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COMPUTER ANALYSIS OF LANDSAT IMAGES FOR
CROI IDENTEFECAFION It MEXICO

AMgolfo Guzmin
Razxa Seco
Tictor G. S&nqhe:

Computer Scisnce Deplt.. I1IMAS
Watioral Uniwversity of Mexico

An Interactive get of computer programeg, called System
I.R., was developed for applidations to remoke zenging of Barth
Resourcss, The system is written in a wixture of Portran and
Blgol for the BE700 computer, although it iz dezigned in a
manner that facilitates its reloeation in other machina.

He describe here.aur gXperiences identifying wheat and
aotton plantations in the North-West of Mexico.

The system uaes some standard methods for classification,
pased in the specotral signatwzie of each crop, as well as a.get
af heurdistic functions that a vser may design to meet more
specific naeds.

Dur next steps are to speed up the classification algo-
rithm, using table-lockup techriques or special purpose hard-

Wz .

Rey wards: remote sensing; plcoture processzing: computer
analysig; crop estimation; LANDSAT satellite; multizpectral image.
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INTRODUCTION AND BACKGROUND

ThErE-iﬁ a high need for accurate and timely knowledge of
eToR prnﬂu#ﬁian in agriculture countries. In Mexico, the fede-
ral gowvernment astimatss grain ﬁrnﬂuctiﬂn throngh sevearal me-
thods, including statistical sawmplings, surveys and indirect
methids {such as estimations from leang for agricultural pur-
pUges) . Among the federal agencies that collect thess data are
the Ministry ¢f Agriculture {its Bureaw of Agricultural Econo—
mice), the Bank of Rural Credit, and CONMASUPQO (grain brokers).

Estimations of production in fields that depend on rainfall
iz poorer than in the irrigation districts, where the Ministry
of Hydranlic Resdurces has more control and knowledge. Annoal
crops (wheat, maize) need more freguent estimations than perma-
nent crops {(coffee, sugay <ane). -

In a broadey basis, the need to know our resources extends
to other uses of the soil; furest, grass fields, lakes, erosion,
urban areas, and the like. o meet this need, CETEMAL {the
Commizsion for Studiep of the National Tezrritory) has under-
taken the ellaboration of detailed cherts, at scale 1:50 000,
covering all the country in the following aspects: 1) Topo-
graphic chart; 2} Geology: 3) Land uwse; d4) Bdaphology;

5} Potemtfal use of thea lapd; €) Urban chartsz; 7} Climate
charts. &) and 7) are in other secales, These charts aro
e2llaborated from aerial photography, through (visual} photo-
interpretation and ground verification.

Bxploration of geothermic resources, nuclear materials and
mineral resources is alzo active in several agencieg: the Fede-
r&l Electricity Comimissicn, ‘the Institute for Nuclear Bnergy,
the Council for Mineral RéﬁﬂurGES, and the OCuter Space Commizsion.
They use a variety of techniquas, inﬁluding remota sansing,
visual photointerpretation and fisld trips.



Given the current need of information and the way it is
peing mat, we felt trat it would be worthwhile to sunleoze ether
Ldvenues £o obtain it. One of cthesa ways is by remotp senéing'
ind automatic or serdiautomatic analysis of multispoctral itmages.
Since this is an active ressarch area, we sensed the thewzetical
as well as the practical {useful] aspects of the field,

T4Z PROBLEM

Briefly stated, the problem to solve is: through the uss
gl computer technicgues, ko analyze and understand mwltispectral
images, taken from airplanes and gateliites, in arder to try
bo kiaow and guantity natural resources. The intersast L5 in ths
uze of old waye and the exploration of new ones, which will tend
to s5o0lve the problem and will tend to advance the state of zhe
art, poasibly by Enlarging.its bBag of toola.

PEEVIOUS WORK [N THE AREA

Much work has already beent done in this area. The Larswvs
System af Purdue University [B] . the work at ERIM of Michigan
University {24], the LACIE Project at HASA [22}and recent work
[l] at Sweeden are only some of tha relevant warks., Specialized
journais [16] and anmual meetings [26] are devoted to the field,
A literature survey in Spanish [31] furnishes some guidance,

We refer the reader to EEEJ for pumnazries of significant results,
and to [24] for recent papers.

PREVIOUS WORK TN MEXICO

Project PALS, at the Ministry of Commuhications and Trans-
ports, was one of the first groups te apply computer analysis
of LAMDSAT images. Valerdi [23] describes applications to water
ietection, while in a thesis, Goode [9] computes the cast of
migelazsification for certain themasy.



At the Minlstiy of Hydrawlic Resources, Diez ot ai [5]
hava & -system that has been used to analyze sevezral regions of
Mexico, locking for water guality, water plants, and other
bhomes. They alse complement their work with conventional tech-

nlguas LE] .

