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Bai bdo dwa ra mét phwong phdp méi dé mi héa céec dwdrng cong 88 héa, phwong phép ndy
dwoc goi 1A phwong phép md héa theo binh phuwong t8i thidu. K§ thugt mi héa d8 xuft lidn quan
t&i todn tik lam trom cye dai chp nhin dwge. Vige &p dung todn tit néi trén cho phép lam tran
theo nghia binh phwong t&i thidu dwdng cong 88 héa khép kin don gidn lign théng 4, ddng th¥i
ciing dwa ra so d8 méd héa binh phwong t8i thidu bao gdm 272 vecto huéng khdc nhau, Dé thye
hign qud urinh ma héa theo phwong phdp méi, bai bo dé xuft mét cfiu tric biing chuyén (pipeline
architecture) hoat déng véi tin 88 cao.

Tir khéa, Lam tron dwemg bién 8 héa, ma héa dudmg bién 88 héa, ma trin Toeplitz tulin
hodn, cfu tric bing chuyén, VLSI,

1. DAT VAN DB

Trong xi Iy dnh néi chung, mét dnh 58 héa 1 mét mdng chiv nhgt hivu han ma cde phiin b
cda né duwge goi 1a cde diém hay cdc phiin ti dnh [5)
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M3i diém P trén T duge xdc dinh béi cip cée toa 4§ D cde nhfin che gid trj nguyén. Didm
P = (z,y) trén mdt dnh 88 héa cé hai dang léng giéng:

a/ nhiing ldng giéng (u,v) trén truc ndm ngang va thing déng sao cho
|z =ul+|y=vl=1
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b/ nhiing ldng gieng (u,v) ndm trén dudng chéo sao cho

|z = ul = |y = v| =1

Chiing ta sé goi nhitng ldng gitng cé dang a/ 1A d-ldng gidng vh nhirng ling giéng cd hai
dang a/ vA b/ 14 8-léng gidng [6]. Mot dwdmg cong 88 héa don gidn khép kfn ndm trén lwéi nh
hitu han £ 1a mét dwdng v = Py, Py, ..., Py sa0 cho (6]

a) P; = P, néu vk chi néu i = j,
b) P 1 léng giéng cia P; ndu v chlnéui=j+1 (mod n 4 1).

Hai didm bAt ky P, Q trén lwéi &nh hiva han £ goi I3 lidn théng véi nhau néu tn tol mot
dudng di 7 tir P téi Q. Néu cde didin 14ng gléng trén dwdmg di v 1A 4-ldng gieng th dudmg di gy
goi 1A dudmg di 4-lign thong, néu 8-1dng giéng thl dwdng di v goi lh dwimg di 8-lién théng. Mét
dwdng cong khép kin trén luéi dnh 13 mot dung di ¢é didm dlu va didim cudi tring nhau, Dé mé
héa che dwdng cong 88 héa, Freeman trong [1,2,3] di 48 xufit cic so dd ma héa dit ra phdi tun
theo céc tidu chufin sau (2]

- tfnh compac

- t{nh chinh xdc .
- tinh tron '
- d8 dAng mi vi gidi md

- dé xi 1y,

Che so 43 mi héa do Freeman d8 xufit dya trén khdi nigm v@ ma xich dwoe bidu difn b
chc vecto méi héa 4 hwéng hofe 8 huéng [1], holic di dwge tdng quat héa thinh nhirng vecto gdm
24 huéng (2], holic nhitng vecto gdm 48 hwéng :

3 2 t
4 0
6 6 7

Nhiing so d8 md héa dé cho phép gidi quydt vin d8 d§t ra v@ hifu qud Juu tri, tinh tron
va th¥i gian xi¥ 1y [2]. Nhirng so' d mi xich néi trén di dwge st dyng trong cdc Gng dyng vé xi
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Iy dit ligu bén 43 [2]

Bai bdo dwa ra mét phuwong phdp mi héa méi goi 14 mi binh phuong t8i thidu bidu didn
cde dwdng cong 88 héa. Ky thuft mi héa ndy lién quan téi todn ti lam tron cye dai chp nhin
dwgc, né cho phép lam tron cdc dwdng cong 88 hda khép kin lign théng 4 theo nghia binh phwong
t8i thidu. Véi todn tik ndy tao ra 272 vecto hwéng khdc nhau 4 bidu difn dwdng cong. D3i vé&i
cdc todn tik lam tron dwee bifu dién bing ma trin tulin hodn Toeplita, dé 1A dang ma trin ma
téng chc thinh phln trén hang 1A h¥ng s8, mdng systolic & mtrc bit (bit-level systolic array) dé
dwge d8 xuflt [4]. Mdng ndy cé cfu tric bing chuyén diy di, vi viy né dat dwge thn xuft thye
hign cao.

