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AT UAAI UMV VGA Connector

Pin Number Signal Name Notes
1 RED Video Analog Signal, usually 0.7 volt, peak-to-peak
2 GREEN Video Analog Signal, usually 0.7 volt, peak-to-peak
3 BLUE Video Analog Signal, usually 0.7 volt, peak-to-peak
4 ID2 Monitor ID Bit 2
S Digital Ground General “Ground” for the video system
6 RED Ground Note that the video signals ha\)e a separate Ground pafh. This is
7 GREEN Ground - needed anytime you get the pixel rate much over 20 or 30 MHz...
8 BLUE Ground which is just about aways.
9 KEY (Not used)
Pin Number Signal Name Notes
10 SYNC Ground TTL returns for the SYNC lines.
11 IDO Monitor ID Bit 0
12 IDI or SDA Monitor ID Bit 1
13 Horizontal Sync Digital level (0 to 5 volts, TTL output)
14 Vertical Sync Digital level (0 to 5 volts, TTL output)
15 ID3 or SCL Monitor ID Bit 3
MTuERLE D fezden]duniinnie q
Bit
Description
3 2 1 0
n/a n/c n/c n/c No monitor connected
n/a n/c n/c | GND Mono monitor which does not support 1024x768
n/a n/c [ GND | n/c Color monitor which does not support 1024x768
n‘a | GND [ GND { n/c Color monitor which supports 1024x768
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o7 [7] 10] 02
os [ 8] [¢] Ds

MAESS

11 2.9 dnvazues DAC

M39uaae M3 l¥nuveuaas PIN ¥89 DAC

SYMBOL PIN DESCRIPTION
REF I voltége reference (decoupling)
AGND 2 analog ground
D2 3 data input; bit 2
SYMBOL PIN "DESCRIPTION
D3 4 data input; bit 3
CLK 5 clock input
DGND 6 digital ground
D7 7 data input; bit 7
D6 8 data input; bit 6
D5 9 data input; bit 5
D4 10 data input; bit 4
D] 11 data input; bit 1
DG 12 data input; bit 0
VCCD 13 positive supply voltage for digital circuits (+5 V)
vVOuUT 14 analog voltage output
VOUT 15 complementary analog voltage output
VCCA 16 positive supply voltage for analog circuits (+5 V)
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Expansion) Tag a, Sonidutlszdniluludiva (Binomial coefficient) Fiazin i saunts

)
a,
(2.5)

‘Iﬂummwnwmmf‘f"nﬂszf?w%"buTunﬁaa‘n?aa1ﬂ1§'ﬂn"lsa’fa'u°ﬂuﬂan"1mumm‘§uau”uma§
. . a o a a a S - [ A dye
(Combinatorial number) A9 $1UIUTBMIVOIMSMTUVDA k FevonInmaTanuaTiEu1lld o & ERREON

a1 o [} . . @ o o a ' aa
AU M3VANY (Combination number) fait lawumiuluInanuinzduesads Tao

By Sorawat Chivapreecha
Telecommunication Eng., Dept.
Faculty of Engineering

King Monghkut s Institute of Technology Ladkrabang




M n!
C‘- =\ :—: ak
k) ki(n—k) (2.6)
] , n n
=t ° S aa 1 g =y
Tao# n, k L‘flummumwummumn uaz n>k lagh 0 = =1
n

o

b 4 ] [] v
fc'hw%”mwmﬁuﬂizamﬁlﬂumﬂaﬁummsnﬂmﬁmswﬂugﬂﬂa{uﬁtﬂuammauu #3dnfu

L, , [ o ¥
Tu¥e sumaouhaaa 18

1 n=0

I 21 7 n=2

1 4 6 4 1
I 5§ 10 10 5 1
I 6 15 20 15 6 1
1 7 21 35 35 21 7 1
1 8 28 56 70 56 28 8 1
1 9 36 84 126 126 84 36 9 1
1 10 45 120 210 252 210 120 45 10

(n) umasuhania

k=0 k=1 k=2
]
n=0-——)l
n=l —5 | 1
n=2 ——> 1 2 1
=3
= — 1 4 6 4 1
I 5 10 10 5 1
1 6 15 20 15 6 1
1 7 21 35 35 21 7 1
8 28 56 70 56 28 8 1
9 36 84 126 126 84 36 9 1
I 10 45 120 210 252 210 120 45 10 1

() mumauuﬂmﬂmmmﬂtﬂumumauunumﬂ

i‘lJ‘YI 2.10 uammumamnhﬁmauavmnmaﬂmhﬁﬂ1ammﬂ1‘f]umumawnnmﬂ

uAnzund (n) vosmumasuthanamuisoadnldareditoun lilsonaunis i .4) Tag p15un

194 2 9aalse nau‘naU“lmm‘uwwau"l,ﬂ“luummwu = Tuuoai 4 (n=3) ‘E)\‘lﬂﬂ‘i LA U7 B(w n=3,
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k=D) 11910 142 Tuueawu =2) uaz3 Mmdald @ o3, k=2) 1910 2+1 Hudu Fosangnd

3
P=1

Auaua Awnad (Mavrnieadisessszreulunaide’y) Idea

" n! . n(n—l)!

k :k!(n—k)! _k!(n—k)! | 2.7
_ (n—k)(n—l)!+ k(n—1)
kt(n—k) k(n—k) | (2.8)

_ (n—1)t N (n—1) i
(n—k=1)1 (k=1)1(n—r)1 .9)

n—l] n—]|

k k—1 (2.10)

Tavamndnlumundomhanialuuniin la q awnsadnu lasemsmaulszant lu Tudea
aeluaumsi 2.7) i .10) dwmsuk=1,2,3, ... n'l4
¥ q 1] as ~y Q( =1
Aniuemaziimsnsznomeutes (x+ )" 1a 9 51zaunsamaivosdullszang luTudiva

nnaunsi 2.4) IdlashwanmumBouthanaiues gy (+ )*

(e ty) =k’ +a’y+ 6y’ +4an’ +1)° @.11)

TagdulseimFluntinonmumasuhamalugui 2.20 Tua# 5 (n=a)

