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Abstract A high-efficiency video coding method using matching pursuits, which is a waveform coding technique, was
proposed. This method encodes a motion compensated prediction error image by applying matching pursuits. The matching
pursuits algorithm approximates a signal using a dictionary. Therefore, the performance of this algorithm depends heavily
on the dictionary. We propose a matching pursuits coding method that encodes the sub-band images derived from motion
compensated prediction error images. The dictionaries used in our method are constructed to be suitable for the frequency
characterisitc of each sub-band image. The complexity of our method is reduced compared with the full-band matching pur-
suits because of lighter inner product computation due to a reduction in both the resolution of the sub-band image and the

basis function length of the dictionary. We evaluated the coding performance and computational complexity of our method

via computer simulations.
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2. Matching Pursuits

2.1 Matching Pursuits O&EKEE
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®1 EAHEONRT X5

Parameters of the basic dictionary.
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& 5 ¢ ¢ N ag s & ¢ N
0 1.0 00 0O 1 10] 50 1.0 =x/2 9
1 3.0 00 0 5111|120 1.0 =x/2 21
2 50 00 0 9| 12160 1.0 =/2 27
3 70 00 0 11| 13|20 10 =#/2 35
4 9.0 00 0 15| 14| 40 20 0© 7
5 120 00 0 21| 154 40 30 0 7
6 | 140 00 0 2316} 80 30 0 13
7 |170 00 © 29| 17| 40 40 O 7
8 1200 00 ©0 35| 18| 40 20 =/4 7
9 14 1.0 =/2 3| 19| 40 40 =/4 T
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1 Matching Pursuits OFEARTFE
Basic dictionary for matching pursuits.
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2 $7/3F Matching Pursuits % AW BB EE 5L
Video coding system using sub-band matching pursuits.
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(a) Motion compensated prediction error image

(b) LL band

(¢) LH band

(f) HH band
3 BEWMMCFNREREGE TN VR

Motion compensated prediction error image and sub-band
images.

(d) HL band

Bosr, BEIEEEES), HL 2Ny FHEg 0P &R
gy, BEASEREWELS), HH N> R Ef# KF, @R
BB T A TEE R (10) L D IERT 5.

DLL@J) = Ga, () @ 93.G)
Drr(i,J) = ga, () ® 9Bu sy
Dur(i,7) = Jan() ® 95,
(10)

EBRICER SN AFHEAR 4 1RT. M4 L), LHNY
F#EEAEL Yy Y, HLANY FEHBREEEL Yy Y vwor:
PR RG-SR 2 A L. TR
DFFTIX, §o3F —UPRETEL V2D, HH SV
F8EEETF 7 AFy Ry~ OFEL L L, T/, Y
A XHSKFESEE BEFAETEFERY, S5 CHRER
FOFEILETHENY -V EHFD R {BREENTVS.

3.2 #7J/N> K Matching Pursuits (C&17 37 b

LIRRE
Rz, ¥ F Matching Pursuits (281757 b A8

1062 (84)

Dy (i,j) = ETOR 95 )

®2 FINYFHEONT A—F
Parameters of the sub-band dictionary.

(a) Low frequency

D s & ¢ N |d&if s & ¢ N
0 1.0 00 0 1 8 7.0 1.0 =/2 11
1 1.4 0.0 o - 3 9 80 1.0 =w/2 13
2 3.0 0.0 0 5 10 10.0 1.0 =n/2 17
3 4.0 0.0 0 7 11 1.4 3.0 0 3
4 7.0 0.0 0 11 12 4.0 3.0 0 7
5 9.0 0.0 0 15 13 14 4.0 0 3
6 10.0 0.0 0 17 14 14 20 =n/4 3
7 3.0 1.0 w«/2 5
(b) High frequency