The Quter Space Commission has recently devaloped an inte-
reovive computer gystem [29] . Dased on a minicomputer, that
izarns a set of spectral signatures from a gellection of ground
trafh trainning sets, and Later uses such set for classifica-
tion of selected porticns of IANDSAT images. It usea statisti-
wal classification technigues, and it also has non-suparvised
ciassification and slustaring algorithms. Ameng other things,
it is beinyg used to detect salt contents in soils and watar:
in particular, it has baen successful in the guantification of
alkaline substances found in brines in the Texcoco Lake: in
e Valley of Mexico.

At the University of Nueve Lefn, Gerardo Mancillas [15}
wsaes remote sensing technigues ©o evaluate damage done Lo
citriculture hy plaguaes, excess of water, diseases, eto.
although "he will use later computex analyeis, his plan makes
sense: let us see first how, and how much we can Know oy vi-
sual interpretation, His test sites include Montemorelos, X.L.
Aoranges) .

THE PROJECT P.R.

The project B,ER. EEercEpciﬁn remctal kegan Ln Junes L5F5,
at the Pepartment of Computer Science at ITHAS, in the Eaziﬂnali
University of Mexico. (P.D. Box 20-726, Mexice Cityl. & szall
groun of people felt Lt could be usaful to explore old and o
fevise new computer technigues to try to solve and understand
nroblems related with digital images and thelir processing oy
machine. B pragmatic approach soon tock ovar, ang it was dezided



Tl

£a seart with a "uwsefui" problem, f£or sihstance oroo astection,
beginning alisco with a2 Yprowven" or khown technslagy, swueh es sta-
tisfical patrexn clasaification. The preoblerm ta solve next

and the methods to tiy wouldd, hopefully, increage in complexity
aind interest as our ighoarands woild (hopsfully) diminish. So as
not to s5it idle while we were waiting for the programs resuested
{we zzied for several of the existing systens mepnbioned abovel
to arrive, we began writing our owm programs, in 4 mixture of
Forzran and Algoel. Afser s5i¥ months, completion ﬂf SUY own pro-
grams rendered further wailting unnecessary. We call this epoch
Stage Zexo; duxing its span we buillt the System PLR. and mada
some easy teats with it; these are described in some detail
baiow.

As it ztands now, the Eroject P.R. involves work in compu-
tar analysis of remotely sensed data, and it is divicded ia threao
stages, as sesh balow. It is the "practical" or "usefal"™ side
of the work. The "theoratical® o "interesting” part L3 more
general, and involves development of g¢omputer technigues for
image processing, naot necessarily in rencte sensing. We refor
to the “"Laboratary P.R."™ when it is desired to coavey this nore -
general meaning oy goal.

THE THREE STAGES OF THE PROJECT P.R.

The praject P.R. seeks to davelsp and test several “cckni-
gues to monitor, evaluate and geantify natural gesourczs. This
anvelves pure research, applied research and technolegy tzzns-
fer. We freguently engage in joint projects with Goverrments
sjencies or other universities, to test feasihiliity and gain
eiperience wnder. conditions eleoser te "“production in real Lifay
we Tinally "abandon" the development of a produect, elther =e-
cause it was unsuccesful or unfesszible, or hegause the pariner
hecame self-sufficfent and i3 using tha ﬁrﬂduct te Shtain re-
suits and solve problems in his own work.



stace dere onded wp In a running ©ompuier systen (SwILos
F.R*J'ca;ablu rI &ialvzing maltispectral irages from a variooo
of spurces. Sec (ts desoription below. It does not count az =
“real” stage sirnce i was not olapned as such. it lasted anout
oight manths,

Sstadge dne  begun in Pebruary this year. We are in the mudole
¢f it. This paper reports its resglts (so far] ih crpp detec-
tion. Its "practical" goals are:

1) To :test and upgrade the Systewm PR,

2} 7o Rnow the surface covered by severa. crops [wheat, <o tan.
sorghum, linseed, barley, malizal, in some sites ik bhe ortn-
west af Mexica, We use here LANDSAT images, but for Stage
Two wa will alss uge airplane's.

3} To make a land use map of an "sagy" part of Mexico.

Ieg "theoretical® goals are:

4} To test and design different statistical pattern classiliers,
clustering aadorithms, and the lize.

2} Ta use nere context and glabal informatioa, historic infor-
rmaticr. and a pricrl knowledge to better classify a soenc,

6l To see if some non-statistical eclassifiers or other approo-
ches to computar vision could do a jon fer (1), {20 amd (3)
hetter than (4] could de,

Stage ona will last ona year. We will be using at the exd
ci it"Surrent System P.R. a8 produced hy Stage Zera, but
enlarges with the capability to handle any number of baads, arny
rumber of clasgsifiers under dynamic call fer interacticn. Those
salls will he pattern—driven [11] by the pixel bands apd fhe

results-bands, which we call letter-bands [18] .



Sstage Two will Last alsgo a year and a half, and wil.
watchl us trying to do the following:

T4 Land use maps.

) Digital models of terrain. Countour leve!l lines.

¥} Begin to use dirplain plictures.

10} Forest maps. Forest quantificatfun

1i} Variety detection: to find several varieties of wheat.

