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Abstract

In this paper, we propose a new Adaptive Search Range (ASR) decision algorithm for accelerating GPU-based Integer-pel
Motion Estimation (IME) of High Efficiency Video Coding (HEVC). For deciding the ASR, we classify a frame into two models
using Motion Vector Differences (MVDs) then adaptively decide the search ranges of each model. In order to apply the proposed
algorithm to the GPU-based ME process, starting points of the ME are decided using only temporal Motion Vectors (MVs). The
CPU decides the ASR as well as the starting points and transfers them to the GPU. Then, the GPU performs the integer-pel ME.
The proposed algorithm reduces the total encoding time by 37.9% with BD-rate increase of 1.1% and yields 951.2 times faster
ME against the CPU-based anchor. In addition, the proposed algorithm achieves the time reduction of 57.5% in the ME running
time with the negligible coding loss of 0.6%, compared with the simple GPU-based ME without ASR decision.
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1. Calculate
1.1 the £/ ;. of the current frame
1.2 the MVD s of all CTUs of the current frame
2. if D, t0n<37 then
2.1 for number of CTU iterations do:
2.1.1 if ‘JM’VDCTUI <= THSMF then
set +8 for search range of current CTU
212 else
set +16 for search range of current CTU
3. else
3.1 for number of CTU iterations de:
3.1.1 if ‘JMVDCTUI <= THLMF then

set +8 for search range of current CTU
312 else
set +16 for search range of current CTU

O 10. HSMOI EMRe] ZYS 9It SzT=

Fig. 10. Pseudo code for adaptive search range decision
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ok 2% 102 ARl ¢18E9] F=F=(pseudo code)
£ vt

AbE GargFe] es Wret] f1ste] HEVC 3z
X E9 o] HM 10.09] CUDA 7|9+ GPU W &3} 7S
A g3t} A4S s AF-E CPUE Intel i7 3.07GHz,
16GB DRAM©]3l, GPUE GeForce GTX 460, 1GB
DRAM oJth. A2 Q1 ARAZ7E-L 3 59 FEj=of Utk
o3} &9 4L TR AHESIATE 5 #5381 45
< 9131 BD-rate®} RD F41& Btk £ =72 Atd
S Fe] dirdQl s H7HE 98 85 3 $(training
set)3! Class B GH4ERF ofy gl 75 R e(test set)?] Class
AC B3 #83Ach

# 5. MetE dne|lE £33 ds FUIE 25 A 2
Table 5. Test environment for coding performance evaluation of the
proposed algorithm

configuration low delay P
QP 22,27,32,37
sequence Class AB,C
number of frame 100
CTU size 32x32
reference frame 1
search type full search
search range +16
prediction mode no 4x8 and 8x4 inter predictions
AMP off

3% 112 Class A9 C G4 Dioion=EE5 UFEFATE
Class A 9242] 749 thHE2] Ty UEo] 37% B} 2
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3 FE ZHDoosion 37%)°1 3l TE2] T JELS LMF
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Table 6. Coding performance of the proposed algorithm
BD-rate (%) Encoding Time (h) Encoding TR
Sequence - N
Y U \Y Anchor Algorithm (%)
ol A Traffic 1.0 0.9 0.7 1.90 1.06 44.2
ass PeopleOnStreet 07 | 21 1.8 239 1.55 34.9
Class A average 0.9 1.5 1.3 2.14 1.31 39.5
Kimono 0.5 0.5 0.7 1.10 0.69 37.7
ParkScene 1.7 1.3 1.7 1.04 0.62 40.2
Class B Cactus 0.7 0.9 0.9 1.06 0.65 39.1
BasketballDrive 2.3 3.6 2.2 1.1 0.71 36.4
BQTerrace 0.4 0.5 -0.4 1.14 0.73 36.5
Class B average 1.1 1.4 1.0 1.09 0.68 38.0
BasketballDrill 29 3.3 4.5 0.22 0.14 36.8
al c BQMall 0.9 1.1 0.9 0.22 0.13 37.7
ass PartyScene 01 | 05 0.4 0.27 0.13 30.0
RaceHorses 1.2 1.2 1.7 0.27 0.19 29.0
Class C average 1.3 1.5 1.9 0.24 0.16 334
Total average 1.1 1.5 1.4 0.97 0.61 37.9
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Table 7. ME execution time of the proposed algorithm
Sequence ME Time (s) . Speed-up
Anchor Algorithm
Traffic 3020.19 2.86 1054.5x
Class A

PeopleOnStreet 3020.68 2.98 1013.7x

Class A average 3020.43 2.92 1034.1x

Kimono 1512.00 1.79 844.6x

ParkScene 1512.02 1.56 972.0x

Class B Cactus 1512.79 1.51 1001.0x
BasketballDrive 1512.39 1.83 828.6x

BQTerrace 1511.60 1.62 930.7x

Class B average 1512.16 1.66 915.4x

BasketballDrill 293.85 0.30 973.1x

Class C BQMall 294.26 0.30 982.0x

PartyScene 294.35 0.29 1023.3x

RaceHorses 294.42 0.35 839.6x

Class C average 294.22 0.31 954.5x

Total average 1343.50 1.40 951.2x
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BD-rate (%) IME Time (ms)
Sequence - IME TR (%)
Y U \% Anchor Algorithm
Class A Traffic 0.7 0.9 0.9 7314.6 2864.2 60.8
PeopleOnStreet 0.3 1.4 1.3 7314.6 2979.8 59.3
Class A average 0.5 1.1 1.1 7314.6 2922.0 60.1
Kimono 0.2 0.3 0.2 3742.6 1790.2 52.2
ParkScene 0.8 0.6 0.7 3744.0 1555.5 58.5
Class B Cactus 0.3 0.6 0.8 3744 .1 1511.2 59.7
BasketballDrive 1.0 1.9 1.2 3742.6 1825.3 51.2
BQTerrace 0.2 1.2 0.3 3744 .1 1624.1 56.6
Class B average 0.5 0.9 0.6 3743.5 1661.3 55.6
BasketballDrill 1.9 2.1 2.9 718.7 302.0 58.0
Class C BQMall 0.6 0.7 0.9 718.3 299.6 58.3
PartyScene 0.0 0.3 -0.1 717.7 287.7 60.0
RaceHorses 0.8 0.9 1.2 718.8 350.7 51.2
Class C average 0.8 1.0 1.2 718.4 310.0 56.9
Total average 0.6 1.0 0.9 3292.7 1399.1 57.5
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