&n P s & ¢ N

1] 1.0 0.0 0 1

1 1.4 0.0 0 3

2 3.6 1.0 =x/2 5

3 1.4 3.0 0 3

4 4.0 3.0 0 7

5 1.4 4.0 0 3

6 1.4 20 n/4 3

(a) LL band
(b) LH band
(c) HL band (d) HH band
B 4 %75 F Matching Pursuits OFF#
Dictionary for sub-band matching pursuits.
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BCEHMIiT 2B TH 5720, ZLOHEENUEL R D,
RICHBERNOTRCOEFTT Oy 7 P OBERLTo12BE,
B O AUREOB SR ELN LY, FEEFPERE
b7, WEHEEOHRRRE LY, SFEEZIZ 8
BRI IO —RTH 5.
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B 5 HFENYFOEE (akiyo)
Effectiveness by searched band (akiyo).
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X O BEGESCEST2Y 780 FoEl & v 25i%Matching Pursuits 7 )L 51) X L

M5 L0, BEGHEL TTNAYFERFRICLTD, &
REIANF =T O IPFEETENFOREWHRELT
b, BEEGORRCHEI R, ZOKRLY, BRESE
BV, FIEEOHIRD DI, $TToNY FEfg
TEHFIANT - RKEL2B70y 72 FOREL, £
D7y ERLE L —EHEECEENAEE T Oy ¥
YREHEL TS, 2L, BEITEFAX0LD%H
WTWwa7:0, fH7ay 7oBEITRTTay 2oHh
LEEONBEE L THELFTS.
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phone”, “foreman”, “mother and daughter” (B&&C: mother)
® (QCIF, 10fps, 50 7L — &4, grayscale) % V5, 7
ALY =7y 2BV, “akiyo” &, BIEOASWI —7
Y ATHY, “foreman” X, HBMAKELB X2 LY —
TYATH L, BRECBIT 5 FURBREBMBOY TN F
SENCIE, 8 ¥ v 7 D QMF 25,

$ 72 B D720, BEREEE LT 7MY ¥ Matching Pur-
suits & W7 FHEEKE v b L — D EERS S0 ERE
EHRNTH S H2630 120V Thy Izl — gy 479,
H263 DY a2l —¥ariZid “TMNcoder version 3.2”
VA, REHED Matching Pursuits LS4 0 EME
H.263 L B0 FEL A5,

4.1 %752 K Matching Pursuits (Z#1F 37 b

LEIHT

¥4, %7V F Matching Pursuits I2B8WT, £/5
FEBIZED X HITT b AFIMTHT LN SHPREET 2.

612, 7 A MHEME “akiyo” BLT “foreman” @
24 7V = AITH TN F Matching Pursuits 2@ L 72
BED, 7 M AFSTEICHT 585 FEBOES &
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N M

Erp =) > {fue(i,f)}?

=1 j=1
N M

Erg =YY {fuu(i,j)}?

i=1 j=1

N M
Bur =YY {fur(i,i)}y

=1 j=1
N M
Bun =Y > {fun(i,)}? (11)
i=1 j=1
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(b) foreman
Be F7NUVFORHELAIVE-OELS (24 71— 1)
Decrease in signal energy of sub-bands (24th frame).

FEEBZOEZEN Y FHEBOZANVF —ERL TS, K6
WRT X911, — K FHEGROEEEESTH S LL
NV N HEED, TNV FHEBOR TR S BRIV F —
rEL, oY FEHBIIOWTYS, BEERS L E6E
EBVIANE -2 oS H L. /2, ThAOHY
TIREYEPSINBZEFANAF—ED, EEKO LL N

BTHHr0Iatl, BEKO HH Ny FEEZIE, EEl&h
BILANFE —BHP B v, 72, BEoRkEnwy —
vy ATHAB “Yoreman” DI HH, 2ROLANVT —&
BRE,

312, 7 b 2aE®E 100, 200, 300, 400 IZREL 728
EDOF A PFRIZBIT BENY FADT b AESTHERE
Y. FMERID, &0 Eo7 P AW LL Ny FHE
BICEHLTONTEY, ELTT P 2ROWIMZE, B
RPN FOT b AHBEFEINL T EFbIr s, &
i, FFEBERESICOWTT b ARE EYTHR,
Z0%, BEERSICOWTT  ADEY TSN A EAEN
HBEZLERLTWS, /2, 7AMEBTHETS L,
“foreman” 79D LL YV FERICELBTON L E SIS
{, “akiyo” 3%, L, Merbbbhrs L),
REZBEZOE TN AEBIE, THREEEO T ANF —

1064 (86)

w3 HHTNVFENT LT b AEHTHE
Ratios of atoms assigned to each sub-band.

