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Abstract

Thesis title False color satellite image displaying

technique on microcomputer
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In present, satellite images are widely used and the
interpretation of those images is done in manner of false color image.
But the high price of most RGB color composite monitor make a big
fiscal problem for some agencies which those image is very
necessary for perfectly working. Therefore, this thesis presents the
useful technique which can display false color satellite image from
three color bands on microcomputer by using three dimensional cubic
threshold block which can move to any —;:Téa of‘ a oolor space that the
most pixels occur. The color shade of red,green, blue ratio from this
technique is set to 7:6:6 which give the best color linearity of the
displayed image and weight the significant of three bands of satellite
image in almost equally. Furthermore, the thesis also presents the
crucial ‘oechnique.f‘or' satellite image data reduction by using two
dimension threshold block which is arranged the internal threshold in
properly to compare with each color band data. This method can reduce
the size of each color band data from 8 bits down to only 1 bit per
pixel effectively. The displayed image is mostly closed to false color
' image. The method is wvery useful to any agencies which have low

performance monitor already and it can reduce bandwidth of



transmission rate through telephone line. In this case,”any remote
agencies such provincial forestry agencies can receive color satellite
image in any time. This will make those agencies to examine and
protect the illegal deforestration with effectiveness.
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3.1.1 CRT controller
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NG, ...,NG, = 0,15,27,39,51,63
NB, = (12xB,) + 3 ;(1 <= n <= 6)
NB,,...,NB, = 3,15,27,39,51,63

] W W z
lﬁutﬁuqnunu%agaﬁmaoﬁuﬂoua:ﬁtiuq au

NB,,...,NB, = 0,15,27,39,51,63
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%osuauﬁﬁagaﬁiuwauﬂs NR,, NG,, NB, “Wn'nuaanniddadiseddnednuds Joyadiu
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INDEX RED GRE BLU
0 0 0 0
9 0 0 15
2 0 ] 27
3 0 0 ag
4 0 0 51
5 0 0 63
s | 0 15 0 i
7 0 15 15
8 0 15 27
8 0 15 39
10 0 15 51
1 0 15 63

13

23

33

43

3
Y Y Y
244 63 51 0
245 63 51 15
246 63 51 27
247 63 51 39
248 63 51 51
249 63 51 63
250 T & 63 0
251 63 63 15
252 63 63 27
253 63 63 39
254 63 63 51
255 63 63 63
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LANIANBINT I AT YNSRI ABRBUTN I RE NSO

v P [V Py bl ) v &
TrumadinadnInduesdiond . munsRieesinmtioun Sauanaidiaiite

N
R,...,R = 0,1,2,3,4,5,6
G,...,G = 0,1,2,3,4,5
B,...,B = 0,1,2,3,4,5
W
NR, = 4.R, (1 <=n«=7)
NR,,...,NR, = 0,4,8,12,16,20,24
NG, =4.G, + 4 ;(1 <= n <= 6)
NG, ...,NG, = 4,8,12,16,20,24
el NGt 0! afiu NG,... NG = 0,8,12,16,20,24
NB, = 4.G, + 4 1(1 <= n_ <= 6)
NB,,...,NB, = 4,8,12,16,20,24

¢
nwvuali NB; i 0’ aim NBy, ... NB, = 0,8,12,16,20,24
4 . . ¢
%otuauﬁ%agaﬁﬂumduUs NR,, NG,, NB, “Wnwimamussdiaedanodnudn ﬁagaﬁﬂu

P2 A o [V
31 nodTnvd N Tamene Aoudanlumsie 4.4



—46—-

INDEX RED GRE BLU
4] 0 [ [1]
1 0 [} 8
2 ‘0 1] 12
3 [} 0 16
4 0 0 20
s ()} 0 24
6 0 8 0
7 1] 8 8
8 (1] 8 12
9 0 8 16
10 (V] 8 20
11 8 24
-4
8
12
16
20
Y Y Y
244 24 20 0
245 24 20 8
246 24 20 12
247 24 20 16
248 24 20 20
249 - 24 .20 24 e
250 24 24 V]
251 24 24 8
252 24 24 12
253 24 24 16
254 24 24 20
255 24 24 24

- z -~ . ] -~
M 4.4 uﬁﬂoﬁagaﬁﬂugaﬁlnagﬁnoﬁﬂu§oﬁaﬂ51ﬁ1umaq RGB (¥nfiy 7:6:6

9ty YN SR ITin NI AndERoudn9f
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Quantize or Display

Procedure
Display

Procedure
Quantize

Input a color composite
input three images file image data
for RGB *

Input the color ratio

of the image
Assign a number of levels
for each image band
in quantization
+ Write color data to the color
look-up table of the VGA

Adjust threshold on each according to the ratio
image data histrogram +

+ Write the color composite
’ image data to the video
memory of VGA

Quantization by the technique

of cubic color block

Output color composite m

image data

HINNTYIIMUANTUSUNTHIUNANUIN V. LA MANUIN ﬂ.%ognﬂ%ﬂunﬁ7ﬂdau1w{
%ayanqwuuunaquaaﬁuﬁuﬁanﬁnﬁ$uaﬂawaﬂuﬁnvmznﬁwﬁ RGB WAL Mussyudnana

- 4
p VGA 1093 iATADIMILADS
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s+ U L lURanu pd eafantlen) a:ﬁaeaﬁRUﬂﬁ1U7:udawaiaganﬁwﬁqnuaﬂqnuuaﬁLﬂa§
WS L veiiA Pseudorandom noise  WnNIWAAMWILL Halftone vy Halftone
fdauiIaudffemmuriandian ssderzts noviviudeyanm fusdesssmfie 0
fiv 1 Rusudmwiy Halftone azﬁﬁnumzﬂunﬁsﬁﬂL%ua%agaﬁuﬂnﬁﬁeﬂﬂaﬁnnﬂwuun
Wuuﬁ?ﬁssuﬂﬁﬁqq MWiwee mwlianduin Halftone asdsnsoynWeEuamueaL i
8o L hummiinssaud ima anﬁnqwﬂuuﬁ?uuu Halftone @MNTOREAIASERL
3tnﬁﬂﬁﬁutﬁutwsﬁ:nﬁwﬂuuﬁ?ﬁ1ﬁuﬁaﬂnnﬁsﬁtsﬁunsniaganﬂwﬂuéauﬁtﬁu Pseudo-
random noise avudoyammitniifmsziudimnou ud I ndenammeaiing lkinu
Sumouma i felamwiansuI Halftone senyn  Pseudorandom noise
Uﬁﬂuunsnaouu%aganqwﬁeﬂéﬂaﬁgnL?unﬁﬁ Dither uenaninm Pseudorandom noise
ﬂegnﬂ%tﬁutnﬂﬁﬂﬂunﬁSﬂﬁ%ﬂu%Lﬁmmaenﬂwﬁtﬁumauﬂﬁ Fa38nnsendatiiSunin
Pseudorandom noise quantization u%anﬂﬂa:unsnmao%uﬂaunﬁsnh Pseudorandom
noise quantization ua:%uﬂaunﬁswﬁﬂ%aganﬁw1uuﬁ§uuu Halftone dMNTOUENSA

~

ﬂQEUﬁ 5.1 uazjuﬁ 5.2 [6]

u'{m, n)
ulm,n) + vim, n) Quantizer | v (m.n)+ display
k bits
+
n{m, n)

Pseudorandom
noise uniform,
[-A, A)

317 5.1 udnsrBentaozunsuves
3 Pseudorandom noise quantization
Toufi u(m,n) fio JouammidodeyannudinsvowdaIamm o #iie (m,n) e
%oﬁﬂaQs:Miﬂa ofs A

v(m,n) fio deyammiitaannnnindoys dither (ANLRMUAY



ri(m,n) fo Yeua dither wio Pseudorandom noise @ %9 (m,n) 99
- . ' £,
v'(m,n) fio Joyanmiiideya dither seymiatrnnsmodtrdl
i 4 -
deyannn k im
U (m,n) fio Yewammnnn k fvifannmsmeutniuarihiadena dihter

AW IeeNLA

»nfi 5.1 fotuAeu  Pseudorandom noise quantizationZe¥aiihids
R unsmSmS Laediii Contour Wwmmieifunin  Method of suppressing
contouring effect [7]  FanzifinAiomesmrdiiinue i Contour a:gn
nﬁ%ﬂ‘iﬂum‘mmn%gaﬂmﬁtfm Pseudorandom noise w3p Dither (47l wfivveya
MAUFNSUNSN Dither Hat L SonunsnTuud L snmesmmisamse Low luminance
gradients affetithadimdrfiiAn Contour Mutunrm Tunsudnwadoyamma
ﬁwﬁﬁu%ogamﬁhﬂu Dither FevPMTUMNL AR BN aduvesinssfufim
W aotae 1inuae femevhuiainsoagndinghasmsivtiing  ndi ey

\fiuuveamm(Spurious contour )anrhanu uas T WM IeEmse naunGuiu

Threshold
v
Luminance vim, n) viim.n) _ Two'level
0<vimnl <A + T display
+
—_—
0 A