J 4 4
nvesvemumauthama
) . ¥ . 1 .
Fovesmumaruhamaiumnndevesinadamanisidiunade waa U1ana Blaise
) ' < P o ' dy0 o S i1 a =
Pascal) uataod1elsnawgiluuuvesmumaoudsnarafiuiidsnfumndaudnos e, 1100 Tudssmaiu
Taotinadiamansaaiude 019 gu (Yang-Hui) $hieoilnomhania uanifug3snfusdaunsnarouas
. t 4
¥ Tunisnsza10ueanun (expansion of the binomial) Fausoniudunguunninumiugadununay

Hnauelay louwn fadu (Isaac Newton) 1) 1665
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W 211 e umAsuves 014 gy

msulanhaaaluniialia (1-D Fast Pascal Transform)
msudasfansalianiansuaesy (DPT :discrete Pascal Transform) gnyiuauaisn 9 Tay Tsiie

81 nmmu [1] mmﬂuuuaumsmsuﬂmmu

X=Px (2.12)

Ty X = S ndnadnsanmsuilag
X = [ATNFURITBYATUNY
P= mm?ncﬁmmmsuﬂmﬂmma (Pascal Transform Matrix)

1 4
P=1

TasmsadawnSndveamsudanhamaiummsoataldss

P I:P:]—' 1)/ Gl =0, 1,2...N
= g = i = P I=;04L,j=0,1,2..... @13)

ar

A a o & o a Jdo
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dauitangu i wSeniureadauaneSvamines (falling factorial powers) Falinunuefie
L =i —=1)—=2)...(i—j+1) ; j21and i* =1 (2.14)

A & a4 to A A . a - ¢ o
uazaumsi (2.13) TesdoiuiluiledFuiugiu (Basis function) vosmsutasdansatiania niuaesuil
& ARy Y a o o A & A o ° a
Fawad ldnmsadunasndvesmsutastaaia daluaunsi 2.13) Fwzmeudumahandnlu

o d‘ o a 4 o o & ] [
mumdsuhaaa lugdd 2.20 @) mdanafiuwadnduasiimsadunioaninelundazudnninuanly

o o o o o
Whuaveduiu ldauddu -

74 a J 1
maauxaangnsulashamavinanma g

e N=23z1d

Xl L =1 x X=x0—xl

b 4
munsoadniamesaieyiia (butterfly unit) ag19d10 18Ail

X0 . P> Xo

B
X1 L~ N >X1
a Y w ¢ a o w o v
3U¥ 2.12 vaaamsas Wiawesaeglind s umsulasthanadumiiog

e N=33zld

I -2 1
X, 1o of x X0 =2,
> - —
dniu | x, |={1 -1 oflx | = X =x X
x| [t =2 1|~ X, =x,—2x Fx,
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4
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wa3ng 1A Tasie Maflinannsadathamawainda q Weglugdluuswesnd  (1,0.-1) 18Tne14wa
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aaved lunswading deaunsae Tl
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1
=N—1

Taois1i30n [q; il Tuuasnd [q; ;] anad k0
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L Ans i ndunusayunan
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300 [,), Muuaind [g,] amadi £

097 & = (N-1)

Diag([q‘,j]N_l)= [i11...

Taeagdl <mfus v -1
an

AN k=2 .

Diag([qij]2)=[l 1-1-1...

e k=1

DAiag( [q'.j]l )= [l..-l -1-1...
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1
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g o . (! { J [ Y
2. ynosndszne v iledunueayunan (Upper Triangle) 3oamunvesaumasuia ity o’

JUN 2.13 uaaadwmisesdilszney <0’ 1ufhusuaam:Jm'ﬁﬂnnumam@ia:mm?ﬂcﬁ[q :I

ij
&

3. Ansandwmiuudazund, luoalenlin <1 Juesdilsznevey Iesdsznovlundn

b 4 t 4
(column) fleumr1yes -1 dnfusisiuiniy «1* wivowndn 18 dmsuusas i 1dadh g, = -1 fufu g

(l)

=1 dy Yt 1
4. uenvtienni 1M NAUNIAY <0

Mot N =3 9214

o 1 0 0 x,
C1=tr -1 0 x,
R I —2 1 x,

i1

X, =x,

X =x,—x

X, =x,—2x, +tx,

0 1 0 0 x,

0 1 —1 0 x,

—1)§0 1 —1] x,
Stage 2 Stage 1
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Stage | Stage 2

| |
l I

« : %,
i [ |
S o I

g N | > X
[ v I

*2 AN P> Xe
[ l
[ |
1 |

a Qs g [y o 1 A
31 2.14 yamans wims Tnavesdyanadiusumsudashamafumiae de N =3

Mot N =4 12'l¢

1
| 1
P=
I =2 1
1 =3 3 -1

(— “— (l ] ﬁx"_ X, =x,
X, 1 —1 x, X =x,—x
= =
R 1 -2 1 x, X, =x,—2x +x,
X, I =3 3 =1 x X, =x,—3x +3x, —x,
1 1 T =
1 1 I —1 x,
- 1 I -1 1 -1 x,
1 -1 I —1 I =1 | x
Stage 3 Stage 2 Stagel
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Stage ¢ Siage 2 Stage 3
& L

X3

\V2

1 w" @ o ] 4
Ui 2.15 ueraansins Tnavesdygpadmiumsilaahamadiuniae e N=4

—4 1
*o Xo :xu
* Xl = 0 %
1 x, => X, =x,—2x +tx,
30—l X, X, =x0—3xl+3x2 —x,
6 —4 1|x | X, =x,—4x +6x, —4x, +x,
_—l . —’_l _—l -—xn—
1 1 =l x,
1 1 1 -l 1 it | x,
1 -l 1o 1l x,
I —IJ_ . o= A
Stage 3 Stage 2 Stagel
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Stage 1 Sterge 2 Stage 3 Stage 4

1
|
| » X,
I
|
| > X
I gl
|
[ -
[ » Xz
|
|
t > X,
|

-1 !