12} Criteria for updating of toposgraphic charts. Detection of
lineal features. Urban ayeap. Mew settlements. Changes.

13} Detection of geothermal anomaliles suitable for electricity
praduction,

Wa will ke using at the end of it a flaxible interactive
computer system, possibly driven by a parallal pieture languace,
using a colar-TV display and a microdensitomerer to read color
itiages. Lt may ba profitable to write this system Iin a lapguace

E]

that allews heterarchical interaction among the processors (13

Staga Three will last one year spproximataly, Icg acti-
Witims Are:

14} ¥Yield per hmctare.

1%} Building of special purpose hardware for image processing
and clagaification,

16] Use of temporal information: two images af the same place
at different dates.

317} Keeping a data hank with some facilities for auvtomatic
updating.

At the end of Staga Thres, which we believa it will ba the
and of the Project P.R., we will be uslng & programming system
housed in A minlcomputar, and intaracting with the user throuch
a coler TV tonitor; getting previocus inforymation and gesgraphic



guldanee from URTEMAL'S geographic data hank [3] ; enriching

iy with fresh information that Lb obtarns from its classifica-
tios woxk; and possibly wusing and updating ather banks of in-
sormation aocessed through the facilities that Project BCO
(eomputer esardination project, alse at TIMAS-—UNAM} most
likely will offer at thek time,

Tiese activities will suffer changes as work advances. Tis
lizt logked wery diffexent a vear ago.

ht the end of the Projegt PL.R., the Leboratory P,R. wiil
continue fts work in digital image processing, scene undsr-
svanding, pattern analysis and allied areas.

~ The rest of the paper describes (1) work and resulhs alr&aég
done i Stage Zerd, and (2) work and resclis already obiained
“in crop identification in Stage One, which is not vet Zinished.
Orher rasults of Stage One will be published in a donfezercs
in 3arcelepa [7] . Some Technical Reports apwearing during
tage Zerg apre listed in the references.

TEST SIveS OF STAGE ZERD,

Water detection: Presa Mezquititisn [?14-CE$; thiz is the
CRTENAL map that charts the region] ;

Presa de Villa Victoria [B14-a37]

Presa Tepetitldn "El mago" [ELl4-A27] ;

Presa Taxhimay "Manota" [El4-313] :

Fresa de Tepuxtepec "Conejo" [fl4-cﬂﬁ] :

Fresa HUEpangﬁ {El#-ﬂE?] : other dams are descoribed iz
{32] - Thay ara located in the ¢entral part of Mexica, at approe,
CF 0 19° 35, W 100°. The LAMDSAT image analysed is Gazed Hov.
1673: we will refar to it a5 "ADAN BELOROL" or "ELOROL" bacause
the System P.R. S0 refers to it.



Salty water: Vaso de El Caracol (Texeoco) [E14-A29} :
AfEn BLORGI,

Urban Areasz: El Sauz [PL4-C77] , Padro Escobedo [FL4-C65)
Mexico City [E14-23%] . Addn ELOROL. Approx. W 100°06°,
N 20°311,

RESULTS FROM STAGE ZERD. TOOL BUILDING.

. The main goal of this 5tage was to build the svstem and
b0 test it with a few (easy] cases.

The computer we nse is a large Burroughs 6700 with ope
million words“the National Univergity of Mexico, although we
2lan in Stage Two to move the System P.R. to a minicomputer,

Qur system 1z interactive and its code is reentzant; seva-
fal wses can work cﬁncurrently in different problems without
interference {12] . It iz written in a mixture of Fortran IV
and Algol BeT00. Its asks gquestions that the inexperienced user
finds easy to answer; the mature wger can give it commands,
or ean define macros tD ‘zkand for chains of commands. Macros
were added at Stage One [15]

Each {digital) picture or image in the system haz a name;
images can be real or virtual and can be stored in disk or tapes
[12,13] . The Zvstem P_R. knaﬁs which tape contajins what isage,
ané it handles thgir request avtomatically. Given a piature,
¥ou can create a 3on of it -a subpicture-. You can alsc crase
Sr remcwe plictures, hbot ¥yOU can not ranams them,

Tne system handles tapes Ln LANDSAT and LARSYE formatg: in
Stage One we have added SKYLABH tapes. We will add in Stage ™o
n General Reader [4] .
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The user can acwess and add information to a4 Ground Truth
cata bank (see figure... 'ENTERING $ROUND TRUTH'); the systen
can learn from it, with supervision; with clustering technigues;
artificially {12] or heuristically {(ses figure,, . 'LCARNING'} .
The system stores the results of itz learning phase in a bank
Cf spaceral signaturses.

The system classifies the images wsing one of these cla-
sifiers:

1} Ellypes classifier. If an unknown pixel is closer than
€ to the center cf gravity of a elowd representing a
2lass, it is assigned to that class, without further

testing to see if it was still closer to some other
class,

2) Minimum 2istance claszifier. An unknown pixel gets
Classified as pelonging te the class with center of
graviiy closest to it, unless such elass, althoogh
being the closest, is more distant than T, This bzing

the case, that pixel becomes "not classiffed! See
figure. .. 'CLASSIFY.!

