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VAO VIEC TINH TOAN DCT

Vii Pinh Thanh @, Bui Hiu Phi @
D Truyng DPH B4ch Khoa — PHQG-HCM, ® Trung tim kiém so4t tin s& khu vuc II
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TOM T /iT Bai viét nay sé dé cdp dén mot kv thudt mdi trong viéc tinh todn bién déi .
DCT (Discrete Cosine Transform) dung thudt gidi CORDIC (COordinate Rotation
DIgital Computer). Nho thudt gidi nay sé tang dugc téc dp tinh téan trén phdn ciing.
Cdc tinh todn sé dugc thuc hién trén s6 thuc dudi dang mé td ddu chdm déng 16 bit bdt
chudc chudn IEEE 32 bit. M6 hinh phdn citng duoc thyc hién bing ngén ngit VHDL.

L. GIGI THIE U:

Thuat gidi CORDIC ( tit viét tit cia COordinate Rotation DIgital Computer ) dudc nha
téan hoc Jack E. Volder dua ra ndim 1959 dung cho cdc muc dich tinh téan nhanh cdc ham
lugng gidc va céc bién ddi nguge cda chiing. Uu diém cla Cordic so véi cdc phuong phdp tra
béng 12 tinh todn nhanh m chi cin luu mdt it cdc hé s& ban dau.

Phép bién dbi Cosine 1di rac (DCT) dudgc Ahmed dua ra vao ndm 1974. K& tir d6 dén nay,
né dugc ing dung réng rii trong nhiéu phudng thifc ma héa dnh khdc nhau nhd hiéu suit gin
nhu t8i ttu ctia né ddi vdi cdc dnh ¢ d6 tuong quan cao gitta cdc diém dnh 1an can.

Bi&€n ddi Cosine r¥i rac dugc si dung trong chuin nén dnh JPEG va dinh dang phim
MPEG.

IL. THUAT GIA1 CORDIC

fhuit gidi CORDIC xuit phét tif cdc phudng trinh quay vector. Néu mdt vector V ¢6 toa
do 1a (x,y) quay mdt goc ¢ trong mét phing xOy tao ra mot vector V' mdi toa dd 1a (x’,y’)
(hinh 1) théa man phudng trinh:

Xx’=xcos¢ - ysing =cosp [ x - ytand] (1)

y’=ycosd + xsind = cosd [ y + xtan¢]  (2)
Viéc nhin cdc thanh phin tand cé thé tranh dugc
néu cic géc quay ludn thdéa min didu kién tang = 2 2 /'V(x,y)
. Trong thi€t k& phan ciing, vi§c nay don gidn thuc 6 _—
hién bling cdch dich phdi i budc. V6i ¢ = arctan (27)
thanh phan cos(-9) =cos (¢) dugc coi 12 mt hing
s6 vdi mot s6 budc dich. Viéc quay nay cd thé Hinh 1: Quay vector V mét géc ¢
dudc biéu dién nhu sau:

Xt =K [ xi-yi.qi. 27] (3)

Vi = Ki [yi+%i.gi - 27 ] 4)

Trong d6 : Kj=cos(tan” 27) = 1/ (1422 y'? di=+/-1

B3 qua thanh phin hiing s& trong phuong trinh dich, ding mot thuit gidi dich va cdng cho
quay vector. Thanh phin K; c6 thé ding bit ct noi ndo trong hé thdng hay xem nhu 12 mjt
hing s6 khué&ch dai. Hing s& nay sip xi 0.6073 khi s6 budc dich di 16n. Vi vay thuat gidi
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quay vector c6 mot d6 Igi gin bing 1.647. D3 1¢i chinh xdc phu thudc vao sd budc dich nhu
sau:

An =1_[ A1 4+ 27 (%5

B6 quay CORDIC binh thudng hoat ddng & mét trong hai mode. Mode d4u goi 1a mode quay,
tidc 12 quay mot vector Wng vdi mot géc nao d6. Mode thit hai goi 14 mode vector, quay mot

vector dén truc X,

V6i mode quay, cdc phucng trinh CORDIC s€ 1a:

Xiet = Xi—Yi Qi - 27 (6)
Viel = ¥i+X;.qi . 2" : (D
Ziw1= 2 -G tan (27) (®)
Trong dé6 : g=-1néuz;<0, va qi=+1néuz=>0
Vi két qua clia mode quay s& 1a:
Xn = An [Xoc0S Zg — Yosinzo ] )
¥a = Ap [Yocos zg + Xosinzg ] (10)
Z,=0

Né&ucho: xg=1/A,,yo=0thixa=c08Zp; yn=5in 2.
K&t qua biéu dién trén phan cing nhut hinh 2.
‘ _ cordic_sym - Symbol Editor

CORDIC

CLK ¥—{cLK

START X—{ START

Qris. . o3
CHOICE —|CHOICE RERADY

FALLS. .0} M= fFrafls. . 0]

o

s

Hinh 2 : Sodé chan cia chip CORDIC
Y nghia cdc chan va kiém tra tinh todn :