0<nim, nl<A
Pseudorandom array

40 60 150 80 10
80 170 240 200 110

H, = |140 200 250 220 130
120 190 230 180 70

20 100 160 50 30

3V 5.2 udndlapunuves Digital halftone generating
Touh u(m,n) Ao YeammmIeleyanuainsvoudaz I o #fia (m,n) e
%ﬂ"\agszw'no 009 A

v(m,n) fio Yeyanmiidanninideya dither (LS MLES



n(m,n) f® %aa_Ja dither 3o Pseudorandom noise & #1a (m,n) a9
H1 fio Array vJo vAenves dither TRk awiivdeyammwiaiy
. s > - v Cai, W ¢, C + a -l

V' (m,n) fid VONRMWIANTHAANENIAINMTMBINTTAUNITAIMIUAL TU-

hnAivdeyamw v(m,n)

gl 5.2 udmaienTifivalin  Pseudorandom noise  WIEMSI
Digital halftone generating wiolumaftaffenTeenTaL SuBuuduimAsms
unsndoyamm  Dither L%ﬁﬂuﬁuﬁayanﬁWtﬁutﬁawﬁnﬁsa%ﬁonﬁwiuuﬁ?uuu Halftone
29NN 1ﬂuﬁt?nusntSﬁﬁaanﬁwuﬂ%aganﬁwﬁa:ﬁhiﬂ{ﬂu Dither noudouniinotnadie
4dA9W array Hil MRS aiwAenves dither (Array H1) ﬁﬂﬂdﬁoﬂﬁuaouuqu%ﬁu
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5.2 miarnnadeyammiauiduiensniaSuibvu
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NPNANMTIIBNTES9MWINSULY Halftone iNWide 5.1 1 9t
IuaniFuisneedesimen e array vie  ufen miuifivlenan i Dither
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neuTauiifenfonanee idwnamamIe L ant T misiie UAIUASNNE VDI VBNAN NG
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Yoy Dither maou%an%ayanﬁwwLUu Dither uaﬂoiﬁﬂogu 5.3

T4 T8 T1 T4 T6é T15 TS T1
T6é T9 T5 T8 T17 T24 T20 Ti11
T2 T7 T3 T4 T21 T25 T22 T13

(3,3) Ti2 T19 T23 Ti8 T7
T2 T10 T16 TS5 T3
(a) (5,5)

(b)

[ 52 44 36 124 132 140 148 156]
60 4 28 116 200 228 236 164
68 12 20 108 212 252 244 172
76 84 92 100 204 196 188 180

132 140 148 156 52 44 36 124

200 228 236 164 60 4 28 116

212 252 244 172 68 12 20 108

(204 196 188 180 76 84 92 100]

(8,8)

(c)

71 5.3 udavdnuuznsint3uedera Dither

Fmidenmunnainae
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1 (- o [ [ 4
‘Iﬁumrmﬂ'uawaan%zﬁaoﬁummnu a’msum‘mm's'uo"u'aya Dither mu‘luugamma:



-65—

gnaﬁoﬁqaﬁhéﬂﬁﬂuWﬂnﬁﬁﬁnﬁnua:ﬁmﬁuwﬁoa@nsoﬁu%ﬁnﬁuLﬁnaﬁﬁn%u%agaﬁﬁﬁﬁﬂnﬁtﬁuq
fiu  wavesmavesvdendeua Dither fildemmiin3uw Halftone ARoudendoya
Dither ﬁﬁmuﬁﬂﬂwdtﬁagnﬁhWﬂsqnﬁuﬁaganﬁwtﬁnuﬁqnﬁnﬁsﬂdau1n§aanuﬁaz1ﬁnﬁw
1un3uLy Halftone ﬁﬂﬁnum:ﬁau%qo@uuqaniﬁnﬂsﬂ%uﬁan%aga Dither Ffwnaisn
udetnelsimiuns tdenmunavesudendeya Dither Thraz foerniiof aBnmos YoM
LA Theahdey

INFBNITNAINhevIARE LIRS Dither suE@ TR TR NS
%aganﬂwﬂﬂqﬁﬁéqs:ﬁuﬁLnﬂwaqus:ﬁuﬂﬁLnﬁaLﬁuo%ayanﬁwﬁﬁéﬁs:ﬁuﬁtwﬁLﬂuo 2 Ty
Tﬂuﬁﬁoﬁﬂuﬁsn%nnqsﬁuazL6umnﬁu1unﬁwuazqmﬁuﬁﬁéquﬂn@maonﬂwLaﬁ1ﬁiﬁéauiﬁouﬂn
eI AT MU NmBWrideyan v %oiunﬁsuaﬂowanﬂwﬁﬁua:ﬁaoﬂ%ﬁaga
nﬁwﬁ%onuﬂﬁﬁnuuuﬁﬁouéazﬁﬂL1aa:ﬂsznauﬁduﬁaganﬁwuuuﬁaz 8 im Wivdedeyamm
(Fuotmi fun(deeTt i) vesdeanmunaruing dwiimng fnisataunatssynaiduden
Youa Dither intthadeninda SuiBvudeslidnnn 2x2 qﬂﬁauﬁantﬁaﬁa:ﬂﬁnﬂsﬂdau
1n%§aganﬁwuﬁa:uuuﬁﬁ%oﬁmuﬁﬂ 8 imwoRnLsa ﬁnum:nﬁsuﬂao%aga(transfbrﬁ)

uAAINHITY 5.4

8 Bits per Pixel

~J_ B
1 Bit per Pixel
1 G \
H— 0 > &
Transform

EU 5.4 UdnIdnme n'ﬁuﬁaﬁagamw

-3 - - [V - P 1
ﬂuﬂﬁsﬂﬁuaanéﬁ%ﬂLsnLUauuuﬁnﬁnﬁs11nnu%ayanﬁw§wuﬁLﬁuauiﬁtﬁanuganﬁﬁ



- . A t . ¢, | 4
I SunAnrimng 22 AWABLABN  ANTIEAIANLEEIATUNITINADINL T HBINTS
] ¢ o 1% -
ﬂdau1n{§agaﬁaﬁnuﬂa:uuuﬂLWGﬁhMﬂUﬁ:naunutﬂuﬁaganﬁwﬁvuﬁﬂ 3 DvuasyhnsudEng
[ [-1 ] -
wamMWALLUL RGB Widmsnie nmidime(False color composite)1ﬁaUﬁdqnﬁaonﬁﬂ CRYS
R lunT Lindmee Contour wnmmilipun-inarugniiesyned
v - Y & t ~N  al i ade 4 v da,V  av
i fenitudenm¥nl SutAnuimnamud rveadnsn e amnens
wanalin L aududinestinng L indmvae ittt Contour Qumwiloun i 1wl
' - L v v Y Y » -
mMaudnsmMavesnminua L st desamedlignfiesud s iimsfmumnuies
mviswaneluetnanniiL iy Anvaevestasnmdnt SutAvudoslifnng 22 AfLGen

udnIARIgY 5.5

T 13

T4 T2

Minimum of Maximum of

<T1<T2<T3<T4<
Grayscale Grayscale

51 5.5 udnodinuurvesuaenmIaiIuiuFou

-4 o o ¢
Mrgmiv iy mMsmautridenamm

VAINNTIALABNANTNL FUL LAvUdRI RGN 232 qﬂéau%anﬁouaﬂaﬂuju 5.5
Tnuﬁﬁﬁ%ﬂt?utUﬁuuﬁqnnﬁwuﬂaonﬁuﬂuuﬁana:1ﬁa§uwuﬂuﬁ1iaéaiu LRuIuAmMSAtVUA
- S ] - o v v v v Y1 a -~ aie
waenmnL FuL LRty nTanmunaveamM UGN AING1IE MBI ISMANL SN L LRULTN
) | - o« a5 YV w o ' - - <5 1 o v
ToyaminL TuLBumuTuandsiudiden  Taumndat SunAuuuusa: vienlhunann
] ot [ oy a o 4
nﬁﬁnﬁnuﬂﬂﬁ%ﬂt?uLUauuuuBmTﬂunsu%aganﬁwmao%ayanoaﬁuuuuﬂwuunaas:aﬁnnu A
S et o~ oA - v v e gy [N v
vaenfitindaL TulLAvunmuWisnanndeanmunnia idesanidvhnisannnedesamm

Pi v ' ¢ - PO TP
ULLAUULEND YDUAMWLAAELLUARE ONARTUNNAYINN 8 Imivde 1 DveeiniLsalaloums