X4
! i
[ ) o Y =1 [ 4'
216 uanans ims lvavesdygnudmsunsudashamaduniiae ie ¥ =5
wa sl P [~ ] dﬂd
Aaauiianalsemsvtieveinsulanhamaduniioiife

¥ .
Faiui I sudasndufansathamaniuane 1 (Inverse DPT) a1u1sovitldmidauninns

Sad o P L4 5% @
uasesiisadaniatianmauanesy (Forward DPT) adsznis dweludnumzvesnsosnuuy
¥

s s o o Y1 K a dqy o W o Y 1o o 'Y a
_m‘immuu%zmu"lm1fnm‘m°l°m%’imim‘l“mauuﬂaammﬁ'iunTiu‘lJmnalJLlﬂwummnu thﬂﬂ\Wl'lﬂ'li

Usuasuaasuasinala

x=P 'X=Px 4 2.21)

nsutasthamaiuvmiigluaesdia (2-D Discrete Pascal Transform)

o o o 1 aa ° o dy
dwfumsudashama@uwiiouuy 2 §8 2-D DPT) musavimsudas i@

X =pxP’ (2.22)

P a o @ &
(W9 X = WAsnFRaaws1nn1sulas
x = Was ndvedeyaduyn
4
P = insnsveinsulasthania

uaznstiudaIndy (Inverse Transforms) @15 ouaad lasaannish (2.23)
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x=pxp (2.23)

Lﬁaﬂa1nd1mm:axmﬂuﬂ1'ia%‘mtmé“ﬂmmﬂaqﬂmmmﬁnﬁﬂw“luamﬁﬁ IdAnsandiedradio : ¥ =3

X=rc 1 0 o0 «x x x 11 1

X0 L1 1.2

2.0 2,1 2.2
0, X(Ll . 0.2 1 0 ) 0 x(l,(l x().l x()_z 1 1 1
1.0 I 1.2 = l _1 0 xl.() xl.l xl 2 0 _1 _2
2,4 21 XZ.Z 1 —2 1 xz." xZ,l x2.2 0 0 1
00 X a X 02 %00 X1 Xo,2 1 1 1
| Xo0 ~ X0 Xoq — Xy Xo2 T X5 0 -1 -2
1 J 1.2
Xgo—2X o+ X Xy, —2Xx,, +x Xy, —2X,,+x 0 o 1
0,0 10 T X0 Xg 0T Xy X, 1,2 T X
XZ 0 Xz.l X’ 2

v
St

ag ¥ a [] - [ 1 d'! aa o .
auud IMumIngidrunsulashamadunuioluniieia TuuuIndn (column operation) 11

Lﬂu l:ya‘b :l

b d

o o Y
Aauazldd

yll,(l y(l,(l _yll_l y(j,l) _2y()_l +y(),2
T Ve Yo TV YT, Fy,

Yao Yo TV Yoy 20,7ty

wainddifensduiiunsludinuesind (row operation) fvTuouyndinsdutiums luduy

o & 14 o & 3 < o a = =1 LS “aa d’ Py
VoIndnNUIIUDY NaanITIHLARD MIauumsuasiansathaaansuadesuluaedia Tuiiqaes1d
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- X(m X ol ’Yn,z X

0.0 oo~ Xo, Xoo = 2%, + X,

KXo Xy X, = [x00—x0] X0 = Xia) =[x, —x,,] (%00 = Xi0]=2(x,, - wl+[Xo; = x,]

Xow Koy Xy (Xoo = 2x 0+ 5] [x50 =20+ 255 = %, — 2, + 2y ] [Xo0 =230 + 2,412 x, , - 20,0+ 2, ]+ [, = 2%, + X))

»
mewmsaaglilulaezunsy 1@

X0,0 ~[f » Xoo
Xo,i ~4Z » Xo1
Xo02 717 + Xo2
xpo—0o7, | L1 | L) — Xipo
X1,| —_— Y > Xl,l
Xi2 — > Xi2
X2,0 — — o | of > X2,0
X2 _,_f > Xz,l
X22 ' > X22

o o

{ o o [ aa 4
i 2.17 uaasnsms Inavesdyanadmiuamsilanhamadumizouny 2 fia dle v=3

Taodyanaildlugii 2.17 Tanuminedalugii 2.18
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nmsasennuagIkIvenudnyuzimmzididguenswasaaad untiedaiy
N Zoa. o2
auuATIUT ALY TaedeanaaeurazsenuuMINAToUiY Feuafaiiunen [1]

Sy Y a o P ' a ¢
"l]‘lﬂﬂllﬂﬂﬁ'nu'lllﬂ"l ﬂaqﬂﬂglﬂuﬂ1iwq51uﬂ1iﬂ'iENﬂ'!'liJQ'LIQN’]H‘UEN"]J’]ﬁﬂ‘lﬂLUﬂSﬂ‘lf

thamansiumesdadsuluniidia

FI0E1UTY : UATATUUIA 3 x 3

Xo| 11 0 0ffx X, =x,
N Xy |=[1 -1 O|lx| = X, =x, —x,
X, |1 -2 1|x, X, =xy—2x +x,

o a ¢ ¢ 4 o <
mansalfulyduna uaziodyannmesmariilasasalaeudualsidu

Y, 1 0 0fx(n-2)
=l =1 0} x(n-1)
Y, 1 =2 1| x(n)
dufu
x(n-2) =Y, (2.24)
x(n-2)—x(n-1) =Y, ' (2.25)
x(n=2)=-2x(n-D+x(n) =Y, (2.26)
Nnaumsi (2.25) 114
Yo —x(n=1)=VY, (2.27)

NNAUMST (2.26) uag (2.27) 1214
Y, -2[t -r]+x(n) =1,
x(n-2)-2[x(n—2)~(x(n—2) - x(n-1))]+ x(n) = ¥,
' x(n=2)-2x(n-1)+x(n)=Y,

E 4
IHD1IUT Y2 MY y(n) INT ISR x2 (T x(n) watiu-

y(n)=x(n)-2x(n-1)+x(n-2)
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H(z)=1-2z"+12" (2.28)

Y v '3 ¢ Y 74{ o
L!ﬁ:"ﬂzl’lﬂiﬂ‘iﬂﬂiN‘VIN8159\11’]‘5‘1!6\1’3\1’1]5ﬂ'ii)\i‘ﬂ1ﬂﬂ1ﬁ ﬂﬂugﬂ‘n 2.19 LLﬁZLLﬁﬂQQmﬁﬂHmt‘WN

