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ROMUALD KACZYNSKI

ANALYSIS of the POSSIBILITY of DISTINGUISHING COLOUR
TESTS TAKEN by MULTISPECTRAL CAMERA
and USING ERDAS SYSTEM

SUMMARY. Theresultofanalysis ofthepassibility ofdistinguishing the
colour testfields on the basis ofpattern recognition using ERDAS systemand
multispectral data arepresernted. Thephotographs infourspectral bands of32
NBS colour testfields have been taken by MB-470NAC rultispectral camera
on Kodak IR-2424 film After analog to digrtal conversion using scanner
Howtek, and imege to imege registration, thefour bands of digital data were
eIaboged. ParanEtriclpattem I'EC?Jiﬁm tgggiqm have been used o
classify spectral target classes in multispectral

Thirty of the colourfields were recognized with the overall accuracy of
96% Theachieved results showns highperformance of MIB-470 NAC canera,
scanner Howtek and the new 7.4 version of ERDAS software. The minimum
Euclidian distance between twoclasses have beenfound tole noless then 10.

I. Introduction

The analysis ofthe possibility ofdistinguishing the National Bureau of
Standards (NBS) 32 colour test fields on the basis of the analog interpreta-
tion of multispectral photographs has been already published [1], [2].

From thatlimedevelopment hasbeendone inthe field ofdata analysis
methods, software and new hardware.

The same multispectral filmin four bands has been used for computer
assisted image interpretation using new ERDAS version 7.4 software and
scanner Howtek with scanning version 2.0 software elaborated by GIS
GRAPHIC in Germany.

2. Materials used

The colour NBS test (Fig. 1) has been photographed using multispec-
tral camera MB-470 NAC on Kodak IR-2424 film. Band passes for 4 filters
used in the camera are shown in Fig.2 (B - blue, G- green, R - red, 1R -
infrared).
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The colour test consists of eight colors :red, orange, yellow, green, yellow -
green, blue, green - blue, grey - black each in four different level of
saturation. Spectral reflectance curves for 32 colour test fields have been
obtained in laboratory using spectroradiometer. For example four spectral
curves for the red/orange colours areshown inFig.3. From Fig.3.one can see
that test fields 38 and 39 have differences in the bands green and red
but not in the Infrared. All these tests would be easily recognized if band red
could be used for interpretation. It is imported to have the spectral reflec-
tance curves of different objects taken in the field in the same time when
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3. Preprocessing techniques

Four bands of multispectral image have been scanned using Scanmas-
ter Howtek with aperture 200 dpi. Image to image registration has been
performed using ERD AS software and neighbor sampling technique. Image
file of the size 400 x 400 in 4 bands has been created and used for further
elaboration.

4. Analysis techniques

A setof multivariate class statistics foreach pixel measurementvector
in the image has been created and compared. Then a classification decision
rule, the probability of maximum likelihood that the pixel belongs to a class
from among the statistics set was calculated and the pixel was assigned to the
particular class. In order to develop of the multivariate statistics, supervised
classification approach were used. Training areas ofthe size 6x6 pixels with
known properties have been used to extract spectral statistics from the image
data by identifying the test fields. The signature statistics ( Min., Max., Mean
value, Standard Deviation) for each ofthe 32 colour test fields are shown in
Table 1. The signature Euclidian distances could be calculated from the
Table 1 or directly using SIGDIST programme. For example the signature
distances for the similiar classes 183-266 isequel 4; for 183-267 isequel 2, and
for266-267 isequel 6. On the basis ofthese statistics and signature Euclidian
distances, these three tests have been merged. It is found that for classes 66
and 82 Euclidian distance is equal 10.7 which suggests that these classes
should be mixed after classification.

SIGMAN programme is used to merge the similar classes before
classification. All statistical data of signatures shown unimodal and

multivariate normal distribution. Inthat case MAXCLAS programmewith
maximum likelihood classifier has been run. As the result GIS file with 30
classes has been created.
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5. Results achieved and accuracy assessment

The GIS output had some mixed points. To reduce the "salt and
pepper" appearance observed inthe output, the GIS file has been screened
out using SCAN programme with majority option with 2x2 window. This
smoothing programme reduces this effect and produces a final map which is
then used for accuracy analysis.

To assess accuracy of the output the GIS file has been tested using
ERDAS software. Location of check points has been selected randomly by
running RANDCAT programme. Each pixel in true test field and classifica-
tion output has been compared. The number of points to be tested (N) has
been determined from the formula for binomial probability theory ( as is
either TRUE or FALSE, i.e. either pixel belong to the class or not):

N> 4Pd
e2
where p - % expected accuracy
e - allowable error
For p=95% and e=2% we have theoreticaly N>475 points.
Practicaly total 450 randomly selected reference points have been
tested using RANDCAT and CLASSERR programmes. As the results of
comparision of the classified image with control data, a classification accu-
racy table was created as a CAT file. From this file the classification error
matrix and accuracy report have been produced (shown in Table 2and Table
3 respectively).
The overall classification accuracy equals 95.6% does not show how confi-
dent we can be. The lower limit can be calculated using the formula:

-p- E 3 +50-
p=p-(1.645 N N)

For p'=95.6, q=4.4 and N=450 the lower limit obtained thus has been
obtained equel p=94%.