Number Band Atom Ratio (%)
of Atoms akiyo | carphone | foreman | mother
LL 62 v 91 84
100 LH 17 11 7 7
HL 20 10 1 9
HH 1 2 1 0
LL 54 68 82 71
200 LH 19 15 13 11
HL 23 14 3 16
HH 4 3 2 2
LL 51 63 ‘ 76 64
LH 20 17 16 14
300
HL 24 15 5 19
HH 5 5 3 3
LL 49 59 71 59
400 LH 20 19 18 15
HL 25 16 7 21
HH 6 6 4 5

Ta TNNUF MP EHFTNYEF MP O PSNR
PSNRs of full-band MP and sub-band MP.

Method Number PSNR [dB] (Bitrate {kbps])
of Atoms | akiyo carphone foreman mother
100 35.7 31.6 29.0 34.2
(23.8) (29.2) (33.6) (25.8)
200 37.7 33.3 30.6 35.7
Full-band (40.1) (46.7) (51.9) (43.1)
MP 300 39.0 34.4 31.7 36.8
(55.6) (63.3) (69.2) (59.1)
400 39.8 35.2 32.5 37.6
(71.0) (79.1) (85.9) (74.8)
100 35.8 31.8 29.0 34.2
(22.6) (27.8) (31.3) (23.8)
200 38.0 33.6 30.6 35.8
Sub-band (38.3) (44.6) (48.2) (40.3)
MP 300 39.1 34.8 31.7 37.0
(53.0) (61.0) (64.2) (55.8)
400 39.9 35.8 32.6 37.8
(67.4) (76.6) (80.4) (70.9)

BRE L, BEE Y FEBZIC, L) AnF - gy
27:HThH5H. BIHEXONSLERIL, HHREDOT b
LELTH bR DL, BHTPNF—HTEN Y FERIC
BWTOPMEL, FIMTHELY LT 2EA5H 5.

DEOKRPS, 7 o3, BEABENCFEZL),
ANVF—DE L EEREEE AT FEBICEDE {E4T
LNTHEY, 473 F Matching Pursuits I2BWT, 7
b AEIGSTHIEASESIC AT b Tnd LV 5.

4.2 YT N> K Matching Pursuits ICH 385

e85t

RIRFEI BT L H5LEEZRT.

9, ERETH B 7V /3 F Matching Pursuits & 32
FHETH B 757 F Matching Pursuits O %47 9.
T4z, EHT N 2T 5RO PSNR £ ¥ v b
L=t &RT. 7 aEEnEh, 100, 200, 300, 400
WKHRELTWwA., 72, PSNR &Y —F7 v ADEHHEE
Y.

ALY, TRTOV—F Y 228V, #AT b L5H
BoeE, 73 F Matching Pursuits Tid, 73>
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F Matching Pursuits & [F]50>2#12l E® PSNR 2355
Nz, Zhik, ¥ 757 F Matching Pursuits (2815 1
T N ad72 ) EMRIESS, 7Ny F Matching Pursuits
EHBLTHELTWAI L RRLTEY, &5 FES
WAL CTHEEISECH o FHEFREINTHWE L%
NG

iz, Ev b —PMZ2WTD, TRTCOY—~TF Y AT
BHREOHEI T TwAE, Zhik, BEERESHD
HERZHRT A LT, LOFENERIN P EET
HEA VT Y 7 ADEREVHIREND-OTH L. #E
FECBWTIE, EONYFEEBOEFTT Y 7127 b &AM
EHEN 2% RT HRAA — S =~y K L% 205, 20
WAL LICEEAS 7y 7 ABEREPHRTELZ L P D
"5, '

KiZ, Matching Pursuits & DCT ®OEE LT, RS
®mE H.263 OEEETH. B 7, 4730 F Match-
ing Pursuits, H.263, 7)v/¥» F Matching Pursuits @
Rate-PSNR. Hi#% iR, /

