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NEN ANH TREN FPGA

Hoang Trang, Ho Trung My

Khoa Pié¢n-Bién T, Trudng Pai Hoc Bdch Khoa- PHQG TP.HCM
(Bai nhdn ngay 24 thang 2 nam 2005, hoan chinh sita chita ngéy 11 thiang 4 nam 2005)

TOM TAT: Bai bdo nay sé trinh bay cdc hudng thuc thi nén dnh dua vao DCT trén FPGA
sao cho dat duge yéu cdu vé thoi gian nhanh, tai nguyén phdn cing 161 wu dé dam bdo duoc tinh
xit Iy thoi gian thuc. Pong thoi, chiing t6i ciing cdi tién mt phdn gidi thudt nén dnh vdi muc tiéu
tdng 16c dg tinh todn, gidm bét tai nguyén phan citng. Cu thé, chiing téi thit nghiém cdc mé hinh
thiét ké khdc nhau trong ting khéi cia qud trinh nén dnh, tién hanh thit nghiém trén ho
SPARTAN2S ciia hang Xilinx, tinh todn thoi gian thuc hién, tai nguyén phdn citng, céng sudt.
Bén canh do, chiing t6i quan sdt va tinh todn chdt lugng dnh thu duge. Qua cdc thong sé trén, so
sdnh thiét ké ciia chiing 16i véi chudn JPEG.
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Hinh 1. M6 hinh hé thdng nén, gidi nén

& khdi diu tién cla bd nén, tin hiéu dugc trinh bay dudi dang thudn tién dé€ nén cé hiéu qua
nhit. Trong cdch bi€u dién c6 higu qua, chi c6 phin nhé dit liéu 12 cin thi€t d& truyén cho viée téi tao
lai tin hiéu. |

Hoat d6ng thit hai ctia bd nén 1a lugng tr héa, gidp rdi rac héa thong tin duge biéu dién.

Hoat ddng thi ba la gdn cdc tf ma. Cc t¥ md nay 12 mot chudi bit dung dé bi€u dién cic mifc
lugng t héa.

Mbi hoat dong cd gdng loai bd phan du thira trong tin hi¢u va tin dung sy gidi han ciia hé thong
nhin ctia mat ngudi. Nho bd di cdc phan tif du thita, cdc thdng tin gidng nhau hoidc ¢6 lién quan dén
nhau s& khong dugc truyén di. Nhitng thong tin bd di ma khéng dnh hudng dén viéc nhin, cling sé
khong dugc truyén di.

1.1. Bi%u difn thuan lgi

Trudc tién 1a qud trinh chia 4nh thanh nhi€u khéi d4nh nhd kich thudc 4x4, 8x8 hoic 16x16.
Trong d6, chia thanh cdc anh nhd kich thudc 8x8 dugce chitng minh 12 t6i uu nhat [3]. Sau dé, ti€n hianh
bi&€n ddi DCT 2 chiéu trén khdi 4nh nhd nay.

Ti€n hanh DCT 2 chiéu trén X 12 mot khdi NxN diém anh va tao ra Y 12 mot khéi NxN hé s6
DCT theo phuong trinh sau ddy :

Y=AX.A"T  va bién ddi ngugc IDCT : X= AT.Y.A

trong d6 A 12 ma trin bi€n d6i véi cdc hé sd

Aij = C_.‘ Cosw vii C_. = ‘]I (1:0), Ci :\/Z (l>0)
2N N N
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1.2: Lugng & héa

Budc ti€p theo cud qud trinh nén trong dnh I1a lugng tif hod céc hé s& F (u,v) sao cho lam gidm
duge s6 Iugng bit can thiét.

Luong tif hod dugc thuc hién bing viéc chia cdc hé s6 DCT 2 chiéu F (u,v) cho céc hé s6 & vi tri
tong (ng trong bang lugng tif Q (u,v). Cic hé s& c6 tAn s6 thap dugc chia cho céc gid tri nho, cdc hé
s6 ting véi tin sd cao dugc chia cho cdc gid tri 16n hon.

K&t qua ta nhin dugc bang F ,(u.v) méi, trong d6 phin 16n cdc hé s8 ¢6 tin sO cao s& bing 0.
Heé so bang lugng tif hod thudn dude xdc dinh theo biéu thic:

F(u,v)
Ft( =l =
L [Q(M»V)]

Cdc gid tri F ,(u.v) s& dugc ma hod trong cdc cong doan ti€p theo.