L) as

{ a o 1 5 < r [~ { 1
Ad (Favue) Tadagali 2.20 ezt i hiligudnuaziiuissasosnnudigain

q

¥n)

Magnitude of Transfer Function H(z)

0 0.t 02 03 o4 05 08 07 0.8 09 1
Normalized Frequency (pi rad)

31U 2.20 nomeuauBIMABLI/AgAnInaUNTT (2.28)
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x(n)
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31 2.21 Tassadhavennsesnseathamaninaumsi (2.29)

[ ' X a : 1 4 dg 4 0 V'
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Normalized Amplitude
o

o
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o
o
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©

0 o1 02 03 o4 05 06 07 oz 065
Normualized Frequency (pi rad)

31 2.22 wameuAUBINIIANUTNINANNITT (2.29)

30IH N=4, order 404 filter A9 N-1 = 3 * order ¥9429935n5291aa 8

i d
[ ° 4 o . . o
rouimaueiuealadns muainesHei9y (Normalized transfer function) 32 18aumsaan

H(z)=1-3z"+3z2 -1z (2.30)
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Mugnitude of Transfer Function H(z)
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H(z)=% -3z 4322127 231)

Normalized Amplitude
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Hz)=1-4z"4+6z7-4z"+1z"* (2.32)

Mugnitude of Transfer Function H(z)
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Normalized Frequency (pi rad)
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H(z)=% (1-4z7"' 46272 -4z +1z7%) (2.33)
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H(z)=1-5z"+10z2 =10z +5z7 -1z~ (2.34)
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Abstract-This paper presents the investigation of frequency or
filtering characteristic that is hidden in-the discrete Pascal
transform. The Pascal matrix that used for signal transformation
by discrete Pascal transform in this paper is divided into 2 types,
the first type has hidden high-pass filtering characteristic and
another type has hidden low-pass filtering characteristic. This
paper will show the method to investigate those characteristics by
the transfer function of discrete Pascal transform systems will be
formulated and used for analysis the frequency characteristic of
such systems. Moreover, the relationship between the dimension
of Pascal matrix and frequency characteristic will be shown.
Finally, the result from the investigation will be applied for both
1-D and 2-D signal filtering applications.

I. INTRODUCTION

The discrete Pascal transform (DPT), that was proposed in [1-2]
has an attraction for signal processing applications, especially
application of the transform in digital image processing,
Moreover, many previous papers [3-5] introduced the advantages
of the Pascal matrix for designing digital filter.

As mentioned in [1-2], the DPT was used in bump and edge
detection. So, it makes us think of the high frequency component
in an image. Therefore, we make an assumption about the
hidden highpass filtering characteristic in DPT. This paper will
show the method to investigate the frequency characteristic that
is hidden in DPT. The DPT that uses Pascal matrix as shown in
{11, we will call the highpass type DPT, and we also present
another one that we will call the lowpass type DPT. All
frequency characteristic can be shown in the frequency response
of both 1-D and 2-D filtering. Moreover, we found that the
operation of direct DPT, as proposed in [1-2] has weakness.
From the frequency or filtering characteristic investigation, we
can improve the operation method from DPT to discrete Pascal
filtering (DPF). The simulation results will show the differences
between DPT and DPF output signal both highpass and lowpass
1-D and 2-D signal filtering.

11. DISCRETE PASCAL TRANSFORM AND BASIS FUNCTION

The discrete Pascal transform (DPT) X of the one-
dimensional (1-D) signal vector x is defined as

X =Px (1)

where Pis the Pascal transform matrix size Nx N, and xis
input signal vector, X is a transformed output signal vector
size Nx|. In this paper, we divide the type of Pascal matrix
into 2 types by basis function of the Pascal transform matrix.
The first type, we call highpass type DPT which is the same as
the one proposed in [1] and another type, we call lowpass type
DPT. We will explain to the reason for using these type names
in the next section.

A.  Basis Function of Highpass Type DPT
From eq. (1), the Pascal matrix P in the case of highpass type
DPT has the basis function as follows,

&
ﬂ"””(x) - P"""(x,k) - (—lllxﬂ) - (‘l)‘ (z] s, k=0,1,2,.. . N-1 (2)

B.  Basis Function of Lowpass Type DPT
In the same manner as eq. (2), the basis function of lowpass
type DPT can be shown as

X
k
where ¥ is dimension of Pascal transform matrix and

x)_ x!
k) kW x—k)

which we call binomial coefficient and is related to the
Pascal’s triangle. The only difference between eq. (2) and eq.

(3) is that the term (—1)* does not appear in eq. (3). This term

will alternate the signs of the columns of highpass type Pascal
transformation matrix.

For both eq. (2) and eq. (3), P(x,k) is an element in Pascal:
transformation matrix P as show in eq. (1) depending on the
type needed, x” is the row index and k” is the column index.

The function x*?is called falling factorial powers and can be
shown as follow,

P (x) = PO (e, k) = % =( ) k=012, N=1 3)

x!

G—k)

= x(e-Dx =2 (x—k+2)(x-k+1)= k2l @
where x” =1 and k is also called the order of basis function.

For example, we can show the3™order basis function of
both highpass type and lowpass type as follows, =

In the case of highpass type, there are 4 polynomials, those are:
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,:Iulm("_) =1

B ()= -x
A3y = 2 a(x= D) = =5 x= DR ()
P(x) == s s =2) == 3= DB
and we can summarize it to the recurrent formula by
)= ——(x k)P (x) - (5)

In the case of lowpass type, there are also 4 polynomials, those
are:

BN xy=1

I)I(I,I')(x) =x

1 i .
R = 3 x(x=1) =S (x NAM(x)
P (xy = lx(.r— Wx=2)= -l—(x— 248 (x)
: 6 3
So the recurrent formula can be shown as,
PE() = ——(x = F)R(x) (6)
k+1

Therefore. we can use the 4 polynomials that are obtained
from each basis function to generate the elements in Pascal
transform matrix of both highpass and lowpass type as follows,

i 000 1000
I -1 0 0 on 1100

PUPY(x ke P=P(U’)'k=
=[FmeRl=l [Pre0]=l) 5
| -3 3 -1 1331

The basic properties of these P matrices are the followings,

1. The elements of the first column are equal to 1.

2. All matrices are lower triangular.

3. For highpass type P™" matrix: the sum of the elements
of each row (except the first row) is equal to zero.
Eor lowpass type P*“" matrix: the sum of the elements
of each row.is equal to 2.