7 &Y, ¥ 7N F Matching Pursuits i&, 3XTO
By bl —FT, 732 F Matching Pursuits ® PSNR
% LHEoTwa, F/z, 703/ F Matching Pursuits i3,
B EWY » b L — MERCIE, H.263 % 1[E % PSNR %
R, By L — ML, &Y PSNR L2 E5
Nhahoiz, LaL, 7% F Matching Pursuits T
i, Wy FL—=MIIAT, By b —MIBW
Th, ¥—F R “akiyo” 2EWT, H.263 L FEL 2 LA
% PSNR 2135 Z L A%T &72. Matching Pursuits i3, &)
EPKEVWY =TV AD L)%, FRBRETRALF IR
EVbok, EE v L= THBLELT S BHEITHIRY
BOWFETHL. L2L, BFLAINF—HEL, £FIC
DAY BHETIE, HEESETT 5720, HBENE
WE y P —NT, BIEARNEWY —7 v X “akiyo” %
BT B%4E121E, Matching Pursuits TIRREIENETL
TWa., FHRELT, BEETHBY 73 F Matching
Pursuits # AW BIE G5, B TERWE v b
L—PFTiE, H263 2 LAY, BWEy rL—FTiE, 8
EPRKEVY -7V ATRASHZND LOF LM E 5
B LT ET

4.3 H7 /2K Matching Pursuits (C511 2 HEE

RIZHT /8 F Matching Pursuits 181} 2HERICD
WTRREEZ AT 9. ,

F51C, 78 F Matching Pursuits & 47 /3 F
Matching Pursuits (2817 % 1 7 b A&7z ) IZFHli 2 4T
BolEF7 0y s ONBORE FHEITo - HHEE,
LT&T A NERICBIT 5 BAEEZEO PSNR 277, &
o PSNR Offix, £¥—F7 Y A 50 7V —ADFHHE
THhb, YIial—YarizBnwT, WMPEICBITHHE
7 MAEEEL 200 KBRELTWAS, /2, BRILOW

Tix, %7 /32 F Matching Pursuits i< 81} 2 &% +8

PSNR [dB]
o
3

@
(=]

Sub-band MP ¥~
Full-band MP -+ )
H.263 -

30 35 40 45 B0 55 60
Bit Rate [kbps]

(a) akiyo
35 . .
34
33
)
&2
&
sir Subband MP ¥~
Full-band MP -+
30 H.263 >
oL
R TR TR T

(b) carphone

30 85 40 45 50 85 60
Bit Rate [kbps}

Sub-band MP  ~¥~
Full-band MP. -+
H.263 -

20 25 a0 35

07 R0 856065 7o
Bit Rate [kbps]

(c) foreman

PSNR {dB]

Sub-band MP %~
Full-band MP :+

H.263 5l

15 20 2

36 35 40 45 50 55 60
Bit Rate [kbps]

(d) mother and daughter

B 7 H.263, 7VNYF MP, 3732 F MP OfF 5 b4k
Coding performances of H.263, full-band MP and sub-

band MP.

HWHE, A7y 7iE1
Pursuits IZBW T,

BHRICEEL, 7MWY F Matching
BREM T EhE L2012, BERE

WKRL T, #EYT 416 EE, A7 v 7iE 2 HRIIREL

X O BHEGFSIEICH 53 I8 FoElE B 2&&EMatching Pursuits 7L 3 Y XL

(87) 1065
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5 17 hAHICETLHNBBROTEE

Computational complexity of inner product calculation

per atom.
Inner product
calculation
Method Image number of number of
positions | pixels [x10%]
akiyo 217 186
Full-band | carphone 215 184
MP foreman 195 167
mother 217 186
akiyo 227 21
Sub-band | carphone 224 24
MP foreman 207 26
mother 224 25

=6 JLEEEM (200 7 A, 50 7L —4)
Processing times (200 atoms, 50 frames).

Processing Time [sec]

Method | Image —ot™—7G  MP  Others
akiyo 155.13 23.65 130.77  0.71
Full-band | carphone | 154.15 23.59 129.83 0.73
MP foreman | 143.30 23.69 118.96 0.65
mother 155.43 23.72 130.96 0.75
akiyo 57.76 23.64 33.14 0.98
Sub-band | carphone | 60.37 23.60 35.78 0.99
MP foreman 61.40 23.67 36.74 0.99
mother 61.22 23.69 36.48 1.05

7o, TORICBNT, FHEBTONIMEOREA, WHA
DEFMPNC & EN 5T <COBRREME (280) X ) D%
WEE %o TR0, EEAOME L MAcEHE s hi
FMEfEE BRHBL 22 BICANTW R WD TH 5.