Table 2 shows classification error matrix where on diagonal data are
correct pixels, and off-diagonal provide information on error of ommission
and commission. Values along given row indicate how misclassified pixels are
distributed among the class. For example test 67 have 22 pixels clasified
correctly to the class N0.22 (name 67) and 3 pixels assigned to incorrect class
(class No.42- test 68) out of total 25 pixels. Ommission error for this class is
equel 12%. Please note that these two tests fields are different only in
saturation and belongs to orange colour (see Fig.1).

Table 3 resides in the CAT file. The table lists of GIS values for the
reference points (true maps), which were inputed by operator, and GIS
values for the corresponding pixels in the classified GIS file (classification
map).
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Itisnotsurprising that the class No. 32 (name 66) has smaller accuracy
as the other classes as the spectral Euclidian distance between 66 and 82 is
the smallest (10.7).

6. Conclusion

Thirty colourtestfields outof32havebeen recognized with an overall
accuracy of 96% and the lower confident limit 94%. The achieved results
shows high performance of multispectral camera MB-470 NAC, scanner
Howtek and the new ERDAS version 7.4 software used for digital image
processing and accuracy assessment. The minimum spectral Euclidian dis-
tance between two classes should be grater then 10, otherwise classes have
to be merged.
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CLASSIFICATION ACCURACY REPORT
GIS FILE: TEST - NAC. GIS

CAT FILE: TEST - RAN. CAT Table 3
Class Class Reference Classified Number of  Producers  Users
No.  name points points correct points accuracy % accuracy %
Back-
-ground 0 0 0 )
n 39 12 15 100 80
12 70 16 19 16 100 84
13 86 16 13 13 81 100
14 143 7 n 7 100 64
15 119 20 20 20 100 100
16 171 13 13 13 100 100
17 184 1 1 n 100 100
18 264 10 10 10 100 100
21 37 12 1 1 91 100
22 67 22 25 22 100 88
23 83 14 14 14 100 100
24 144 16 16 16 100 100
25 116 12 12 12 100 100
26 172 13 n 1 85 100
27 181 16 16 16 100 100
28 265 16 17 16 100 94
31 35 7 8 7 100 88
32 66 9 7 7 78 100
33 82 18 21 18 100 86
34 140 13 13 13 100 100
35 117 15 15 15 100 100
36 168 18 17 17 94 100
37 182 13 9 9 69 100
B Black 43 48 48 100 100
141 38 13 10 10 7 100
42 68 16 12 12 75 100
43 85 12 12 12 100 100
44 139 17 17 17 100 100
45 118 13 13 13 100 100
46 169 12 14 12 100 86
Totals 450 450 430

Overall accuracy = 95.6%
Note: B =266 + 267 + 183
These three classes have been merged.
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ROMUALD KACZYNSKI

ANALIZA MOZLIWOSCIROZROZNIENIA TESTOW
BARWNYCH WYKONANYCH KAMERA WIELOSPEKTRALNA
PRZY UZYCIU SYSTEMU ERDAS

Streszczenie

W artykule przedstawiono rezultat badan mozliwosci wyréznienia
testow barwnych zuzyciem cyfrowej analizy obrazu zdje¢ wielospektralnych.

Zdjeciaspektralne testusktadajgcego sie z32 barwnych pélwykonano
wczterech kanatach kamergwielospektralng MB-470 NAC na filmie Kodak
IR-2424. Schemat testu barwnego pokazano na rys. 1. Krzywe transmisji
filtrow uzytych w kamerze MB-470 NAC pokazano na rys. 2, a krzywe
odbicia spektralnego dla wybranych barwnych p6l testowych na rys. 3.
Wyniki analizy mozliwosci rozréznienia 32 barwnych testow metodami
analogowymi opublikowano w [1] i [2].

Te same zdjecia wielospektralne uzyto do cyfrowej analizy obrazu
zwykorzystaniem systemu ERDAS zainstalowanego w Ethiopian Mapping
Authority. Zdjecia przetworzono na posta¢ cyfrowg przy uzyciu skanera
Howtek, a nastepnie przeprowadzono wzmocnienie obrazu i cyfrowg ana-
lize metodg klasyfikacji nadzorowanej. Dane statystyczne dla 32 barwnych
pél testowych zamieszczono w tablicy 1. Na podstawie analizy tych danych,
potaczono klasy 183,266 1267 wjedng klase uzywajgc do tego celu programu
SIGMAN. Program MAXCLAS uzyty zostat do klasyfikacji nadzorowanej.
W celu okreslenia doktadnosci klasyfikacji uzyto programu RANCAT
i CLASSERR testujac 450 losowo wybranych punktéw. Rezultat opraco-
wania w postaci matrycy btedéw przedstawiono w tablicy 2, a raport
doktadnosci klasyfikacji w tablicy 3.