-1
4. For highpass type P™® matrix: the inverse [P‘""']

matrix is equal to the forward P™" matrix,
-l
or[ PN |7 = PM".

. . -1 .
For lowpass tvpe P™® matrix: the 1nvcrsc[P“‘”] matrix

is equal 1o (=1)*** multiply to the forward P*“"

[P(LP)]" = (=1 pn

The two-dimensional (2-D) DPT can find the transformed
output in the following {11

matrix, or

X = PxPT 7)

where P is the Pascal transform matrix in N x N dimension,
and its transpose is PT, Xis a transformed output of an input
image matrix x. In [1-2] does not explain about the practical
usage, which normally the size of input image must be bigger
than the size or dimension of the matrix operator. Only the

same size of input image and Pascal matrix operator are shown
with small size of assumed input image. In the real applications,
we use normal input image size such as 256x256 pixels. So, it .
is impossible to use the same size for Pascal matrix operator.
The block processing is necessary for this case same as when we
use the DCT (Discrete Cosine Transform) matrix to transform
the input image to the frequency domain. The DCT coefficients
can be obtained by using DCT matrix size 8x 8- for transforming
image. Similar to the DCT, we can use the smaller size of Pascal
transform matrix to operate with the real input image and the
DPT coefficients can be obtained. Therefore, it is not a problem
to apply the smaller size of Pascal transform matrix to operate
with the bigger size of input image, but the obtained coefficients
does not give a satisfactory transformed output image, and we
cannot see the edge of an image by this way.

If we focus on the effect that happens on the output image, the
direct DPT cannot give the good results and cannot give the
results we expected at the edge or high frequéncy components of

_ an image. We will show the transformed output of the direct DPT

on both 1-D signal and 2-D signal or image in section [V,

[1l. THE HIDDEN FREQUENCY CHARACTERISTIC IN DPT
AND ITS DISCRETE PASCAL FILTER

Since the DPT has the Pascal transform matrix performing as
the key operator, so if we consider such matrix as the system and
the input of this system would be input vector or input matrix x
depending on weather the case is 1-D or 2-D signal, and the output
of this system would be the transformed output X

Therefore, the system function or transform function of this system
must be formulated for investigating the characteristic, especially the
frequency or filtering characteristic of both the highpass type and
lowpass type Pascal transform matrix and both 1-D and 2-D signal case.

A. Frequency Response of Highpass Type DPT

Consider the 1-D DPT with N =3, from eq. (1) we would get

X, 1 0 0fx
1x =[ -1 0 x|] (8)
X, 1 =2 t|x

In order to formulate the transfer function, we are necessary
to make the relationship for each input data by giving
x; = x(n) .
xo=x(n=1) ;
Xo =x(n—=2);
Also, from eq. (8) we would get

. present data
| sumple delayed data
2 samples delay data

X, 1 0 O x(n=2)}
X, |=[1 —1 Of x(n-1) )
X, 1 =2 1 x(n)
Thus, we can summarize
X, =x(n-2) (10a)
= —x_(n—l)+x(n—. 2) (10b)
= x(n)—2x(n—-1) +x(n—2) (10c)

and we can show a system dlagram to represenl thc highpass type
DPT as below
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Abstract-This paper presents the discrete Pascal transform for
digital signal processing, the operations of discrete Pascal
transform is based on Pascal transform matrix which perform as
the operator for signal transformation. The Pascal transform
matrix that is used in the discrete Pascal transform which is
proposed in this paper is divided to 2 types. Generally, the matrix
transformation is necessary to have many multipliers and adders,
which is depending on the dimension of used matrix operator. The
factorization of Pascal matrix into binary matrices will allow the
transformation using Pascal matrix to operate without multipliers
and only adders are used. Therefore, the hardware realization for
transformation circuits can be efficient designed by using the
butterfly unit for discrete Pascal transform to establish the whole
structure. Moreover, the hardware structure of two dimensional
discrete Pascal transform will be proposed for 2-D signal
processing case.

I.  INTRODUCTION

The discrete Pascal transform (DPT) that was presented by
[1] is onc of many discrete transforms such as DFT (Discrete
Fourier Transform), FFT (Fast Fourier Transform), DCT
(Discrete  Cosine Transform). DWT (Discrete Wavelet
Transform), etc. Most of these discrete transforms can be
operated in the form of matrix operation as same as the DPT.
The interesting problem is that matrix operation consumes
many multiplications and many adders for implementation, all
of these depend on the size or dimension of matrix operator.

With some properties of Pascal transform matrix where the
elements in matrix operator are the binomial coefficients and
related to the Pascal’s triangle, we can factorize the Pascal
transform matrix into binary (1,0,-1) matrices. Then we can
represent Pascal transform matrix in the form of binary (1,0,-1)
matrices, the transformed output, which is computed from
Pascal transform matrix operation, can be computed without
any multipliers. Only adders are used by using an efficient
hardware structure that is obtained from these factorized binary
(1.0,-1) matrices {2,4].

The Pascal transform matrix in this paper is divided into two
types that are called highpass type and lowpass type,
respectively {3]. In [4] proposes only the efficient hardware
realization of highpass type DPT that uses highpass type Pascal
transform matrix, but this paper also proposes the efficient
hardware realization-of lowpass type DPT. Moreover, we also
propose the elimination matrix that is used for formulating the
factorized binary (1,0,-1) matrices both highpass and lowpass

type which do not appear in [2,4].. Finally the efficient.
hardware realization of two-dimensional (2-D) DPT can be
shown in the form of one-dimensional (1-D) DPT structure,
and from the DPT hardware structure we will show the
improvement of discrete Pascal filter (DPF) in both 1-D and 2-
D case and both highpass and lowpass type.

