	 _.	 , ,_ . -, ,.... _ ^^ x ,•,r



i.. . ^.
correct class' ^.^.cat^.ons.

_ ,	 '.
1t

' ^ '

	

	 The Last :^ tep is tlxe analysis of the area of interest : the

c^.a^ss^.fa.ca^tian is r^erformed using GLASIF acid the resulting maps
_^

• .are either displayed on the teleprinter ur on oseil^;oscope as il-

F	 ^^ lustrated on :figure 'l2. Tf the maps are not satisfactory -then nesv

`

	

	 Gamp:lzn^ aress are defined and the process is repeated again buffk

^	 only limited to -those elasses^ that were not being eorrect^. cLasy	 ^...
^	 ^_: , sif%e$. Tl^e process usually. does .not.. requira.mnace...than two itera-

i bons.

^	 ^^'	
_ .^

k	 -'

VII.	 A^^licatzons of `TNTEItI?ItFT to -the Study. of Amazonian Jungle
^^
	 _

....

The..^ungle of Peru is scarcely developed and-its , 	present
,r.

^^ condi-Lions, in most of the amazon, basin,. 3s the same as it	 was

•{

.	 .
millions of years agol'.:,'., Tile .v^ge^aton has evolved •to adapt i-^

^	 E
i

'

self 'to the. erv:i.ranman^. (soil, geomorphology, weather, etc. } 	 and -

^̂ has . reached the cond.^tion of^ climax forest in most- cf the Jungle. ,
,^

.^

{

The rivers are the . main. ^l^:nam^.c agents and 'the wavelike evolution,
ii}	 ^-	 ^

of the meande^.^s crea•^:e . ^Lypa.ca3. patterns with axbaw lakes and for-

;;
mcr r^.ver bens eavererlw^.th.heruaceous vegetation.

•	 After dise^.issons w^tla:^prof^ss^r ^7orge Malleaux from the - ^
^^

Forest D^pa^tment of •the, Agrarian '^Iatiana]. University the 	 area

-	 ^ close'^`to the town of ConLamana on -the Ucayali river was chosen
_ _,-

_^
^ -	 ...

zone I of i'ig.13:	 Th^.s region was attractive for this work	 be-
-

_^
^	 ^	 ^^	 ; cause of tine variety oi'_ fnresL 'types •that presented..

..	 .. ^•

At fa.rs •t, while INTIRERET v.eS, still xn ^.ts preliminary form ^

it 'was used for an identf^.catian Q^ drainage patterns ► Lakes ► than ;
''::. ^	 ^4 .

-

^. -

^	 ..	

i i

.

^	 -

T ii ^t

^;_ t

ti ^
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t	 -^,^

^^►̀ "'

`" f G . ^3 ac¢n¢ f rora^ La ndsa# t Chosen far t ^^s study zone I

and zone ^I are th¢ area co^¢red.

aItIGINAL PAGE ^.

OF PA9R QUAD-^T = -^
,^

^`= ;^
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.	 ^,

^^
^..

,;;,.
_
,,	 .

`^

;: .

^
;^

it ,t f made e^.eaxzngs^ of 'thy ;^ungJ:e or plae^s ^;rliere herliae^aus veg^ : tat3on _

.4_
i

i `has	 started to g^pw, swamps and .wet areas.. :^
i^. ^	 s,	 ._..

-

,^

,

-_^ ' ^

i^ In O^t'dber' 1974, under the auspices of, the National ,A^ro-^ ^^

'3
;^

'. ̂ pl^o^agraphie ,Service (SaN} 	 a trip to zona 1 of Fa.gr l3 was	 made: ;^,;
y

f	
`^

.

^ ^
..

by personnel of QNERN and IGP:	 'This mzssaon flew aver Can•tamana
E _ t

'` ^ and over `the: region arp'und •the swamps ` south west sf th^^' tawzi	 ,
F.-

€
3;

^	 ..E^. _ lalaek and wl^te p^:ctures Caere talcen by pan RC-^.^...^amera, and	 a^.sa ^

x:'
^.

^..

r n 3r mm color 1lctaelarome` p^.e •^ures	 This" informat^ori and that	 al-='^

,'_'^
f'

"
-

ready e^sten-t " was used- ta' -help bath the ` phatoi.nte^pxetatian work
a

^	 ..	 >

~;
.:	 .

at ONERiV and the di^;^.•L-al analysis at xGP,; .
,;
j

..

,
Y:

,x

^; ^	 :..

-	 .•

Fig..14^ shams the result o^ an early versiari of	 1N^ERPRET
r

,;

'

4 t

- "a
.	 .

made dura.ng 'L-he 3.as •t part of 197: - .Channels 5 and 6, channel 	 7
?

}^ was ;nzss^.ng- due .io unl<nawn causes, on -the.. scene of Fig« 	 ^ rae^e.	 ..;, ,	 ..,

^'
. w
^3^

used.	 Fig: -14 is a computer output made with rriultp^e: p^Yr^t 	 to

,- ab^Eein- a gray leve]. presentat yan	 Tt was '^haught- that this 	 ,type 4
ft

t :

"^	 .

^^, of presentation would be^ advantageacas: fare the delineation t^f 	 the..
I
,;"

k
,	

':
_

different c^:asses..

.

3

fi°

^.0
-

^	 £^.g. l5 shows a calr^r version a^ this analysis, it was ob-
-	 ^#

3
``;;

P

-:	 ..	
...	 ..

Coined from eompu'i:er printouts by coloring	 character	 with,each ^	 -
::

"". d^feren^ colors.	 , This figure shows . a branch of •the ^7cayal^. 	 Ri-
^	 : ^,	 i;.

tt^ •
1̀

. 	 _.

ve.r west of Contamana and the swamp area south. of "it.
-	 ^	 s

f;. _	 -

^ Bice:, viole-t ^na> b'laglc ^.na^.^^^es a^fferen^ tones of	 mater
^

1

E

^	 ;

f	 ,'<;: L3 as seen from Laridsat "l::	 ^h^ black represents highly sedmented -^ ^^^
,. ^,,

,.,

'	 '

,.

wader and -the other colors, water with different coneent^ata.ons of^, ^

ma'C •ter in suspension. ^ 1
:.

^`	 _;.
_
,:.

^^
^	 ^

.t _
•	 PAGE^R,IG^NA^	 '^^

R

f
_

9E g00^ ^^^ ^ c"
^.

4
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_ _. -	 ,-



'	

R
.r

	
..	 .-.	 ^.^...	 ...	 r^'. .'	 i 	 .,	 .....	 .,.

