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EVALUATION OF SPATIAL FILTERING ON THE ACCURACY OF WHEAT AREA ESTIMATE*

M. A, Moroiia, S.C, Chen and A.M, de¢ Lima

Instituto de Pesguisas, NBspacjais ~ INPB .
Consclho Nacional de Desenvolvimento Cientifico e Tecnologico - CNPq
c.P, 515 ~ Siio Jos¢ dos Campos - SP -~ Brazil

" ABSTRACT

The objotive of this study was to select the optimal combination of
threshold yalues for the 3x3 pixel spatial filtoring for post~classification
implanted in Image-100 system of INPE and to ovaluate the cffects of this
procedure on the accuracy of wheat area which was estimated by Image-100
system using a hybrid classifier ard LANDSAT digital data obtained from a
single pass, An ares of 800 kif in Cruz Alta which is onc of the most important
municipals for wheat production in southern Brazil, was selected for this
study. Different threshold combinations: (1,2), (2,1), (2,2), (2,3, (3,2), :
(3,4) and (3,5) were employed in the spatial class filtering for the whole :
study area after wheoat was classified, Alphanumeric theme prints of
classification results with and without employing spatial filtering were
compared using aerial photographic mosai¢ as Mground information'. The

+ combination of (2,2) was then selected as the best threshold values in spatial

filtering and was applied to fiva test sitps (= 40 kni cach) with different
wheat densities for a quantitative evaluation 'of the accuracies of whoat arca
estimates. T tests showed that filtoring with threshold values (2,2) . '
significantly decroased errors of commission and omission, also, the accuracy
in arecn estimate was inproved from the over estimate of 4.5% to 2.7% and the
root-mean-square errer decreased from 126.18 ha to 107,02 ha. Extrapolating the
same procedurc of automatic classification using spatial filtering for post-
classification to the whole study area,tho accuracy in arcaostimate was improved
from the overesuimate of 10.9% to 9.7%. This study conciudes that whén a single

“pass LANDSAT data is used for crop identification and arcd estimation the post-

classification procedure using a spatial filter provides a more accurite arca
estimate by reducing classification errors, .

.

1. INTRODUCTION '

The ideal LANDSAT pass for wheat identification and arvea estimate is in
the late September or in the beginning of October when this crop is at yecllow-
ripe stage in southern Brazil. llowever, these months coincide with the initial
of the rainy season, thus, cloud-cover is's serious problem for image analysis.
LANDSAT data prior to the yellowing stage may also be used for area estimation
purpose; neverthcless , aless accurate estimate is obtained, since a large
compission crror is expected duc to the similar spectral responses afong wheat,
pastureland and fallow ficlds. The objetive of this study was to verify whether
improved classification results and amore accurate cstimate of crop areamight.be
obtained through post-classification using spatial class filtering when only
LANDSAT digital data of a single pass were available for analysis.

2. STUDY AREA AND DATA ACQUISITION

Cruz Alta is on¢ of the major municipals for wheat production in Rio Grande
do Sul State, Brazil. The geographic locationof this municipal is around 28°35'S
and 53945'W. An arca in Cruz Alta (approximately 20 x 40 km?), which rcpresents
the wheat plantation of the state, was selected for this study (Figure 1). In
this region, depending on climatic conditions, wheat may be planted in April or
May and be harvested in October or November, .

*Presented at the Sixteenth International Symposium on Remote Sensing of
Environment, Buenos Aires, Argentina, Junc 2-9, 1982,
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Aircraft datan acquisition .