II. BASIS FUNCTION OF DISCRETE PASCAL TRANSFORM

The discrete Pascal transform (DPT) X of the one-
dimensional (1-D) signal vector x is defined as

X =Px (1

where Pis the Pascal transform matrix size Nx N, and xis
input signal vector, X is transformed output signal vector size
Nx1. In this paper, we divide the type of Pascal matrix into 2
types by basis function of the Pascal transform matrix. The
first type, we call highpass type DPT which is the same as
proposed in [1-4], and another type, we call lowpass type DPT.
The reason for calling those type names was mentioned in [3].

A.  Basis Function of Highpass Type DPT
From eq. (1), the Pascal matrix P in the case of highpass type
DPT has the basis function as follows,

B.  Basis Function of Lowpass Type DPT
In the same manner as eq. (2), the basis function of lowpass
type DPT can be shown as -

k!
where N is dimension of Pascal transform matrix and

x)_ x!
k) ki)

that we call binomial coefficient and is related to the Pascal’s
triangle. The only difference between eq. (2) and eq. (3) is that

the term (—1)* appears only in eq. (2). This term will make
alternating the sign of the columns of highpass type Pascal
transformation matrix. Both eq. (2) and eq. (3), P(x,k) are the
element in- Pascal transformation matrix P as shown in eq. (1)
depending on the type needed, x"is the row index and k" is
the column index.

)(I.I‘I(X) /:IU’I(X k)—i (I) X k—0|2 N-I (3)
= p xe=012,...,
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The function x*' is called falling factorial powers which can

be shown as follows,

A o x(rm I x=2) (5 k+ D x kA D= k2] (4)
. (x—k)!
where x™ =1 and k is also called the order of basis function.

For example, we can show the3™order basis function as
follows,

In the case of highpass type has 4 polynomials aré:
A"x)=1

I;I(Ill')(x) =—r

B x) = L x(x=1) = = 2= DA 0)
B(x) = _'Ex(x- x-2)= —%(x -~ 2B (x)

and we can summarize to the recurrence formula by

PP == (e= OR(2) (5)
In the case of lowpass type has also 4 polynomials are:
R =1
Yy =x

AP0 = 2 x(x=1) = 5 (x=DR(2)
A0 = Latx= N =2) = 3 e DR)
So, the recurrence formula can be shown as,
1
P (xy = m(x ~ k)P (%) . (6)

Therefare, we can use these 4 polynomials that are obtained
from each basis function to generate the element in Pascal
transform matrix both of highpass and lowpass type as follows,

{000 } 1000

" L =10 0| _an 1100
P =[ P (x kY] = L P =[P k)] =

b=l [oeb]=l ) g

| -3 3 - 1331

The basic properties of these P matrices are the following,
I. The elements of the first column are equal to I.
2. All matrices are lower triangular.
3. For highpass type P®" matrix: the sum of the elements
of each row (except the first row) is equal to zero.
For lowpass type P™" matrix: the sum of the elements

of each row is equal to 2°; x™ is the row index.

. . . -1
4. For highpass type P matrix; the inverse [P“"”]

matrix is equal to the forward P®"

or[ PP ]" =pHn

matrix,

. - -l .
For lowpass type P matrix: the inverse [P"‘"'] matrix

is equal to (~1)"* multiply to the forward P*“? matrix, or
[P(LP) ]“ - (_l)nk pep

111. EFFICIENT HARDWARE REALIZATION OF DPT AND ITS
* BUTTERFLY UNIT

In [1] proposes only the basic of DPT in the form of matrix
operation and does not focus on hardware realization. In [2]
proposes the hardware implementation of DPT but the method
that used to decompose or factorize the Pascal transform
matrix into binary (1,0,-1) matrices is not as compact as the
one proposed in [4] which can give the very efficiently
hardware structure with all compact factorized binary (1,0,-1)
matrices. This section will show the method to factorize the
Pascal transform matrix both highpass and lowpass type into
binary (1,0,-1) matrices using elimination matrix where some
details do not appear in [4].

A.  Pascal Matrix Factorization to Binary (1,0.-1) Matrices
Consider matrix P®Pthat has the dimension N =2, which
can be denoted to
ey _ t 0
wel; )

and from equation of highpass type 2-point DPT can give
Xo| [V 0]lx
x4l =i

Therefore,

) Xy=x, (7a)
_ (7b)
from eq. (7a) and eq. (7b), we can make the data flow graph

as below, .

Xy=x,—x

Fig. 1 A Butterfly unit of highpass type DPT

The data flow graph that is obtained from eq. (7a) and (7b),
we call a butterfly unit of highpass type DPT. In practical, we .
do not need the constant multiplier (-1) since we can design the
subtractor instead of adder. The reason to draw data flow graph
as shown in Fig.1 is that we want to make distinguish structure
compared with a butterfly unit of lowpass type DPT and, in
this paper, both subtractor and adder will be classed all the
same. ' o

Consider again to P*? that has the dimension N =2,

pan _[1 0
11

and from equation of lowpass type 2-point DPT can give
Xo|_[1 Ofix
x i

Xo=x,

X, =X, +x

Therefore,

(8a)

(8b)
from eg. (8a) and eq. (8b), we can make the data flow graph

as below,
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» X

R] -

L2 N ]

Fig. 2 A Butterfly unit of lowpass type DPT

The data flow graph that is obtained from eq. (8a) and (8b),
also called a butterfly unit of lowpass type DPT. The butterfly

unit shown in Fig. 1 and Fig. 2 will be the basic element that is

used to establish any N-point DPT.

The method to factorize the Pascal transform matrix into
binary (1,0,-1) matrices and to obtain the efficient hardware
structure of any N-point DPT using Gaussian chmlnauon (5]
can be described as follows,

Lowpass type DPT
The lowpass type elimination matrix E®P has entries
EXM =1and EYR) =—1 [5). Assume P{*" for consideration,

First Step for matrix elimination:

1 1 1000
N 11 0100
E?.F)P‘(l.n___ = ]
-1 1 12 0110
-t 1t 330} o 21
1o
“lo pon
Seg:ondSteg:

1 0 0 0fft ooo]ftooo
it 1t o) o 1 o offorooffo1roo0
0 EMijlo P™|7]o -1 1 ofo 1 1 0f 0010

: 00 -1 1]lot21|{oo 11
: 10 0
=0 1 o
OOP(LP)
Third Step: ]
M o o olft 0 00
1o o710 o
01 0 0flo 100
01 0o 0405 1 olloo 1o
00 Ef™jjo o P ’
0 0 -1 1)jo 011
o0 o0
0t 00
=| =1
0010 U
[0 0 01
So that,
to o
(.P) (1P
01 o [0 Em,][ﬁ [ee]=m )
00 EW
o T[T O o1
. PP [E‘“”] an| 01 0 (10)
0 Ef
0 0 EM™

Therefore, we can factorize the lowpass type Pascal
transform matrix P“‘"’ into binary (1,0) matrices as

1 || 1

!