.^^rr.,.	

i..¢..^^^_uu
_	 (.,	

^f^

[;RAhICU DF CLA51F-ICACIDN
(^	 MUc CL^1Siz=t:	 `7 q Uc G1W4Lr5:	 S GANALFS:	 4	 5	 b	 0 FACTOR OE RECHAZO:	 L.000p

	

L1NEA 1^1G[^^L: lS^o 	 LIJt.1 FIVAL: Ltido	 F+UNiU INICIAI:	 3Lo	 aUNTU FINAL:	 434
N GEL A^tCMI J l UE La 1M1„tV	 i0	 rl CcL REGISTRG iNICIAL:	 1

	^^ t-y	 GLUSiER M	 CAJ1L ^	 CANAL 5	 CANAL 6	 CANAL 7
•	 ]pv[y	 'I:UTA JCSY. >f 1.	 4FUlA IIESV. 5T^1.	 '4FI71A DESV. Siff. 	 MED[A DESV. SiO.
r	 U •	 1	 X1.0000	 4.0000	 1`l.on0o	 5.uaoo	 16.0u0o	 y.onoo

	

r•• ^ U 	̂ 1	 l5.c000	 ].cau0	 lo.0n00	 5.000a	 z0.000o	 T.00Oo
0	 n •	 3	 ?].0000	 'x+0000	 l3.OD00	 6.0000	 LZ.0000	 7.0000

U n	 ^.	 ,3.00uo	 7.c0av	 44.aoon	 g.000o	 29.0000	 5.0000
0 o	 i,	 3i•0o0o	 l.a000	 29.oaao	 4.0400	 36.0000	 4.0000
U O	 b	 ?1.0000	 1.0000	 19.0000	 2.0004	 Z9.OQUO	 Z•0000

0	 •	 T	 L4.00OO	 l•0000	 15.0000	 4.0000	 32.0000	 7.0000

	

^	 it	 8	 SO.o00a	 3.0000	 Z0.0000	 3•eo00	 49.00ao	 4.0000
0 •	 9	 23.0000	 4.0000	 22.6000	 2.0000	 37.0000	 5.0000

Q ^	 333.333333J33?3333333333333]3333333333333333333333333333333333333333333333333333333333333334444444444ti44S4444ti44ti4444i44444444

	

-^--	 llllllllll2?Z122122d333J33333144^i444444455555555556b6666bbb67T777777778888888P8899994999990000000000111111L111ZZ2Z1222Z233333
o1Z34567d9o123456TB4o12l4SbIB9o123456T89o12345b789oL23456789oL2345b7B9o1234567By012345biB9o1Z34567890123456T89o12345bTd9012J ♦

135	 0	 0	 0 00 0
Q	 1351	 0	 00 0000 U D

1352	 uo	 DDOO	 ooD
1353	 ..	 0 0000	 •
1354	 ^)	 rrµ ,u,UC,	 00

135 r̂ 	 •1 _7	 " ^	 O	 0

I3b^	 n	 ^^^ ^Y ^ ^	 0

	

::0	 ., t°	 0	 0
LJh1	 •3	 \_Ct0. ^5tCD^^^	 000	 D..•	 0

^	 1 Ss Ss7	 _ _ ^	 DD 00
l i,r4J 0	 .1	 U •	 0	 ^	 DOD	 q
1365 00	 ^	 [	 t=	 000
1Sb`r	 CO	 •i	 OQ

a	 1367	 CO•	 ••	 00	 0
I36S	 OD.	 •	 OQ
1369	 ]	 0	 0 O[]
1110	 0	 00	 00	 0	 00 O9
IJTI	 0^••	 0 UIJ ^)	 00liT2	 G]OOJ.	 0 •0^	 0	 0
l ] ll	 G 0110	 . []OOCDOU00	 00
13 T+	 i U 0	 0	 0

^^
U T i	 , GGQ0.f. 00 .•	 0	 U
11T5U	 670 0=	 00	 0 90	 OOD	 000	 00	 O
11TT	 GO..	 0	 0	 0

Ca	 1317	 COCGGO..I	 UO	 0	 OD	 0000 D0000000 	UDO	 0
1310	 r	 DU GLDO+i[n7	 U r 0	 O D	 00	 00	 0 c. DO	 0
119LUU	 .•	 GUC^ 0000	 00	 DD000.0.	 0	 000 'r
1391 GGU	 ^^D LUU.) O 000 OOUGGUU000 DboDOOaoDDU	 7	 000 0	 0	 0000	 OD

n	 1185 CU 0:)	 0	 OOOOOOOD00000 00	 0060	 ' .•
1334 G(l0	 O.	 n	 0
Ildi CGGO ^)	 0	 ^,	 U
13dtrU D U	 D...	 1J C

Q	 113TDCGGGGO	 •	 V GV.	 []R.	 0	 0	 •
138dUCU(:D000	 Q^4	 •®P7.	 0	 0 0 0000
i3d7000CCU	 U0U•	 OD OIA.
1390 CUUO	 UD..IAIA.

Q	 1S910CUUU^]	 CG	 OM.
1391.00 0C[lU0 0	 OEAS.	 O	 UO
i193 CC(JUUGUJ ^	 D D	 .[9M	 D
139^000CCL`C(100GJ	 D0.	 0®.	 00

O	 l]45000 UO 00
	 BR.	 .

D. A9	 •
1391 0	 G D	 OA•	 •
139.9 D 0 U	 00
l 39')	 O U	 a	 0	 •.
1400 OOa	 U 3	 O b 0	 0
1401	 0o	 c	 aao
140E O
l40 3 O	 O_	 _	 ^^

	

_	 ....^..	 y.	 .. .,.	 :,:.	 _..^.	 - ,	 ..

	

_„	 ..... .;ar;.

n

0

`J

0

e
O

A

Q

0

0

0

9

e



^.,^ =a:
^^ ^ ..

..^i^
......

...,_...__.._............^_.^..._...._. .	 ..	 ....	 ..^w^	 ._^	 ...	 _...
ODUa DD an naUU [ I(Ifi nonUOnRb 1 1 	R

_.nn b	 Ua[IU
_ _ ___..n	 Dn[,n

••••.	 •• puun nn	 n•rtinn	 •• nn b	 [r q r^	 •••	 ••
• •	 • nn U	 ReR nRnRrIR	 nR UQUUUnn ^	 110Ui1

U na oqtloa a	 u	 Radbnnb	 nunD^ nnuu con	 ••
•	 nunq n Du	 noon Rnnnr^nn n n

• eeb	 ne	 a eenn non r,	 e	 • ••	 • •
a	 eaeo	 u nb nnD	 no Dnun	 ••	 •

^• • •	 0	 b••	 n uu nbbn pp	 • n
•• uonoD	 non q 	n DD o • wm•	 nn	 o

• o DD	 Dn q nun	 a noon •^,b^[d	 a	 no	 ••
••• ^ qaonqDD nnonono	 n •eJw^a•	 ••

• -	 un	 ^^lwJww Haan ea^e^a •	 • .
• ^	 non r^^JUr^^ , ^^,an	 anon o • fa^w•	 D	 n	 •