The measares in (1] snd [2) are Makalancbis diatances,
waere you take inte account the varlance of the class being
gramined [2] . Thus, if vou have pixel X= (34 X5, X4, %,] and

rel are measuring its distance to class C of wean {x

o

10¥g Ry
and variances {#i, o3, ﬂg, ﬁij, such Gistance 4 is

- Z - 2 - 2 o= 2
(2, =22, 3 (=] {3 =x.} (2, =]
s2. i I 22 L 3 23 L 24
1 ¢35 ¥ o

3} Covariance classifier. It has beéen added during Stage

One, siace we found some correlation betwesn oalrs ofF
bands in certain zones [2] .
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Figure I'DISPERSION DTAGRAMS'

It is shown the relative distribution in bands 4 {(vertical)
#znd Z(horizontal) of the intensities of the pixﬂls OX g¥ound
trdth 20,



4} Tahle~lovkwy classifiers, To be added’ [23,30] .

The System P.R. also redisters one I(Mage with respeet to
other [l?]  and prints histegrams and dispezsion diagrams |
fz?] of sart of thé Ficture, as a help in the learning phase.
te¢ figure...'DISPERSTON DIAGRAMST,

The system can also produce new pixel bands hy Applying
an arbitrary function, supplied by the user, to a ploturs.

In addition to building and testing the System P.R. other
results cbtained in Stage Zero were: 9%% acouracy for water
(5 cut of 100 pixels were miscslassified with respect to waten
tither way: water pixels were not found as water, or non-water
pirels were belisved to be water).

For urban areaz, E80-85%, These results wera obtained in
stiall areas and may not genﬂralize to larger areas.

128T SITES OF STAGE O

1zlands and shallow sea water: Isla de Lobas [Gl2B32; this
number reiers to the CETEWAL map that charts the region]
Isla de Huivelai [G12B44] ; Coast of the valle del Mayo
[512B54) . Located in the Gulf of Cortfs or Sea of Cali- -
fornia in the Pacific Ocean, at aporax. W 27030, W 1lge
0%, The LANDSAT images analyred are dated Eﬁril 1873,

July 75 and February 1976. They are referxed by our

System P.R. 4s ADAN YAQUIZ, ¥YH9JLS and ¥FERTE, respectively,
The relewvant CETENAL flignts and airplane imagery that
tover the area are special flight # 12 (golor, Jan 73,

1:25 00) and flight P.R.{eoler, February 197§, 1:25 000].

]
*



Crop detection and clazsificaticon: Valle del vagui {ifri-
gation district # 41}, Son, [GlZB34, G12833, ©12B44] ;
valle del Mayo, Sen. [612B44, G12ES4] . ABAN YAQUIZ. Highly
mechanized. Fully irrigated. Large flields., Two harvesis
sach year. Flesi. Approx, W 27415', W 1109,

Laver: El Bajfo. It covers part of the states of Guanajua-
ko, Jaliseo, Michoacén. Lrrigation districts mixed with
agriculture that depends on rain £all. Fields are medium
size. Gentle slopes and flat areas. This work is belng

done with collaboration f£from the Ministry of Agriculture
and CETENAL.

Alsc: FPlight C1, ADAN VUELCLl. Afrplane picturas, 12 spec-

#
tral bands. Flight iade the multizpectral scanner of the
Phiversity of Michigan.

Land wse map: hmeélcn,'ﬁrﬂ. IFld—CBE, Fl4-ﬂ$5] . ADAN ELORDI
Agricultuye areas, Iirrigation districts. Same forest. Grass.
Shrublyery. Mopales, cacti. Water bbdies. Urkban areas.

Approx. N 20%, W 100°20'. This work is baing done jointly
with CETEMAT . - )

Updating of topographic charts. Urban areas: Highway México,
D.F. t& Querétaro EF14HEEE, Fl&—ﬂﬁ?] - Approximate location
#20°307, W Ap0®. Towns Igpacio PErez (Bl Muerts), La Grisga,
La Asturiana, Jan Clemente, La Valla, Nuestra Sefiora de
Lourdes [Flﬂ-C?ﬁ, Fl4-Ce6, F14-077] . Small towns. Won-

paved streebs. ADAN ELOROL. This work is being done jeintly
with CETENAL.

Gecthermal exploration: Los Azufres, Mich, SKYLAE computer
tapes in the thermal Band, ADANES SKYLBl, SKYQDL, SZYO0Z,
SRYLEZ, SEYSXY. This work is being done Jjointly with the
Federal Electricity Commission,



Tlgure 'TRIALZ CROUND TRUTH'

shows Lhe croos as «ound on the fields. Compares it with

& zasilts ok the machine as displaved in figure '"TRIALG CLAEGITI
g Z0VTON

= WHELS 1409, 1laldy, 1403

= NOT IDEKRTIFIZD Squares 1805, 158%, 15035

= CARTAMD 1609, 1697, 1605

= LINSEED )




Lincar features. Highway México, D.F. to Querétaro,
[Fl4=~C66, F14-067] . Approx. N 20°3J%, w 106%, AnaN ZLOROL.