2. TOAN TU LAM TRON CUC DAI CHAP NHAN DUQC

Gid stk réng z = z(t), y = y(t) 1A mét duwdng cong khép kin dom gidn trong khéng gian Oeolit
2 chidu Rj. Gid thiét ring dudng cong ndy di dwge xip xi héa bdi tip N didm P, P, ... P,,. Che
diém nay 1a cdc phin tik cda mang chit nhit hiru han X, ching bidu dién mét dwimg cong khép

kin don gidn lidn théng 4. Gid st
2yl

IN UN

1 k¢ higu ma trin cda tat cd cAe didm rovi rac trén dwdng cong 28 héa, D& ddm bdo tinh tron vi
tfnh chinh xdc cda bidu di&n dwdng cong, diing phwong phép binh phwong t8i thidu dé xfp x| héa
ham bidu didn dudng cong 88 héa blng che da thie trire gino, Kt qua cia phép 1Am tron theo
nghia binh phwong t&i thidu mét dwdmg cong &8 héa khép kin lidn thang 4 s& dwoe bidu didn bing
nhitng todn tik tuy@n tinh (1/¢)C dp trén X véi C 12 ma trin Toeplitz tufin hodn ¢ N x N vh ¢
1a t8ng cdc gid tri cda cdc phin ti trén hang cda ma trfin C. Nhitng todn v ndy lAm cye tidu ¢de
sai 88 do réi rac héa va lugng ti héa., Tip con clia cde todn nay vt phd hep dé xdp xt nhiing
duwdng cong 88 héa va chiing dwge goi 1d cdc todn vl chip nhin dwge [7]. Gid thidt rhng:

1/¢)CX = X'

véi X' cb cde phiin i =} vd ! 1A cde toa d8 cda dudng cong lam tron. (1/¢)C 1A todn tik chp
nh§n dwge néu |{7):

lzi = 2| <1/2, |- wl<1/2 (1)
Theo djnh nghia trén, todn ti chip nhin dwge bédi ring bude v lam tron theo phwong phip binh

phwong t8i thidu théa man (1) s x4c djnh mdt hanh lang ma dwdng cong di dwee 38 héa gé nlim
trong dé (xem hinh 1). Trong |7,8] di ehi ra ring todn tik

76 3 -2 0 00 -2 3 6
(e 7 6 3 200 0 -2 3
(1/e)0 =5 | (2)
3 -2 0 0 0 -2 3 6 7 6
6 3 -2 0 0 0 -2 3 6 7

thye hign vige 1am tron cye dgi theo phwong phdp binh phwong t8i thidu véi da thie xdp xi bic
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ba cho chc cung gdm 7 didm cta dwimg cong #8 hba (xem hinh 1)

B ¥

(4) (4) (c)

Hink 1. (a) 1A dudng cong 88 héa lién théng 4
(b) 1A hanh lang ma dwdng cong ban diu ndm trén dé
(c) 1a dudng bién di dwoe lam tron bdi todn td (2)

D3i véi todn ti (2), ditu kidn sau dwee thda min
lei - 7i] < 10/21, lyi - yi| £ 10/21 (3)

véi 10/21 |& gid tri cwe dai nhd hon 1/2 trong s8 tht ch cée gid trj twong tng véi todn tib tuyén
tmh xdc djnh béi da thie bic mdt va bic ba [8]. Todn ti (2) dwge xdc djnh béi phép Jam tron
ham bidu didn dudng cong 88 héa bling phwong phdp binh phwong t8i thidu qua nhitng da thie
trirc gino bfic ba vi cung dé xfp xi gdm 7 didm. Diu dé 6 nghia ring moi cung 88 héa lign théng
4 c6 46 dai gdm 7 didm dugc xdp xi héa theo nghia binh phwong t8i thidu bing dwdng cong xdc
dinh qua nhiing da thice trye giao bie ba vi toa d8 dwge lAm tron tuwong dng véi diém gifra cda

