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Fast Block-Matching Motion Estimation Using
Constrained Diamond Search Algorithm
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Abstract

Based on the studies on the motion vector distributions estimated on the image sequences,
we proposed constrained diamond search (DS) algorithm for fast block-matching motion
estimation. By considering the fact that motion vectors are searched within the 2 pixels
distance in vertically and horizontally on average, we confirmed that DS algorithm achieves
close performance on error ratio and requires less computation compared with new three-step
search (NTSS) algorithm. Also, by applying displaced frame difference (DFD) to DS algorithm,
we reduced the computational loads needed to estimate the motion vectors within the stable
block that do not have motions. And we reduced the possibilities falling into the local minima
in the course of estimation of motion vectors by applying DFD to DS algorithm. So, we knew
that proposed constrained DS algorithm achieved enhanced results as aspects of error ratio and
the number of search points to be necessary compared with conventional DS algorithm, four
step search (FSS) algorithm, and block-based gradient-descent search algorithm
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Fig. 1 Search pattern employed in the Diamond Search
algorithm
(a) Large Diamond Search Pattern(LDSP)
(b) Small Diamond Search Pattern(SDSP)
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Fig. 2 Three cases of checking points overlapping in
LDSP. In the case of the point having minimum block
distance is located at
(a) one of the corner points
(b) one of the edge points.
(c) the center point.
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Fig. 4 Proposed constrained diamond search algorithm
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Fig. 5 In the case of block-matching motion estimation
using proposed algorithm for "Missa” image sequences
(a) current frame(24th frame)
(b) previous frame(22nd frame)
(c) reconstructed frame using motion vectors
estimated 22nd frame.
(d) error image between current frame and
reconstructed frame.
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Full Search Algorithm
------ Three Step Search Algorithm(TSS)
— — New Three Step Search Algorithm(NTSS)
— - — Four Step Search Algorithm{[FSS)
Diamond Search Algorithm{DS]}
—— Proposed Algorithm

32 6. “Missa” YA AIRAE ARBRS AR, TIEY
B3It u2|En} CIOJOfREEAeI AR,
2|0 xiohel etz |Ee| vlm,
(@) PSNR, (b) MSE, (c) AKB=0iZ] €44 Mol 2= bim
Fig. 6 Comparison of PSNR, MSE, and the number of
candidate points for "Missa” image sequence

E 1. “Claire” A AIRAE AIB%E 22 Hiokt Wit V)&
EENtdTR|ETIe| MF AlEc] 29[| biu(dB)
Table 1. PSNR comparison for “Claire” image sequence
between proposed method and the conventional
block-matching algorithms

Table 3. PSNR comparison for "Missa” image sequence
between proposed method and conventional
block-matching motion estimation atgorithms.

DS FSA FSS | NTSS | TSS Prop.

30.74 | 32.86 | 33.13 | 31.46 | 31.33 | 30.70

3484 | 34.40 | 35.68 | 34.02 | 3372 | 3484

3584 | 3633 | 3646 | 36.61 | 3577 | 3673

0
2
4 | 3344 | 3270 | 33.26 | 32.76 | 3240 | 33.44
6
8

35.23 | 35.88 | 3551 | 36.58 | 34.38 | 36.25

10 | 36.24 | 3580 | 36.79 | 36.35 | 3580 { 36.12

12 | 3581 | 36.21 | 3753 | 36.64 | 36.40 | 35.87

14 | 3383 | 35.17 | 34.99 | 32.16 | 3363 | 33.82

16 | 3349 | 35.14 | 3562 | 33.62 | 34.57 | 3352

18 | 34.16 | 34.22 | 33.94 | 32.84 | 33.00 | 34.21

20 | 35.74 | 35.02 | 3580 | 34.86 | 3450 | 35.76

22 | 3364 | 3427 | 3539 | 33.16 | 34.41 | 33.64

DS FSA FSS NTSS | TSS Prop.

3446 | 36.76 | 37.10 | 32.75 | 32.98 | 35.37

3275 | 36.75 | 36.53 | 32.27 | 33.60 | 3280

0
2 | 3432 | 3821 | 37.95 | 33.16 | 3482 | 3526
4
6

3275 | 35.02 | 35.01 | 31.77 | 3248 | 34.61

8 | 3377 | 39.10 | 39.03 | 36.18 | 36.37 | 35.33

E 4. "Missa’ Y&t AHAE MBS AP, Miekst weint
7|29 E5XtIdIe| SEQHEIFEIHIM
ARE|OZI B Ao 4=
Fig. 4 Comparison of the number of
candidate points for “Missa” image sequence

10 | 3577 | 3868 | 3857 | 34.23 | 3556 | 3858

12 | 3340 | 3868 | 35.76 | 3144 | 3436 |- 35.09

DS FSA FSS NTSS | TSS Prop.

14 | 33.00 | 37.49 | 37.32 | 33.20 | 34.89 | 3462

5988 | 77625 | 7457 7365 9315 | .4823

16 | 3051 | 35.14 | 35.05 | 31.32 | 3247 ['31.62

5931 | 77626 | 7389 7362 9315 | 4781

18 | 33.80 | 36.31 | 36.23 | 34.01 | 33.95 |-36.09

20 | 37.15 | 39.92 | 39.97 | 39.62 | 38.82 | 37.05

22 | 34.06 | 3803 | 37.99 | 32.04 | 3422 | 34.83

5622 | 77625 | 7003 7182 9315 4892

E 2. "Claire” g4 ARAE AISHS 29, Mol Win| 7|=e|
ESHelugnlol SREFEDIHOIM
AlZElofE EAMEe| £ dlw
Table 2. Comparison of the number of candidate points
for “Claire” image sequence between
proposed method and the conventional
block-matching motion estimation aigorithms

DS FSA | FSS | NTSS | TSS |“Prop.
0 | 4449 | 67500 | 5631 | 5559 | 8100 | 5015
2 | 4431 | 67500 | 5629 | 5562 | 8100 | 4971
4 | 4557 | 67500 | 5704 | 5685 | 8100 | 4997
6 | 4557 | 67500 | 5728 | 5616 | 8100 | 5024
8 | 4389 | 67500 | 5579 | 5514 | 8100 | 5617
10| 4362 | 67500 | 5497 | 5553 | 8100 | 4980
12| 4584 | 67500 | 5774 | 5730 | 8100 |.5058
14| 4428 [ 67500 | 5642 | 5565 | 8100 | 5029
16 | 4506 | 67500 | 5725 | 5850 | 8100 | 5050
18 | 4563 | 67500 | 5760 | 5733 | 8100 | 5061
20 | 4221 | 67500 | 5424 | 5427 | 8100 | 5031
22 | 4362 | 67500 | 5520 | 5460 | 8100 | 4872

E 3. "Missa” G4t AIFAE ARSE A oSt st
71E2| 2EARIR IS el HFAEORSH|2) vl (dB)

0
2
4 | 5913 | 77625 | 7269 | 7578 | 9315 | 4823
6
8

5445 | 77625 | 6791 7032 | 9315 | 4830

10! 5511 | 77625 | 6860 7008 9316 | 4846

12} 5703 | 77625 | 7124 | 7353 9315 | 4858

14| 6910 | 77625 | 7332 7362 9315 | -4840

161 5841 | 77625 | 7321 7284 9315 | 4791

18| 5775 | 77625 | 7036 7074 9315 | 4885

20| 5640 | 77625 | 6902 7107 9315 4915

22| 5700 | 77625 | 7077 | 7032 9315 | 4856
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