Fegistration of twe images of same zone but differeat dates.
Peninsula de Baja .California, ADAN BASAFL.

RESULTS FRONM STAGE OMZ, CROP IDEMTEIFICATION

Stage One has not yat finished; more ower, we will only
describe hers the results for crop identificaticon apd alassi-
fication. Qther reports will be presented slsewhere [?]

The methodology i= as follows:

1] obtain ground truth, airplane pictures, maps, and LANDSAT
cottputer compatible tapes. For the ADAN YAQUISZ, which
shows Valle del Yaguil in April 15893, the ground truths
we are using are detziled maps of harvested crops
obtained from the Ministry of Hydraulic Resocurces for
Trrigation District 41 (the Yagui Valley). For the Pe-
hruary 15976 images of the same site, we ¢ollected ground
t=uth information {a} by visiting the region in Februa-
ry 1976: [b) by obtaibning in from the Ministry of aAgri-
culture; {c] idem fzom the Ministry of Hydraulic Resour-
ges; (@) from CETENAL who made a field wisit for tais

purpose. Alse CETENAL made a color flight Of the site
in Fehruayy 1976,

Figure... 'TRIALG GROUMD' shows nine blocks {(sguaras 2 km.
by side} showing theiy contenteg, as directly obtained
by wisit. '

2} Divide the Valle del ¥agui in three parts. Its size being
about 50 x 50 km. and because the three of us were
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Figure “'CREATING TRIALG'

e want £o Ccreate pioture THIALG from ADAN YAROUIS.
The system automatically asks for tape %88, where
TAQUTZ resides.
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Plgure 'TRIALG CIASSIPIRR' oOmly wheat iz ghewe, tel, mipimam distancc.

BLAG{L} _ L.

1
s s e
aﬁﬁ%%%m%:és Eﬂi amam..ﬁﬁfémamﬂﬁﬁqguﬂ S M
Pt

53@25?5?5 55 EEEE Y EEE R %’EE;EE? PETSES L A

54 I-|H5 1 w _r & 32 Eﬁﬁgg
r.E‘ fy 2 E% G Eé sséa f 1; 5 E% ' 5555&?‘3
"y 8 L E £ g .._' gggjggﬁf, 5§E§§ b?hﬁiﬁ
; 2 553”1;'1 ; ﬁu EEE% f:ﬁ mﬁ!iﬂgﬁ :
RS 4 RS Ta, Ve

E 55D & T
ET& e 547k

s
m"' I
; o,

i
W :_'

| - s K
. 0 . i !I-:I i % - w E B
Eé i g;tgi‘?ﬁgg%ﬁ o] . ggg ! E ¢ 3
£ABE usam?:u A = .

5. 5. 5533 35’%%-
E%'“ : 5 ig ¥
5 lgg " ﬁi?i@aﬂlg 5535;5

R T i s e e e e o e T T Lo

3555030
b R A ﬁg Sing
R e o s
mﬂ?;ﬁglj%g;ﬁ s L

o el e )
=
L=
O~ KT-
g =i
= Lrx
=0
e,
»

[ —eprulm

L
i
%g Egggﬁgﬁgggﬁmg fﬁ%‘% sl SRl p o
Py i M .f
[h?@.ﬁ%ﬁ% Sl e 0\ G e R
i ﬁﬁl}hhugﬂ R o i H%‘?EE e Eﬂ’“ﬂ T et kit by b b “ah
1 ?’%5? ‘Y -9 B R
g 335“ . R

P W
e i) g B oytid S
.m; e R %%i;‘éﬁs e




if"i..'l,r:EI;:n “'lhﬂmlk‘,i,p:‘!ﬁ‘gﬂﬂgt TRABMIY, . . ..'ED
?lHUi'ﬁ R T y W L.
2 sl =ihialt OO Y CURLS OGS D ﬂﬁﬁkl g4, 54,51 ,52,53,.94.0%. 7
Cnb Aehiesd USAED LN LA -:”:L.E&.Ebﬂ sALIDA Tty
W,
1._L2t. .mrri;‘l.'-l.Ihl:ﬂU VEL ARCHTYWD TRIALG DEL AOAN YACLII ARR= 9:; 1YW ES 21787776
. b 2 L3 54 £D i
;_.-..-.J. LL—.J.;@.. sowbE MU D % SIn TRIS
aboii CULy Iy PIXELE ACE CLAS
G 2AASRN TRICD s lba.p B 1ls
L 334333 IRIGLA 14 lew.d # 15
51 add4qa LrlG0g @ I#B.B B 4@
B BRHDS5 LR1ES fa  Gl.7 2 22
03 GEBABS TRIHJ% éﬁ: 3.6 1B 38
Gd Tar e RGO d 1da.d ¥ 2B
gy Jpoobg TRHEGISE 42 92.8 3 38
v 9dyyd IRIGLA - 38 T77.8 g 248
mm,ww.:ﬁ” oAl ACERTALD = i 21l é ;331= ap.l
BURCENTAJE VERIFICADO=( 233/ llBeB)= 2.12

Figure "'TRIALG ACCURACY'

Crrexrall performance of TRIAL in wheat is
90 .1%, Dbut this figure was compbted only
in the truths shown, which cover only .

