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Abstract

In this paper, a hierarchical motion vector estimation algorithm using pyramidal
structure is proposed. Using a smaller measurement window at each level of a pyramid
than that of the conventional scheme, the proposed algorithm. based on the TSS (three
step search). reduces the computational complexity greatly with its performance
comparable to that of the TSS. By increasing the number of candidate motion vectors
which are to be used as the initial search points for motion vector estimation at the next
level. the performance improves further. Then the computational complexity of the
proposed hierarchical algorithm depends on the number of candidate motion vectors. with
its PSNR (peak signal to noise ratio) ranging between those of the TSS and the full search
method. The simulation results with two different block sizes and various test sequences
are given and its hardware implementation is also sketched.
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Table 2. Comparison of the computational
complexity of the promethod (16 16).
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Fig. 8. Structure of a hierarchical motion
vector estimator.
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Table 3. Average PSNR of the proposed
method (8 x 8).

{<H¢l: dB)
oy Table T, |Fiower G.| Susie Popple Football| Mobile
TSS | 26.91 | 26.45 | 37.71 | 26.86 | 25.73 | 23.35
A1 ] 2657 | 2590 | 37.61 | 20.10 | 2553 | 24.01
Mz | 269 | 27.21 | 38.33 | 27.91 | 2616 | 2565
A 3| 27a7 | 2766 | 3853 | o826 | 26.42 | 26.21 |
Aat 4| 27235 | 27.85 | 38.63 | 28.53 | 26.56 | 26.48 |
M6 2726 | 2792 | 38.64 | 1863 | 2663 | 26.60
Ao | 2728 | 2799 | 3872 | o870 | 26.68 | 26.66 |

"Aat 7| 27.30 26,04 | 38.74 | 28.87 | 26.72 | 26.70
A 8| 2730 | 2806 | 3877 | 2885 | 26.75 | 26.73
Mot o | 213 | 2608 3879 | 2887 26,77 | 26.75
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Fig. 10. Difference image between the origi-
nal and reconstructed images
("Mobile” image).
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Fig. 11. Graphs of the average PSNR of the pro- Table 5. Average PSNR of the proposed
posed method as a function of the number method (16 x 16).
of candidate motion vectors (8 x 8).
_ - (gigl: dB)
Aokt 71wiell subpel e 7ER] 9] o] FMElE ¥ 9 g | Table T.[Flower G.| Susie | Popple | Football| Mobile
4‘@% uj) o] A= B 40“ LJrE].x,]. 9ojct, | Tss 26.29 26.13 37.41 26.03 24,22 23.89
ek 1 | 2642 | 2625 | 3756 | 2646 | 2428 | 25.05
. | At 2 | 26.56 | 26.63 | 3787 | .92 | 2449 | 2550
H 4. #Hokgt 71 9] subpel o] ghde] ot e 3| 2661 | 2678 | 3795 | 27.07 | 2457 | 2559
PSNR (8 x 8) ‘xﬂo:t 1] 26.62 26.82 37.97 27.20 24.61 25.63
Table 4. Average PSNR of the proposed et ) 2663 | 26.83 | 38.01 | 27.24 | 24.63 | 25.64
) A6 | 2664 | 26.84 | 38.03 | 27.27 | 24.65 | 2565
method with subpel search (8 x 8). Met 7| 2664 | 26.85 | 38.04 | 27.31 | 2466 | 2565
Mers| 2664 | 2685 | 305 | en3 | 267 | 2566
(=h#: db) Mo | 2664 | 2685 | 3805 | 2733 | 24.67 | .67
L] Table T.|Flower G.| Susie Popple Football| Mobile s 26,69 7. 87 L 3816 [ 27 18 24.70 25‘731
185 27.71 | 27.30 | 39.03 | 20.55 | 26.34 | 24.40
AL 1| 275 | 26.80 | 3895 | 28.02 | 26.14 | 25.50

At 2 27.90 28.25 39.75 28.86 26.83 27.45

Halo S (=) H
At 3| 28.00 28.74 39.92 29.20 27.11 28.12 16 x 16 a"'ia *l‘%‘ﬂ‘ 73‘!‘ ‘:H 'J:-’] oé/‘c}"’“’q
A< 4| 28.05 | 28.97 | 40.01 | 2951 | 27.23 | 28.46 9] s iR 49 Meo] TSSEr) 3

A5 | 28.07 29.07 40.04 29.62 27.37 28.59 £=5}-8- o} 4= gl 4l olAe 8 x 8 Hius ) Eiﬂ
A 6| 28.08 29.17 40.06 29.69 27.43 28.65

M 7| 28.09 | 29.26 | 40.08 | 29.83 | 27.49 | 28.70 7ot viad A9 #HAsIde| E=e) 16709 s
Aers| 2810 | 29.29 | 40.10 | 29.86 | 27.52 | 28.73 2 o]Folx AAE MAD? Fte] Al "= A9}
AQr 9| 2810 | 29.31 | 40,10 | 29.88 | 27.54 | 28.74 Zo]SA @ 8 x 8 B ALER HouT) O)g