° . ^f	 Do	 ^Jr^m^^e^b	 nna •d•	 o
•	 •• ^	 nu ^c^^ bR	 ebouqonu

• p ap fdf^R nonu 	 n nuaa
Dnnua00000uo	 nn nor,

• Da000u UDb	 oo n +•	 ••
••• anonDnnon	 R nn[]uop p	 ••

•	 .* 000naouuoo	 uonnno ••••
1 UUI111UnDUn • • •	 w

p op DU	 nUU • •	 q
• J	 aaUnU a	 UU •

• Daonounna q n	 nq ••	 •
'	 •	 • q 	 pUOU[]UDC1Unn	 pnD • ^	 •

-••	 ^ DUnDODnnpn • ••	 •
ornunlnnou	 D ^ ^	 •

• ounanau	 pD •••
UU	 nODD

D	 a UU •
n ;,••

s	 •

••	 . ••
^

•
•-

000na	 aoo ',• .
0	 pODnnnanDD ;,	 :r ^

q00000uo •
• nD0 q D •

p •	 • ..
,•

i	 ,,•

.. a	 Dn qDDU[) p q DD
o

•	 ••• ^[^daf^	 nna q
•r^^^rr®d^eJanonn

• iPa9ilOilOfrY, `	 • • a	 .OnODa^^^^^^^gidliiif] n nnU	 OD'
a	

..

• ^wfirv^r^o^^
o• Dn q De	 q 	 Doan	 ••'

o	
•

o
^fidQlp ilH •
p ^41iJ • •
^a' • qa aqDp

• •• eun
as oaqD ooao , [^

Doqq a •:	 •
• aD

Up DpU••
a, q

U' [
;}

o	 }	 nonponpopnoonppop ppnp
a	 aDU	 aD q oa DUnnO	 •

aan
D

it
° ,a

a a Du
••

^	 •
•

no
nn

[ ti 1:	 C	 hl hi ^ ^^^
t1	 !!hl ^ -

9lhl
t lal (r
!lai

^••UU.•.	 f1^1 ^;

ou	 •••	 cis[
• ••f9a1

•• PRhI '
^9a1 G

ra 99hi
5 4•i i

• a9ai
f9hl (,
zc41
19•ii

a	 Dahl
D	 tShl

FShI
a	 15y1

9S9i

^D	 45bi
Y	 f5h1

.	 75hi
1541 t.J
uShl
t h hl

3
Pf •ihl

1 h h 1 [,n ^}
q DA' Ba hl

'°^

cony ^aai y
haal

r^;til a
CR	 D	 Q	 1441

1441 j
Dahl

Dtfhl (^ !^
F C h i .^.^

D 1rhI t
q os

fa i Q ^
►i C h 1

aafrai

r oe°0is
y

i O
ofhi
t2hl
fzal,•
! Z •,l Q

,:	 •,741
.Q CSZhI ^

D	 C^D	 . p	 •i7! 1
o roan	 Da,	 czal O

t^^nanD	 zral
pn pagn	 Ca	 r	 ltai

• Doc	 ^	 o7hl
`enn^	 r	 en	 nt.l^l p

rn^o7^D	 a.	 a ctslai
[ pnCp	 Can! 1 a 1

rc^ no	 ^la l
^, ^	 S i y l t.+

r"l^I
•'• •	 R q 	 nCial
+^• n	 r	 ac-goo nuz l •^ i

DO	 rll!1
" O:fU	 [lhl
' qt	 r o•,1
" Coal

[ u	 nna c 4 i t.,^
Do	 aonSOal i-_
nn	 ^ n•,7



[50 ,..	 _	 ..
.yy•	 .	 uU•••tltl!I••YU	 V	 VV V	 V	 - UU	 f•1nryMll^l•7 rI l7M • UUUUUUUUUUUU	 U

r0	 • LO(]0 I;OIiD...	 • a^:.•.Cr]•	 F• R	 F11iR	 g Flq .LtUtJ p 0uL100 p l]UOU. I9MFSF ! R g w g Ka • 	UUUUUO [ lUU0U00	 0	 . <
' L501	 )	 0 U	 0	 0	 ...NO	 ••ONOCW	 OR g aH.RR691KNt1^ p 0o(1..000U'1111V• OIJfl....RtRtFr• 	 U	 U UOUCr1UU000 	 0000

l y o)_J	 GGGU7GUU 0 UJ	 UCH)	 G:J	 GOG I tGCL' I100U^ 11H..F1P18F] MRO	 O.n	 u00Wflt:N001:u17	 U.BKr • 	 U	 Uf7	 (]UUUDOn
^ 1503	 u	 Go ^u.ua.co	 (: cnuG	 a	 cuu.	 ....RJR	 . . awlla.uu	 ...WW000OUrr	 uuuuu	 naa	 nun nn	 .. p

1500	 -	 )	 .)G G I,UJ ..	 DW	 uO.0 VO	 OU G...	 .A/^JJUOJU..	 .uOUW[1[In..n[mnuU	 nUUO
1tiJi	 -	 U1	 0 GUUJ	 GOG08GO.CJ	 1	 U.^A	 QA.RgflOq.uV U000.U0000	 P.WR..Ra.	 lTnnU Un	 nq0
1 ^Jb	 ODU	 U IUG 0	 [ 0•	 GVOGU. • • • • . 0	 Mrs. RI• AAF? P^tFJI'	 A^ g OG' U	 UUNO.000OGIUfl	 RRHAaF+ . nl' )U(1	 UOOU	 OU

^ 15ur	 GGGa7	 u'CIIU [) G	 ....	 u..	 .^1.	 .+al?RaR	 56SR	 cat	 oJnla gouaJ	 o0.0	 uocJ	 aa^t^.G:1:uuU	 1000	 UUU Q
^,

I5o;11	 U 'JUuOJUC)[;O
l90)	 OGU q

q 	 GOJ	 ...	 OR	 .8F' G1F!R'9R p F1 +a	 Flrntl.:^l p 	0	 0	 O.W	 OPt	 GuW	 OWMR^' OJOIJ	 N UU	 UCIIU[1000CGOC	 OODUU
U	 J	 ...	 .00•IA•..AJ t' ? 8 p F1^9	 R.. (z1?8 r< q ^l^I	 ...0.... . 00Il0up 1J	 NNNG	 GOON	 0	 UU	 U. q (111U [ lU	 OCOGUUU

• l51'J	 UUU qQU	 ••0	 ..	 RH^1F! ^9Ft t9tl ►)..	 Nts!AC1: 0.00	 ..0. • 	UOpnO	 0(1	 W.	 UU	 G	 0[1	 N00•	 .o q acauou	 u
!^ 15111 J	 U	 0 (tl) N4N	 .^ +̂ p raxlMR. . RF7R aP! Fi009S . CC'lUL' OU	 OOCOU q Iln q I1	 00	 ^'	 0 q 	 Uq 	 0	 UOCODUUUUO UO O ^