2.12% of the figure. You may also have a
feeling of the acouradsy by comparing i
gorses "TRIALG GRGUHD TRUTH" and ‘TRIALGS
CLASSIFIER'.
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17l gz [ ToE 23,7 4 d 54 & & d i 0
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179 LLELLE LIAA~Z2 34 84,7 1 2 2 B i & 2B 1
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153 ARBREKE LiNA~3 24 /5.0 1 1 & @ f g A3 3
«04 11l1lil ALEabl 19 d.80 0 & A & @ @ B 3 7
EBS VYYYEY SBUYAS 15 83,3 3 4 a 15 d & @ &
PORCENTAIE “BYFAL ACERAADD = & ge3f  58RY= 53.0
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Pigure . '"CLAVEl ACCURACY!

These are the acouracles on truths 158 198, .0 .., 185
»which are relevant to file CLAVEL. For instance,
the hshavior of truoth 184 shows 10 pixels known %o
be alfalfa,-of which 3 were gclassified as linseed
and 7 as alfalfa, giving a result of 70%.



Each one of us would hare to obtaia “better than 3077
ageuracy in hls section. Alsc, we nave an'indeFendent
colleaque, who acts as a naive user and as a devil's

advocate Lo test random Lields and see if accuracy of
clazsification holds,

The Sysbewm PL.R. ¢an work with f£iles that correspond with
the above divieion; neverthalass, for faater testing each strip
was subdivided in 4 or & pictures; for instances, the uwoper
strip was comgosed of the fields or pictures GUEIMWA, GUIMNZ,
GUZMMC, GUZMED, ant GUIZMNF. Each one of thasze thus reprezents
an ares of approx. 20 x 14 Jm. Figure...'GUIMNA-GUEMF DESCRID-
TORS' shows the deseriptors [12] of two of these pictures.

Figure...'CREATING TRIALG' givas the protocel o make ans
of these files. In this case the father of TRIALG 1z orecisely
ADAN YRQUY3, which resjdes in {our computer compatible tapes.
I will be faster now for TRIALG te have a son, hecause TRIALG
iz a &iss file. 5ee [18] .

3} Print the files. We print some of the bpapds of the pie-
tures, sc as to be abla to logate (by eye] fields in '
the color picture, map or reality that correspond to
tihe sate site in the digital picture printout, This is
necessary at the present time because we do not have a
coler display TV, and therefora we have to refer to
fields in the digital picture bhv their pixel coordinates,
¥ ronning from 1 o 2600 and ¥ from 1 to 3220, aporox.
Figure.,.'TRIALG' shows band 2 (band 5 of LANDSAT) of

thiz picture. Our report [141 gives details of the
printing algorithm .

4} Feed the Ground Truth Data Bank. In this step we proceed
to tell the machine what Qrops grow where, entering scne




2Ll TO5 DATOS DB CAME0? o o .y .. W ST
JUUAL U TOGAS (B0] LDTSFUSTETVO{B= TrivrEB0RA Y, 1
R E Cheil add, ¥ LS #TELM0 L &7 .
1 2345 Fiad 1425 1529 CETEMNA RUGTTE L2176 YADSIY w
231 3 bS5 mibA AASUNG CELEMA ROSTIA £2lyrb Shlmisl o
3 hBi 2555 Fusn o6V wVERDE CW1LAE LOERA B2e57% ELO-GL &
4 2351 2554 Qe62 §353U SAEALE CrTLAL  TLLEHA 22575 Ehleds. o
B ¥4 2635 1udd 1929k pAvIkl AEREGE LLERA 4izlfrn ELLEGE U
B G840 PG4T 1670 171D CAVIMZ AEREDP LLORA €Zigih SIG-OL b
T 3o2% 6% 193e TwiiP DAVIAY AZREDE ILERM EZld¥g ELLO] ¥
g zBlo 262 131y L9359 MAVING ABREDE LLEAR HE}H;E ELLaD.
Yy Zobb 2502 1061 1942F paVIMG AEREDP LLOESA BlRTE ELOROL 2
16 2654 3555 1973 1974P Pavlue ARREOP [EEMA U21g¥6 ELGH.L @
11 242l 2455 190 19630 HUMD CEMPHO LLESA  42i67e ELOSOL o
e 2401 MY {945 }EEHU USFALA CENTRD  LLERA 832676 Rilo 1
1% Zidd 2605 1875 J977V ~WERDE AEMECE LLERR B223v6 LLOPGL #
Td 2670 Shar 1359 1367 TRIGD) ARAADD GUAMAN P2LT76 YADULY #
19 2667 2679 1385 1386 TLIGOZ ARMATD Ga-vinH B241776 YADGIY b
3] BOL 915 2829 Z445h PHUASU VTLEAY ARLUNG BIB6IS Lol b
lod 2gli Zé2o Llw L1W5L CAFCTAR CETENA ROBTIA PIHYIE YACU] G 4
Ta3 a2 2256 1217 122k LTnfe3d CEIENA ROSITA LYETE YAOLTS 1
whHa 2dui 23456 1714 1213] ALFALL CEOTEMA ROGSTDA BlA476 YACLTYE 1
Tus 2Bk 29 1509 12J3% Sooyas CETEMA FOSUTA 979076 YASUIS 3
IHG 150 15} 13d4 1365 ERCEH] MANURL mAMUEL #7086 ELOMGY 1
I8y 155 153 13ie 131w BNOSHZ mhalBh mibGen Brbess ELORDL 1
LgE 2324 2;;..; LIS LiEB3 LINA-3 CETENA ROSITA BIL47% YACHTE )
1g9 2328 2331 1172 llved CARTAD CCTENA MOSITA B72676 YAOUES 1
199 2254 2ok 1211 10144 CARTAL CETENA ROSI'TA GI2HT6 YEEE%E H
191 5; BG83 138 13195 ARGUAR JTNECH JINICH 271474 E B
182 5ry B8 1316 13708 AARIEL @7YI976 BLOROL 8
CUAL CHER. (~J=NINGUNA}? :
Figure '"GROUND TRUTH DATA BANK'