1.3. Ma héa Entropy H oMo D I
P& ma hod entropy cdc hé sd duge luong ti hod @ & D B D D D @
C’(u,v), trudc h&t cAn bi€n ddi mang hai chiéu clia cic & & & & & & & O
hé s8 C’(u,v) thanh chudi s§ mot chicu bang cdch quét zic- @ & & & & & & D
G B DD DD DD D
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{3 1) — g - Hinh 2. Quétqzic‘zﬁc céc hé sd

ANH.HEX 12 lugng tir héa DCT
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RAM.HEX

RAM.HEX

Hinh 3. M6 hinh thi€t k& trén phin ciing

3. THIETKE
3.1. Thi¢t k&€ DCT

Ching t5i thit nghiém 4 huéng thi€t k&€ DCT 2 chiéu: theo hu6ng tudn ty, huéng song song,
huéng han ché cdc trang thdi nghf va huéng dudng ong (pipeline) t6i uu. K&t qud nhu sau:
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Béing 1: Céc thdng s

DCT hudng tuin tw DCT hudng han ch€ céc trang thii nghi
Slice 1.151 Slice 1.614
Flip Flop 1.031 Flip Flop 1.547
LUT 1.988 LET 2.983
Cdng tuong duong 24.310 Céng tudng dudng 36.020
Thoi gian thuc hién (ns) 69066,23 Thoti gian thuc hién (ns) 2327.25
Cong sudt tiéu thu (mW) 500 Céng sudt tiéu thu (mWw) 750
DCT hudng song song DCT huéng dudng dng t6i wu

Slice 1.726 Slice 1231
Flip Flop 2.947 Flip Flop 1.040
LUT 3153 LUT 2.094
Cong tuong duong 45.190 Céng tudng dudng 25.940
Thai gian thue hién (ns) 16806,48 Thoi gian thuc hién (ns) 1148,7
Céng sudt tiéu thu (mW) 870 Cong sudt tiéu thu (mWw) 510

Thi&t k€ lugng tir héa

32xDCT (i, j)
QDCT(i,j) = MatranQ(i, j ));tileluongru
trong d6: k= 1 khi DCT(i,j) >0;

0 khi DCT(,j) =0;
-1 khi DCT(i,j) <.

Theo JPEG, RAM nay luu ma tran sau (hinh 4)
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Hinh 4: Ma tran lugng tir héa Q(i,j) ducc thi€t k& luu trong RAM gdm 64 gi4 tri 8 bit

Theo phuong thitc cdi ti€n ma ching tdi dé nghi, RAM nay luu ma trin sau:

Lugng tif héa theo JPEG Lugng tit hda huong dé nghi
Slice 1.695 202
Flip Flop 1.262 171
LUT 3.199 968
Céng twdng dudng 31.575 5.470
Thai gian thuc hién (ns) 213,56 102,54
Cong sudt (mW) 710 95
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3.2. Thi¢t k&€ ma héa RunLength

Xung clock, doc

ned vio
Thanh Slice 68
; Flip Flop 81
So sinh Zigzag_in(i) Y LET 100
vi Zigzag_in(i+1) I Cong tuong dudng 1.248
i Thdoi gian thuc hién (ns) 21,62
Ting gid Cong suit (mW) 30
tri RUN

|
_> Thanh ghi dici
Zigzag in(i+1) RL_OUT

v

Hinh 4. So d6 thuc hién ma héa RunLength

3.3. Thi¢t k&€ ma héa Huffman

M3 hod Huffman 12 giai doan cudi ctia qué trinh nén dnh, chiing t6i thi€t k€& 16ng vao bd ma
hod Huffman 12 mdy trang thai diéu khién cho viéc ghi dit liéu dnh da dugc nén 1én SDRAM.

Mai hod Huffman sé ma hod mot ky tu thanh mot chudi nhi phan chiéu dai thay déi [1]. Viéc
ma hod nay dua trén xdc sudt xuit hién cla ky tu trong chudi di liéu. D€ ma hod, phdi c6 mot bing
mi, va nén thi€t k€ bdng ma nay sén (lvu trong RAM ctia SPARTAN). Tir bing mi nay, chiing t6i s€
tra tuong ng cdc ky tu. '

Dit  liéu - ¥
ngd vao tir Biag 2 CONEROL
1 = s = HUFFMAN
g:fceﬂ L bo ma hod Tiski o | Sae
L]jj}’)r op :zg Run Length RAM Machine
= SPARTAN
Cong twong dudng 2.062 *
Thdi gian thyc hién (ns) 77,6 i i
Cong suat (mW) 45 Gmo. Elep %hn
dir liéu 1én
SDRAM
Hinh 5. S¢ db thyc hién ma héa Huffman

4. PHAN TICH KET QUA

V& vin dé tai nguyén phdn ciing, cin lvu y vé s6 transitor sit dung, cong suit tiéu thu . . . Diéu
niy sé dnh hudng dén vian dé kich thudc clia chip ASIC dugc ché tao, vin dé kinh t& . . . Bén canh dé,
vé vin dé thai gian, cin phai thi€t k& sao cho phai tuyét d6i dim bdo vé van dé thoi gian.