cung 88 héa ( xem hinh 2).
7 %

Hink 2

D& véi todu tik (2), trong [4] di d¥ xuft mdt ming systolic & mie bit ad thye hifn qué

trinh 1dm tron. Mdng ndy ¢ cu triic bing chuyén hodn todn cho nén né duge thyrc hign véi thn
sufit cao v dgt dwgc théng lwgng lon. Gid st ring

z = (21,22, 3N)"
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y = (y1,¥2, - n)T

maéng systolic thyc hign phép nhan ma trin véi vecto U = Cz véi C dwge xde djnh béi (2). Phép
nhin ma trin véi ma trin CX ¢ thd dwge thye hidn qua hai phép nhin ma trin véi vecto. Ta
goi nhikng phiin ti khéc khéng trén hing cda ma trin (2) la:

a-3=2, a.3=3, a-; =0, a,=1, e =06, ay=3, az=2

Phép nhén ma trén véi vecto cé the bidu didn bdi tfch chip tulin hodn

]
Uy = Z Ay%(i=FymuiN 7=12 awy N
y==3

véi u; 1A thanh phiin thi ¢ cda u vz, =zy. Mdng systolic & mie tir (word-level sytolic array )
cda tfch chfp tulin hodn dé dwoce chi ra trén hinh 3.

Z & Procedure  Word-level cell
Begn Zh=2+ax
z'=x end
Z,;h voo 202 — ol 4

—
R 2 A e i

Phints FPhin t
! 2 3 4 5 6 7
4[4, 4. f 4, -_: 4 4 ds :
Hink 3

v Xioo 18 ddng di¥ ligu bidu diln toa 43 = cda diém 88 héa trén |[dwdng cong

w23, 1A ddng di¥ ligu bing O tai d8u vao cia phin ti 1. Tai diu vdo cila cée phin ti ti thi
hai dén the7, ..Z{*... 1o ddng di¥ ligu md m8i thanh phin dwgce tinh nhw mé td trong thi tyc
Procedure word-level cell,
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3. MA HOA DUONG CONG SO HOA BANG ¢AU TRUC BANG CHUYEN

Puwirng cong 88 héa di lam tron X' dwee xde dinh qua
4(1/c)CX = X' (4)

véic = 21 vd C duwoe xdc dinh béi (2). So d8 mi héa dudng cong di 1dm tron X' lidn quan t&i
todn tik 1am tron cye dai chp nhin dwge (1), So d8 mé héa ndy dwge goi 1 o dd mi héa theo
binh phwong téi thidu. Cdc toa 4 z} va ) cda X’ khéng thuge vé mdng ban diu I, bdi vy scr 45
ma héa twong ting khéng thue vé céc so db mé xfch (3], Céc so db ma xfch ndy xdc djnh trén cde
didm cda lwéi didm dnh ban diu . D& xdc dinh hwéng cla cde vecto trén so dd mi binh phwong
qua cip toa d§ ! vi y] ta xét (4) & dang

CX =cX (8)
Céc vecto twong ng khi dé dwge xfe dinh béi

caj, = ¢z} — ¢Thy,

!
Ciy = Cl; ~ Y4y

Céc toa 4 di dwge lam tron (z!,y!) vd (2}, ¥4, ) twong dng véi didm gita cla hai cung 88 héa. .
lign théng 4 1fén nhau cling ¢6 dd dai 7 diém (xem hinh 4)

S

-
Hinh 4

B xdc dinh cdc vecto hwéng, digu diu tién phai phén tich tit cd cdc khd ning cé thd xdy ra
cida chie cung 88 héa lign théng 4 ¢6 4 dii 8 didm. Céc vecto 6 trén géc phin tdm thir nh&t cla mit
phing 1a: (cai.,cayy) € {(15,0),(19,0),(21,0), (25,0), (14, 1), (20, 1), (22,1), (17, 2), (19, 2), (28,2),
(12,8), (16,3), (18,3), (22,3), (11,4), (17,4), (26,4), (14,8), (16,8), (20,8), (9,6), (13,6), (15,6), (19,8),
(14,7), (18,7), (11,8), (13,8), (17,8), (12,9), (16,9), (11,10), (15,10, (14,11), (18,11), (13,12)}. Cée
vecto trén géc phiin t&m thi hai cia mit phing 14 cde vecto d8i ximg véi cde vecto trén qua
dwdng chéo. Téng 88 chc vecto 1 272 vA ching c6 thé dwge bidu difin nhw trén so 43 & hinh 6.
Céc vecto ndy dwge xac dinh [in nira trén lwéi vudng cila cée diém qua phép quay 45 Don vj
khodng chch cda luéi vudng ndy 1A v/2/21. Nhitng vecto dwge xdc djnh béi ce diém bién cda cde
hinh vudng céch d8u nhau. D& dai téi thidu cla vecto cd gid trj v117/21 = 0,575018 va 4§ dal
cye dai cda vecto ¢é gid trj v/641/21 = 1,2056618. Nhitng vecto dwgc dénh 88 theo chigu téng cla
géc a véi tryc z vi theo chidu ting cla chufin néu nhw cé nhi8u hon mgt vecto cling cé chung gée