67—

I ‘ - - o 13 N ‘
WBuaoniTaL Su L AvudeIIRRINA WUQWo%auaouuﬁ:uﬁumaoiaganﬁw PIMUYHNNT
o <4 3 [ - - - -
tU?UUtﬁuu%aganﬁwnnﬂﬁ%ﬂL?utﬂauuﬂuuaanﬂuanunwwntvaéawntvanﬂsonu tnvowa
o -l v » V. oA o o b ' v v -
N L aleeiimIE LA LNteuninAdaL SNl UALIRMM. ATz Audimvesdoyanmi A
a ] v ' ' "V e v -~ [ 4
azqﬂtﬂauuﬂﬁszﬂuﬁtnﬁLﬂuﬂﬁﬂwuﬂﬁtnﬂnu '0’ lumapsofiuinuindoyammiinn smadl
AT HUR LTMINNN AN TR S UL L RvuTtIN L S v oy ﬁﬁs:ﬁuﬁtnﬂmao%aganﬁWLﬁua:gn
pu Y ' e 549 Y - - =3 ' - a - - v ]
LA DA Ity ’ 1 L2991 adUUABNANYR L TN aAvud o NaaInaN UG
v [ -1 ‘ - -1 ] -t -
tU?UUtﬁuunuﬁaganﬁwqﬂﬂaiu LN TeL AsuvasnA¥al SuLAvulyhnng LB vy
- v ¥ - (4 vy Vagad 3 v -l v -
ousudenanmasine fntgaudaises idoamwlmiiinn s fudim i fusdesss e
0’ fiu "1’ wiellwnadenammivieiivg 1 Dmuieg ﬁnum:ﬂﬁsaﬂﬁaganqwiﬂunﬁsﬂi
1 | : PN » [ - < -
vaenmini Suifvudeslidnadouasussunuvesdevamm waz Louluyinis iSvu vy

Audiesamymng fintsaudnalanatusy 5.6

Threshold block
Pixel —» < Pixel —
1§} T-ranSform QS — -
32|20 T -
-tata plane
T T / p
hrie -
63[47] 2nd Transfortn TTol
47 |16 10
line e

31 5.6 udnvdnsuenIWudenindng Tui Uivudeolif

|
WWHNTARMUNIATONANM,

o a ' -5 a~n v '
?nﬂﬂzﬂ'n 5.6 uﬁﬂﬁ‘lﬁ 3 Wﬁﬁl’ganﬂq%ﬂ L '?N l ana’a\juﬂﬂ\jﬂaq')%\jﬁquqfﬂ



—68—

- . - 1 - [ ) ] o, 1 -
apnnedevammavivioifivy 1 Dndefinisadedeyanmuaazuiuninetnois s S nm
S Pidoyammpnannnaaver AUt Anlun 139eue Pseudorandom

-~ - L4 -
noise Wie Dither wnsafivdeyammnifevnsmeuimidevamwini urmnniu

v fa, P L% ] X .
Halftone nmwﬁwaaWﬁnWﬁaﬁnnﬂsaﬂvuﬂﬂ%ayaﬁQUQEﬂenaﬁdazgnuhmuuﬁuaﬂowaﬂu
o o v vy N oA v
Smeiead RGB  uwunmmdime(False  color)nlavisvenammwnneviiim filAan
iy P? [ v o o » [ 3 -

mamsuirideramvunnduaant tideyammeadivg v ud eyammnnaniig
- Y P 4 daf =t oS v v o o vy
T iannmsmauldeammisundt Juani tudeyamwiadnsintides. uaz 1 doyamm
ﬂnumuﬁﬂnuauwnWﬁaﬁnnﬁiﬂdauiniiaganﬁwuuuﬁﬁﬁhtou i Dudeuamreains tmimile

%auﬁﬂqiﬁﬁoﬂuju 5.7

T

G O,R G B

“MsB #(Bit plane) LSB

1 Bit

[ % v
?U 5.7 uaﬂaanumzmaa%aganﬁwwaaWﬁuuu RGB

&

MM TNSLEAING
v d v v o [
ﬁayanﬁwwaaWﬁﬂuanum: RGB ﬂquﬁmeﬂugﬂ 5.7 a:qnuﬁWUt%uuaouunudu
1, - am « - a3
ANMNTANL ThUDITE AL EAING TﬂuwwntﬁausnazL?uwgu%ﬁuuumaauautﬂasnuaatﬂia
A000: 0000( HEX ) Fammeiaingas 1evnnsudnsuiindensiy

5.3 MSAvuaANInL SuLAnALLRenmIaL Su L Buude iin

NIMENATRNLA YT 5.2 1N3Ens L Aen Fudenmdnt Su Uavuds iR

' - 4 - N ' -
M 2x2 QﬂﬁaUﬁaﬂﬂuﬁﬂunEU 5.5 Wt iviun t?ﬁ%:ﬁaoﬂﬁnﬁﬁLﬁﬂﬂﬂﬁ%ﬂt%utﬁauu



-69-

%uﬁﬁaﬁnﬂéiﬂunsuiayanﬂwuuuﬁa:ﬁﬁﬁtﬁaﬁa:uﬁiﬂnﬁnﬁﬂaatﬁuﬁn%mt?ntﬂﬁuuvaauﬁan
min duindedivno 4 wiedeninfedmiuBaTaunTuve slerammisas kgL s
StdpIntIuAMIAL FuLALLE B TALN TR Fonanmemntel Suang
dnsorn I Taurhnsutdataunsueentthi 5 929 TeuTusarsnovsfimesudim. iy
Fuming Mdaadininidud 4 A Swhutedntaunsudoudinss i omis
PuinLra LB U Ll ndl 10 wasmTE AR LUTN LT LYNRLL Yo L tud—
T 90 VesTuNANL TahOAABRTALNTY SoudnenuaE NIRRT RIS

A7l 5.8

1 r2 r3r4 ri r3
&

r4 r2

1 Illqmm=

gtg2g3
\\\\\\in; g1 g3
G|
. °-||lll|||||”” A - g4 gz
1 b3 h4a
B 1%& \\\\\\\\\“n. bt | b3
Bl
A f

’ﬂﬂﬂmﬂ |

b4 b2

T 5.8 LEAIANMOE NTAMIUAANTA L SHLURVUR YU

I'4
SrlaunTnvesdoyamna LA

N3l 5.8 uﬁﬂeﬂﬁtﬁuwamaqnﬂsuﬁegﬂﬁﬂunsu%aganﬂwiﬂuﬂﬁﬁﬁiﬂL?ukuﬁuu
[ [ ¢ af a 1 e [ v 3
4 ﬂﬁna%aganﬂwuma:uuuﬂ %owawsnnﬂﬁuaﬁudumaoﬂﬁs:ﬂuﬁtﬂnﬂuuﬂazﬁdoLﬁuaﬁﬂm N
< davl ] ' "] Py
I SuAnmieny 4 ﬂﬁa:qnuﬁiﬂnﬁwuﬂaoﬂuuﬁanﬂﬁ%ﬂL?utUauuaaouﬂmuﬁﬂ 22

|do'v' [ 4
qﬂﬂauaanﬂoiﬂnaﬁduﬁuad



-70-
5.4 nwsLﬂ%UULﬁuumuwa%agaﬁiﬁﬂﬁnw7aﬂvuwau51
- 0 v - v » - -y 1 4
INTNATINUATINTaRNNAYeYAMKA TaUASuuiauAnuAE Dither 1
g v . v fa, VY ‘v v -4 -~ " )
z Liindeuamraingfildnnmsmauimitayaudlne uneanastio 8 1 twanede

wammiLAuuAazfini samnn 8 fmrgnuiasi udorammnnn 1 fmne) fntgadednan

1] ) 5 v
LU%UULﬁuuﬂﬁLﬁuﬁovuwmmaowuaunqwuaﬁa:ﬁaoﬂvﬂunw7LﬁuﬁaganﬁwwonuﬂWﬁﬂogu 5.9

8 Bits per Pixel

B

64 kbytes 1 Bit per Pixel

64 kbytes ”DDDD ]
64 kbytes Transform

3U 5.9 LEAINTT LS UUL IULAUNAYDIMINUARNNTH

P - ) Y >
"L nwayamrm“l.mnnm's anuvuUInLan

N3 5.9 FolhunietnanMsanmnateamWiNamw 256x256 fintsa
-1 Vi ¥ v g -t [ [ } 4 ' '
a:Lwuﬂﬂdﬁmaganﬂquaﬂaﬁuduaoﬂmauwouﬁn oa:nwaﬂwnﬁsﬁomaganﬁwwanuﬂwﬁuqﬁﬁu

v, ¢ ot a1 N [ -
1ﬂ5ﬂWﬂ1un7ﬂwwuduaﬁuﬂagﬂuwuwwﬁoﬂnaawnquﬁ%ayanaﬁoLﬁuﬂﬂiﬁavﬁoﬁﬂszﬁnﬁnﬁw



wnansiiduenarsianubidmsunislvnuienisnyiniiu lweygslmilulsysslesuaunisan

I SV PR L U g & voY s ¥ $da_ 0w a?
lunnsdllan ey Snvamudilndaudadiion uaznesenddisaivesenarsynasaninisiillly



