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A Study on the Fast Computational Algorithm for the Discrete
Cosine Transform(DCT) via Lifting Scheme
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Abstract We show the design of fast invertible block transforms that can replace the DCT in future
wireless and portable computing application. This is called binDCT. In binDCT, both the forward and
the inverse transforms can be implemented using only binary shift and addition operation. And the
binDCT inherits all desirable DCT characteristics such as high coding gain, no DC leakage, symmetric
basis functions, and recursive construction. The binDCT also inherits all lifting properties such as fast
implementations, invertible integer-to-integer mapping, in-place computation. Thus, this method has
advantage of fast implementation for complex DCT calculations. In this paper, we present computation

costs and performance analysis between DCT and binDCT using Shapiro's EZW.
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(b) Inverse
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0.25 30.2079 30.2099 25.8787 25.8767
0.5 34.0507 34.0510 29.5129 29.4989
0.75 36.5904 36.6017 32.3794 32.3691

1 39.0115 39.0135 35.4230 35.4125

X 2014 YJeRR 1= PSNR -2 block DCTofA
A= blocking A4S IR &2 Folth
8-point DCT9] %% 13709] FA3 29719 R4 A4t
< ™32 A binDCTE % 23709 ol&3t 4274
o] QA ditoz FASH DCT AFE 42 & Yok

23 7. DCT 7] embedded OI0IX| 28 (a),(b),(c)(d)  BinDCTE 5Y3st PSNR & ZOHA T FA] Aibe
Fig. 7. DCT based embedded image coding at each bpp 312] oF7] wEo] Wre olAlERe g shct
w s <= o= pi iy B

(©) 1 bpp (d) 0.5 bpp

2 8-point DCTE 7|92 2, embedded ©]

a8 72 8
o3 29g Axsio] B Azt ol wH =
- = —

£ =EolAe 347171 $i= binDCTE AHESE 94
9] embedded FG& At 8-point DCTS] 7
13719 FAT 29719 A A4S HR/E SHARE
binDCTE] 3% 23709 olsdt 42719 qAALo =
Y8 DCT A4E ¥ & Aok maka B8 DCT
H4kE Hoh wEA AP 5 O‘% AHE 7R
BinDCT+ Chen®] DCT B9 QI+ES|E o] &3] &
< 9 ok BinDCT+= gzg9 ﬂ'@o] Hojr7], A4
A4t 5= 7HIA HH, 34 ZFolA= DCT &

U3 g HeriER w2 459 Fejn|te] BHd
3 541 Ropo] 3-850d 4 9k,

(0 1 bpp (d) 0.5 bpp
References
% 8. BinDCT7|Ht2| embedded Ol0|X] 2% (a),(b),(c),(d)
Fig. 8. BinDCT based embedded image coding at each (1] J. Liang and T. D. Tran, 'Fast multiplierless
bpp approximation of the DCT with the lifting scheme,"
IEEE Trans. Signal Processing, vol. 49, no. 12, pp.
19 82 8-point BinDCTE 7|HtC2 &, embedded 3032-3044, Dec. 2001.

_79_



A Study on the Fast Computational Algorithm for the Discrete Cosine Transform(DCT) via Lifting Scheme

(2]

(3]

(4]

(5]

9

(7

8l

(9]

(10]

(11]

(12]

(13]

Y. Chen, S. Orantara and T. Nguyen, "Integer discrete

X Xp A 4

cosine transform (IntDCT)," in Proc. 2nd Int. Conf.
Inform., Commun. Singnal. Process., Dec. 1999.

I. Daubechies and W. Sweldens, "Factoring wavelet
transform into lifting step,” J. Fourier = Anal. Appl.,
vol. 4, no. 3, pp. 247-269, 1998.

W. Sweldens, "The lifting scheme: A custom-design
construction of biorthogonal wavelets," Appl. Comput.
Harmon. Anal., vol. 3, no. 2, pp. 186-200, 1996.

J. M. Shapiro, "Embedded image coding using
zerotrees of wavelet coefficients," IEEE Trans. Signal
Processing, vol. 41, no. 12, pp. 3445-3462, 1993.

S. C. Chan and K. L. Ho, "A new two-dimensional fast
cosine transform algorithm," IEEE Trans. Signal
Processing, vol. 39, pp. 481-485, Feb. 1991.

C. Loeffler, A. Lightenberg, and G. Moschytz,
"Practical fast 1-D DCT algorithms with 11
multiplications," Proc. IEEE ICASSP, vol. 2, pp.

988-991, Feb. 1989.

H. Malvar, "Fast computation of the discrete cosine
transform and the discrete Hartley transform,” IEEE
Trans. Acoust., Speech, Signal Processing, vol.
ASSP-35, pp. 1484-1485, Oct. 1987.

W. Chen, C. H. Smith, and S. C. Fralick, "A fast
computational algorithm for the discrete cosine
transform," IEEE Trans. Commun., vol. COMM-25, pp.
1004-1009, Sept. 1977.

Sang-Un Lee, “Algorithm for Block Packing of Main
Memory Allocation Problem,” The Journal of The Institute
of Internet, Broadcasting and Communication (IIBC)
vol. 22, No. 6, pp.99-105, Dec. 31, 2022.

DOI: https://doi.org/10.7236/J1IBC.2022.22.6.99

Inn-Ho Jee, “A Study on Noise Removal Using
Over-sampled Discrete Wavelet Transforms,” The
Journal of The Institute of Internet, Broadcasting and
Communication (IIBC) vol. 19, No. 1, pp. 69-75, Feb.
28, 2019.

DOI: https://doi.org/10.7236/J1IBC.2022.22.6.99

S-Ra-El Lee, Kyung-Sik Ko, Jong-Won Park,
Automated Algorithm for Super Resolution(SR) using
Satellite Images”,The Journal of The Institute of
Internet, Broadcasting and Communication (IIBC), vol.
18, No. 2, pp. 209-216, Apr. 30, 2018.

DOI: https://doi.org/10.7236/]1IBC.2022.22.6.99

M. H. Lee and J. H. Kim, “Characteristics of Jacket
Matrix for Communication Signal Processing,” The
Journal of The Institute of Internet, Broadcasting and
Communication (IIBC), vol. 21, No 2, pp. 103-109,
Apr. 30, 2021.

DOI: https://doi.org/10.7236/J1IBC.2021.21.2.103

+ 19809 29 : Aeistn
Bt

19834 89 : A&hstw MR-zt
FoHa

19959 649 : Polytechnic ~ School
of Engineering at New York

AAg st

ol
=

University, USA, A7) AFEZ

EERE L

19824 ~ 19889 : ST ATA AYATFY

£ 20049 ~ 20054 University of Maryland at
College Park, USA, 9w

* 20124 ~ 20134 : Temple University at Philadelphia,
USA, d+tus

©19959 ~ WA : gk AwEQlol 3T} ns

o FEAEOF DSP and 3D
Multimedia Security, Multimedia Signal Processing

Image Processing,

X 2 =22

2021HE S|ty

SEETTISH|f 25t XIAEAS

-80 -