L51zWUL0U	 JU 1 0	 [)U	 U qp G	 . . ^lRR>aFt ti	 . . RR	 ..	 R.F(ggOWW 4N0000 • A OG	 UU 00 U 01 . 9 q 	 UUU000 p l) q G	 UUU
1511	 J	 [`'3 	 DC	 UU000 . 0 	 U tl	 U UUU	 WW	 ....	 A8R•••....• q ....400G10^10000.00ON	 f1U	 U	 CO.ODN p 	 UO	 OU	 U	 FJgFrBAN
l51• WDUJ	 q U )	 UU GCUOGUGO q 0('Utl	 .0..0 • F7tik0..... . P^J.09....UOU 00	 L'UUItWCsGI. 	 UU	 L'WU 000(1	 ODU00	 UCCO	 NRAFaD.UG	 0
l5li CGCO	 U ...0	 q J	 0	 f1......R..	 RF14aeY . R td^1F1	 M..R.P(M^9FJ. . 6F..	 DG	 U	 UOOOOU	 IJJN	 U	 00	 qq 	 0	 e8.0 01514	 Ct;GUil	 U U)	 f[1Np... . BM^,tJP1198A1	 ... a^fWa ..........	 8r90	 U	 Cu0	 00000	 ••u0	 OOUODU	 U	 Or)	 U q pODUU

' Ii11Jfl	 C I )	 00 J	 GGOGCO . f^ratlR^QRPlaa00	 a tl!Mh..FIFI^l^90000PIR^t9.00	 flW000W00	 O..Ufl	 U	 0..	 q 	 UU
15111	 G)d	 Us)l •....J. . tilJgpR.....	 R19a •AH	 RF!u1F[.. . MFi.RtA^9UW.00.0	 0	 UOIJO	 U	 OJflflO	 flONDU[1	 ..	 000	 UO
151 J	 fl.	 •	 ) ......	 gtiag t? A10..0.	 RR	 R'^3PF9 [1RR:9FII^^I q !nF' ^,P1P;OC.	 0600000.	 UU..N	 .0..... . p000.p q 	 0[10.	 OL'000 (^
LSLoGflu	 J	 0	 J •••...OF` 9a9Rf>)0.	 OJ•.•	 F< 9	 ..R..AR	 aHNK [tB.CGflfl	 ¢	 0	 Ou	 ..	 Ofl.	 OEt0..0.. • p.	 GO	 .0.000.	 ..•	 00000

• 1511WJ. J.......GF^ttB.•.OW......gRRC^,Bq	 ...00aR1F913 p00,00	 4(f..HFJFl tJ^AH q •	 G••••^l......0	 fl0^le......00NCGG1GOG00
L5Z1	 G.. I	 .....	 0	 R.	 .........	 g RfsP9rFJFi	 GC•....OW00.	 0.0088PFr888H	 ..p.....0:.....OG1........OJNN000UU00

Q 15L3	 GGJ.	 0 0	 .41 . 0.	 U	 ..	 [J ti	 . PtIP6.tt t;r? g .CU000000	 000	 OaF+ tIRtSI^RFlRlF71q..00.......000 . D	 aca0	 a000aoca p 	000 0
L5L4000GLO UOf[GJ	 F± tl ... . UUG1..Ft 11t+ WA. ,togg a+VS t? ^OG)0000	 OCGO	 OCO	 P1a0 t7a^ t3t( ^a^IFS (7.i1t19....^.0U0GOJ00U0	 00	 06161000D
151JW	 G	 0.... l;(:(` q 	 •...	 ...R^1RR	 ..R g Ptt;F?.00g GI	 0000000	 D	 pOPlltiP±PJFI®F?RR R^ a1R	 . pg FtA1P)•	 ...000QOGG1.lC0000..0•	 GGGIGO
1526G000GGON J OlOU	 •.	 •( 111	 ..004	 .... , gA.0A^1.. . 0	 WWWODUW	 E1aitP(ARgFSFf^1^+ P1RF[ . OFrtfPfq.	 GIGIOV . 000GGG0..OG1Gli•GG	 0
L51tCGGGGJJ p 	.. ')	 GC...q.	 ..9F+ A•••.9+Yrt [i8.1:(;.1:00	 G; WG	 C	 G	 FIttHR gIg RIH qM^Ft^AF1R.. 	 qRB.	 .' OODG.	 OWGOG... . CN.Op (^
151.1	 6c6GGfl. )	 n	 ..r,l:uu	 ..0....	 a	 I„ u.o.>;+.uuuWUU	 0 c 1R@WttPtR+^IRafx8I1MbR8	 ..raawla.	 ppu0uu.uu.....uuup
iszJJ	 I.c	 ccu. [. I.Gr.Ga	 J	 acuu...uuGla. . aaouW	 a	 o.GUD . wPSPt4wat^aFJ^lc;tta^rts4s+aF+Raa.	 ooc	 G) ca644. . D.uu q DOo
153oCOG00 UUIIO	 GU4UIlU1) r) 	 [IUU..0. B. C.. GW..000i00	 OWOJ	 0.	 [ tG^18WP9al^H^wli^AU g lygaetea) g tg R.	 OOOG: C000(:00. • OW..	 q 	 0

(^ L531	 GOO	 .. I1GG CGO.... p 	UGU	 0	 m	 ..	 ...000	 008000.	 R88rya8almg9RatAFgF7RpRa..O 	 ..rJ0..000...0..	 00	 0 (1

•
Ii3L	 OJ.•
15357

J.006'J...BFJFi • 	 t]OUllUllw . •J	 AFI3..ORF; P1..00	 o0G1G;	 fl00000W...FIRRRR^IkRR !^RE119P+ Aa^I.	 O	 OOOOO....VNG	 0	 0
J ..IJ....p	 ••.	 11	 t1U0	 •• S.U9.t1R...	 q0	 I,IG7fl	 MOGG•..	 .R9[iPtRP. gSRr^ .̀i?^RRF!.	 O	 V	 CU••.•G..000QGG0	 -