& P ) [y - A = 'Y ' ) - o -
wnansiiduenarsianubidmsunslvnuienisnyiniiu lweygnlmilulsdssloguaunisan

lunnsdilagnsdu dnvienuiilvdawdadiiont waznotoddisaivedenarsynasaninisiluly



-73-

1NANNAT AR NI R TAU SR enfnTaL S LA dazgnudnINaLMTE LY
WAAIWALLY VGA  Sednsoiiauas L Buaummidinnnn usetnelsfimu Sevhnns
LA fusfuwdaes Lindinamdugy 5.11 tenoudnefuarswas L Bualummwidetnaind
tﬁuoﬁouﬁﬁﬁa:ﬁmuﬂﬂiagaLﬁnniﬁuazQnuaﬂowauuszuuuaﬂowaﬁﬁU1:anﬁnﬁwﬁauniﬂuﬂn
aﬁuﬁﬁnﬁsaﬂmuﬁniaganﬁwa TﬂuﬂiuﬁanﬁﬂﬁﬂL?uLUﬁuuﬁaoﬁﬁuﬂﬂﬁnﬁSﬂdauin{%bganﬁw
TausrynduunaMRmNIINIEEEem Halftone  Toul8 Dither 3afhisziuwbnn

AUNNTUFNINANHALLTE LLALEAIWATILT & NS minein



~74~

BEGIN
Input three images data
file for RGB bands -

Count and display histrogram
of the three images data

Assign threshold on each image
histrogram and build two dimensional
array of four dithers

4

Quanzation by the applied
technique of psuedorandom noise

Get the quantized data from
each image file to write in the bit-plane
memory of EGA system for displaying
the RGB color image that each color

is only one-bit data

END

HINNTYNINMUUBITUSUASHIUMARUIN 3. ’o}ogn‘l%‘lumﬁmau‘lwﬁ%agamwuw
e Vo VY v ¢ a 1o 1 4 [ [V
nmum'mo‘m“lmayan'waamwm 1 IMADANLBAABULUA  RRYNNTUEAINATUANMY

-1 -
A RGB ul@ i M s 1AEnIWauLy EGA va9tuingnonint oy



-75-
1 6

aqUNanﬁsaﬁu

- ' - 14 a
ANTIENAINTM 1 uas 3 udnm uaﬂoﬂﬁLuuaﬁnﬁ7U1:n1awa%aganﬂw
v 4 [ s [P
139faamndveut wmsfimnfeudnen®e  Felims s unfuvanus e udlu
- - R ’ 4 [
dwUﬁuwuﬁuﬁﬁgowﬁﬂﬁsﬁnuqﬂunﬁsuﬁU1ziuﬁumaonﬁ3U1zuaawa%aganﬁwuﬁﬂ§nu%aganﬂw
Warmaradssus oo imimds  (Remote sensing) Fedvn: 1 udoyaiid
s [ q'qz ] - 8 v 3
INYPUNTINTIV; (sensors) TWeAveuAILTILN  JayammiBadialavueamminume
- vl a ' ' - v
NMFRNAMTUMAINM  LARNNTELUNTTAN innnun ML TdeyammL 397
-y o = % ¢ - v
LAWENUNTOUNNYNS LSS NNARATRY) LUSELLADINL AT 1A %qnsztnunﬁswaﬂmaganﬁw
[ D - U o o o Vel - v [Y v o
139t avvosmminuiuiien i Tandinas Y nlauananavestoyatna L due Aavl
Y » P a - [ v a v, A o
1ANANMNWAITULIY 2 9N AUHARANIATDIVOYADUL NNINFWNTLN LN U oy Tu
4 ] - ), v Y 3 a -
VUABUNNTONUMMLAE WiURE TN EI SR IMENTIFONTIMARIAU. Y153 DANRFMANAYDY
v - ) - - LK 4 11 [
iayaautnﬂaﬁnanﬂquaﬁnﬁﬂw?aqmwguﬂummzwqﬂﬂsmnﬁunﬁw n%aqﬂnsmwsdafuunﬁaowﬁ
nTeUMMeY ua:uﬁns:ﬁoﬂaﬁuﬁﬂwaﬁﬂmao%agaﬁﬁaﬁanuﬁaﬁnnﬁsLﬂﬁauﬁmaoﬂﬁdtﬁuu
¢ - . .
109 i aefeaiinnni enIBmeanee uﬁnuﬁuﬂunﬁ7Us:udawa%aganﬁwL%qﬂq
Lamnﬁﬂ%Lﬁaﬂﬁﬂﬁnﬁwwaﬁwéﬁa:wﬁﬂﬁsuaﬂowaﬁqmnﬁwﬁﬁqﬂ BornIAuMINAN NI
AmnU b ukAmMwairs 1 Inmsassnndeiamwitranndagnasunau. wieany
- ) ' 1 ' et al > - )
RAMANPANI LM LAMITITIRINLIE ABIFNNTILERITIUAL | BuARIs TummiAeUnY
ﬂiUﬁdu%oa:ﬁhﬂﬁnﬁsﬁﬂaﬁnwuﬁumaonﬂwwﬁoﬁﬁUﬂﬁﬁU1:8ﬂ§nﬁwﬁﬁqﬂ NTEUUNITIUNNG
P v ‘v & ] v Y
Us:naawanﬁwwa:nﬁﬂﬁussqamqﬂ3:aoﬂ%auﬂﬁun nﬁsLﬁunﬁww%anﬁsU$UU§oaﬂsﬁﬂdﬁu
v v ¢ » - < . ]
LRI NYTNTEVTENAMN  BaasyM IveUYeIT LA L BUATUNWRNAINT B L AuTini
LTt
P Lo v ¢ o ¢
UDNIINTINANNNITIINTUSE Wanamvdvesmmdn dunitefidadnthls s Tustetng
-t < -
D9MUNTUFEAIM ML RDIINS AR MIMNUTDIMWAS L AEMN  PTUSE UaRaMIEYDIMN
¢ v - o ¢ v & i - - 1 4
LﬂuqﬂUs:aoﬂwanmaodwUﬁuwuﬁauuu§o%ﬁuﬁwo%%ﬂuunﬁ 4 uatvi 5 hami 4 i
- 4
MIUEAINAMMELLL RGB 9] LUSTLAAEAINALLL VGA Y09 lNInsAoNiN L#os Fovsnf
v PRpps] a ¢y v o v %d
uAINTEILMERINATRTERvRY INIRTROMN L ARSI MAL ALY Pallete  H3oflnn

[ [ -~ v v b o 4
dNNTIRERIARANATUGVERIAL AU 256 SEAuLImu ﬁq%ﬁ&ﬁuﬁaoﬂhnﬁSﬂdauWWﬁ%aga



