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(A Fast Block Matching Algorithm using Unit-Diamond and
Flat-Hexagonal Search Patterns)
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Abstract In the block matching algorithm, search patterns of different shapes or sizes and the
distribution of motion vectors have a large impact on both the searching speed and the image quality.
In this paper, we propose a new fast block matching algorithm using the unit-diamond search pattern
and the flat-hexagon search pattern. Our algorithm first finds the motion vectors that are close to the
center of search window using the unit-diamond search pattern, and then fastly finds the other motion
vectors that are not close to the center of search window using the flat-hexagon search pattern.

Through experiments, compared with the hexagon-based search algorithm(HEXBS), the proposed
unit-diamond and flat-hexagonal pattern search algorithm(UDFHS) improves as high as 11~51% in
terms of average number of search point per motion vector estimation and improves about 0.05~0.74dB
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in terms of PSNR(Peak Signal to Noise Ratio).
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Unit-Diamond Pattern, Flat-Hexagonal Search Pattern, FBMA(Fast Block Matching
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(c) ZH& tlojol= = &(SDSP)
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0.030 | 0.016 | 0.009 | 0012 | 0010 | 0.013 | 0.014 | 0070 | 0.014 | 0011 | 0011 | 0.009 | 0.007 | 0.014 | 0.026
0.015 | 0011 | 0.008 | 0.008 | 0.006 | 0.011 | 0.012 | 0.053 | 0.014 | 0.008 | 0.010 | 0.003 | 0.007 | 0.006 | 0.014
0.019 | 0012 | 0011 | 0.015 | 0.003 | 0.014 | 0.016 | 0.076 | 0.014 | 0.014 | 0.014 | 0.011 | 0.009 | 0.007 | 0.017
0.032 | 0013 | 0.020 | 0015 | 0.021 | 0.023 | 0027 | 0.105 | 0.023 | 0.019 | 0.018 | 0.013 | 0.010 | 0.007 | 0.018
0.050 | 0.024 | 0.027 | 0.022 | 0.027 | 0.028 | 0.055 | 0.149 | 0.036 | 0.036 | 0.024 | 0.017 | 0.014 | 0.016 | 0.037
0.061 | 0.028 | 0.027 | 0.022 | 0.052 | 0.091 | 0.187 | 0.554 | 0.107 | 0.083 | 0.054 | 0.040 | 0.022 | 0.019 | 0.061

0.125 |{ 0.045 | 0.050 | 0.062 | 0.112 | 0.275 | 1.364 1.031 | 0307 | 0.169 | 0.136 | 0.101 | 0.084 | 0.196
0.731 | 0.258 | 0408 | 0312 | 0642 | 1.227 6.274 | 1.162 | 1.519 | 1.275 | 0.247 | 0.779
0227 | 0.077 | 0.087 | 0.104 | 0138 | 0239 | 0.639 0.669 | 0.205 | 0.109 | 0.057 | 0.045 | 0.036 | 0.142

0.107 | 0.049 | 0.048 | 0.060 | 0.056 | 0.075 | 0.123 | 0.471 | 0.086 | 0.071 | 0.051 | 0.029 | 0.029 | 0.030 | 0.071
0.022 | 0010 | 0013 ] 0.017 | 0.029 | 0.064 | 0.138 | 0.202 | 0.043 | 0.026 | 0.038 | 0.017 | 0.020 | 0.019 | 0.058
0012 | 0009 | 0010 | 0.013 | 0.012 | 0.023 | 0.089 | 0.179 | 0.018 | 0.017 | 0.017 | 0.023 | 0.011 | 0.010 | 0.034
0.016 | 0008 | 0011 | 0013 | 0.011 | 0.014 | 0.031 | 0.091 | 0.019 | 0.014 | 0.008 | 0.010 | 0.009 | 0.009 | 0.026
0.017 | 0008 | 0010 | 0.011 | 0,011 | 0.020 | 0.240 | 0.074 | 0.040 | 0.007 | 0.005 | 0.008 | 0.006 | 0.008 | 0.026
0.039 | 0.010 [ 0.011 [ 0.009 | 0.018 | 0.018 [ 0.055 | 0.373 | 0.040 | 0.047 } 0016 | 0010 | 0014 | 0.014 | 0.071

(a) 29 tolotE=dd (b) & 3 SA4ud (© & 529d-
a9 6 99 tololE=did £ WEHXH)Y Y HHE 2 9FF S04



@3] thojolZ =9} FAE &7t
oF 71.22% ek AMEE o] &5ke %7 %/}l}% =2 ujx
3R, Fgge FAHAAN e
29l AEE wa] gty JAHo= %ZJQJ o &9
52 Y & =2 F7 FAHES FHI WX
At
=EAA AdS A HEE o83t FHY W
HE gdse HaE E 29 #o] YAEERZ YER)
pil=2d
AQbsle ¢aEEe E 29 Atz =4 YERA
9} o] 4 B °§@14 0,008 F4Hdez a9 79
(@)% 2ol 154 2339 419 FHE T3 570
o] gadoz FAHE T clololZ =gl galye
hete] a4 Aoigk 229 FHSAD : sum of absolute
difference)S AAMGT) o} o, FHHo] HAa SAD H
oJd FAFE FAY AHMV=(0,0)Z AH3}2 &
& Fasitt, A"l HA SAD FHol old Atd
HA SAD AL Moz sl a9 79 b)) e
H 2 AR ¢ B tololZ=gt dRR S gy
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For each MacroBlock in the Current Frame
Search Origin <- MB(0,0)
Make Unit Diamond pattern and Calculate Minimum