`^
L7J4NN .W.uO.	 UGU	 GUUUUUO.... 	 R •1')^f0	 O.F9[i	 ..GICOOIrO	 OOfl00....	 .8t1Rxlt)4F;R s,Fit9Flt9.	 ...	 ..	 CGIL)	 q 0

r' 15lJ vfiUGL'	 CCCU(:CiU	 UU	 OJ^eRtIPRH^tt4RF9Rt1	 a	 ..00.00	 OOG....	 .eRg IRRRFt'^SR q 	 q 	 U	 0..	 ..GGWN Q I
l51`, OGC( , OC	 OU	 CG	 06'.JC^1RF4 • ! M	 t!F"^tiRR	 R	 6	 R	 a8	 (9....0	 0U0.	 • f1ARR !J.	 1^. q 	 UO	 ..00	 •O.OW
lilt ...	 ..W.	 0	 I]	 .0	 0	 .000.aC,RtJ	 .WG ►̂ Rt:4RR.	 ....•...	 0.	 ..	 •..,..	 R.	 ..	 0•.......0•N j
153^J :J	 U	 [ 1 q CIJGG	 J.	 •UUOPIFI	 Rl^ r+fklR g FiA `ISFJq ••..	 ..	 ..0	 FIt4F ) Rn•.•...•..	 .F1R.	 U	 •0•	 ...	 ..	 0	 0

^. liiJ	 i.laJ.... ^S6C .1	 f;yl:NGlpQ,)	 AI	 Gl	 JR tI . IR^fA g FIRRFIMtIF9 q .. . AArAe. p 	 p .	 • PI P1oi pIP1	 .•(A•• 	 .BRRtl.......	 . 0 	.....	 GIN
1541	 .uJ	 ...r.... I)	 NI^JUO	 U	 •G0	 NW.FJH	 LIIG!CFJt9rlrt( ? ^ItIR gRA^l gq 	.	 ...•.	 U	 .t1Frn4Pl...	 AgIMFtFIR	 .....	 ..GIO......	 OOU00
1741)	 ..W.JUJ	 ^.) UJ	 1	 61GOCNOW000. . 0•RRP. FStSPF+ aBaaB....® . 0.0	 U'	 .BPiNH	 ..	 ..Rl lp .IhA,e1RIFIbIPF1...	 . 000OOOCO	 U00
L541_ LGI: 	 GI. GI:	 GUJJJJ	 0 CGJ	 ^] N[ qUGG[)00	 00	 0	 OOJGW	 . . ^RaEPItSRa.. . 0.U61U g000•a. . lA	 ..	 .tJ^I^1RLn^1RtJRR^Ia. 	 000N	 •	 U

n Li+3G000GGIrG1JJ6.) . G(+GGGGJGCCG CU	 0	 ...	 .0.	 UORRtgtgRPl1A . 00.p.	 0	 ^ a0.......0..	 AF9fRr^RF1fARRFiRNn	 . . 000.	 ....	 p	 • QL544000...CO 0	 GGGG: p flJ ^0000CCC[100 CO	 OOOOtiA gR9	 ••0..0 0	 0 ; ..	 ......	 .RPrFJl71	 FIRt1®198	 0.00OONp	 0	 ...	 00
1545CJ.	 G[:G pOU .GG6C0'SJ ']	 GLOGO	 U	 [?819	 OOCO	 OOp .,	 G...U.........RR.	 .....	 •• p O p O	 U	 CG	 •
LS;SUW.G	 n	 J (.7 LuJ 0 f0 UUU	 U	 •.Op.	 .v.	 ODUUG	 ••fl p fl.	 ••	 ••	 4	 ••••	 ..a00 U	 0 00

n 15^1G000 >	 >	 ^ GGJJ^J	 G	 o. q nn	 ^	 ••pN.	 D	 U	 GI)O	 N	 •• q 	 U	 F1R•.•••	 .0	 0	 0 OUO (^
15vdJ	 GGr: OV •J I.0	 G	 GwG	 0	 DUp 	1][161.	 ....	 [IUUr]UU	 U	 ^]UOVOfl	 nn.+9HM.0.. . 0	 ..0	 ODOOU	 0000	 0
l54'JGLOGGJ . O.. G;:J•.	 U	 . Ov'.	 ...... q UIIUU	 . . 00	 Ull...m	 ... . FIAI^B	 ....	 . . ^. p 	•
155J000GGJJ	 I1)	 GOJ ^JGC...	 0	 00	 U . U.t•	 GI000..00	 IIO	 OOU	 F	 llU.f' F9FItIFAFtRN1RltIR. 	 .... • 0	 pp	 O

'^' LSJIJLGGGO:	 " JJfl	 1.000.S.v ..	 OOOO.uU 0	 u u	 0	 .N8R88^mR^1888...	 aflOp	 NU	 00
155L000LGW	 JJOgJfl GGOJ.	 q O q 	 UO	 D..• [)	 UODU	 DO••UOt	 RPS88RM88F588.	 U	 UU	 0
15ii31i +, 	 GI	 .0000	 G6GIG6GJ• q r10	 0	 U	 OOO, 11U	 U	 GOQ [7V	 •W	 r•	 .^9 g RRM49FiRR fltH®. 	 .. (J •	 GO'	 O
15 y 4J.000UliOJ	 J	 OGOJ OG^ : r	 U	 (IUUN	 N	 UUU	 ••.. p .0	 R g Nt.1618P917tR191^tF1.11	 I:0	 p	 ^	 U
L5550	 J• •	 J UJ	 OCOOOGt:OJ• (] p .	 ...	 ..	 q 	 .Pt4FtRRF7PRRmRR.	 p00 Q155•,...00011:0..	 ) 6J	 J.	 •	 0	 ........	 11	 ....tilaWBRFIF188a	 .00	 QO	 0
LS y i	 .W.	 ^	 0 OODD 4 U7..	 0..	 ..	 U	 ..	 RRPa	 Pt P1ti8P18R8.. . p O p N	 00	 00	 ..
1S5J	 NJIJJt.J000GGG,:b060GJ. ..	 0..	 [IU.	 RFtF18PtotRRl9AR pRsAF+F+ IaA	 ..00U	 OU	 ..

C 1551	 QLI.. G JJ...OUJGI. JUJ. ; U	 U	 FfF4F1RRf4Rt~!$ RP;6RtRFICgRR.	 [)	 0	 q UO	 01^	 RR!?F!RRR/^..
ISuJ	 OQOJ	 u^JJ.•	 GJ. GWU	 N.	 ..	 ...	 .91 ® ae['IHNaPI	 araaga	 UIIU	 .RR6FApRRARR	 .N9
1501	 ••	 0	 0]. •Pa19!AB......	 ...	 8	 aaa.	 tiMaa	 .......	 .Ra8Ra4R9RpR^1^R.0
1';u1••••	 ur;a	 ^.7 (r,;	 r(]uU	 .PaF► aaaa.....	 ..40....	 ^tttJnr.F11^^lAnR.	 ..PaaF^POatlF!aaReaR,,
15531 • 	3	 ilrl^lll f')	 n^3	 UGrsC	 0	 0	 ••ERRRR8A01 .9t1A	 MAgg FI*	 FVAARrAtI g MlMtitlRa.	 U	 [IUII(J	 D	 FtAat:t?tiNRPSII+ t?Rr9A
15x4	 .. J 	 OJJJ.	 ((•111] i,illil;11i1CCf I CIIU	 I}(iUUUUO	 ^.BaaaAHa11► e1FIrJF+naa llil (9alitSt^aPi [9FP,E1[laaa	 f)11	 [)nt1UnU.F1Fl^itt [^Ct',aF!gaRIAAR

