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Abstract In this paper we design and implement fast multiplierless approximations of the discrete cosine transform DCT  with

the lifting scheme named the BinDCT which avoids floating-point operations. This algorithm is derived from the plane rotation — based

algorithm  which reduces 3 lifting steps to 2 lifting steps via the plane rotation. So the arithmetic operation cost is reduced greatly.

Key words DCT BinDCT lifting scheme

DCT
JPEG H.26X MPEG
11 29
DCT
DCT Scaled DCT DCT
DCT
DCT 4
4
BinDCT 8 BinDCT
1 8 DCT
1 8 DCT
DCT
2/N
DCT
[cosa —sina] [1 a][l 0][1 b
sina  cosa “lo 1lle 1llo 1
a=sinn b= —tan%
* 2001-10-10
10171109

1964—

BinDCT

DCT

BinDCT

1999

DCT

Tran

DCT

2



- 2002 2

e e T TR m T e
© Si7d
=[1]= \ f\ F } \/ o ;%ggmi x[4]
1
X2l =\ o : \ C8 ey : x[z2]
1 1

SRRV AN«
*[4] = /Y\ f<\ /X\ >_<; Lié__?ﬁjnﬁ —e - X1
x[5] = / _p=Ci4 D 5 \ Sﬂg'zflﬁm xls]
S AWEN D e

o= / lﬂ} - cvd R4 ><f:’9 /\iﬁ ngﬂéw 0
= K2y

/16
1 8 DCT
Fig.1 Butterfly graph of length 8 DCT via rotations
cosa - sina Dl —tan 201 E}1 —tan U
2 2@ 2
sina  cosa sina
1 1
2
1
2 x 1
yi =x1 + axj y k =xk k#i X 1 =
yi — ayj x k =y k k#i
2 a b ; c k€EZ
3_1 1 3
16~ 8 716 16 2 !
3
[cosa sma] [cosa ] [ ] [ tana] 3
—sina  cosa 1/cosad b — sinacosa 1/cosa
2 BinDCT
BinDCT - [[ N=2' 1=3
2
1 BinDCT-II
stepl g n =xn +x N-n-1 hn =xn —-x N-n-1 n=01 N/2-1
step2 g n BinDCT-11 C¢"y, G n n=01 N/2-1 h n BinDCT -
N ¢V, 6n n=N2 N-1
step3 G0 G1 G N-1 Xk =G2k X N2+k =G 2k+1
2 BinDCT- II
.0
[ ] Sm4|]x0] [1151 OE[xO] )
~ 1
Esm— cos%@x 1 0 IDE —1ora 1
2  BinDCT- IV
y 2k-1 — [x 2k-1
stepl =Rz k=1 2 N/2-1 3
y 2k lx 2k



DCT BinDCT 71
y0 =20 y N-1 =2 N-1
[p k =y 2k k=01 N/2-1
step2 y k
p N2+k =y N-2k-1 k=01 N/2-1
p k k=01 N?2-1 pk k=N2 N-1 N/2  BinDCT- I N/2
BinDCT - [[ Pk k=01 N2-1 Pk k=N/2 N-1
step3 Pk
p N2 p N/2+1 p N-1 "= -p N-1 pN-2 -p N-3 p N2 '
stepd X 0 XN-1'=T PO P N-1"' N N 3
N N 2
BinDCT - [[ BinDCT - [V 2
0—  — s E'——D X(0)
x(1) E
x(2) Lo
.. e . -
: : . * E .
LY g2 i r'"'—>‘“—2"')
7 (] T . i
*(3) e
P | mm S
= Chiz Dun | :
x(N-3) i
Jr(N—z)z i
X (N )—> E—->X(N—l}
2 N BinDCT- [V N=2" =3
Fig.2 BinDCT-1V algorithm of N points N=2' t=3
3 8  BinDCT
1 X 2 X 6 X X 7
X 1 X 7
1
2 DCT  scaled DCT binDCT
3  BinDCT DCT coding gain

4 8 Tran 6 8



72

2002 2

3[0] ——@ S > X[0]
x[1] \ r s \ / T_!@ (1]
2] L/\ f & X i X[2]
x[31jX/ \Y/ \Xf X$ / \‘_’“ L ‘ X[3]
o I Ly X

S ~% A13)
*6] / \ / _E'G i 3 it E;I é- X[6)
xm/ > Xa % > X[7]

1intni16

4x[2]

i X "41'[3]

Xl 2 p Xm g >4x{4]

Xp3)—f o e $0—>g— g 45{5]

...... 2 N O R A | 2 2

X[6] — sizcesm 16— i —1 4x16]
S J X -

X[?]__h:ism?n flu:' B _ $ _"$'_>4x{7]

b
3 8 BinDCT- I
Fig.3 Total BinDCT - [I algorithm for 8 points

Ahmed N Natand T Rao K R. Discrete cosine transform J . IEEE Trans. Comput. C- 23 90-93 1974.
Rao K R Yip P. Discrete Cosine Transform M Academeic Press New York 1990.