[ ! A
!

[N O | B B 1t

IO N

301

This method of matrix decomposition or factorization is the
same as the one used in [2] which cannot give the compact form
of binary matrices. Using the property of inverse of lowpass type
Pascal transform matrix as mentioned in section II.

to 07,
01 2P) [0 EM][E‘“”] (-n"tpee an
00 E

we can show that

t 00 .
P:Ln=(_l)m 01 x(—l)"[ Ean] (—l)"[E“'"] (12)

oot:‘”"

Finally, we can factorize P into binary (1,0) matrices by
this method as

Surged Siagel Stagel

- Ly an

301 N 11 11

W N e

And this is the compact form of binary matrices that is
factorized from lowpass ty pe Pascal transform matrix.

Highpass type DPT
The highpass elimination matrix

EM® has entries

H : H H
E") = —Lexcept EQ" =1land E") =1. Assume P{*™ for
consideration,
First Step for matrix elimination:
1 1 10 00
1 1 -1 o1 00
E‘:ml"("”= =
1 -1 1 =2 1 01 10
1 -1§it =3 3 170 1 =21
1 0
“lo poo
Second Step:
1 0 0 Offt o o0 o 1 000
t it oY for o offor o ofjoi1oo0
0 EM o P|7jo 1 -1 0flot -1 o[ ]oo1 0
00 1 ~t1jf0o1 =2 1] 1001 =
’ 10 0
={0 1 0
0o o0 P
Third Step: A
oo oq [ s
0 1 00t 041, 5 1 oo o1
00 EM™Jlo o PO
0 0t -1)jo 0 1 -
‘1 00 01
0100
“lo oo 0”[ll
lo 0 0 1]
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So that, PO o (441, (41 [,

1t 0 0 1 1 1
{33 °}[3 B U R U T . (19

ES" 1 - -l

Lo [t O o T 1~ 1 -l bl
o PEP =[] an| [0 1 0 - .
0 E} 0 0 EWO To simplify the method to factorize the Pascal transform
f . hich : Pascal matrix both lowpass and highpass type into binary matrices, we
Therefore, we f:;n actorize the hig pa.ss type Faseal  nronase steps to create each binary matrix as follows,
transform matrix P""into binary (1,0,-1) matrices as . :
. For Lowpass type:
l‘ - [ ]" ! 1. The main diagonal entries are *1” for all stage.
Pﬂln

A | : | ! : 2. All entries in upper triangle are equal to ‘0"

1= -l 1 -1 '
Similar to the case of lowpass type, this form of binary [

matrices ar¢ not compact form. Using the property of inverse 3. At stage 1", consider for the rowt x=N-I,N-2,...,[ by
of highpass type Pascal transform matrix is equal to its matrix.

1 -2 1 B e |
133 A1) Do- -

Also, we can show that ' rf°f each'x = if g, ='l' then g, ="T"
10 0 \ ) 4. Otherwise are ‘0.
PFI”:[O - ][0 Eﬂun][E(“”] (15)  For Highpass type:
00 E™ 1. Consider in the main diagonal,
th H h
Finally. we can factorize PM into binary (1,0,-1) matrices as At stage!” , consider for the row" x = N~1,N =2.....[ by
follows, "~ g, ="-1', otherare ‘I’
Stuge) Swgel Swgel -
! [ : [ ! or consider in this manner
PO R N R LR (O for stage { =N —1
1 <33 -1 _ T |-l Diag([q 1y )=011...1 =1} 'I' has N -1 elements

L . . . . others are ‘-1’
and this is the compact form of binary matrices that is factorized ers ]

from highpass type Pascal transformation matrix and is the same

as binary (1,0,-1) matrices that is used in fast DPT[4]. for stage [ =2

The above method can be used to factorize any dimension N Diag([q,.},) =011 -1 -1 ... =1I; 'I" has 2‘ cicmcnts
of both type of Pascal transform matrix into binary matrices others are ‘-1
with efficiency. for stage [ =1

Diag([q . })=011 -1 -1 -1 ... —1}; '1' has 1 element
others are ‘-1’
2. All entries in upper triangle are ‘0°.
3. At stage 1", consider in each row,

B. DPT Flow Graph

From previous, we can factorize both of highpass and
lowpass type Pascal transform matrlx into binary matrices. The
Pascal transform matrix in dimension N =4 orP,can be

factorized to three binary matrices. We can summarize in Ff e, ="-1" then g, ='I"
general form as follows, 4. Otherwise are ‘0"
p= ]l[[q,,.], x k=012 N1 The data flow graph showing hardware realization of DPT
] (I7) " can be created from factorized binary matrices and its structure
=(qa)ealdadva (4], consists of many butterfly units which are the basic
" computational element in DPT.
where[q,, ], is binary matrix at stagel” . The lowpass type 4-point DPT can be computed by
Therefore, from eq. (13) x,]h % X":'xo
P = (16 L), Xop_v 1 X, X, =x,+x (20)
i 1 1 X, Jjro2oa X, X, =x,+2x+x,
~ ,. i 11 (18) X, Ll 33 ‘l__x, Xy =X, 43x, +3x, +x,
- I o L1 ! i ! T
1 0 L 2 ! ! b 5
: 1 11 1ty |
and from eq. (16) 11 o 1 ] x
T e Stope? Stagel ’
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Therefore, the lowpass type 4-point DPT flow graph can be

shown as in Fig. 3

g

the number of multiplications and number of additions would
be
N(N-=3) (N-DN
2
Finally, from DPT flow graph (butterfly based) which is
based on Pascal matrix factorization into binary matrices can
compute the transformed results without multiplications. Thus

My=1l+ and A4, =

' i { ! .
N — — X
! i i .
b St L
§ - 8P, e T > X
1 \r;\ i
{
x » > t > X.
. —\\\\\\\\;:ii “\\\\\;¥\;:i: :“ﬁi\\\\\\"%\ o
; : » »—— > X
" N \ ZA N2

Fig. 3 The lowpass type 4-point DPT flow graph

We use 6 lowpass type butterfly units for realizing lowpass
type 4-point DPT. This structure is suitable for hardware
implementation and very easy to implement. Especially, in
VLSI design this structure is very compatible to the pipeline
technique by placing the pipeline register on each stage as
shown in Fig. 3 to enhance the speed of computation of DPT.
The highpass type 4-point DPT can be computed by

M,

=0 and 4,

(N

2

The summary of computational complexity of any N -point
DPT can be shown as in Table I.