'I(9At1AaMh, MNaRR1RtIt11i1F1A 1 .1'iui	 N	 ..GJ4GJ	 J	 1111
► Jbb.•	 .1.IJ,• Gi.	 ,l

I	 J	 ]	 f.l.11l'1; q 1111	 ()	 p	 ••	 N	 alaa8l[ P9Ha1e(rUIJ[)	 rll)I11111U	 tg t,Pl^ ( MKFIR L1RF1111RRR	 00
.L(:I	 JG1;1.111;Cf t.Clll 	 ) I111U1 x.)11	 I1	 •	 8	 88[ItlA(mRRAAlIMMP1F1aAr14FIRR8 	 ( 11111111JULlU	 7pAt1t•(P,!^PRI^R9aRF!R^

15vt	 •••:6U1.0•r•. fll•0	 11nUU11	 UU	 ^	 •.•.••••8a88Q9RPIPIaRRFrRRRR88•	 U	 L1111111U1W	 0• g t4sta^R gBNaa6lalPa••. n
lti:,i	 U	 J	 OOJ LW	 GGVIIt )f.(,C11UUl; UU1)n 	 •.	 ..•.	 .R84lRFIa ga88 tiN.	 UOI11J0	 n[lr)rIUU	 CMRHNRPfMRRFIIf!! !I!918e.	 •
ISu)	 6d1i0	 'J	 J	 0 .IGGG:G,b:	 CCI:I;IIU[}UlJ	 •••	 •..8885(9ee.	 OULJU	 [1Ur]	 RaI^RRF^F!BReeeee.	 •.	 ..
15ro1)^ 6GG(.^.aau :a:csr.c:000C.u.... ..]r1[sounnu	 u	 ......	 o	 u uuoouo	 . MFr1aRA1RAIRR.....	 oo ,,^
151to	 o	 u	 u'JJ	 OJ rLJ..	 p	 q ca	 ^	 ...	 ^	 ono	 qqq o	 eRp lal?F!RRrI..	 q 	 .. O
► stz	 cflcuJq uu;	 :u a ococ:GU	 ccccoounq a nuo	 a no	 0000	 Rt[ne^ee.	 a !
1S73 p .0 GO VW G:G000GOOJ 1.0.flJ..	 U q 	 0	 U U	 p001J	 eRRRR..	 OUO	 .•• !
1114.00000	 S O^.J••••	 U LO	 q 	 (lU	 •'	 ••	 r	 .	 0 UUODUOOOOOUO.RAaa.	 000	 GOOODUU	 •• ^	 1S

r•, 1515	 U	 000 J J NLUW. •	 7	 •0000	 [J 	 •	 ..	 .	 • •	 UU	 []Cp0000U Pl19NA1 . 0	 0	 q 	 ••	 •
• 1576	 ..^.flOJ.:LJ^L'GGLOOG.GuJ.Gl10UUL0 CCGU	 .•	 ,j	 0[I000 00	 ..	 0	 00.•a11F3..•....

lstt	 ..	 cccaccccaoGJ(; q cFGJ	 oo q oao	 11	 0	 0qq 	 qq0 1i ..	 oo	 ..	 oo.a^e .	 ....
15 td. 0 ^	 GG	 ^G^ GGJ IJGUO	 GI^UU q CUUGO	 r	 ooUU	 0q 	 0	 0 q 0	 o .eIE^.O_

•.	
V

)	 '	 •••	
0

I1	 ^^	 017 OUOOUQ	 O 000	 OU000 • . • 0
f 1500 • 	70uJ QUO^G•y ^J3J

	

^	 '^	 FIG.114. - M3p from an early version of INTERPRET

	

'ti 4j	 ^'	 Multiple print was used to oUtain a

	

^, ^ ^	 ^	 gray level presentation for the dif-

	

-, ^ r	 `_^	 ferent classes.

	

b	 ;:^	 The area covered are the 'suramps inside 	 "

	

-' r ^	 .^^	 zone I of Fig. 13.,.	 _
. ,,	 _,	 .. ,. ..,:	 ,

	

^	 1..:



i	 "^

^f	 ^	 )

3

^^

i f
_	 .

E^'

^f`E
^ i ^	 ^	 - 	 -

^^

...^i

1	 ^

-

(!,'1}Ỳ  E

^'S E

11
L J

^;.

^'
.;	

P	

`'.

l^('T

.I

^^:

	

'--=.; ^^	 The. .green polar rent^esenta a eombznation of water and vege
^^,,,

	^' `?	 ration, this was concluded after examining the ground truth and
^^	 ^.	 ^

_^^,	 considering that the M5S dQtectors picks up an average of the re-

^'	 `	 fleeted radaatian over arE axles of apraximately 5 , aka m^ and, there;A	 , .

1;	 .!-'^

^	 fore a mixture of water irnd vegetation is observed at the border
^:

	^( ^^'	 of lakes and rivers, it is interesting to observe that very na-^-

	

^€	 crow rivers lake the one that goes from the swamps toward the -

^
E

	

^ ^,'.	
north also appears green due to this effect on figure 15.

^,
^';	 -;

Orange represents zones where herbaceous vegetation is grave

	

'^`	 i rig usually over former meanders or lakes. The dark yellow colorE	 ^ }
	^,	

represents swamp or muddy area.

^^-' Fig. 1G show a result :prom 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

t

r;

k
E

!	 '
l

i

l'€

9

I	 3

	^_^	 ed to produce z gray level presentation were used. 	 ^

Fig. 18 shows a color version of the same result, here the

	

,._^	 jun^;:!_e was also included, an attempt was made to match the classi-

fication obtained with INTERPRET to that Obtained by Malleauxxfrom

	

^ .g	
analysis of aer^ ••^hotography. Much of the detail obtained with the 	 `'j:	 ^^	 _' r

computer was averaged out so that to have a mare general presents--

	

i' ^ ^	 •lion suitable for this comparison.	 ::.
i '	 ..-..	 F^.

S

^,	 ^	 _;.

^^	 ;	
^

^	 ^	 ^	 ^	 ^

	

` ^ :	 _	 ^ Forestry Map of i'eru 1976..	 -f''	
^ -	 ^^'	 ,^,	

^

`^

4.-	 $	 -	 -
?	

^ Sf -
{`	 ^ ,

-,	 -..



1

{^ ` `u ^^ ^^ ,

!^

^

,
i',

^;

^^^

f i

^.^
—

I If

^ s

^	 ^,

^^

^# ,

f

II

^

^,

^ ^^

^
^'^

^	 3^^

}NNN

•

^'

'^...^

rig. 15	 Color map	 'ram an early version of	 INTERPRET.