Trzydziesci testow barwnych rozpoznano z doktadno$cig 96% idobrg
granicg ufnosci rzedu 94%. Otrzymany rezultat $wiadczy o wysokiej jakosci
kamery MB-470 NAC, skanera Howtek oraz nowej wersji oprogramowania
ERDAS w wersji 7.4.

Przeprowadzona analiza wykazala, ze minimalna odlegto$¢
spektralna pomiedzy dwomaklasami powinna by¢ wieksza od 10jednostek,
w przeciwnym razie klasy nalezy potgczy¢ w jedna.
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POMYA/bO KAY NHLCKU

AHAJINS  BO3MOXHOCTW BbIAENEHNA LBETHbIX TECTOB,

BbIMO/IHEHHBIX MHOIOCMEKTPA/ILHON KAMEPOW
C WNCIOJ/Ib3OBAHVEM CUCTEMbI ERDAS

Pe3tome

B ctatbe npeacTaBneH pe3ynbTar WUCCNefOBaHUA
BO3MOXXHOCTHU BblAeNneHunn LBETHbIX TEecToB c
mcnonb3oBaHUeM UM(ppPoOBOro aHanmsa n3obpaxeHuns
MHOTOCMEKTPa/ibHblX CHWUMKOB.

CnekTpanbHble CHWUMKW TecTa, cocToAwero u3 32
LBETHbIX Nonei, ObINN BLINOAHEHbI B 4YeTblpEéX KaHanax
MHOrocrnekTpanbHoin kKamepoit MB-470 NAC Ha nneHke
Kodak IR-2424. CxemMa UBETHOro TecTa MNOKasaHa
Ha puc.l. Kpusble TpaHcMuccum hUNbTPOB,
npuMmeHéHHbIe B Kamepe MB-470 NAC, nokasaHbl Ha
puc.2, a KpWUBble CNeKTpanbHOro OTpaXeHua Ans
M36paHHbIX LUBETHbIX TeCTOBbIX Nofein Ha pwuc.3.
PesynbTatbl aHanuM3a BO3MOXHOCTM  BbigeneHuma 32
LLBETHbIX TecToB aHanorosbiMu mMeTodamu
ony6nmnkosaHbl B C1l] wun t23.

ToTt caMbl i MHOTFOCMNeKTpanbHbl CHUMOK 6611

ynotpe6néH ana LngpoBoro aHanwunsa C
mcnonb3oBaHnem cuctembl ERDAS, ycTaHOBAEeHHOW B
Ethiopian Mapping Authority. CHUMOK ObIn

npeo6pasoBaH B UWPpPOBOW BUA C TMNOMOWbLID CKaHepa
Howtek, a 3aTemM nNpowW3BeAeHO Yy/ayuylleHue
n3obpaxeHma ©u  UUDpPOBOA aHanwus

ero METOAOM Knaccugukaymm c yuntenem”.
CTaTMCTMYECKUE [aHHble AN 32 UBEeTHbIX TeCTOBbIX
nonein npepactaBneHsl B Ta6nuuye 1. Ha ocHoBe

aHanusa 3TUX fJaHHbLIX, COefMHeHO Knaccol 183, 266
m 267 B O0AWH Knacc, MNpPUMeHAda ANd 3TOW  uUenu
nporpammy SIGMAN. Mporpamma MAXCLAS 6blna
mcnonb3oBaHa And Knaccudpukayum "c yuuntenem". C
Lenbl0 OnNpefeneHMs TOYHOCTU Knaccupukaumuy OGbina
npumeHeHa nporpamma RANCAT un CLASSERR, TecTupys
450 NPON3BOMbLHO M36paHHbIX NMYHKTOB. MaTtpuua
OWKN60K nomelleHa B Tabnuue 2, a panopt TOYHOCTHU
Knaccuthumkaynm B Tabnuue 3.

30 UuBeTHbIX TeCTOB BblAeNneHO C TO4YHOCTbH 36%
M Cc Xopowel rpaHuueir posepua nopagka  94%.
Mony4yeHHbI pe3ynbTaT CBUAETENbCTBYET O BbICOKOM
KayecTBe Kamepbl MB-470 HAC, ckaHepa Howtek wu
HOBOIN BepcuM nporpammHoro obecneyeHus ERDAS B
Bepcun 7.4.
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MponsBea&HHbLIN aHanus nokasan, yTo
MWUHUMaNbHOe CNeKTpanbHOE paccTodaHWe MeXay [ABymA
Knaccamu JOMKHO  6bITb  60nblIe 10 efuHwnu, B
NPOTUBOMNONIOXHOM cnyuyae Knaccbl cnepyer

COeguHNTbL B 0AWH Knacc.

MepesBoa: RoOza Tolsiikowa
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