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Abstract Shaping video data into fast-mesponding transmis-
sion and high resolution output video using cost-cffective
video processing is desirable in many applications includ-
ing Intemet of Things (IoT) applications. In association
with rapid development of IoT smart sensor applications,
real4ime processing of huge-amount of data for a video
signal has become necessary leading to video compres-
sion technology, Motion estimation (ME) is necessary for
improving the quality, but it has high computational com-
plexity in video compression system. The prsent article,
therefore, proposes a context-aware adaptive pattern-based
ME algorthm for multimedia IoT platform to improve
video compression. In the proposed algorthm, the motions
am classified into large or small based on distortion value.
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Accordingly, the search pattern is chosen either small
diamond scamh pattem (SDSP) or large diamond search
pattern (LDSP) in each and every step of ME: allowing
adaptive processing of lange and small abstract information.
Compared to comventional fast algorithms, the experimental
msults dermonstrate up to 40 and 36% reduction in encoding
tirme for low -delay main { LB-main) and random access main
{RA-main) profiles respectively in HEVC test model 16,10
encoder with bit-rate loss of 0,071 and 0.246% for both the
prafiles, ensuring quality video and scarching precision.
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I Introduction

10T is an umbrella term includes the network of electronic
devices like smart phones, wearable electronic devices, or
connected appliances that are capable of communicating
wimslessly with sach other [1]. From applicability stand-
point, these artificially intelligent networks interact with
mspective physical environment. allowing loT to influence
the present civilization from home autcmation to security,
health monitoring, and managing the daily task. The grow-
ing applicability of IoT is hypothesized to reach over 50
billion devices by 2020 [2]. With the advancement. consid-
erable amount of data traffic is generated from loT-based
devices, which ar major multimedia data. The enommous
size of raw multimedia data followed by its storage and
transrmission pushes the urge of its compression using video
cormpression technology. The chief ohjectives of video com-
pression technique are efficient storing of digital video,
effective transfer of visual data among various components
of a video system, and reduce computational resource s used



in video processor for cost-effective computational pro-
cessing. Video compression involves compression of digital
viders by removing the redundant data, which is camried out
by ME algorithms, Block-based motion estimation (BME)
algorithm has been employed in most recent video coding
standards, such as H.264 [3] and H. 265/ HEVC [4] due to
its simplicity and effectivencss.

While discussing on BME algorithm. first algorithm
comes in context is full search (FS) algorithm, the sim-
plest and effective but takes huge time. Jain and Jain [5]
proposed a robast and improved BME algorithm, 2D log-
arithmic search (2DLS). 2DLS takes lesser encoding time
than FS, while maintaining the image quality. The main con-
cept is based on reducing the search window (SW) to half
in each iteration. Three-Step Search (TSS) Algorithm [6].
Mew Thiee-Step Search (NTSS) [7]. and Four-5tep Search
Algorithm (FS5/455) [B] are the improved version of BEME
algorithms propesed based on checking the surrounding fix
points. Diamond Search (T¥5) [9] uses fixed diamond pattern
to calculate the minimum block distortion { MBDY). There ar
several DS based algorithms proposing reduced ME com-
plexity by minimizing the search points. Cross-Diamond
Seamch (CDSH 10, 11]. Small-Cross-Diamond Search (SCDS)
[12] using diamond and square patterns [13] and Small-
Diamond-based search algorithm [ 14] are some of extension
of diamond pattern search BME algorithm. Star Diamond
Algorithm [15] uzses starshaped pattern incorporating two
search pattems; star shape in first step, followed by small
diamond. Hexagon-based search algorithm [16] uses big
hexagonal pattern at its first step, followed by small hexagon
to conclude final motion vector (MWY). All these algorithms
start their search with fixed pattern. focusing to reduce the
number of seamh points or search direction.

To further reduce the encoding time, a context-aware pat-
tem scarch BME algorithm is proposed in this paper. The
choice of pattern is tossed between large and small based
on the degree of the motion that can casily avoid direction
misleading, trapping in local minimum, hence, minimize the
search time. The article is organized into following chap-
ters. Section 2 provides a details description of the proposed
context-aware fast BME algorithm, followed by experimental
results and discussion in Section 3. Finally, Section 4 con-
cludes the article with the light of potential future prospect.

I Proposed method

Az discussed in the previous section, all BME algorithms
start the search with a fix pattem, focusing either to reduce
the number of scarch points or factoring the motion direc-
tion. Mone of these standard BME algorithms investigate
the degree of motion at first point. Very few of them con-
sider the motion degree in the later part of algorithm.

Although, these state-of4he-art algorthms are very promis-
ing, however, there is high chance of motion misleading and
inefficiency to estimate small motion in first step.