Only part of it iz shown. For instance, ground truth 184
asserts the exfstence of ALFALPA in x= 2252-2254,
y= 1214-1215 of ADAN YAQUI3.

CabEx s DE APHENDI=AIE s Ilgh.r;‘I‘= ‘ 24 FECHA=BELETE CREACOR=MANUEL MEIULS= 1

RN R i s
D B OBR BE MR gm oo WY 2w 2% g
1 v Ji lE‘tHh - y 1 LY. - . - - +

cOU=ECETEN Ml DE NLSESwm 4
HUH FIXELS
SHa
R
lexl

Figure 'ENOWLEDGE'

Enowledge 29 gells us the color (means and varian?es]
of water, agricultural areas, forasts and grass fields
used in a land use classification.



fizlds into theé Ground Truth Data Bank. Figure...
'ENTERING GROUND TRUTH' shows fetails. Figuxre... 'GRCLHD
TRUTH DATA EBANE' shows part our information. Phesc
ittelds may be used to train or teach the learning zshase,
and/or to compare the results agalnst realitv in order
to know the acouracy of the clazsificatien.

%) Learn. We bring the System P.R. to the point where it
tLll learn the aolors (means, wariances, covariapdes]
of the different orops. Figure., . 'IEARNING' chows pow
the spectral signatures are acguired, Figure...
'ENOWLEDGE' shows one set of spectral signatures that
the System P.R. has learned. These sets are stoared in
4 bank of spectral signatures, We have found useful co
teaghh the machina several "varieties" of the same arop,
thus sub-¢lassifying the acenes. If these "varieties®
are found Lo be very similar, they get fused by man
or machine. Ses figure 'CENTERE OF GRAVITY" .

€} Clagsify. Take one of those "knowlefiges" or sets of
spectral signatures, and use it to classify a whole azes
(TRIALG, for instance}. Figure...'CLASSIFY' shows the
interazeticon. Rbove In this article, under the heading
'RESULTS FROM STAGE ZERQ,' there are come details abous
the differsant classifiers in use. Por the minfium dis-—
tance classifier, Tw3 means that if for gome pixel anc
some class, 4 » 3, that pixel will not belong to that
class. A pixel not belonging to any of the classzes of
the 'khowledge' being used will becgme "not classificd"
and will pzint as a blank in the letters-band,

A5 a result of the claszsification, o pew band ia produced
in the digital picture: band"L", a latters-band, which contains
characters that identify the crop for each piwel, Blan¥ neans
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“rot classified". We print the latters band of TEIALS and show
Ir in figure... 'TRIALG CLASSIEIED'. Figure... 'TRIALG ACCURACY '
shows an overall performance of 90,1%,

OEher resulis are shown for cartams, wheat and aatton

specially, in the figures..'CULYAQ OROUND TRGTH' 'CULYAD
CLASEIFIED'; 'CULYAQ ACCURACY'.

Uther results are shown for a wariety of orops in the fi-
gures...'CLAVEl INFRARED'; 'CLAVEL CLASSIFIED'; 'CLAVEL ACCUHRACY

7} Compare to determine agcuracy. The whole Ground Truth
data bank, or gnly selected trutkhs in it, are uzsed to
determine the aﬂéuracy in classification. An acouracy
af $1% means that, of 100 pixels which we Knew wHat
crop ¢ontainned, the machine gave the correct answar in
91 of them, and a wropg answer fh 9% of *hem. Of the
pirels which azre not in the ground truth data bank,
the macnine does not know the truth apout them, anpd
it is not possible to check 'if they were properly
classified. In figure TCLAVEL ACCURACY', the "verified
percéntage" tell us, of a giﬁen zone {such as CLAVEL) ,
how many pixels {in %) were verified, that 1=, berause
they 4id have ground truth to Compare against.