TABLEI

COMPUTATIONAL COMPLEXITY OF N-POINT DPT

Direct Matrix Pascal Matrix Butterfly Based
Multiplication Multiplication DPT

M N |+£ﬁ£%:§l 0

4, (N-N (N-ZI)N (N—ZI)N

AL x, X=X,
X, -1 X, Xi=x—x
X, - I =2 X, = Xy =X, —2x,+x, @h
X, 1 -3 =1 x Xy =Xy —3x, +3x, - x,
1 ) 1 x,
_ t 1 1 -l X
B 1 1 - 1 -l 5
1 -1 { 1 ES

Saged

Stugel

-1 1
Stgel

Therefore. the highpass type 4-point DPT flow graph can be
shown in Fig. 4

-3

£

xXa T

Fig. 4 The highpass t);pe 4-point DPT flow graph

This type of DPT also uses 6 highpass type butterfly units -

for realization.

C. Computational Complexity of DPT

[f we consider the number of operation of DPT directly from
definition matrix multiplication in eq. (1), the number of
multiplications (M,) and the number of additions (or
subtractions in the case of highpass type) ( 4, ) will be

M,=N* and 4,=(N-ON

However, the Pascal transform matrix is a lower triangular
matrix where all entries in the first column are ‘1’ and the
entries in main diagonal are equal to ‘1’ or ‘-1°. Also, no
multiplications are needed for operating those entries. Then,

1V. Two-DIMENSIONAL DPT AND ITS IMPROVEMENT TO DPF
STRUCTURE

The two-dimension (2-D) DPT can be computed by [1-3]
(22)

where P is the Pascal transform matrix and its transpose P}
X is transformed output of an input image matrixx, all of
matrix size Nx N .

for example, we will consider highpass type 2-D DPT with
N=3 '

X =PxpPT

: ! Xoo Yo Xea U 11
X= [P""”][x][?""”]T =|1 Xoo Koy Koa -t 2| (23)
=2 [ %o Xy Xz )l- !
Xow Xy Nag Xoo X, Xoa
X X Xy |= Xon " Xta Xug =X L Rat I8
X Xuy Xy L¥oa =2xp Xy Xy = 2Xy HKyy Xy =X, HX, J
e et o op e s b [ .0]
| S 1.
x[ -1 —2:]
1
Thus, ' _
Xoa Xn.l Xoz Yoo Yar Yaa||! 1 1
|:Xm Xu Xu}=[)’u Ju )’u:ni -1 '2:| (24)
Xag Ky Ko, Yin Y Yz !
Yoo Yoo~ Yoy Yoo~ 2Y0s * Yoz
= Ve Yo~ Yu Ye—Watla
(V2o Yio=Yu Yaa—2Vutha
.ﬁmﬁﬂf’ﬂﬁ:ﬂﬁffi&ﬁﬂﬂf:ﬁ y
et 2-D eperction (3-0 DPT)
Finally,

New N N f PN T 2xg 0K
ROV Y A L TR (DR REEMZA | (LS R A ]
N Sy Vo) laem2noen] (na=2n endole, =28 exy] [ =25, ¢ 0.]= 200~ 28, ¢ £, [ #hn, =28 45,

(25)
We can summarize 2-D DPT flow graph with N =3 as in Fig. 5
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» 7 i 3 Ner The processing element of highpass (leﬁ) and lowpass (right)
. 7 // . type are as below, respectively
£ (7 .‘“ / Nay ! . n - )
. i s -—-—[:'—"ﬁﬁ?%—" Tt
3 v | b | b sy 2 X5 - : =53 f
i S .. | 5 =
@ - 'é/;/ : x'»"v ' In practical, the 2-D DPF in Fig.8 used for image processing
e ] e Xas has to work along with image’ input arrangement circuit as
" 1 o X shown in Fig. 9.
s [_ o/ / i ky.e ’ R SR )
M. " N . 5 S » L)

. a0 ) K D I i)
Fig. 5 The 2-D DPT flow graph . o EE N x| l =1 a2y
where the processing elements of highpass (left) and lowpass S : :

(right) type are as below, respectively : el l

RUTIHE L]

Ao e d;

« - —t, e ~ S ) r 0 " e
3 - - 7 i
- x T : B et - S .

PRt T T

The DPF (Discrete Pascal Filter), which is mentioned in our : e s lwdi
another paper {3), can be formulated from the DPT by making the [ ] oar 2n %
refation between the inputs and focus only on 1 output. Using DPF, i
the computational operation will be changed . from matrix Fig. 9 The image input arrangement circuit
multiplication in DPT to convolution in DPF. With a little
modification, we can obtain the hardware realization of 1-D DPF of
“both highpass type and lowpass type as follows

From all above described in section Il and Il can be applied
to higher order or higher dimension DPT or DPF applications.

V. CONCLUSIONS

The DPT hardware realization of both 1-D and 2-D and both
highpass type and lowpass type is proposed. The hardware
realization using Pascal matrix factorization or decomposition
into binary (1,0-1) matrices can give the efficient structure
based on butterfly unit for DPT. The obtained DPT flow graph
can be used for transformation without multiplications, only -
additions are needed. Moreover, the DPF which is improved
from DPT is also proposed.

et
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Fig. 8 The 2-D DPF with Convolution Mask Size 3x3
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