—76—-

i ) } A (s Y . a
mwanndeyan v mILALAg fidvwar#in huiivde fusteyanmmnna 1

¢ 4 - ¢ ~' o
Wuwiaﬁduiﬁioiagamaono 3 & Bmamewinideyanmiiiiuniauelumi 4 sudaai

! of

[-1 - -, vy . - - -
(i 35 nqﬂnﬁanﬁsﬂdauﬂnﬁ§aganﬁwm7eLQWﬁzusLdmwﬁ%aganﬁwmaonnq fNLTaTy
ﬁdﬁuagadﬁouuﬁuﬂuﬂuaﬂiﬂunsuvaoiaganﬁwuuuaﬁuuﬁ Fadwnsom1dTaunodenin
%ﬂt?ﬂtﬂﬁuuaoWUﬂﬁou%Lamﬁﬂnﬁﬁﬁauﬁdﬁumao%aganﬂwadﬁonuﬁuﬁu WA TALNT NN
v v /, o g 1 m o« . - " o - < v
maomaganﬁwwoaﬁuuuuﬂiﬂuwuaanﬂﬁmﬂL3uLUauunﬂﬁﬂﬁsa:uaﬁuauﬂﬁmﬂLsuLUauuﬁﬁnsu
[] [ 4 w.‘..ZJ.' P ) » 14 d v 1 1
uAarunuvaaveaMWINAL fiusfiu Nalneuilufuvesveyanmod LA ABY LN
vla » ﬂ'l’ﬂ' -4
256 Tt oa:ﬁﬁuﬁsnﬂhmaganﬁwnﬂﬂuWUnﬁwuﬂsﬁua:taUﬂnﬁaﬁﬂu Pallete fvo9 VGA
- F4 - ' 14 ¢ '
emof dﬁnﬁsuazﬂﬁwaﬁnqﬂLwsﬁzWﬁﬂﬁnQﬁuﬁHﬂmmao%aganﬁwwaaﬁuuuuﬂaUﬁoLwﬂtﬁuu
fiu aﬁn%uﬁﬁnﬁsLﬁﬁﬁﬂ%ﬂunﬁsaﬂmuﬁﬂ%ayaﬁLﬁﬁﬂﬁuﬁﬁﬁwuﬂaoﬂu Pallete Hvevstuu
14 ' - Y fo P [-1 D o
VEA sy IAUmsu T imues3 s L nesesiieilnn 8 Tmeent thisnudndmdide
P - ¢ t g D 1
gawtﬂuﬁuﬂo gidvauas it du wdvhmsmauinideramluaas undnidas iy us
-1 -~ ¥ a v
nﬁsﬂhL%uuﬁwawﬁﬂﬁﬁﬂﬂﬁnueQnaﬂsﬁuazLﬁUﬂaoﬂuaaOtnﬁLana N9 539 L AT PTTiveY
SV VGA Tilnaifiue 8 Dmielianunsoutiooont thiaudwlaum funfiumed Wah
- o ] v fa -
ﬂﬁuuﬁﬁaﬁmaonﬁwngnaﬂﬂdﬁuﬁﬁﬂmaoaaoLwﬂazwﬁUWUaﬁnnﬁwwaaWﬁnﬂﬁ TMTUNTNNaDN
- 4 e - P 2, v . 4 v '
Wit 4 LwaﬁuuﬁguaﬁnﬁsﬂuhtﬁuauﬂﬁwﬁnﬁsﬂdauWnﬁﬁaganﬁwﬁﬂuﬂﬁaﬂiﬁﬁauﬁ RGB
1w v v o L4 ' -
tmny 7:6:6 AU 4.12 LU%UULﬁuunua%nﬁsﬂdau1n$¥aganﬁw1ﬂuuuoaﬁuauuwmao
- o 1, o 1 4 - - P
IR mpsfsiioont Dudududmivdoyadivawfe 3 In : 3im : 2 In (sl 8
- -3 o 1 1 e v P
Tm)nIonfemsIdnINdmved RGB 1infiu 8:8:4 #¥Y 4.16 1TolAvuLivummia-
v ¢ ' - an Vo ) 1 Y
EWBUANTL LN MUDIE NSRS @MV ANIE LAY 8:4:4 A WMswat 1D
I, e ' - - o Vo ' j 4 | e
wp9duTL Thidrua: Fanatioun M eN3Is s R MBRI @YD dNIENLYNAY 7:6:6
o -4 - [ 4
Fort M WIMsAa I NUMIYE U RIMaNR 1A
v -y - i o
dwiivh 5 lddhidueITmMsannnadoammas LA NS L NeLY
v &al - o v
(T wauy RGB nﬁwwaawﬁwﬂﬁa:tnﬂaﬁnﬁSUsznaunumao%agaﬁwoaﬁuuuuﬁLﬁuouuuﬁ
o o - ' 4 < - o v, ¢ -
a:nuoawmawnLﬁatﬂﬁuu%ouﬁﬂoﬂﬁﬂu§Uw 5.11 d%ﬂﬁﬁnﬂ%uﬁﬁuﬁ:qnmnnaﬁﬂﬁ%ﬂﬁsﬁ%ﬁo
mWlun3uuy Half-tone maonwsﬂ7:uqawanﬁwuuuiuiuiﬂﬁu%oqnﬂﬁﬂunﬁsﬁo%aﬁaga
it ) (% . A o a ¢ - P '
MWTRIMMIIANTE AU LM I nNsamtaLaSoeit 35015l Sunan Pseudorandom
noise 3o Dither (ovhn9iUSvuLivuiunmd RGB Wy 5.12 ﬁﬁmuﬁﬂmao%aga
L 8 DvuarudanINaIMS L VGA A LB sandeyamnit it duelinaudnan
qo%oaﬁuwsnaﬂmuwﬂmaoﬁaganqwaoﬂﬁ 8 1 TaunbInvs M uat L Buamadvoanmtd

' - . ¢ v ' ] - )
1eetneR  AENNsiihes T NnEMSLMNUIUANGG) WL LYRIINUTELATE LA R IHaRnN



77—

-1 Vo v ' ) - o
mviehetnd BGA  ustpams i mdineg insnzmnavesdenaiitaiivnmme e i
NNAYBIMIUA IR Bit-plane vesrwy EGA Soflvunaifug 4 Drmed

Yy a LY a4 U R i\, ¥ P 1 04 v
nﬁunqﬂu@Lmuuuﬂaﬁnwaoauqou07ﬁaﬁnﬁsw1ﬂuhtauauﬂqazLﬁuﬂsziuﬁuaﬁnsu

v Wevifurufiunsinmiuuy RB Joudumnmihkunddiude



NeANTINUSENOA

- e ¢ v [ o{ -
NTVBURTE A a3 . by IAugaN AT.Guanu Jund o a7 . WINe %ﬁqQﬂﬁ
. fa av N a - 4o - -l 5
A5.NOLBU LAY DRINTUDNHBU aqmﬁ%uaoﬂﬁu a3 .NAR lWsuoauns TS mn

- a ¢ N ) -l
Wz nafimnuas Meyinunims L hietnsganas fnudauaeusid tiiin.



MANUIN N,

v -
19NENTDNIDN

[1] Gonzalez, Rafael C., Paul Wintz, Digital image processing,
Reading, Mass., Addison-Wesley, 1987.

[2] Feugeras, Olivier D., ’Digital color image processing within the
framework of a human visual model’, IEEE Transaction on Acoustics,
Speech and Signal processing, Vol.27, No.4, 1979:380-303.

[3] Robert A. Schowengerdt, Techniques for image processing and
classification in Remote sensing, Academic Press, 1983.

[4] George Sutty, Steve Blair, Advanced Programer’s guide to BEGA/VGA,
Brady, 1988.

[5] 3Isimen udila, sﬁ.ﬂs.vjﬁné Fa i, LreliarmedunsuERIN MRS
VGA Tﬂumsa%"mu%anmuﬁﬁuuunuﬁ%aﬂ'm, LONATTNITUSE PUMIIINTIINTIY
Wihusranl) 2534, SransTudonuueLss Lvetinu, 2534:54-62.

[6] Anile K. Jain, Furdamental of Digital Image Processing, Prentice
Hall, 1980.

[7] L.G. Roberts., ’Picture Coding Using Pseudorandom Noise.’ IRE
Trens. Infor. Theory IT-8, No.2(Febuary 1962) :353-355.

[8] InTimy vuila, 1ﬂ.m.'v_ﬁné %’Jffmtf, ineliansaadeyammwaannmminua?
Wioy,  cendnImMItirBMmaimMIrnIaiitse D 2534, AnTsuanmun
Useiveiiny, 2534:63-70.

[9] J. Ngarmnil, S. Jantarang, F. Cheevasuvit, K. Dejhan, King
Mongkut’s Inst. of Technology Ladkrabang(Thailand), False Color
Composite of Multiband Images on Personal Computer using Cubic Color
Block Technique, Proceedings of the 12th Asian Conference on Remote
Sensing, Vol.1, Singapore, 1991 : Q-8-1 - Q-8-4.

[10] Ed Teja, Luara Johnson, 'IBM PC and PS/2 Graphics Handbook’,
Micro-Tech Publication, 1990.



[11] J.A. Richargis, ’Remote Sensing Digftal Image Analysis : An
Introduction’, Springer-Verlag, Berlin, 1986.

[12] A.A. Khamis, I.A. El-Kessas and E. Jaworski, ’Computer-Assisted
Classifications of Landsat-TM Imagery Data for Geological
Investigation of Northeast Qatar Peninsula : Arabian Gulf’, Prmdim
of the Twenth-third International Sysposium on Remote Sensing of
Environment, Bangkok, Thailand, 1990 : 1029-1040.

[13] Pl ffife, govnd (Bobmad, selanis Fevsfad, "ivelianisaennadewa
mmatuNsuEnINaLUIe  VGA", 'n'sm'smﬁmzagmo%ﬁms’zmnssu“lmﬁﬁﬂ%oﬁ 13,
wnImNduLBuami, 2533 @ 587-502.

[14] Edward R. Dougherty, Charles R. Giandina, Matrix Structured Image
Processing, Prentice-Hall, 1087.

[15] McDonrell, M.J., ’Box-filtering Techniques’, Computer Graphics
and Image Processing, Vol.17, No.1, September 1981 : 65-70.



MAKNUIN 9.

Y v ’'d -
TUsuﬂ'suwuamﬂumsmau‘lm%agamwtwauamwauu‘s:w VGA



Procedure Count

Sub-procedure
Assign_class

Sub-procedure
Cal_minmax

.
Procedure

display_histrogram

Procedure
Classification

Procedure
Report

Procedure
New_histrogram

Input three image filenamefor RGB components

NO.

Do the three filenames exist?

Assign a number of levels for each
image band for quantization

Y

/ Read the three files from disk. /

Y

Count each pixel of the three files and

build three histrograms of the three

on screen.

'

Set thresholds on the three histrograms

and permit user to adjust them,

Y

Quantize by the technique of cubic color block.

Y

Output color composite image data to disk.

Y

Display the new histrogram of the quantized data.