Chiing t6i xin phan tich mdt vi du sau :

s , . e o g . S12%512 o

Xét moi anh chita 512x512 pixel; nghia 1a phai thuc hi€n W = 4096 khoi tinh todn (vdi
mdot khoi tinh todn bao gdm thuc hién DCT, lugng t hod, quét ZigZag va ma hod Huffman trén mot
khoi 8x8 pixel; trong bai bdo ndy, ching tdi goi 1a khdi don vi nén) trén mdt 4nh. M2 trong mot gidy
¢6 30 dnh dudc truyén di, nghia 13 cdn thuc hién 4096*30=122880 kh&i don vi nén/ls. Nhu vay, mot
khai don vi nén cin thuc hién t8i da trong 1.000.000.000ns/122880 = 8138ns .
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Chiing t6i dua ra cong thife tinh todn kich thuGc dnh c6 thé nén dugc theo thdi gian thue hién
ctia mdt khdi don vi nén nhu sau (4p dung ddi v6i dnh hinh vudng):

N#*10*

1

Jth.gian(ns)* &

N la kich thugc clia dnh con ma dudc chia nhd tir 4nh cin nén (N=4, 8, 16)
0 =3;2,5;2,4 khi chudn truyén video lan lugt 12 30 frames/s, 25 frames/s, 24 frames/s.

Cic thdong s6 nén dnh

Ma trin theo chuin JPEG

Céich thue

Tai nguyén

Cong sudt (mW)

Thoi gian tinh cho 1 khéi

Kich thudc anh

(cOng) dnh 8x8 (ns) (pixel xpixel)
Tuan oy 61.214 1.050 100615,38 145x145
Song song 83.582 1.300 20901,11 319x319
Han ch€ cdc 71.254 1.150 5539,33 620x620
trang thdi nghi
Budng &ng t5i 61.485 1.100 3671,02 762x762
uu

Ma trin theo chuin hudng dé nghi
Cich thitc Tai nguyén | Cdng suidt (mW) | Thdi gian tinh cho 1 kh&i Kich thudc anh

(céng) dnh 8x8 (ns) (pixel xpixel)
Tuén ty 33.445 750 79555,24 163x163
Song song 56.730 1.000 17683,92 347x347
Han ch& cic 45.550 950 4730,88 671x671
trang thdi nghi
Puding 6ng téi | 34.050 750 2837,15 867x867

uu

Kich thudc dnh dp dung dugc
Chuin JPEG Ma trin dé nghi
B{ nén anh 762x762 867x867
B9 gidi nén 702x702 817x817
He thong nén va gidi nén 702x702 817x817

V& chit lugng 4nh, chiing t6i thir nghiém trén nhiéu anh, tir cic dnh don gidn cho dén cdc dnh
¢6 nhiéu chi ti€t phifc tap, nhu sau ddy 13 4nh Lena thu dugc:

Chuin JPEG

| Ma tran dé nghi

Chuéan JPEG

| Ma tran dé nghi

Cling tdc do bit 0,1 bpp

Ciing t5c db bit 0,3 bpp

PSNR: 21,1753 (dB)

PSNR: 14,4929 (dB)

PSNR: 26.3674

dB)

Ciing t5c dé bit 0,2 bpp

PSNR: 25.9908 (dB)
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PSNR: 30.9895 (dB

PSNR: 23.0752 (dB) | PSNR: 22.9258 (dB) PSNR: 31.362 (dB) _

V& chit Iugng 4nh qua thong s6 PSNR, chiing t6i tinh téan dugc qua phan mém Matlab nhu sau:

ba anh LENA, CLOWN, VONG
40,[ —— ma tran jpeq-CLOWN | ! '. 5 :
& ma tran cai tien-CLOVWN . . '

% -4 ma tran jpeg-l FNA 1 .
ma tran cai tien-LENA i _’_:i_,_,_»g
— ma tran jpog VONG _,_,—;_,—9'

ma tran rai tien-VONG * ,-—‘-}'f&
; : : 2
‘ H | H

30
Hinh 6. Chit lugng
dnh qua thong sO
PSNR

PSR

; |
5 H H H H H : H H H

ma n n: 14 T "ne 1A "ny 1 14
Bit per pixel

5. KBT LUAN, HUONG PHAT TRIEN

Van dung ky thuat dudng 6ng vao trong hudng thi€t k& ASIC 1a mot hudng di c6 thé mang lai
nhiéu hiéu qui. Ky thuit nay gitip phdt huy céc tiém ning, ting tSc do tinh todn, ddm bdo cdc yéu
cdu vé tinh thdi gian thyc, c6 thé 4p dung trong hé thdng thyc.