SAD point
IF Minimum SAD = Search Origin in Unit Diamond
pattern
MV <~ (0,0), Stop;
Else

Search Origin <- Minimum SAD(x,y)

Make Large Flat Hexagon pattern and Calculate

Minimum SAD point

While Minimum SAD =
Flat Hexagon pattern
Search Origin <- Minimum SAD(x,y)

Search Origin in Large

Make Large Flat Hexagon pattern and
Calculate Minimum SAD point
"End While

Search Origin <= Minimum SAD(x,y)
Make Small Flat Hexagon pattern and Calculate
Minimum SAD point
MV <- Minimum SAD(x,y), Stop
End For
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CIF(352x288) <4+ Akiyo, Foreman, Coastguard,

Miss America®t SIF(352x240) 94} Football, Z28]aL
QCIF(176x144) %7+ Tableol wi&l zZtzt 100=# YA
S e s AYsET, viu B dnPFoEE FS,
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Adste g4 LuEe gaAdHe] Fo} g &£x
9] A% ol Ui dPFEs Fosind ogg
2t 4¥AdY Akiyo(CIF)ME CDS9} HEXBSl
vla) 288 F7b 47 42%, 51%7t TAEQYL, wA
&5d goiMe 7 72%, 104%9 F3e BYch A
#9494 Foreman(CIF)9|Ad+= CDS¢ HEXBS] ujs|
B 71 47 19%, 11%7F 2AEn, gNE T
AN E Azt 23%, 13%9] FFL HIoh PG
Coastguard(CIF)dl-+ CDS9F HEXBSel ul&] =28
A 7 47 22%, 12%7) #F2EHU, G2 )
ANE ZZ 29%, 14%9 WFE HYY AFGA
Miss America(CIF)olAl= CDS$ HEXBS<) Hld) &
AR 7 24z 13%, 17%7F ZAHQN, gaSEd
AAE AL 15%, 20%S) FFE BT AP
Football(SIF)4l A= CDS9 HEXBSH| w8 g4 &
7b ZZk 23%, 17%7 ZAHAR, GaETY JoixE
2zt 31%, 21%9 e BYth A¥AIH3 Table
(QCIMYIXE CDS$F HEXBSO uls) g43 7} 7
zZ+ 23%, 20%7} ZAHEUR, BAST ojde 4
29%, 24%9] e BT

AAAQY H4¥2ARE £ W, EE AFIY i
Agste @ guelFe] 7|E g4 duFE
vl ga@e] U A FLagoEN gy
e A E AE & & Ak AAHoZ A=
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(a) €5 3 H43 3 =33 HlE

Akiyo Foreman Coastguard Miss America Football Table

BMA (CIF) (CIF) (CIF) (CIF) (SIF) (QCIF)
Ns SpUp Ns SpUp Ns SpUp Ns SpUp Ns SpUp Ns SpUp
FS 204.28 1.000 | 204.28 1.000 | 20428 1.000 | 204.28 1.000 | 202.05 1.000 | 18456 1.000
DS 1229 | 16628 1599 | 12975 1674 | 12201 1653 | 12.360 1617 | 12494 1383 | 13.344
CDS 872 | 23422 1348 | 15155 14.67 | 13.925 1171 17.447 13.41 15.063 11.63 | 15.863
SCDS 5.08 | 40.250 1252 | 16.316 14.30 | 14.286 10.81 18.906 1166 | 17.328 10.19 | 18110
HEXBS 1035 | 19.744 12.36 | 16534 1297 | 15.751 1218 | 16.770 12.38 | 16.3i8 11.19 | 16490
Proposed 5.08 | 40.227 1098 | 18.610 11.39 | 17.940 10.14 | 20.138 10.27 | 19.674 899 | 20522

(b) A% Hla Hrt d0 ARG

Akiyo Foreman Coastguard Miss America Football Table

BMA (CIF) (CIF) (CIF) (CIF) (SIF) (QCIF)
MAD PSNR MAD PSNR | MAD | PSNR | MAD PSNR MAD PSNR MAD PSNR
FS 0.605 | 42.173 2909 | 32838 5.444 | 29.089 1914 | 39.055 | 10.242 | 22.392 5.021 26.076
DS 0606 | 42150 2.998 | 32619 5605 | 28.637 2003 | 38712 | 10758 | 21.857 5160 | 25.745
CDS 0606 | 42.127 3.086 | 32215 5762 | 23.285 1944 | 38955 | 11.207 | 21.494 5229 | 25.597
SCDS 0606 | 42127 3.087 | 32.207 5.781 | 28.241 1946 | 38950 | 11.259 | 21433 5259 | 25.524
HEXBS 0619 | 41.849 3279 | 31.887 5741 | 28.356 2100 | 38222 | 11.117 | 21628 5506 | 25.278
Proposed| 0.606 | 42.147 3.015 | 32.486 | 5.707 | 28.405 1944 | 38960 | 11.046 | 21.567 5.259 | 25.532
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