To further improve the perfomance, a context-aware pat-
tern search BME algorithm is proposed hers. The main
feature of this proposed algorithm is instead of vsing only a
fix pattemn, the motions are characterized into large or small
based on motion degree at the very first step, and the search
pattern is chosen either SDSP or LDSP. This is continued to
cach and every steps until MBD is atcenter of SDSP. By this
approach, the computation time reduces significantly while
maintaining the quality.

Catcgonzation of motion degree is done using distor-
tion ratio (DS, ), which is derived from the pixel differences
between current and reference blocks, mpressnt as initial
distortion value (DS;) and final (DS} distortion value at
initial and final MV peints respectively. DS, is cbtained
using DS and DS ,. The details of the procedure and mech-
anism of the proposed algorithm are summarized below.

1.1 Determination of the search center

Instcad of starting the scarch from the center of the
seamh window, the proposed algorithm uses advanced
motion vector predictor (AMVYP) logic to select the ini-
tial seamh center (ISC). Basically. it compares median MV
fm‘}!d'?]. ml’fjh ﬁuﬁ'. ﬁuﬁ'—rr’ghr- and ﬁ[ﬂ.ﬂ]
and the point which has MBD, is considered as the final ini-
tial scarch point as described in Fig. 1. The proposed algo-
rithm deploys the search pattern at final ISC and searching
process starts.

2.2 Instertion ratio

To classity the motion degree of the video content, distortion
value is used in this propesal. Distortion value is derived
from the pixel difference s between the current and reference
blocks. Distortion values gives the motion trends, it helps to
define the motion. Distortion ratio (DS, ) is the main key fac-
tor in this proposed algorithm. Generally, the basis concept
of any BME algorithms is to compare the blocks and find
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Fig. 1 Meighboring blocks details for median predictor



out the differences. S0 basically, distortion is already used
in the BME algorithms. MDB is also based on the minimum
differences.

The proposed algorthm uses this basic information to
define the motion and there is no extra computational over-
head in this logic. DS, is calculated based on the starting
distortion value (D5, ) and ending distortion value (D5:) at
each step. The degree of motion is predicted based on DS,
as mentioned in (1) and accordingly the search pattern is
chosen in the proposed BME.

D5, = D5 /DS, (1)
2.3 Threshold definition and motion categorization

Although, on the run time DS can be captured and use to
classify motion. However, to determine whether the motion
is small or large, a threshold parameter (THz ) is required. To
define THs testing was done with some of the benchmark
video sequences, which are representative of different types
of motion and also widely use in HEVC standard testing.
Jolnmy (Class E), BQSguare (Class I, and Baskerball Dl
(Class C) are typically representatives of low, medium, and
high motion respectively. The details of benchmark video
sequences are summarized in Table 1. Intentionally, differ-
ent class of video sequences with different mesolutions, am

Table 1 Test viden sequence description

Classresolution  Sequence Frame  Dascription
[ETes rabe (fpa)
A 2580 s 1600 Traffic L Complex content
with medium motion
Preaple on street 30 Medium motion
with rich texhire
B 1920 1080 Basketball drve 30 High motion
with medium motion
Kimono % Medinm motion
with stimple background
O BA2 < 480 Party scene 0 Medium motion
with moom-in ef fect
B mall &0 Medinm motion
with camera movemnant
v 416 = 240 BO) square &0 Medium motion
with camera movement
Basketball pass 30 High motion
with rich texhire
E 1280 = 720 Johnoy &) Slow motion
with static backgiound
Four people &0 High motion

with rich bexhare

taken into consideration to exclude the hiasness of class and
msolution in threshold caleulation.

TZS with squars search pattern of HEVC reference soft-
ware (HM 16,100 is used for the testing purpose. Starting
scach center distortion value (D5,) and final MV dis-
tortion value ([5.) are captured for these three standard
video sequences over 15 frames for a particular quanti-
zation parameter (QP) value (37) and DS, is calculated.
DS, is considered as random variables. Then according to
the central limit theorem, the distribution of these indepen-
dent random variables tend toward a normal distribution. From
this distribution, the comesponding mean and standard devia-
tion are calculated. These values are used to plot Gaussian dis-
tribution.

Figure 2 shows the combined representation distributions
of three standard video sequences. Threshold 1 (TH)) and
Threshold 2 (THz) are obtained as shown in the Fig. 2.
TH; and TH; help to define the motion degree. However.,
from the observations and intensive experiments, the mal
timme video sequences contain motionless or very less motion
in its major portion. Also, as per the study and previous
mports, the am length of the search pattern is not signif-
icantly different between large and mediuvm motion video
sequences, Thus, to reduce the computational complexity as
well as encoding time, no separate pattern is considered for
Medium motion in this proposal.