FS 28.12 29.31 40.12 29.98 27.59 28.86

Aeg Aol o]FHHE FIbr] dEoz Fold
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o} Z7H3tell whE AAH A5A st Az A
AAd upe} zho] o) EFwE A dlolety o3
trade of f3A ol i},

E 62 16 x 169 =#AEHS o438 E H,
subpel@$17}2] ol FHE & 22 AnF Kolxw g
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£ A8 A$el 7
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PSNR (16 x 16)
Table 6. Average PSNR of the proposed
method with subpel search (16 x 16).
(V4): dB)

oy Table T, lFlower G.| Susie Popple Football| Mobile
TSS 27.08 27.07 38.97 26,90 24.76 25.22
kLl 27.35 27.21 39.13 27.47 24.82 26.72
ek 2 27.44 27.60 39.40 27.89 25.06 27.14
et 3 27.47 27.76 39.43 28.03 25,14 27.23
At 4 27.47 27.81 39.44 28.18 25,20 27.27
et 5 27.48 27.82 39.45 28.22 25.22 27,28
At 6 27.48 27.84 39.46 28.26 25.24 27.29
At 7 27.48 27.85 39.47 28.30 25.25 27.29
et 8 27.48 27.85 39.47 28.31 25.26 27.30
ML 9 27.48 27.86 39.47 28.32 25.26 27.30
FS 27.50 27.88 39.50 28.38 25.28 27.32

Fwol 5 F7HA7]E 712 TSSell 2844

TSS9 A5& /MAAA =5 e €8 5o TSS

2] Ag N A A2 MADRHS ZE X3 e
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g xxe ANEE 202 AR AS. “Table
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< Zert. ol& X 59 vty )& TSSHr)
Aol JAEE AL o 4 Qg a2y Heel=
o] &gt At 7iH (Fr Fi4vl 2-1 R9] A
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3. Aekst 1Yol MPEG " 34 A3

Aekgt 71HE Fx1o Mg iR AR A5
9] half-pel7bA9] $-23& HA&Eshe AEH 34
FA7H e Heg £43517] A&l MPEG SM39 A
gt 71 AAIA RS sl Aol A
g 9A2 CCIR 601 format (luminance
resolution: 720 x 480, chrominance resolution:
360 x 240)c 2%l ¥ 3 &3 He| & 285
MPEG SM39¢] SIF (source input format,
luminance resolution: 352 x 240, chrominance
resolution: 176 x 120)% WHER 4FFe] dAke
ARg-slodct.

o] 4FF9 <44k 77zt 145 frame®) “Edited”
343t “Football” °d4t z8l3 “Popple” <34t
133 frame® “Mobile” %4422, head-and-
shoulder A@dAdoll vls] ooz gAgle]l =z
I Baksich, “Edited” 94 555 HME ok o
Aol X8 471 dak 304 Bz mhA| Ak
257 e] d7E Agddoz ) 308A <fAbeich
scene change”} #HA3%kc}

Ageld dte] GOF (group of frames)+ ¥
A9 intraframe®} 3% predicted frame 181
84¢] interpolated frame®l ¥ 1249 frameE
TAAE ok ZHAEi e, 334 F£4A half-
pel7HA] A QS Az, A AEAde HE
€2 1.15 Mbpselz A% A9 L3 120
Kbits® 3kt =3 2719 #mAtel= 30 Kbits
2 718kt

=3 7. MPEG SM3¢2} #Aletsl 71ws Hg=

MPEG SM32| 3 PSNR
Table 7. Average PSNR of the MPEG SM3
and the MPEG SM3 combined

with the proposed method.

(a) intra mode Y

FS TSS Meb1 [ M2 | A5 | A9
Edited 28. 44 28.36 28.07 28.34 28.38 28.42
Football 26.83 26.89 26.71 26.75 26. 80 26.82
Popple 3113 30.86 30.77 3a.09 31.15 31.10
Mobile 21.64 21.58 21.51 21.57 21.59 ZlAﬁlAq




1993% 68 ETIHEHE H30% DR % 6% 47

(b) intra mode I (1) bidirectional mode Q
FS TSS AG1 [ MY2 | AY5 | ML FS TSS [ At A%z | Mes | A
Edited | 34,24 34,18 | 33,93 | .14 34.20 34.21 Edited 32.57 | 32.64 | 3246 | 3250 | 3259 32.60
Football | 31.04 | 30.94 | 30.96 | 30.98 | 31.03 | 31.03 Foothall | 32.75 | 32,69 | 3271 | 32.79 | 32.83 | 32.82
Popple | 30.00 | 2962 | 29.57 | 2992 | 30.03 | 29.94 Popple | 2681 | 26.78 | 26.88 | 2685 | 26.82 | 26.79
Mobile 25.07 25.03 24.98 25.02 25.04 25.05 Mobi le 25.43 25.20 25,31 25.48 25.41 25.53
(¢) intra mode Q MPEG SM32] =33}l A5& vagk A3
e ® 7ol ‘—}EM Ut FeAlA AE nd AtE
FS TSS [ Ml | M¢2 | AL | A9 719} Fro| M4E no2 P& wo Ao} E
Edited | 34.23 | 3416 | 33.95 | 3413 | 3421 | sz 7 MPEG SM3,] ZA3}ellA] o] FHE]2] el