#£5 X0, 7 b LAEFRLIEC BV CERREFN T LS
b izEE 7y 7 ofEORIE, 7 /3 F Matching
Pursuits ® FHETFH. Zhid, 7230 F Matching
Pursuits TI&, o b REBGAEEBO /Y FEBZIZ5E
ENTBY, BEEHFI 7NV F Matching Pursuits &
HARTHET 570, —EBEL -FHiEzBAHATE %
BENLRWDTH L, ZRICEPIDLT, TN
F Matching Pursuits OFFli i FEEUE, xR b5 0 G
EFNATHT B FEEOREROHM/N, & HIZHERDOHIR
&Y, 15% BTFICHgERTWwS, Zhid, 750
F Matching Pursuits Tid, 7 b AERQUBC BT 558
BOKIBLHEHE AL LB TES.

RICREEIBT 2 ENHEREME MRS 5. RE6ICET
A PEE 50 7L — LB B 708y B Matching Pur-
suits & ¥7 /3 ¥ Matching Pursuits OALEE % 7R3
32l —¥arid PentiumlV 2.3MHz @ PC TEITL
fo. Fie, MFHECBT AEHT b ABIE 200 I2REEL T
w5,

%6 L1, 7L/3YF Matching Pursuits 1%, B &#it4
(MC) & B T, 5L EE W) IERICE L OFMERD W
BTHBHIeWbhrsd. THIFFHEL 2L T+ AEEER
EBWT, ZLONBEENPLETH 57:0TH5H. FhIC
AL, BRETH LY 732 F Matching Pursuits % Fv
LEEEA By A F A2 B W Tk, Matching Pursuits

1066 (88)

ER LR % 7 V23 F Matching Pursuits @ 25% ~
30% ICEIRT A 2 EASTE, ¥ AT ASROK B LALEE
Be L THESDTIHIMTE /2, 47 /32 F Matching
Pursuits I28WT, ZOMOEST OLIEEERABEML T
B, TNEY TSy FSEIREFmESN - ABICE T S
HETH ), SEOHREEL L T, bThkt -y
FTHhbH, BRELT, BEEEHWAZ LT, Matching
Pursuits SO MBI %2 MC O 1.5 FIcHz 52 &4
T&, EREREDREIHEIT.

5. ¥ & ®

AT, BIEMETHREEGE Y TN FHEL,
155 721212 Matching Pursuits % #H 3 % By B/ 5
(LEEDRFEEITo 7. HH LR TH 5 FHIREERE, A
W X > T 4 BEOFT T N FERICOE SR, NV
F B0 B EBAFEICE T 5 X 5 1ZEET S /2 Matching
Pursuits OFEEIC L Y FEfLan b, THICXY, BARE
BOREMEEERL 2. 22, FTNVESENC LY, &
REGL HEOMBGEY TNV FORFEL, MATE
s K iz B 5 Matching Pursuits OFE/N Y —
DEIWEATH T & T, HHLRBIIBT 25 EEOHIRE
fFofz. YIalb—vavildh, R/EET, JVNVF
Matching Pursuits OF£E R PSNR # Ell-7-% %, .
Matching Pursuits ¥ LB % 25% ~ 30% (ZHIKT
B ENTREE % 5T & &AL 7. Matching Pursuits A%
XD ERMICR A 012, $5% LFHEROEIEALE
THhI0, SHBIIFEEICONTS DCT 051k
fifE DB EIT, L) —BOFEEIRICOWTHRE %
HH 5,

(x  #)
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WEEHH 5%
= b %% 1995 4F, BlKZETEMBLAGHRT
ZRAEE. 1097 £, FAKERELENERMET. 2000

KETHFBERS AT LA THEHBT. 2005 LD, FK
KR E SRR e . Wl (T2)., E& LT
RELIC BT ARTFEC I E,

A2 EHE 2004 %, @RKETEMERS 25
ATHHAE. 2006 F1 D, SRAEALRERHEH
FRMIEANRRET. FE, =BRAHAH AL
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