{This program is used for multiband image
data quantization. The output data file will.
be used to show on a VGA system. Three input
input file is required and the product is one
output file. Date Jan 18th,1991}
Program analyse;
uses dos,crt,graph, turbo3;
label exit;
ar ]
rg : registers;
r equ, g equ, b equ : array[0..639] of byte;
r _cn,g cn,b cn : array [0..255] of word;
temp : array[O. 639] of byte;
fi1,fi2,fi3,fi4 : file;
i,j,k,rec size,row size,col_size,x size,y size : word;
rmmrmaxgmmgmaxbmmbmax : word;
nun r, num g, nun b : array{0. .12] of longint;
rr,gr,br : integer;
keyl,key2,key3 : char;
r k, g k, b k : array[0..12] of integer;
grdrlver, gr‘mode class r,class b,class g :integer;
current dir,stringl, str‘1ng2 str‘1ng3 stringd : string;
current_clrv byte;
threshold : word;
temp count : word;
kkk : real;
{********************************************************************]
Procedure count;{This procedure will be called by the main program
when the program starts to count the number of pixels in each gray
levels. Then it will be used to build the histrogram. }

label agal, aga?;

procedure assign class;{This is a sub-procedure of the procedure
count. It will interact with user in order to assign the number of
classes of the three image datas. Combination of the number of all
classes must be less than 256 level. }

label again;

var acc class : word;

begin

writeln;

writeln(’ Please assign the class number of image band ’);
again:

write(’ Enter integer number for RED BAND —-> ');
readln(class r);

write(’ Enter integer number for GREEN BAND ——> ');
readln(class g);

write(’ Enter integer number for BLUE BAND ——> ’);

readln(class b);
acc class := class rxclass gxclass b-1;



if ascc_class > 255 then

begin |

writeln;

write(char(7));

writeln(’ Error! total number of classes are greater than 256 ’);
writeln(’ —-Try again— BF
goto again;

end;

write(’ The total number of color index is ’,acc class+1:5);
end;

procedure cal minmax;{This is another one sub-procedure of the count
procedure. It will find the minimum and maximax of gray level in the

histrogram. }
begin
KKk := col sizexrow sizex0.035;

threshold := round(kkk);

i :=0; temp count := O;

while temp count < threshold do

begin
temp count := temp count + r cn[i];
inc(i);

end;

r min := i - 1;

i :=255; temp count := O;

while temp count < threshold do

begin
temp count := temp count + r cn[i];
dec(i);

end;

r max := i + 1;

i :=0; temp count := O;
while temp count < threshold do

begin
temp count := temp count + g cn[i];
inc(i);

end;

g min := i - 1;

i :=235; temp count := O;

while temp count < threshold do

begin
temp count := temp count + g cn[i];
dec(i);

end;

gmax := i + 1;

i :=0; temp tount := 0;

while temp count < threshold do
begin -
temp count := temp count + b cn[i];



inc(i);
- end;-
bmin =i - 1;
i :=255; temp count := O;

while temp count < threshold do

begin
temp count := temp count + b cn[i];
dec(i);

end;

bmax := 1+ 1;

end;

begin {main peocedure count}
for i := 0 to 255 do

begin
r‘__cn[i] := 03
genli] :=0;
b cn[i] := 0;
end;
clrscr;

gotoxy(100,100);
{The three filenames must be entered by user.}
write('Enter filename for bard R —> ’);
readln(stringl);
write(’Enter filename for band G ——> ’);
readln(string2);
write(’Enter filename for bard B —> ’);
readln(string3);
writeln;
write(’Enter output filename -——> );
readln(stringd);
writeln;
writeln(’*xx Warning ’,diskfree(0),’ bytes free ’);
writeln;
agal:write(’Enter horizontal size(must be less than 640) ——> ’);
readIn(x_size);
if x size > 640 then begin write(char(7));writeln(’Error’); goto agal end;
aga2:write(’Enter wvertical size(must be less than 480) —> ');
readln(y size); .
if y size > 480 then begin write(char(7));writeln(’Error’); goto aga? end;

rec size := X size;
col size := X size-1;
row size := y size-1;

assign(fil,stringl); reset(fil,rec size);
assign(fi2,string2); reset(fi2,rec size);
assign(fi3,string3); reset(fi3,rec size);

assign class;{sub-procedure of the count procedure}



for i :=0to rov&_size do
begin
blockread(fil, tenp[0],1);
for k := 0 to col _size do inc(r_cn[(temp(k])]);

end;
for i := 0 to row size do
begin
blockread(fi2,temp[0],1);
for k := 0 to col size do inc(g cn[ (temp[k])]);
end;
for i := 0 to row size do
begin
blockread(fi3,temp[0],1);
for k := 0 to col_size do inc(b_cn[(temp[k])]);
end;
close(fil);
close(fi2);
close(fi3);

cal minmax;{sub-procedure of the count procedure}

end;

{********************************************************************** }

procedure display histrogram;{This procedure will display histrogram
of the three image datas counted in the beginning of the program. It
works in graphic mode. }

var strgl, strg2, strg3 : string;

y : integer;
procedure cal threshold;{This is a sub-procedure of the
display histrogram. It will devide the histrogram into several classes
that are assign by user when the program count the datas.}

begin
rr := round((r_max - T min) / (class r));
gr := round((g_max - g_min) / (class_g));
br := round((b max - b min) / (class b));
r k[0] := 0O;
g k[0] := 0;
b_k[0]1:= 0;
for I:=1 to 12 do
begin
r k[i] := 255;
g k[i] := 255;
b k[i] := 255;
end;

for i:=1 to (class r-1) do



begin
. r k[i] := { = rr+r_min;
end;
for i:=1 to'(class g-1) do
begin
g k[i] := i % gr+g min;
end;
for i:=1 to (class b-1) do
begin
b k[i] := i = br+b min;
end;
end; {end procedure cal_threshold}

begin
cal threshold;

grdriver := detect;
initgraph(grdriver,grmode,’’);

setfillstyle(solidfill,0);
seturitemode(1);
setviewport(0,0,getmaxx-10,getmaxy-10, true) ;

repeat
for i := 0 to 255 do
begin
putpixel(i,100 - round(r cn[i] %= 0.02),4);
putpixel(i,200 — round(g cn[i] * 0.02),2);
putpixel(i,300 — round(b cn[i] x 0.02),1);
end;
{draw scale}
for i := 1 to (class r-1) do
begin
lire(r k[i],0,r k[i],100);
end;
for i := 1 to (class g-1) do
begin
line(g k[i],100,g k[i],200);
end;
for i := 1 to (class b-1) do
begin
line(b k[i],200,b k[i],300);
end;

outtextxy(350, 20, 'press r,g,b to change threshold ’);
y := getmaxy - 50;
outtextxy(350,y, 'press Q- to continue ’);

read(kbd, key1); keyl := upcase(keyl);
if keyl <> 'Q’ then



begin
repeat .
outtextxy(350,40, 'Threshold 1,2,3,..,n ’);
outtextxy(350,50, 'Enter an integer number{enter]
readln(j);
until (j > 0) and (j < 7);

repeat
outtextxy(350,60, 'Change scale by <— or —>’);

outtextxy(350,75,’- Q - for OK!’);
read(kbd,key2); key2 := upcase(key2);

case key2 of
char($4D) : case keyl o
'R’ : begin
Moveto(r k[j],100);
r k[j] := r k[j] + 1;
end;
'G’ : begin
Moveto(g_k[J],100);
g_k[j] := g k[j] + 1;
end;
'B’ : begin
Moveto(b k[j],100);
b k[j] := b k[j] + 1;
end;
end;
char($4B) : case keyl of
'R’ : begin
Moveto(r k[j],100);
e K[j] = 1kl - 15
end;
G’ : begin
Moveto(g k[j],100);
g k[j] := g k[j] - 1;
end;
'B’ : begin
Moveto(b k[j],100);
b k[j] := b k[j] - 1;
end;
end;

end;{end case of key2}

for i := 1 to (class r-1) do
begin
line(r k[i],0,r k[i],100);
end;
for i := 1 to (class g-1) do
begin



line(g k[i],100,g Kk[i],200);
end;
for i := 1 to (class b-1) do
begin
line(b k[i],200,b k[i],300);
end; /

until key2 = 'Q’;
end;
clearviewport;
until keyl = 'Q’;
closegraph;
end;
{**************************************k*******************************}
Procedure classification;{This procedure will transform the three
image data files of RGB bands into ore data file that corresponses to
the data of the threeRGB bands. There are one data file built in this
procedure. The output file will be used to display on VGA system in
kind of RGB color composite image. }
label stopl,stop2,stop3;
var 1r,1g,1b,kr,kg,kb,f : integer;
begin

reset(fil,rec size);
reset(fi2,rec_size);
reset(fi3,rec size);
assign(fi4,string4);
rewrite(fi4,rec size);
for f:=0 to 12 do
begin

num r[f]:=0;

num g[f]:=0;

num b[f]:=0;
ernd;
for i := 0 to row size do  {for 400 scanline}

begin

blockresd(fil,temp[0],1);

for kr := 0 to col _size do

begin

r_equ[kr] := (temp[kr]);
if r equ[kr] = 0 then

begin
r_equ[kr] := 0;
goto stopl;
end;
for Ir := 1 to class r do
begin

if (r_equ[kr] <= r K[1r]) and (r equ[kr] > r k[1r-1]) then



begin
r equlkr] := (1r-1);
goto stopil;
end;
end;
stopl:
end;

blockread(fi2,temp[0],1);
for kg := 0 to col_size do

begin
g equ[kg] := ( [ ]);
if-g equlkg] =
begin
g_equlkg] :=
goto stop?;
end;
for 1g := 1 to class g do
begin
if (g_equlkg] <= g k[1g]) and (g equ[kg] > g k[1g-1]) then
begin
g_equlkg] := (1g-1);
goto stop2;
erd;
end;
stop2:
end;

blockread(fi3,temp[0],1);

for kb := 0 to col size do

begin
b_equ[kb] := (temp[kb]);
if b equ[kb = 0 then
begin
b equ[kb] :=
goto stop3; |
erd;
for 1b := 1 to class b do
begin
if (b_equ[kb] <= b Kk[1b]) and (b equ[kb] > b k[1b-1]) then
begin
b_equ[kb] := (1b-1);
goto stop3;
end;
end;
stop3:
end;

for j := 0 to col size do



begin
- temp[j] := (class gxclass bxr equ[j] + class bxg equ[j] + b equ[j]);
inc(num r[r equl[j]]);
inc(num g[g equ[jl]);
inc(num b[b equlj]]);
end;