Ngé vao Ngo ra Kiém tra thd K&t qua tinh
Choice : 1 tinh cos Ready : 1 tinh xong Choice = 1 (tinh cos) Q=-0.503
0 tinh sin Choice = 0 (tinh sin) Q= 0.862
Start : 0 chva tinh Q : két qué tinh Start=1
1 cho tinh
FA : gbc vao (rad) FA =2n/3
1L BIEN POI DCT
1. C4c Pinh Nghia Bién P6i DCT_1D
-FDCT_1D (DCT thuin mét chiéu):
2 oL 2n+ Dkn .
X(k) =.,]—ek)) x(n).cos| ———— | véi k=0,1,...,N-1 11
(k) N(),,Z:;() ( — } (11)
-IDCT_1D (DCT ngugc mot chiéu):
pl N-1 k . )
x(n) == Y e X(k).cos(MJ véi n=0,1,..,N-1 (12)
N o 2N
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Ll néu k=0
trong d6:  e(k) = V2 a (13)
1 néu k=0

C6 thé biéu di&n bi&n d8i DCT_1D thuin ngudc dudi dang ma trén :
(Xn) = [Cn] - (xn) (14)
(xn) = [CN]".(XN) (15)
trong d6 Xy va xy 12 cdc vector ¢t clia cdc ngd ra X(k) va ngd vao x(n)
Cy 12 ma trin NxN phén tif c4c hé s& lugng giac, vdi N=8, Cy xdc dinh nhu sau :

Cy Cs Cy C, Cy Cy Cy C,
C, C; Cs C; -C, -Cs -C3 -C
C, Ce -Cg¢ -C, -C, -Cs Cs C,
Cs -C; -C, -Cs Cs C, C; -G,
Cy = Cy -C4 -Cs4 Cs Cs -C4 -Cs Cs | (16)
Cs -Cy C; C; -Cs -C, C, -Cs
Cs -C, C, -Cs -Cs C, -C, Cs
C; -Cs C; -C, C -C, Cs -C; )
Trong d6 ki hiéu : Cy, = cos(mn/16) (@3

o f 2
Chi ¥ : trong c6ng thitc dang ma trén, ta bd qua hé s6 hang -ﬁ

2. C&u Triic VLSI Cho DCT Mgt Chidu :
Trong c&u tric VLSI thuc hién phép tinh DCT, hai phan ti cin ban dugc thi€t k& 1a khdi
X+ dugc biéu didn & hinh 3 va kh&i xoay géc 0, 12 rotd dudc biéu dién trong hinh 4.

X 4 x'= x+¥ ‘ X 4 X,
X+ roto
Y p - Y =Xy Y, - Y1
Hinh3 : Dinh nghia khoi X+ Hinh 4 : Dinh nghia khéi rot

Trong d6 : X; va Y, dugc xdc dinh theo phudng trinh sau :

X, cos® —sin0 | x
= : (18)
X sin® cos@ |y
va 0= (iﬂ/lﬁ) y Ci= cos(e-.)
Nhd céc phuong trinh (14), (15), (16), (18), ta xdy dung cdu tric VLSI ciia bi€n ddi

FDCT_1D nhu & hinh 5.

Trong d6 x(i) (i= 0, .., 7) 12 cdc ngd vao, X(j) (G=0,..,7)1a cdc ngd ra ca FDCT_1D.
M;, P;, My, P;; 1a cdc ky hiéu ngd vao va ra cla cdc khoi, C4 12 hé s6 nhan cos(64).

3. Bi€n P8i DCT Hai Chiéu (DCT_2D)

Bi&€n ddi DCT_2D dudc xac dinh theo cdc phuong trinh sau:

- Bi€n d8i thuin (FDCT_2D)
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XG, j) = E%e(i).e( j).hfjf 2(x, y).cos( (zx;;)'in}cos( (2y+ Dj“) (19)

%=0 y=0 2N
- Bi€n d6i nguge (IDCT_2D) :
N-1N-1 . .
2(x,y) = ﬁz{; jzjﬂe(i).e( ).XG, j).cos(%%}m} cos[(zy—;\l%ﬂJ (20)
-Dang ma trin:
Xxn = Cn.Zinn [Cn]” (21)
Znn = [Cn]" Xun-Cn (22)

Trong d6 Znn va Xnw 12 cdc ma trin vao va ra tuong Wng.

Ta hoan todn c6 thé phin tich bi€n d6i DCT_2D thanh cdc bién ddi mot chibu trén céc
dong — c6t, s6 dd khdi cho DCT_2D nhu trong hinh 6.

Céc bi€n ddi IDCT_1D va IDCT_2D ciing lam tuwong tv, d6i vdi IDCT_2D, dya trén cdc
bi€n d8i ngugc mot chiéu IDCT_LD, so d6 khdi cho IDCT_2D tuong tu hinh 6, chi thay khéi
DCT_1D bing IDCT_1D.

x(0) |

x(7) |

X3 ==

x(4) ]

- < [ R

x(6) |

.4 (71) J—

x(5) —]

Hinh 5  Cdu triic VLSI cho DCT_ID vdi 13 phép nhdn
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Poc dif Dén DCT_1D ~ Phén Ghi dit
lidu vao > kénh > ' kénh ’ liura
Luu trit va

r V.
chuyén vi

Hinh 6 : So dd khéi phin ciing bién déi DCT_2D

Viéc thuc hién md hinh phin cting cho DCT_2D bing ngdn nglt VHDL c¢6 md hinh
k&t qua trong Hinh 7.

