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An Influence due to Mixel in Category Classification
Using EM Algorithm and Its Improvement

YUukio KOBAYASHIT and MINORU INAMURAG®t

In supervised classification of multispectral images, it is important to use training samples
that has representative of the categories to be classified. However, as the selection of the
training samples is not based on statistical procedures, the estimated distribution parame-
ters for each categories often show biased properties. EM algorithm is used to improve the
representativeness of training samples. In conventional EM algorithm, an influence due to
neglect the dealing of mixel data (a pixel that exist multiple categories in an instantaneous
field of view of sensor) in the iterative procedure is occured. In this paper, we not only clarify
this influence but also propose a simplified countermeasure algorithm. This proposed algo-
rithm is based on definition of mixel data that defined by edge region of multispectral image.
In the iterative procedure, if incomplete data is not included. in such edge region, this data
use estimation step, then mixel data is excluded from EM algorithm. It is shown that this
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proposed algorithm is successfully applied to the classification of Landsat TM data.
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Fig. 1 Relation between positions of spectral vectors and
missclassification of mixel data.
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(Example 1).

LANDSAT No.5

TM (6 bands excluding the
heat band)

August 6, 1986

Observation satellite

Observation sensor

Observation date
(month/date/year)
Observation area

Kanuma city, Utsunomiya city
1024 x400

Number of pixels
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Table 2 Classification categories.

w | Name of category Abbre. name
1 | River (light) riv-1
2 | River (dark) riv-d
3 | Forest area (light) gr-1
4 | Forest area (middle) | gr-m
5 | Forest area (dark) gr-d
6 | Bare soil gnd
7 | Urban area city
8 Suburban area town
9 | High way h-way
10 Shinkansen yama
11 | Cloud clod
12 | Shadow of cloud shdw

#3 WHFL-ZV YT VOERY
Table 3 Skewness and kurtosis for training samples.

Categories

Band no. riv-1 gr-m city
skew. | kurt. | skew. | kurt. | skew. | kurt.
0.02 2.90 0.90 5.15 0.72 2.61
—-0.22 | 2.10 | —0.11* | 2.15 | 0.53 2.47
—0.16 | 1.80 —0.06 2.05 0.01 3.02
0.24 | 1.88 0.18 2.16 | 0.56 | 2.90
0.23 | 1.92 | ~0.31 | 2.54 | 0.41 | 3.67
0.27 | 1.90 | —0.10 | 3.07 | 1.30 | 6.70
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Fig. 3 Edge image. (a) Kanuma area, (b) Utunomiya
area.
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Fig. 4 Original statistics of the categories on the feature
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Fig. 5 The statistics estimated by the EM algorithm.
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Table 4 Classification correct answer of test data (Example 1).
Technique riv-l  riv-d gr-l gr-m gr-d gnd city town h-way yama clod shdw | Ave.
MLH 100.0 83.3 100.0 86.7 100.0 86.7 56.7 ' 80.0 86.7 60.0 90.0 93.3| 85.3
EM 100.0 80.00 100.0 = 90.0 100.0 100.0 23.3 80.0 20.0 53.3 100.0 100.0 | 78.9
EM (8 = 1.0) | 100.0 90.0 100.0 90.0 100.0 100.0 56.7 80.0 56.7 73.3 100.0 100.0 | 87.2
Improved EM | 100.0° 100.00 100.0 100.0 100.0 100.0 100.0 96.7 93.3 100.0- 100.0 100.0 | 99.2
’ T T
11 )
2001 J L 114
[ 200 b
,q- S
2 <
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I 4 3 8
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! 5 100 O R
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F12 7 L1 <
2 o 7
dcj 10 =5 _
0% 00200 2 :
band 5 0 100 band 5

HMe MEEMT7ALIVALB=1.012L584E
Fig. 6 The statistics estimated by the EM algorithm
£ =1.0.
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M2 SESREEBLICHHEL -2 7370, (a) Bl M9 HELEM7ATIXA (B=1) 12X 30H&E. (a) BB
(b) FHEN ifi, (b) FHEW
Fig. 2 True color multi spectral image and initial training - Fig. 9 Classification image of conventional EM algorithm
samples. (a) Kanuma area, (b) Utunomiya area. (B = 1). (a) Kanuma area, (b) Utunomiya area.

® } - G
E8 HEREM7NT) XA LBHHKER. (a) BES, (b) % B10 HWHEEM 70T) XLk 258EEE. (a) BEH, (b) F
#WEh HEH
Fig. 8 Classification image of conventional EM Fig. 10 Classification image of improved EM algorithm.

algorithm. (a) Kanuma area, (b) Utunomiya area. (a) Kanuma area, (b) Utunomiya area.
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Table 5 Specification of multi spectral image
(Example 2).
LANDSAT No.5
TM (6 bands excluding the
heat band)
August 6, 1986

Observation satellite

Observation sensor

Observation date
(month/date/year)
Observation area
Number of pixels

Kashima city
512 x400

#£6 SEAHFIT)— (GHER2)

Table 6 Classification categories (Example 2).

w | Name of category Abbre. name
1 | River (light) riv-1
2 | River (dark) riv-d
3 | Sea sea
4 | Forest area (light) gr-1
5 | Forest area (middle) gr-m
6 | Forest area (dark) gr-d
7 | Urban area city
8 Factory area fetry
9 | Road road