On Soptembex 2, 1979, INPE's (Instituto de Pesquisas Bspaciais) aircraft
Bandoirante was flowpn ovor the study area using a RC-10 photogrammetyic camera
and color anfrared (CIR) aerianl photographs of medium scnle (1:20,000) with
309 sidolapping and overlapping were token. Acrind photographs were later
intorproted visually according to a predetermined legond, The
photointerpretation results were then used as "ground information" to asssess
the computor-aided c¢lassification performance of Image-100 systom,

LANDSAT data acquisition

The ideal LANDSAT pass for wheat jdentification and area estimation is in
tho lato of Soptember or in the beginning of October when wheat is matured
and presents a goldon-yellowish color, different Lrom the surrounding crops
. (predominantly pastureland) which are still green (Chen ot al, 1981). However,
LANDSAT data on September 22, 1979 was with 100% cloud covor, thus LANDSAY
CCT's on September 4th  whon most of whest plantations were at heading/flowering -
stage, were uscd for this stuwdy. :

' , 3. METHODS : S

»

For wheat classification, the unsupervised clustering algorithm (K-moans)
was first omployed to sepurate homogeneous spectrnl classos; these spectral ,
classos were then transformed to informational classées and training areas for '
each informational class were located on the image monitor of lmage~100 system
using the electronic cursor.The spectral information of those training arocas
were used to derive training statistics yoquiraed by MAXVER which is a
supervisod classifier basod on the Gaussian maximum-likelihood decision * rule
(Velasco et al, 1978). This hybrid procedure of using clustering to assist the
salection of training arcas which wero later used in a supeorviscd
classification was called M~2 procedure (Limn ct al, 1982). For homoganetsation
of classification rosults, a post-classification procedurec named UNITOT was

used’s

UNITOT is a three-by-throe pixei spatial class f£ilter implanted in INPE's
Image~100 system (Dutra, 1982), There aye two threshold values which should be
predotermined by the analyst. The first threshold value, 1, is the number of |
times the analyst wants the central pixel to be ¢onsidered in calculation of
class frequency. After calculation of the .frequeincy for all the classes in the
3x3 pixel matrix the highast class frequency will compared to a sccond .
threshold value T, which is arbitrarily assigned by the apalyst. 1f the T,
value is smaller than the highest class frequency then the class of the central
pixel will be substituted by thie class which has the highest class frequency.
the T, value is larger than the highest frequency then the class of the central
pixel remains unchanged. The best combination of T, and T, to be used in spatial
filtering should improve classification performance by diminishing
classification errors. To select the optimal threshold values for this study
the following combinations of (T,, T,) were tosted, they were (1,2), (2,1),

. (2,2), (2,3), (3,2), (3,4) and (3,5).

Analysis procedure

In order to work at the scale of 1:100,000 on the image monitor the study
arca was divided into two square subarcas (A and B) of approx. 20x22 km each.
Analysis procedure was carried out similarly for both arcas, Oncz the subarea
was delimited, wheat was classified using the M-2 procedurc as mentioned
above, afterwards, spatial filtering (UNITOT) using difforent combinations of
threshold values were applied and alphanumeric print out (1:20,000) of the
classified wheat, with and without using spatial filtering, were obtained.
Each alphanumeric printout was overlaid on the acrial photographic mosaic; on
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a light table, and a visual comparison was made obsorving the commission and
omission errors presented on the print-out. After comparing all the print-outs
with aerin) photographic mosale the boest combination of threshold value was

selocted,

1

In order to evaluate quantitatively the offocts of spatial class
filtoring using the best threshold values on the classification results, five
test sitos (n 40 kel cach) with diffeorent wheat donsitics were solected from the -
study aren, A podnt-by-point comparison of alphanumeric printout of each tost
site to its corresponding aerial photonrnphic mosaic provided data for
statisticp) anulyses. Palved.t-tests wore applied to tho percentages of
correct classification (CGC), crror of commission (BC) and the estimated wheat
arcas obtained by using and without using the spatinl filtering., Correct
classification, commlssion erver, omission error and yelative difference are
dofinad as bolow:
n? of vheat pixels which were classifiod
correctly , X 100%

area-transformed pixel n® of wheat from
perinl pheotographs.

correct classification (CCY) w

[y

n? of ‘non-whent pixols which were erroncotisly

commission error (Cl §)  Sihssified as whest - x 100y
‘ n? of wheat pixels classificd by Imagoe-100
pyston '
omission error (0B4) = 1 - CCY .

relative difference (RDY) = (ost%mntod wheat aren by Tmape-100 system «1)X 100} .
estimated whoat area Lrom awerinl
. ’ photographs ) '