16



a véitrye z. Chitng duge ddnh 88 béi chc 86 N; € [0,271] theo thit ty cda ching.

Géc cye dai gifta hai vecto ké nhau trén so dd xp xl bAng 2° (trong trwémg hep mi xfch 48
vecto, géc ndy vao khodng 18%). Chudi mi cla dwmg bién da dwoc lam tron dwge xdc dinh béi
diy cdc 88 twong tng trong so' d3 trén, So dB ma héa trén 1A bt bign d8i véi didm khéi dbu, didu
ndy khéng cho phép trong cdc so d8 mi xfch. Theo céc toa dd cila cde vecto trén géc phlin tdm
thé nhét, ta cé: cai, € ~25,26), cayy € [-25,25), v viy cair + 25 € [0,50], cajy -+ 25 € [0,50).
Ma héa mét dwdng bién di duge Jam tron béi todn tik (2) cé thd dwee thye hidn béi cfu tric sau:

X% CX [TeagenT

I A/ og CYf

@ 1= CX}=CX} 12

bi = OV =L¥ 25

a; b

N E<ai;)

lll”ﬁ'ill

Theo cfu tric ndy ¢é ba logi thAnh phin x 1y khdc nhau, Phin td xd Iy thé nhft thye
hién phép todn nhén ma trin véi ma trgn OX bling cfu tric cda systolic array chi ra trén hinh 8.
Phin ti thi hai nhu mat cell trong co ché bing chuyén d€ tinh cde dja chl a;, b; cda clp toa A8
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a!, yl. Trong phlin tik thit ba mdi a;, b; dwge xem nhw dja chl trén bd nhé 4KW (LUT - look.up
table) (mdi a; va b, ciin 6 bit), N, 1a ndi dung tai dja chl 48 (N; € [0,271]) va chiing dwee t8 chibe
nhw ciu tric bing chuyén, ngi dung i dja chi twong wng dwge doc ra tir by nhé LUT, Thn 88
ctta biing chuyén ndy trén VLSI 1 mano gidy vi cfu tric ndy dugc dwa ra cho cdc ng dyung theri
gian the, ‘ :

4. KET LUAN

Trong bai bdo md td chech mi héa cde duwdmg bién 88 héa theo todn tiv cye dai chdp nh§n
dyoc vi mé th cfu tric biing chuyén dé thye hidn so 45 ma héa d8 xuft, So dd ndy sl dyng 272
vecto hudng khidc nhau, cdc vecto niy cho phép ldm tron dwdmg cong 88 héa khép kin don gidn
lign théng 4 vi cho phép tinh chu vi cda dwdmg cong véi dg chinh xdc cao. Sai 88 trung binh cda
tfnh todn dd dai cla dwdmg cong khép kin don gidn vho khodng 1%, sai 88 ndy nhé hon rét nhidu
80 véi vide sit dung cdc ky thugt di théng bdo cho t&i nay. Céu tric bing chuyén d@ xufit duere
thire hién véi thn 88 cao vi né dwge dwa ra cho cée ing dung thdi gian thye. Céc duwéng cong di
dwoe mi héa lam ti€t kidm bd nhé va phi hgp cho cde nhu cliu vé didm,

Nhén ngdy 5-1-1990
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ABSTRACT
TOEPLITZ MATRICES AND LEAST-SQUARES CODING

Digital contour coding is described. The coding technique is associated with the maximal
feasible smoothing operator which smooths the original simply closed 4-connected digital curve in
the least-squares sense. This smoothing operator generates 272 permissible direction vectors, For
the realisation of the resulting coding technique a pipeline architecture has been suggested which
operates with high cloch frequency. ‘ i
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