Football 34,28 34.20 34.22 M 34,27 34.28

Popple | 3117 | 3078 | 3076 | ;.08 | 3119 | 3110 FS& A8t Awe} TSSE AR A}, aei3 A
wobile | 24.43 | 2440 | 2436 | 2040 | 2041 | 2442 kgt 714H& MPEG SM3ell Z3gt Axfe] H4
PSNRE vebd 7ot} Fela] B5o] TSSE AL
(d) predicted mode Y 3t A= FSE AMER AR Alge] HoAdS
o 4 aloh. wbdell A’E 71HE& MPEG SM3ell
[ Fs TS [ Mul A0z [AMes [ g A A F2 7 U1 w2} FSE A}
Edited | 26.86 | 2660 | 26.75 | 26.79 | 26.84 | 26.85 2% Ao} AL & 5 9ok
Football | 23.47 | 23.43 | 23.42 | 23, ‘ ] = e
Popple | 27.25 | 26.99 | 27.02 z1.:: :::: ::;f E3 E T 2Re] FSE AMeY st wlady
Mobile | 20.82 | 2069 | 2071 | 2078 | 2079 | 20.78 o, %Zl%l FE A% 74]"}‘33'*\9: Age] ZraE A
A2 A5 &S A o 5 it
(e) predicted mode 1
vi. 28
Fs TSS M1 [ Mtz | M5 | At
Edited | 2344 | 3345 | 3343 | 33.45 | 33.45 | 33.43
Football | 29.11 | 29.14 | 29.12 | 290.16 | 28.11 | 29.11 E AFo e TSSY AatAl g7 2] H oA
popole | 2679 | 2678 | 26.82 | 26.81 | 26.72 | 6.7 ° 2 o) = > =
Mobile | 25.64 | 25.66 | 25.61 | 25.66 | 25.68 | 25.65 = FAY 5 sle Aevls 9E ATH vES

o] &% olFHy AL Adsct. 2+ A

(f) predicted mode Q qake shelAlEe 2 x 2 =719 YL ¥ i

N FEHTES o83l 1/48 FolE <ol

s e The o Tas ToaTan] 0 A% AZldre A 2ag gabr) o

Football | 33.39 | 33.35 | 33.40 | 33.43 | 33.38 | 33.40 AAEES Fol 2 4 Qe Gl ey, AAYAS

Popple 27.96 28.10 28.05 27.99 27.96 27.96 O]I% ;q 2133]'}‘6‘—‘%“\1' %&E«i %‘igz—io\l ‘%‘Z‘ OIJ‘% %}“E

Mobile 24.98 24.92 24.93 24.97 25.00 24,96 E“ _ﬂ_a]s-}’:ll‘ Z‘J-%O‘] —o‘lﬁ} local mjnimaoll “}_zl%
(g) bidirectional mode Y TAHE HZE 5 A= AHe] Ak

TSSvt Aokt 71We] FS PSNR Adsoll &7i%|

T s (Ael [aez Taes [aas + A local minima® EAlel=®Z ] local

Edited | 26386 | 26.09 | 26.13 | 26.26 | 26.32 | 26.33 minima2l A4S 437 Y& 2zt dellA F£rw

Football 22.99 22.89 22.86 23.00 22,95 22.9% E‘]-’] _)1\_% 17]»}\13‘4-_&“‘ local m}nlma°ﬂ “}_g 7]'

Popple 26.48 26.17 26.23 26.39 26. 40 26. 46

Mobile 20.55 20. 44 20.41 20. 50 20.53 20.53 ——}‘ég golt %—}\10“ AJ-HA]%.O“A-]"] %’EHE— Hi_]:

Aatege], A5 Srstdgte 2 overhead”t

(h) bidirectional mode I 7] e AE ol4d HE AdFeE s PSNR A

ST P8 Y5k Aske gald

FS 1SS | Ml | MYz [ HMes | MY

Edited | 32.33 | 32,34 | 3224 | 3224 | 3.3 | 32.28 Ak 7N F2 e AT 202 ¥ Ay
Football | 28.54 | 28.54 | 28,52 | 28.58 | 28.61 | 286l TSS9} & Ao g e TSSe} FS’I FUA xS
Popple 2564 | 2550 | 25.66 | 2569 25,67 25.64 PSNR M‘— 3 7;}'1__ ;?‘__}!-1_;3151_,] 7“ +7} 97}]; A
Mobile | 26.38 | 26.15 | 26.19 | 26.38 | 26.33 | 2647 5 Aooli FSe ™Ml YE9| AAlee e FSe 1
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