10 | Tank (Oil refining) tank

11 Cloud clod

4.2 E M fi 2

RELFEOEHUELTSOEHLPICT L0,
OEET — 7 ICDOWTHEEM 7 VT A4 %H#
ALz BRLZEESREROETE LUGEY 7
TY—%Fk5, FT6IRT. ALEHLERICEYF T
Y — 2oV T ME 2 kD, HEROEM 7L T
ZLBIUREREM 73 X0 (BEEMD), &
EEM 7NVT) XLREVRE R IT o7 (YKL
ERE 5 ). Ty VEBROREILEME 1 &R
Tofz. BTN L—S VI 7T VOFY, &
BREEZRT., SNEY, 77T =il & o TIEER
ZORKEVT T T — (we,wig,w11) NSV F T
)= (ws,we) BRIELTVEZ EDGD 5,

HBEeER TOFEERLEET 2201, FA
T—F (FHT7TTY— J08ER) L5 HELEEY
RKO1. RO DO E L AV RLEICow
THEEEREZRD, ERERBIRT

INED, 41 EBERBRCERLEM 7V ITY L A,
B, #REM 7LD XA (EEEMN), &
EM7VIT) XALADMETESERNELL R >TW0EI &
BEDAH, BAE, HREM 7VTY X LTI
BFHEOEERENSRKEVW T I - R LB EER
AL, FEEMETLTWA, ZRICHL, HEEM
FNTYRATEENTF T —THVELRFETE

EMT7AITYALIZEBHTT)—FRICBTALIZENT - DOFBEBEUE 47

®T PV vBHE,
Table 7 Mean (m) and standard deviation (o) of initial
training data (Example 2).

Category Band number of TM sensor
(abbre.) 1 2 3 4 5 7
riv-1 m 89.0 43.7 51.9 23.9 5.4 2.2
o 4.5 4.2 5.9 1.0 09} 0.8
riv.d m| 69.2| 284 23.7| 10.5 55| 2.7
4 3.2 2.3 3.1 1.7 2.0 1.3
sea m 71.9 26.5 19.2 9.5 7.0 3.6
o 3.3 2.3 2.5 2.4 2.2} 1.6
gr-l m 75.0 39.6 32.5 98.8 82.3 | 26.3
o 3.9 3.8 5.7 29.3 22.7 7.7
gr-m m| 658 28.9| 21.0!109.4| 63.2|18.0
o 1.7 1.2 1.2 14.1 6.7 1.9
gr-d m 62.1 23.2 17.5 66.7 44.2 1 12.2
14 0.9 0.8 09| 16.1| 106 2.7
city m |103.1} 47.7| 58.6| 59.8| 82.8|45.6
o 13.3 7.2 10.1 7.8 10.7 7.0
fetry wm | 101.1 48.0 67.0 50.6 66.9 | 42.7
o 19.1 11.8 14.3 11.1 23.2117.1
road m| 950 46.0| 50.3| 756 | 75.6|33.5
o 23.5 15.1 22.9 19.5°] 21.2| 15.9
tank m'| 207.0 | 121.1 | 160.5 | 123.2 | 147.5 | 82.6
o 44.4 37.6 50.6 35.3 46.5 | 43.1
clod m | 1958 | 95.2]112.5|113.6 | 140.2 | 67.0
o 32.1 20.6 26.7 18.0 28.2117.3

D, BEHZHERTHLLVI S,

PDEOZERD, BRREEONSVHT I LK
EVATITY—PEBITHFETIHETS, PL—=
YIF Y TNORERELETE D EFTD o,

Uit 2 o0@REBLCLY, FL—=VZY U7
DORFUERETL-BICEM 7ATY X4 280T
Y, I0UNT-SOFHEEERL, I/ ELTF—
YERMODPDOFFICIVHRLTCERTAZ 2L, &
DREWDHB ML~V I VI Ve BATDII
BRTHDHZ EDHERTE .

5. ¢ ¢ U

KT, EMT7AVITY XA % b L—oV ¥y
TVOREEOYUEBIIH L CERTAIBEOI 720
Ty OFBERLPIITEEE DL, I7EALT—
FOFHEEZRBCLAZEM 7V TY XA0BRAFIE
DWW TRERET L /2.

EM 7V XA 2BV TI 7T — 213, %
BEHF OB, AROMAEULXEBDR L TS IHHES
KECEDTLEIEREFELLZ LERL.

AU TRIOEBEBIIILEEM 7LV TY XA
ERELL, WELLEHEE, EM7VITYXLDHE
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BL, JhEa7E7eViCEMLAT -5 0AEH
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Table 8 Classification correct answer of test data (Example 2).
Technique riv-l  riv-d sea gr-1  gr-m gr-d city fctry road tank clod | Ave.
MLH 100.0 96.7 100.0 100.0 100.0 100.0 833 93.3 60.0 100.0 90.0 | 93.0
EM 100.0 96.7 100.0 100.0 100.0 100.0 53.3 90.0 53.3 100.0 80.0 | 88.5
EM (8 = 1.0) | 100.0 96.7 100.0 100.0 100.0 100.0 83.3 93.3 63.3 100.0 93.3 | 93.6
Improved EM | 100.0 100.0 100.0 100.0 100.0 100.0 86.7 93.3 63.3 100.0 93.3 | 94.2
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