4. RESULTS AND DISCUSSION .

Figuro 2 shows the classification rosults of subarea A using procedure.
M-2. BRven though Me2 was selected as the best procedure for wheat
elassification (Lima et al, 1982; there wore some confusion nmong the classoes
of wheat, pastureland and sparse arboreal vegetation. This might be oexplained
by the fact the LANDSAT daga wore pathered at the time when wheapt was in
heading/flowering stage, consequently poerfect separation could not be obtained
duc to the similarity botween spectral responses oif wheat and pasturcland. It
was, noted that in most of the cases the sparse arboreal vegetation which was
misclassified as whent possessed n understove of vipgorvous grass which might ,

contribute to the spectral similarity to wheat.

Quantitative comparisons of alphanumeric print outs to aerial photographic
mosaic showed that the application of spatial c¢lass filtering with the
combination of threshkold values (2,2) gave better classification results. This
improvement cay be ohserved by compaxing Figure 2 and 3. Quantitative
comparisons weve performed using data of Table 1 and 2 which were obtained
after classifieation with and whithout the application of UNITOT, combination
(2,2), for five test areas, T tests showed that the application of UNITOT
(2,2) increased significantly (a = 0.05) the porcentage of corroct
classification and deereased significantly (a = 0.01) the error of commission.
Comparing area nstimates obtained by using of without using UNITOT to that of
the perial photographs no stutistical difference was found, However, with the
applying of UNITOT aftor classification the root-mean-square crror of area
ostimates for these five aveas decreased from 126, 28hato 107,02 “n. The relative
diffeorence in arca of these five test sites decrecased Lyom an overcstimate of

w
-
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4,5%, whon no spatial class filtering was used, to +2.7% whon UNITOT with
threshold values (2,2) was applied in annlysis procedurc. Applying UNITOT

(2,2) to the whole study arca an improvement in areca estimation was observed,
i.c, RD of +10,9% obtained by classification whithout the nprlication of
spatial class filtering was docreased to +9.7%. Lven though the improvements

in area ostimate were not pronounced the better classification aceuracy caused
by a higher correct classification and a smaller orror of commission when
spatinl class filtering was employed made this post-classification worthwhile.:

5, CONCLUSIONS
When multitemporal LANDSAT digital data arc not avallable for crop

identification studiecs the classification errors caused by the similarities of
spectra) responsces among classes on a single~pass LANDSAT data may bo
diminished by the applicatica of spatial class filtering with optimal threshold
values in postyclassification. Tho improvements in crop classification results
using spatinl c¢loss filtering for post-classification are contributed by a ,
Jiigher percentage of correct classification, a smusler orror of commission and
a noxre accurate ostimate in area. .

: 2 z '
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Fig., 1 = Location of study area.
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Table I, IJstimated whoat area based on aircraft and LANDSAT
data for five tesr sites

ESTIMATED WHEAT AREA (hal _
rusr s1m) DISITY ' o, ”LANDSAT CCTi ‘
o) PHOTOGRARIIS gﬁk%22i ggﬁéﬁﬁkug ,
| FILTERING WITH UNITOT
2,2)
IR AR
2 46,13 1897.60 | 199026 1852,51
3 s | 161572 tog.77 | 160,79
C e | TEE | UG,
e B R
TOTAL, . 8138. 64 S 8350530
RMSH - - 126.18 ° 10702
[ * Percentage of relative difference (RD%) .

Tablo II. Wheat classification accuracies resulted by using and without
using UNITOT (2,2) in five test sites

0

CORRECT CLASSIFICATION COMMISSION ERROR
tees) (CE$)
TEST SITEL wypour | searian p1n) wrmnour searial | spATIAL
SPATIAL | TERING K171} FILTERING - FILTERING WITH
FILTERING | UNITOT (2,2 UNITOT (2,2)
1 83.75 |  86.05 14.73 12,26
2 82,83 83.93 17.54 14.67
3 77,51 78.93 22.89 20,33
4 88.41 89.08 28.45 23.98
5 87.85 88.30 21.60 21.15
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