-

it is possible to use the comparater in two ways: al the
formal way, where a pixel with ground truth "WHERTE" (varie-
ty & of WHEAT] will be counted as a sucess if the maching says
it is "WHEAT" (in any of its varietiss WHEAT1, WHEATZ.,...,
WHEAT7) ; bl the exigent way, where a ground trith “"WHEATE" will
sucecesd if classified ewactly as WHEATE; thus fafling if
classified as ohe &f the other wvariatiez of wheat. The exangles

in this paper are in the normal way. A report [10] describes
the comgarator.
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8} Determine mistakes and imgrove accuracy. We Can use some
tools, such as histogramz, diswperzion diagrams {(see fi-
gqure. .. 'DISPERSIOH DIARGRAMS!'} and plots of the location
of the center of gravitias of the different classes
(see figure,..,'CENTERS OF GRAVITY') to help us to de-

termineg arrens and 1o svggest wavs to improwe accuracy.

Usually, these ways are: {a] change the threshold T;
{b] merge varieties; {¢} introduce new varieties by
selecting additional ground truths and proeducing new
"knowledge'; (4] c¢heck ground triuths, placement of
fields, etecr (&} change alassifier. Some other ways are
suggested under 'FUTURE PLANS' below.

9) Iterate (5} through (8], until accuracy in each crop

exceads Y0%. , '

The above methodology may work for some regions, but It
will nead improvements when the numbezr of crops, regilions and
dates Inersases. Some comments on this follow uwnder the head-
ings 'CURRENT THQT.TELEE-I' and 'FUTUEE PLANS' halgw,

CURREHT TROUBLES

A important problem is that sach time somebody of us has
an idea to test {a new classifier, say) he has Lo wiite it in
Fortran or Algel. Although the idea may be simple to express.,
a2 haz to make small changes here and there. and has to be fa-—
miliar with several of the "system functions" that access pikels,
change workspace, read the next line, and so on. Prograss is
zlow, and bezides the offiecial version of the system a number
of private versions exist, which ara then {painfully} incor-
porated Into the new official version, which thes has to undergo
"wificial testing!
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Thege are zsome of the test fislds used. For insﬁance,
truth 185 at the hottom asserts the exisztence of SOYR

at ooourdinates x= 2208-221{0, = 1219-1224 of adan ¥&JUII.



Due to tnis, the users of the system tend to divide them-
selves in "system programmers® tRat can modify the system, and
"pure wsexrs" wio reiuvse to koow its inner woarkings, and only
use iz ané offer suggestions for improvements., This divisien
may ke useful or desirable, but some of us are thinking in
designing a system whers the "pure user", a geclogist, an
soeanoygrapher or a cartographer gan express what he wants to

be done, whithout knowing about invalid indexes or integer
variables.

Of apurse, ancther problem is the lack of a suitable
ffast) color output device, a TV display.

The topicality of the information is alsc a »roblem. I
&n not addressing here the problem of "signature translation”
gt asks whether a 'knowledge' obtained in an 2DAN will work
wall in othier ADAN 300 kilemeters to its right. I refer to
the fact that in the System F.R. the uger specifies many things.
topically, by a numper let us say, but that number is merely
an identifiezr withont spesial knowledge attached to it, "Use
eround trutis numbers 17, 18, 20, 34 and 27 to create knowledge
48". "Use knowledge 4% to analyze picture CLAVEL". "Use the
minimum distance Qlassifier to classify this picture; with
T=2", h mora intelligent system would he told something like
"Anslize this picture; see where it comes from. See its date;
itz geographic leocation. Sea in your data banks what things.u:e
likely ko grow there. Also look for wineyvards. Classify accord-

g to these”.

FUTURE PLANS

Wz wilk acguire a minicomputer, ocur own microdensitcmetar
ard 8 color TV display..



-

e have already mentienped under 'CURRERT TROUBLEZS' some
of our future plans (a better language, an intelligent system,
dynamic relocatiocn of banks and 'knowledgae'}, And, in = strong
senssa, our future plans are containned in the descriptions of

the stages of the Project P,H. and the Laboratory P.R. But I

will add hers other ideas that were not planned at the begian-
ing:

1} A layered classzifier, that allows reclascificatians of
only selacied parts of the picture. Thus we can divide
the scene in water, green parts and yellow parts. and
Later divide the green parts in wheat, linssed, ete,

2] hid a priori probabilities of crops. We do not have now
arn easy way to use this information.

3] To gain speed, we will add a table-lockup classifier

[30] .

4) We need more Interaction with our partpners. h field
vigit to A &acti region, a disoussion with a Geclogizst
Oor 4 Regional Planner may be wvery profitable. This is
an interdisciplinary research. Many people witn many
views may help in many wavs.
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