Khi nén véi tdc do bit <0,8 bpp, quan st ching t6i thdy c6 hién tugng méo khdi & dnh gidi nén
5o vGi 4nh goc. Didu nay c6 thé giai thich nhu sau: hé théng nén dya trén DCT nén theo titng khdi dnh
nhd, do d6 khong tin dung dugc tuéng quan gitta cic di€m dnh tai cdc bién clia cdc khdi lan can nhau.
Chinh 1y do ndy ciing din d&€n hé thdng chua tin dung hét hi¢u sudt nén.

Hé*thng nén, gidi nén theo chudn JPEG va theo huéng dé& nghi dugc so sinh mdt cich tong
guan nhu sau:

Chi't lugng dnh qua PSNR Chat lugng dnh qua quan sét
Kich thuéc dnh Bit rate < | Bitrate = Anh nhiéu chi | Anh it chi tiét
0.5bpp 0.5bpp ti€t phifc tap phiic tap
JPEG dé nghi
762x762 867x867 Huéng dé Hu6ng dé
(nén) (nén) nghi x4u hon | nghi t6thon | Hudng dé nghi
702x702 817x817 chudn JPEG | chuinJPEG | x&u honchudn | Tuwdng dudng
(gidi nén) (gidinén) JPEG
702x702 817x817
(nén va gidi | (nénva giai
nén) nén)

Khéc phuc hién tugng méo khdi clia thudt todn nén dnh duwa trén DCT nhu bi€n doi phi 1dp,
Wavelets. Tuy nhién, theo nhitng thif nghiém trén bi&€n d8i Wavelets, ching toi nhin thdy thi€t ké ciu
triic vi mach cho nén dnh dua trén Wavelets rit ton tai nguyén phan ciing. Vi vdy, mot hudng nghién
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cifu méi la thi€t k& cdu tric vi mach cho bi€n ddi Wavelets sao cho it t6n tai nguyén phin ciing, dim
bdo yéu ciu vé thdi gian thyc hién . . .

IMAGE COMPRESSION ON FPGA

Hoang Trang, Ho Trung My

Faculty of Electrical and Electronics Engineering, University of Technology-VNU HCM

ABSTRACT: The article presents four methods for implementing the DCT-based image

compression on FPGAs. The quantization matrix is applied to improve the performance of the
approach. We have verified the implemetation of the approach by using the hardware
SPARTAN?ZS of Xilinx Corporation. The hardware resource, timing as well as power consumption

are also extracted from the experiment results. The proposed approach for image compression is
also compared to the JPEG standard.

[9].

[10].

TAI LIEU THAM KHAO

David A. Huffman, “A Method for the Construction of Minimum Redundancy Codes”,
Proceedings Of The I.R.E, 1972.

David A.Patterson, John L.Hennessy, “Computer Architecture A Quantitative Approach”,
Morgan Kaufmann, ISBN 1-55860-372-7, 1996.

Rafael C.Gonzalez, Richard E.Woods, “Digital Image Processing”, Addison-Wesley, ISBN
0-201-50803-6, 1993.

William K Pratt, “Digital Image Processing”, John Wiley&Son, ISBN 0-471-37407-5, 2001.
Ling Guan, Sun-Yuan Kung, Jan Larsen, “Multimedia Image and Video Processing”, CRC,
ISBN 0-8493-3492-6, 2001.

Kevin Skahill, “VHDL for Programable Logic”, Addison-Wesley, ISBN 0-201-89586-2,
1996.

Xilinx Corporation, manual “FPGA Editor Guide” , “Floorplanner Guide”, “Timing
Analyzer Guide”.

The ACM’s First Electronic Publication, “Image 'compression—from DCT to Wavelets : A
Review”.

Olof Larsson, Oscar Jonhansson, “Implementation of Motion-JPEG Using an ASIC
Prototype Board”, Master’s Thesis, Department of Information Technology, 2001.

Von Herrn Jorg Ritter, “Wavelet based image compression using FPGA”, Dissertation,
University Halle-Wittenberg, Germany, 2002.

Trang 64