Blockwrite(fi4,temp[0],1);
end; {end for 400 scanline}

close(fil);
close(fi2);
close(fi3);
close(fid);
end; {end procedure classification}

{**********************************************************************:}
procedure report;{This procedure will make a report about the number
of pixels in each classes of the three color.}

var strg4,strgd,strgb,strg7,strg8,strg9 : string;
X, y : integer;

begin
grdriver := detect;
initgraph(grdriver,grmode,’’);

setfillstyle(solidfill,0);
setwritemode(1);
setviewport (0,0, getmaxx-10,getmaxy-10, true);

for i := 0 to 255 do

begin .
putpixel(i,100 - round(r cn[i] * 0.02),4);
putpixel(i,200 - round(g en[i] = 0.02),2);
putpixel(i,300 - round(b en[i] = 0.02),1);

end;
{draw scale}
for i := 1 to (class r-1) do
begin
line(r k[i],0,r k[i],100);
end;
for i :=1 to (class g-1) do
begin
line(g_k[i],loo,g_k[i],200);
end;
for i := 1 to (class b-1) do
begin

line(b k[i],200,b k[i],300);
end;



. outtextXY(300, 35, ’Number of pixels in each class.’);

OUTTEXTXY(300,185,’ Threshold for classification ’');
for i :=0 to 12 do
begin

str(num r[i]:7,strg4);

str(mm gl 1]:7,strg5);

str(num b[i]:7,strgb);

str(r k[i]:7,strg7);

str(g k[i]:7,strg8);

str(b k[i]:7,strg9);

outtextXy(300,50+10xi,strg4+’ ’+strg5+’ '+strgb);

OUTTEXTXY(300,200+10xi,strg7+’ ’+strg8+’ *+strg9);

end;
y getmaxy-50;
X getmaxx div 2;

OIH'IEXD(Y(x,y,’ Press enter to continue ’);

readln;
clearviewport;

closegraph;
end;

'[***********************t**********************************************]
Procedure new histrogram;{This procedure will create new histrogram of
the new data file.}

begin

reset(fi4,rec size);
for i := 0 to 255 do r cn[i] :=
for i := 0 to row size do
begin
blockread(fi4,temp[0],1);
for k := 0 to col size do
begin :
inc(r._en[ tenp(k]1);
end;
end;
close(fid);

rg.ah := $0;
rg.al := $3;
intr($10,rg);

grdriver := detect;
initgraph(grdriver,grmode,’’);
setfillstyle(solidfill,0);
seturitemode(1);



setviewport (0,0, getmaxx-10, getmaxy-10, true);
clearviewport; :

1ine(0+100, 400, 256+100,400);
for i := 0 to 255 do
begin
1ine(i+100,400 ~ round(r cn[i] = 0.05),i+100,400);
end;
outtextxy(100,410,°0');
outtextxy(226,410,°127");
outtextxy(353,410, 255" );
outtextxy(100,430, 'Press any key if you want to exit.’);
repeat until keypressed;
closegraph;

end; {end of procedure new histrogram}

{**********************************************************************}

{

MAIN PROGRAM }

{**********************************************************************}

begin

count; {To count data for the number of pixel in each gray level.}

display histrogram; {To display histrogram of the three image files.}

classification; {To quantize the three image data }

report; {To make a report about the new output file.}

new_histrogram; {To create new histrogram of the new output file.}

end.
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BEGIN

! Input a color composite
| image data
| ]
Input the color ratio
of the image
Main program Input size of the displayed image

]
i
i
i

: Input XY position of screen

! for display the image

Y

Initial graphic mode

Y

= d Write color data to the color
rocedure look-up table of the VGA

erte_pallete according to the ratio

Write the color composite

Main program image data to the video
memory of VGA

END



{This program is use for displaying any
image data file in a RGB color composite
image manner. The image input file must
be RGB composite data. VGA system with

minimum 512k bytes of memory is required.

Date Jan 25th, 1991}
Program Read table;

uses dos, crt, graph,turbo3;
label start;
var
rg : registers;
red,gre,blu : array[0..255] of word;
i, j, k : integer;
filel : file;

grdriver,grmode,mark x,mark y : integer;

data : array[0..640] of byte;
r cn : array [0..255] of word;

r:palte,g_palte,b_palte : array[0..255] of byte;
rec size, col_size, row size,x size, y size : word;

stringl : string;
class r, class g, class b : integer;
keyl : char;

Procedure write pallete;

{This program will write color datas onto color registors. }

d := ((class b+1)x(class g+1)*a)+((class b+1)xb)+c;

var
a, b, ¢, d : integer;
begin
for a := 0 to class r do
begin
for b :=0 to class g do
begin
for ¢ := 0 to class b do
begin
b palte[d] =
g palte[d] :=
r_palte[d] :=
end;
end;

end;

port[$3c8] := 0;
for i := 0 to 255 do

begin
port{$3c9] := 0;
port[$3c9] := 0;
port[$3c9] := 0;

round(cx63/class b+0.499);
round(bx63/class g+0.499);
round(ax63/class r+0.499);



end;

port[$3c8] := 0;{The beginning of registors}
for i := 0 to 255 do

begin
port[$3c9] := r palte[i];
port[$3c9] := g palte[i];
port[$3cd] := b_palte[i];
end;
end;
begin {Main program}
start:
clrscr;
write(’ Enter filename to be showed —> ’);
readln(stringl);
writeln;
write(’ Enter horizontal size (must be less than 640)
readln(x size);
write(’ Enter vertical size (must be less than 480)
readln(y size);
writeln;
write(’ Enter X position = -———- > DF
readln(mark x);
write(’ Enter Y position  -—— > OF
readln(mark y);
writeln(’ Type of color pallete’);
writeln(’ 1> red:green:blue 7:6:6 ’);
writeln(’ 2> red:green:blue 6:6:6 ’);
writeln(’ 3> red:green:blue 8:8:4 ’);
write(’ Choose one [l or 2 or 3] —>

repeat read(kbd,keyl); keyl := upcase(keyl);
until (keyl = ’1’) or (keyl = '2’) or (keyl = ’'3’);
case keyl of

1’ : begin class r := 6;
class g := 5;
class b := 5;
end;
2’ : begin class.r := 5;
class g := 5;
class b := 5;
end;
'3’ : begin class r := 7;
class g := 7;
class b := 3;
end;
end;
assign(filel,stringl);
rec size := X size;
col_size := X size-1;

—>

—=>

")
")



row size := y size-1;

for i:=0 to 255 do r cn[i] := O;

{Initial graphic mode —> VGA 256 colors, 640 x 480 resolution. }
rg.ah:= $0;

rg.al := $2E;

intr($10,rg);

write palleté;

{read color data from color registors}

port[$3c7] := 0;

for i := 0 to 255 do

begin N
red[ i ]:=port[$3co];
gre[ i]:=port[$3c9];
blu[ i]:=port[$3c9];

end;

reset(filel,rec size);

for i := O to row size do
begin
Blockread(filel,data[0],1);
for k := 0 to col _size do

begin
rg.al := data[k];
rg.ah := $0C;
rg.bh := 0;
rg.cx := mark x+k;
rg.dx := mark y+i;
1ntr($10org);
inc(r_cn[data[k]]);
end;
end;
close(filel);
readln;
{Reset graphic mode}
rg.ah := $0;
rg.al := $3;
intr($10,rg);
k := 0;
while k <« 264 do
begin
for i := 0 to 23 do
begin
writeln(’index’,k:3,red[k]:8,gre[k]:8,blu[k]:8,’ No-’,r cn[k]:8);
k :=k + 1;

end;



end.

readln;
ernd;

grdriver := detect;
initgraph(grdriver,grmode, '’ );
setfillstyle(solidfill,0);

setwritemode(1);
setviewport(0, 0, getmaxx-10,getmaxy-10, true) ;
clearviewport;

1ine(0+100,400,256+100,400) ;
for i := 0 to 255 do
begin
1ine(i+100,400 — round(r cn[i] = 0.05),i+100,400);
end;
outtextxy(100,410,°0’);
outtestxy(226,410,°127°);
outtextxy(353,410,’255’ );
readln;
closegraph;
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Procedure Count

Procedure
Display_histrogram

Procedure
Set_threshold

Procedure
Draw_picture

{ BEGIN )

\

Arrange memory for image data

Input three image data
files for RGB bands.