MPEG Software Simulation Group MSSG R . MPEG2 Encoder/Decoder Version 1.2 Online  Available HTTP
org/MSSG/ Jun. 1996.

Chen Y J. Integer discrete consine transform  IntDCT C . Invited paper The second Int. Conf. Inform. Comm.

1999.

Cheng Li zhi  Xu Hui Luo Yong. Integer discrete cosine transform IntDCT and its fast algorithm J . IEE Electron.

Tran T D. A fast Multiplierless block transform for image and video comjpression C . Proc. of the IEEE ICIP — 1999

hitp  //www. mpeg.

And Signal Processing

Lett. 37 1 200I.
3 822-826 1999.





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200202016.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e6%a1%82%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%b8%b8%e5%be%b7%e5%b8%88%e8%8c%83%e5%ad%a6%e9%99%a2%e8%ae%a1%e7%ae%97%e6%9c%ba%e7%b3%bb%2c%e6%b9%96%e5%8d%97%2c%e5%b8%b8%e5%be%b7%2c415000%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ahmed+N%3bNatand+T%3bRao+K+R%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200202016%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Rao+K+R%3bYip+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200202016%5e2.aspx
http://www.mpeg.org/MSSG/,Jun
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chen+Y+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200202016%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cheng+Li+zhi%3bXu+Hui%3bLuo+Yong%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200202016%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Tran+T+D%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200202016%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%9c%e7%9b%b8%e6%96%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%b4%ba%e6%96%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e5%b2%a9%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjgc200420063&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjgc200420063.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%94%b0%e6%99%93%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e5%85%89%e5%96%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%9b%9c%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgtxtxxb-a200408004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgtxtxxb-a200408004.aspx
http://c.g.wanfangdata.com.cn/periodical-zgtxtxxb-a.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%ae%b7%e7%91%9e%e7%a5%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%99%e8%8b%b1%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yin+Rui_xiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yu+Ying_lin%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_hnlgdxxb200104003&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_hnlgdxxb200104003.aspx
http://c.g.wanfangdata.com.cn/periodical-hnlgdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-hnlgdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e6%96%87%e4%ba%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WU+Wenliang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_kjxx200823649&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_kjxx200823649.aspx
http://c.g.wanfangdata.com.cn/periodical-kjxx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%ae%b7%e7%91%9e%e7%a5%a5%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_hnlgdxxb200109007&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_hnlgdxxb200109007.aspx
http://c.g.wanfangdata.com.cn/periodical-hnlgdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ad%8f%e5%88%a9%e9%a3%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WEI+Li-feng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xddzjs200804042&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xddzjs200804042.aspx
http://c.g.wanfangdata.com.cn/periodical-xddzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e5%bf%97%e5%b7%9d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e4%b9%89%e6%b0%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e4%bb%a5%e5%ad%9d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e4%ba%8e%e6%98%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Zhi-chuan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHENG+Yi-min%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Yi-xiao%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Yu-ming%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xtfzxb200606058&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xtfzxb200606058.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xtfzxb200606058&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xtfzxb200606058.aspx
http://c.g.wanfangdata.com.cn/periodical-xtfzxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%bd%97%e6%ac%a3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e9%9b%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e8%af%b8%e8%83%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LUO+Xin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Lei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Zhu-sheng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gzxb200708021&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gzxb200708021.aspx
http://c.g.wanfangdata.com.cn/periodical-gzxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%95%ac%e6%98%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e7%91%9e%e6%95%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%89%be%e6%b5%a9%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b6%82%e5%8d%ab%e5%b9%b3%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xhcl200501014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xhcl200501014.aspx
http://c.g.wanfangdata.com.cn/periodical-xhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ad%8f%e6%9c%ac%e6%9d%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%98%8e%e4%b8%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ab%a0%e6%99%93%e8%8e%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WEI+Ben-jie%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Ming-ye%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Xiao-li%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjyy200504013&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjyy200504013.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjyy.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200202016.aspx