B dct_2d.sym - Symbol Editor

I nnn_n:s..o:-—)é(nnn_nts..
CLK ¥—| CLK R_EN—X R_EN

RESET ¥—{RESET DATA_WL1S. . 01X DATA_WL1S
START ¥— START ADR_WLS. . 011X ADR_WLS. .
_RILS. . @] )(—- DATA_RL1S5. . @] u_EN—X U_EN
| READY—X READY

Hinh 7 : Két qud thuc hign DCT_2D

IV. TINH TOAN CU THE

Khéi dit liéu dwa vao c6 céc gid tri dang thip phén cho trong bdng sau:

Dit liéu vao
50 43 | €53 50 56 43 56 61
50 48 58 50 56 58 56 58
53 45 45 40 45 61 50 61
45 58 50 58 56 50 50 61
81 48 38 -21 45 53 50 61
40 45 68 13 56 43 50 58
48 40 89 89 61 40 58 73
45 40 48 66 7 45 48 53

™

K&t qiia bién ddi DCT_2D ciia dit liéu biing chip DCT_2D'nhu trong hinh 8
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K&t qué tinh todn bién ddi DCT_2D dang decimal.

16464:U3LPM_RAM_DQ:inst_Tlakram sramicontent

Hinh 8 : Két qud DCT_2D ciia dit liéu trén

K&t qud tinh cia DCT_2D
1657 |  -55.93 57| -84.437| 28.984| 27.531 67.437 |  22.906
1.077 | -33.593 24| 11025 -11.476| -86.062| -18.843| 43.562
14.351 -4.64 -85 | -116.375| 20.156 | 118.187 | -11.765| -63.437
38.31 842 | -11.648| = -5.093| 27.968 -29.75 2,139 109
109 | 13.101| 132.875 82.187 | -28.015| -32.031 -8.5 -6.207
106.25 -7.976 -129 | -120.437|  64.625 30.593 | -40.031 -8.304
-69.81 -6.218 -3.761 3.171 -6.187 18.75 | -10.523 -59.56
-36.562 -7.335 138.5| 94625| -13.718| -34.781 63.656 |  76.062
K&t qui ki€m tra bing Matlab
1655.7 -56.5 51.8 -84.5 28.8 273 67.1 26.7
1,52 -33.63 | 23.92 110.29 1137 | . -86.02 -18.90 43.51
14.4 -4.6 -85.5 -116.4 20.2 7118.3 -11.8 -62.9
38.3 8.4 -11.6 -5.1 27.9 -29.8 2.1 109
-109 13.1 132.9 82.3 -28.0 -32.0 -8.5 6.2
1106.3 8.0 -129.1 -120.5 64.7 30.6 -40.1 -8.3
-69.8 -6.2 3.8 32 6.2 18.8 - -10.5 -59.6
-36.6 74 138.5 94.7 13,7 -34.8 63.7 76.1
Luu ¥ ring k&t qua bi€n d6i DCT_2D trén diy chua ké dén hé s6 -1]\7
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V. KET LUAN:

M5 hinh phan ciing thuc hién cho thuét gidi Cordic trén ddy dp dung dudc cho moi géc
(I6n tiy ¥ trong pham vi ¢6 thé mo ta cda s6 floating point 16 bit). Hon nita viéc tinh téan
thuc hién trén s6 thuc (real), do d6 m6 hinh cé tinh tdng quit cao, tuy nhién s& chi€ém bd nhd
16n hon. Céc phép tinh sin, cos sai s & s6 1& thit ba, d6 chinh xdc c6 thé dugc cdi ti€n hon
nita, n€u ting s& bit mo ta sd floating point.

M5 hinh x4y dung tinh téan DCT trong hinh 5 va 6 dugc thuc hién trén s6 thuc 16 bit, ¢é
thé 4p dung cho bat ky ng dung ndo ddi hdi gid tri clia cdc s& liéu 12 16n hay d6 chinh xdc
cao.Tuy nhién, khi thirc hién trén FPGA s6 logic cells doi hdi 16n.

Véi viéc ting dung thuit gidi Cordic vao viéc tinh téan DCT c6 thé s& dudc diing nhiéu
trong cdc cong nghé nén va gidi nén 4nh s& trong tudng lai.

APPLICATION OF THE CORDIC ALGORITHM INTO THE
CALCULATION OF DISCRETE COSINE TRANSFORM COEFFICIENTS

Vu Dinh Thanh, Bui Huu Phu

ABSTRACT: This paper presents a new appoach in the calculation of DCT ( Discrete
Cosine Transform) coefficients by using CORDIC algorithm (COordinate Rotation Dlgital
Computer). Hardware processing will be enhanced by applying this algorithm. The
computation will be carried out on the real number indicated under 16-bit floating point
following the similar presentation as in IEEE 32-bit. The results are simulated in the VADL
environment. '
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