Y

Count and calculate the 90 percents

of the three image data independently.

Display three histrograms

|

Assign thresholds on each image
histrogram and build two dimensional
array of four dithers

\

Quanzation by the applied

technique of psuedorandom noise

Get the quantized data from
each image file to write in the bit-plane

memory of EGA system for displaying

the RGB color image that each color
is only one-bit data

END




{This program
display on EGA system. Three

is useéd to quantize any three image data file to
image data file for RGB is required.

Each pixel of the displayed image is composited of one bit from the
three data file .
Date Jan 29th,1991}
Program Show Picture;

uses

dos, turbo3,Crt,Printer, graph;

label egain;

type

mem pointer = “heap mem;
heap mem = record
equ2 : array[0..255] of byte; end;

var

r equ,g equ,b equ : array[0..2] of mem pointer;

r cn,g cn,b cn : array [0..255] of integer;

temp : array[0..511] of byte;
fi1,fiz2,fi3 : file;

i,j,k : integer;
grmode,grdriver,sum : integer;

r_min,r max,g min,g max,b min,b max :
rr,gr,br :

integer;

keyl,key2,key3 : char;

r k,gk,bk:

array[1..3] of integer;

r t,g t,b t : array[0..1,0..1] of integer;

Jjet cn : array[0..7] of integer;

stringl,string2,string3 : string;
procedure set threshold;

{This procedure will

allow user to adjust them. }

begin

r [0,0] :
r t[1,0] :

g t{o0,0] :
g t[1,0] :

b t[0,0] :
b t[1,0] :

end;

round((r_k[1]-r_min)/2);
round((r max-r_k[3])/2);

round((g_k[1]-g min)/2);
round((g_max-g k[3])/2);

round( (b k[1]-b min)/2);
round( (b_max-b k[3])/2);

procedure draw picture;
{This procedure will write pixel onto memory plane in order to draw

a picture. }

procedure plot pixel;
{This is subprocedure of the procedure draw picture. }
integer;
p_clr : byte;

var 1l,m :

begin

integer;

t_t[O,l] 1=

r t[1,1] :

g _t[o0,1]

g t[1,1] :

b t[0,1] :
b t[1,1] :

create thresholds on the three histrograms and

round((r_k[3]-r_k[2])/2);
round((r_k[2]-r_k[1])/2);

round((g_k[3]-g_k[2])/2);
round((g_k[2]-g_k[1])/2);

round((b_k[3]-b_k[2])/2);
round((b_k[2]-b_k[1])/2);



for k := 0 to 127 do
begin
for 1 :=01to 1 do
form :=0to 1 do
begin
if r equ[1+m]”.equ2[k+2+1] > r_t[1,m] then p clr := 4 else p clr := 0;
if g equ[1+m]”.equ2[kx2+1] > g t[1,m] then p clr := p clr or 2;
if b equ[1+m]”.equ2[kx2+1] > b t[1,m] then p clr := p clr or 1;
inc(jet en[p clr]);
if pclr =7 then
begin
if r equ[1+m]”.equz[kx2+1] > (r_t[1,m]+rr) then p clr :
if g equ[1+m]”.equ2[kx2+1] > (g_t[1,m]+gr) then p clr
if b equ[1+m]”.equ2[k«2+1] > (b_t[1,m]+br) then p clr :

4 else p clr := 0;
p clr or 2;
p clr or 1;

mon

end;
putpixel(kx2+ 1,ix2 + m,p clr);
end;
end;
end;
begin
grdriver := detect;
InitGraph(grdriver,grmode, ' \tp\graph’);
reset(fi1);
reset(fi2);
reset(fi3);
for i := 0 to 127 do
begin
blockread(fil,temp[0],4); {read red 2 record}
for k := 0 to 255 do r equ[1]”.equ2[k] := temp[k];
for k := 0 to 255 do r equ[2]”.equ2[k] := temp[k+256];
blockread(fi2,temp[0],4); {read green 2 record}
for k := 0 to 255 do g equ[1]”.equ2[k] := temp[k];
for k := 0 to 255 do g equ[2]".equz[k] := temp[k+256];
blockread(fi3,temp[0],4); {read blue 2 record}
for k := 0 to 255 do b equ[1]”.equ2[k] := temp[k];
for k := 0 to 255 do b equ[2]”.equ2[k] := temp[k+256];
plot pixel;
end;
close(fil);
close(fi2);
close(fi3);
repeat until keypressed;
closegraph;
end;

procedure count;
{This procedure will count a number of pixels in each gray level.}
begin

for i := 0 to 255 do



begin

ren[i] := 0;
gon[i] := 0;
ben[i] := 0;

end;
assign(fil,stringl); reset(fil);
assign(fi2,string2); reset(fi2);
assign(fi3,string3); reset(fi3);
for i := 0 to 255 do
begin
blockread(fil,temp[0],2);
for k := 0 to 255 do inc(r_cn[temp[k]]);

end;
for i == 0 to 255 do
begin;
blockread(fi2,temp[0],2);
for k := 0 to 255 do inc(g cn[temp[k]]);
end;
for i := 0 to 255 do
begin
blockread(fi3,temp[0],2);
for k := 0 to 255 do inc(b cn[templ[k]]);
end;
close(fil);
close(fi2);
close(fi3);

end;

procedure display histrogram;
{This procedure will draw three histrograms that is resulted from
procedure count on the screen. The user can use cursor to control the
value of the thresholds}
begin

grdriver := detect;

InitGraph(grdriver,grmode, ’\tp\graph’ ) ;

setfillstyle(solidfill,0);
~ setwritemode(1);

setviewport(0,0,getmaxx—10, getmaxy-10,true);

l1ine(0, 100,256,100);

1ine(0,200,256,200);

1ine(0, 200,256,200);

repeat
for i := 0 to 255 do
begin
putpixel(i,100 - round(r cn[i] x 0.02),4);
putpixel(i,200 - round(g cn[i] x 0.02),2);
putpixel(i,300 - round(b cnli] % 0.02),1);
end;
{draw scale}

fori :=1to 3 do



begin
line(r k[i],0,r k[i],100);
line(g k[i],100,g k[i],200);
line(b k[i],200,b k[i],300);
end;
outtextxy(400,20, 'press r,g,b to change threshold ’);
read(kbd,key1); keyl := upcase(keyl);
if keyl <> ’Q’ then
begin
repeat
outtextxy(400,40, ’Threshold 1,2,3 ’);
readln(j);
until (j > 0) and (j < 4);
repeat
outtextxy(400,60, 'Change scale by <— or —>');
read(kbd,key2); key2 := upcase(key?);

case key2 of
char($4D) : case keyl o
'R’ : begin
Moveto(r k[ j],100);
r k[j] := r k[j] + 4;
end;
’G’ : begin
. Moveto(g_k[j],100);
g K[J] = gKLJ] + 4;
end;
'B’ : begin
Moveto(b k[j],100);
b k[j] := b k[j] + 4;
end;
end;
char($4B) : case keyl of
'R’ : begin
Moveto(r_k[j],100);
r k[j] := rK[j] - 4
end;
G’ : begin
Moveto(g k[j],100);
g k[j] := g k[j] - 4;
erd;
B’ : begin
Moveto(b k[ j],100);
b k[j] := bk[j] - 4;
erd;
end;

end;{end case of key2}
for i :=1 to 3 do
begin
line(r k[i],0,r k[i],100);
line(g k[i],100,g k[i],200);



line(b k[i],200,b k[i],300);

end;
until key2 = 'Q’;
end;
clearviewport;
until keyl = 'Q’;
closegraph;
end;
{xxxxMain Programxxxx }
begin

{create heap memeory}
for i := 0 to 2 do
begin
new(r equ[i]);
new(g equli]);
new(b equli]);
end;

for i:=0 to 7 do jet cn[i] := O;
count;

for i:= 0 to 255 do {Calculate min and max value on each
-histrogram. }
begin

if ren[i] > O then r max :

if gen[i] > O then g max :

if b en[i] > 0 then b max :

i;
i;

]
b
-

end;
for i:=255 downto O do
begin
if ren[i] = 0 then r min := i;
if g en[i] = O then g min := i;
if ben[i] = 0 then b min := i;
end;

{Initial the thresholds}
rr := round((r_max - r_min) / 4);
gr := round((g max - g min) / 4);
br round((b max ~ b min) / 4);
for i:=1 to 3 do
begin
r k[i] :
b k[i] :
g k[i] -
end;

i xrr;
i x gr;
i = br;

again: display histrogram;

set threshold;



draw picture;

clrscr;
{Do report}
sum := 0;
for i:=0 to 7 do begin
writeln(’jet en[’,i,’] = 7, jet cnli]);
sum := sum + jet cn[i];
end;
writeln(’sum dot = ’,sum);
write(’Do you want to set thereshold again? {Y or N}’ ); readln(key3);
key3 := upcase(key3);
case key3 of 'Y’ : goto again;
end;
end.
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False Color Composite Display of Multiband Images on Personal Computer
using Cubic Color Block Technique.
The 12th Asian Conference on Remote Sensing 1991

Singapore
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