<!

^

i^	 --^,

}i'

^^

^
^^
.^-a .

The following .color code was used i	 ^

` ^

'tI: -

^^ Blaelc	 higly sedimented water ^	 .

^ - 131ue and Viole •C	 water with in't'ermediate degree
_': of sedimentation ^-

u ^

^	

^Orange.	 herbaceous_ vegetation,

Green	 m^.x-t-ure of water and vegetation,
t ^ and ^ wet areas- '

;^ i

[ Dark yellow	 swamps
z

a ^.^

^ ^ .

z

i
I

^ 4	 '^`
E	 ^

Jf

y

_	 ^

_ 1 k	 ::

:

-

_	 ^

^_I

,^
;-
^	 ^a

3`

tk

F

^^^

kEl

t

S	 '`

^:	 :.

`^	 ,

.^

t

+
i

^

I

J
]di

^.

^ i

;{

i

-'f
=	 4'	 3

x
r .	 ^ ^	 ^ ^	 ,^

r	
f

z'	 ^

;
`{:	 i.

a
^, ,	 i

^^

i.

I f	 y - rj 	 ;

F

4	 .:..



^-3`^

i

i

F

acua ^ PAN^,^ti:os AREA CON VEGETACION HERBACEA

Y

^^

4i ';

ti ^

r'.

ARC A CON V^GE TAC!ON ARBQREA w

^'OBRE

COMPQSIC(ON DE SAS ^ AREAS -
ANTERiORES

FIG. 1.6 _ OSCII.I.OSCOPE MAPS FRpN1 PRESENT
VERSiaN pF INTERPRET

W
	

;_



t

FIG. 17 -Teleprinter map .from the present version of INTERPRET.
Special characters are used for gray level presentation.

0
0
m

m

m

u
u
p

u
u
L
jii

I
I
1......^

2-3^

4RI'^IlV^, SAGE ^S



^,	 ;
^'

,.
^ ^^

^'

^

'^-

..	 ^

'L.J

—

^	 ..

-	 l

_

.

^!

4.1

_

` ^,

Fig.	 t8	 CoJ.ar .map . from present version a^ iNT^Rl'I2^T.	 The

^..
fo^.l.av^ti rio color code was used.:.

^,,

^_'e31aw- alluvial forest type ^xx^.

'' Green Mixture o^ ucgeta-l:ion and water,
wet areas or alluvial Forest type

^^ II '^9

.^ -	 Or.ar^^ 1•[ervaceaus vegetation. ar .agr^.cuZ- ^	 '^
^ tural land

:_i B^.3.^e water ^

^^° `	 `	 ^of _Pir^lc S^ntamps

^.

j
r ^,

4^^^.•ce ^lnrecognized pixels ^

^.

_ _j

^.
^'

l

t

f
I
d	 ^i

^_

^,^

; ^ ,^
^ A

^,

tt
i.

I^..

jf
-

`. ^^

a
:::

^:

i;
^` }

i

I^

^_



;,
3t

{l^

tl	 T f.

!^

j'	 W-.3

4; î	 ^
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^ ^^

-	 ^ ^'.^g.	 19 shows an extract From - the "Mapa I:'oresfial del Peru"
%^

^^^ ^	 published by LIMA at a 1.1,000,Q00 scale. 	 A comparison with	 fi-•

ti	 ^ gu^^e 18 shows thafi there are same obvious differences an 	 the ^	 3
_ ^^

drainage patterns due to the fact that the aerophotagraphy used ^
r	 --.^

,,

as a bass.for the forestry map is over 20 years old while 	 the
•

'^

^'^. ^^

-_

i	

O

Landsat imagery is recent, October 197.	 Ifi is infieresting	 to
'^

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

^.•
•	 dryed out and an oxbote lake has been formed south Contamana given ^.

'^

a clear indication of the changes #hat are continausly aecuring in

^f the meander valley of •the Ucayali river.
R ^

G:i

k	 ^^

^'

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

the campufier results to obfia:^n figure 18, there is still a 	 great

^	
t

'
i

^ deal of detail in this fa.eure when compared with the forestry map. ^

`!'he matching of fio re 1B and 19 is satisfactory, 	 the ^

i	
^^ yellow solar. represents what has been decined as an alluvia. 	 for

w
es-t type IlI qn the forestry map.

'?
uss

^'he wet areas or mixture of vega •tation and wafter are reprg

.' se^st:ed by green color in figure 18. 	 It appears that the	 largo
^i

^	 ,

z.J area colored green at the left hand botfiam earner of this figure

n rr^;^ ;^ iat also a representation of an Alluvial forest •type IT ,, this

`^' shall be investigated during the continuation of this reseaeh.

^:^ 'Fhe orange solar represents areas with herbaceous vegeta--

""' Lion or also areas where the action of man- has -taken place.	 Blue

color represents water and pink represents the swamp area,-, t^}site

are those samples that were not 	 recognized L}y the coi^pu^-er,

,^^" ;
t^, ,	 .	 .
4	 ?'

._	 .	 ^	 :_.
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1= i G. 19

A9 AGRICULTURA

Ap AREA	 PAN7ANOSA

,	 SA I BOSQUE', ALUVIAL I

BA•lI F305f^,UE ALUVIAL II

BA III BOSQU E ALUVIAL II I

BGI BOSQUE COLINA I

BC•II $OSQUE COLINA II

BC-III BOS^UE COLLNA III

BP-I BOSQUE PR07ECCION I

EXTRACT FROM "MAPA FORESTAL DEL PERU 1976"
SCALE i : 1, 000,000
NATIONAL AGRARIAN UNIVERSITY
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^^hen the areas south of Contamana are observed from an air

p?ane they show an incipient development of agriculture which cor

re^.ates very well with the oral+^;e aria to the right of figure 18

54uth of tlze,island and, extending toward the South. This is part

of tl^e area that is classified as agriculture]_ land in the fores-
',

try map.
^''

^.

	

	 INTERPRET is also being tasted nn the study of the city of

Tarapoto 'trying to determine the maximum amount of information -

that can be ob •L-ained f^•am a Uandsat imagery. Pig. 2C shows a pre-

liminary result obtained on the oscilloscope from zone I7. 	 ^:n

W.=^

	

	 Fig.l^	 ^khe city has been clearly delineated along with tie main

roads that converge on it.
{

4^

At present there is not a recent map of the city and a.ts

c= a .

!;

	

	

^surraundings,,and it is probable that the present development of

the agricultural areas close to Tarapoto have not been assesed --in

.-:^	
yet. Classification maps from Landsat could be very valuable for

.3^,

the determination of the present state of development of cities --
4:3

^,
Zilce Tarapoto. This work with INTERPRET will continue in order

=_

	

	 to de-t•ermine its actual potential as a teal far demograpl^ie stu-

dies.

-;i

VIII. Conclusions
^.

^'	 The use of clustering methods permit •the development	 of
_F

^.:.
	 :. relatively fast classification algorithms that could be impleme^:^

y	 ed in an inexpensive computer system with limited amount of memory. 	 ,-^
i=.i

1

^	 ^. a

F	 ^'
`-'

^'^
r.
:, ,.	 ^-;	 -

	

-	 +-	

=, .

^^^	
^^.

	

^ ^	 ,,..	 ,. ..	 ^	
.^



:1'^/ ^^

FIG. 1^ - Flap of Tarapoto. Brighter points
represent urban areas. ^lcdium le
vel poires represent unpaved roods.
^i'eak I ^vel points relresent ^^:^ter.

.fit' ,^ ^ .
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` The analysis of CCTs by means of •these techniques can provide a
I.

J

;;
orea't deal of detail permitting 'the use of the maximum resolution

^ -

i
-	 ?;

`^ of Landsat imager;r.
;z

r

_
r

11IIIr^ 	` l^ni3er the supervision of an speca.alized user •the programs
;

^;

111

^

LJ i

•

-deVelopedcan.produce satisfae fiory thematic maps in a relatively
t^'

i

ff
^ `.r	

3

^'

k shar•t .time if arc appi^apriate recording system is used.
,,.
t;

t
^ ^	 ^	 ^	 ^ ^

`^

`^ ^ ^	 Tn the course of this worlc ifi has been detected potential
^i

#^ cases in which •the - use of other •techniques far cl.assificafiion us- ^	 ^^
h

F^
^^

ing a gaussian approximation far •the distribution funetians	 can
^

- 	 j;

^I t

^
^I
_;- 'be used with advantage.	 Tn general a system that uses several 	 -

^

^

different methods of classifiea'tian is desirable.
E

s

a
I'

Far the	 study of jingle areas', channels 5 and 7 (or 6) can
{

(^ provide enough. information to delineate drainage patterns,	 swamp

and wet areas and make a reasonable broad classification of 	 for-

'^ est -types.
.;

`^

i The results obtained by means oE' INT^RPI2ET were found sa^tis

^-^ facfiory, by direct abservafizon of fihe area from an airplane , sera ,

`^ phatography^ and when compare with the Forestry Map published	 by

UNI!,	 •
^;

^,̂. Computerized mefiliads sustained by sgECial purpose hardware ,

`^ can accelerate the process of evaluation of natural resources and

.
rt'7

^`; represen•L the mast logical	 way to	 deal with multiespectral	 im-

^-^ agery. ,

u
r_, .
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IX.	 Future [a^ork
^i,

3

^
l^-3

At present ter_ilni'gttes hased on the maximum likelyhood ra-
1,

of

t^.a are being developed and will be added to INTERPRET,

E

^J
Under the aiisp^.ees of the Canadian International Develop-

^

_

7^
7

^'
^^

merit Agency the present computer system will supplemented as 	 -
i

^	 f
^

^` - shown in Fa.^l.	 This system wall permit to produee.thematac ,

^^ maps on ^'iIm so that to perm^,^ enlargements to an scale appropri-
}

ate Far prac^r-iea^. purposes.
'' ^a

u
s-	 ^

Teehnic^ues for geometric correction, scale and earth rota-
i

^^' tion skew, shall be develped when the envisigned additions to the ^	 '

present computer system materialize. ^
^.

Techn:iq^aes based on linear and nonlinear adaptive algo---

r^.thms are also lae.ing study as additions to INTERPRET.

-^.
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..	 2-45

^i i

^'

' ^ 15.	 P^au1 ^^1^. _R^hai^ds "The .Tropical :Rain Forest" , Scientif^.c
^^ American, ^^Pp.	 58-G7 ^ December x:973

f
1.G.	 K.	 S. 'Fu, A.	 A.	 Landgrebe, ^'.	 L.	 Phillips t'^nforma'tion

j, ^
a
^ Processing of Remotely Sensed Ao icultural Data" Froc.

if -°' xE^£ VQI.	 57, No. L6, April 19G9, pA•	 639-G53. 3

^, j ^`! "Re1a'E:ing-	 W.	 G.	 Dppler dr. , R. P. Merril dr.. 	 Remo'^e Sen.17.
`^ c^ sor Sa.gna^.s to GrQUnd-Tru:tla 2nformation Proe. 	 TELE, Vo:^.,

^ 57 No. ^, April Z9G9.	 ^ f	 -^

^
^,

''w

^^^ i

.	 ^^
_ -f

'^̂̂
..

^ Vii,
^^
{;
^< - ^;

4

^	 ,

^	 ^	 ...

a

. -

^ r ^'—;'

ki, ^

^ ^

r.

_	 ^

£	 ii
j'

^i^
-	

_

}.

{

1 ^	 i,'.y_

',

^:^

!+is

1	

yy

1

i

f

-°T„ -

u t

^,
^--,

^^

•	 -	 -

_

1

'

^{

i

r

`.



2-46

Aeknowled^emen•t

This worl< has been carried out thanks to the help of va.- 	 ^

rious persons and cir^;anizat^.ons, and we are great:^y indebted to

all of the ,specially to Mr. ,rose Lizarraga, Director General of

OAE121V , and Mr. Alberto Giesecke , Director General. of TGP, 	 for
-	 -

their constant support and encouragement. Also, to the Universi-- -

ty of Cngineerina for the use of their Computer Center, to the

"ataanal Sei^v^.ce of Aerap3^o^tography for sponsoring our trig •to

the Contamana area, ^ta prot'essor Sorge i^la.tieaux 1='or his advice in

the seler.tion aF tltc^ area a£ study, to Mr, Gil^rerto Tasnado 	 for
j

the modification of the Diablo Teleprinter for gray level gresen-	
a

Cation of our results and far his recommendations, and enthusaas--

tic soppor^t. And finally to Stanford Research Institute for ger-	 -,

matting the use of ]ia.s digital equipment at Ancon.

7

^^.

^^+:

^i
i

f

^^

^.I

F^

!.

ISL, J
3

j

1
^^

1	 :

34

I.^

4 U

li,-

}

^,

'^

^.

;;

#; j	 f

`` !..^

^.
_^

,.^

•	 3
t	 r

_.. ^--'

r ^
3	 ,

is

s;

i;
.,

^:

';; ^;
>:

^:,

LJ

}^^

^9J

^_f

. g,•



^° ^^ ^

A FQRESTRY STi3DY iN THE CONTAMANA - TARAPOTO

AREA BY MEANS OF LANDSAT i IMAGERY

Walter Danjoy

a

1976

D^ieina Na^onal de Evaivaeibn
de Recursos Na^urales

r



^^	 3

r

y

^..