TH;y = 0.50, (2

In this proposal. the mean value of TH) and TH: is con-
sidered as THz. So all the video sequences are classified
into large or small motion categonies based on THj. After
the extensive testing. TH; is defined as (2). When DS,
value is greater than the THy, the motion is categorized as
large motion, otherwise the motion is categorized as small

motion. Based on this motion category, the search pattern is
defined.
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Fig. 3 Two search patterns of
the proposed algorithm

@ Large diamand search pattem (LDSF)

14 Pattern selection and search

During pattem selection, IV, and IS, are captured from
both median MY or (0, 0} positions. 38, is achieved and
compared with pre-defined TH5 to categorize motion degree
into small or large. SDSP for small motion and LDSP
for large is considered. Figure 3 shows LDSP and SDSP
pattern, which are used in the proposed algorithm.

LDSP compeses of nine search points from which eight
search points are sumounding the center. SDSP composes of
five search points from which four are surrounded the cen-
ter. The proposed algorithm evaluates all the search points
to find out the MBD point, which determine the pattern and
therefore switching of the patterns occur. The switching of
both the search patterns for LDSP is demonstrated in the

a Case 1. Corner point LOSP -> LDSP
Fizg. 4 Switching of both sezrch patterms—LDEP to LDEP

b =mall dismand szarcn patern (S0SP)

Figs. 4 and 5 when the MBD point found in the previous step
at { a) one of the corner points, (b) one of the edge points, and
() center paoint. If the motion is again categonzed as large.,
LDSP is selected for next step. Instead of searching eight
points, program will check additional three or five points to
find out the next MBD point.

Similady, for small motion, instead of searching four
points, program will check additional three or two points
tor find out the next MBI point. The switching of SDSP is
demonstrated in the Fig. 6 when the MBD point is found in
the previous step at (a) one of the comer points and (b} one
of the edge points. And continue the search until MBD is
found at center of the SDSP pattern.

The details process flow of the propose algorthm is
described in Fig. 7 and lets have close lock into the process
of the proposed algorithm.

O At the very beginning, median predictor is caleulated
based on the median MV value of the left, up. and up-
right blocks of the current block as described in Fig. 1.

0 Compare WHPL mIveEl- J""‘-_.I:'l.:“u[:v- J""‘-_]:';:“u[:v—rjg,ht- and
m’r_n,m. The minimum among these will be selected as
the ISP

O While sclecting the ISC, D\Sp, and IS are captured
from both median MY or (0, 0) positions. DS, is
achieved as described in (3) and compared with pre-
defined TH; to classify the motion degree at beginning
of the search, which imposes search pattern. This is the
com idea of this proposed algorithm.

D8 = DS imediany/ D8 . 3

O If the motion is classified as large, then LDSP { shown
in Fig. 3) will be deployed at ISC. I8, resets and stores



Fig. 5 Switching of both search
patterns—LIDEP to SDEP

hCﬂSE 2 Edge point LDSP -> LDSP € Case 3 Canter paint LOSP -» SDSP

the search center distortion information. All the eight
points are evaluated using cost function [17].

O Once MBD point is achieved, the center of the search O

pattem is changed to the MBD point (found in the pre-

vious step) and [} is captured from MBD point. '8, O

at previous ISC and DS, at new MBD point are used to
derived the new D8, which in tum helps to select the
search pattern again. The logic to get the INS, from the
2% ctep onward is described ini4).

DS, = DScurrenmn/ DS preuma) (4

process will continue until MBI is found at center of
the search pattern.

It the MBD is found at center of the LDSP, the SDSP
pattern will be used as shown in the Fig. 5c.

It the motion is classified as small, then SDSP is used.
Four search points of SDSP are checke d for MBD point.
If the MBI} point is at center of SDISP, then that will be
the final MV for that search. Otherwise, again the VS,
iz caleulated as (4) and continue the search proce ss until
MBI is found at center of the SDSP.

Therefors, instead of using a fix pattem at staring,

the propesed algorithm hypothesizes of employing diverse

O I the motion is againclosified s large, then LDSP isused  scamch patterns based on motion size in cach and every steps

based on the current MDB point and additional five or  until MBI is at center. With this logic, the proposed algo-

three points are checked as dermonstrated in Figs. 4 and 5. rithm is able to reduce the encoding time to a great extend

O  Again, the distortion ratio are calculated with the previ-  while maintaining the quality of the video. The experimental
ous and current MBI points as mentioned in (4). This  psults are discussed in the next section.

Fig. & Traversal of small
dismend pattern in the proposad

algorithm

b =mall @amond searchpattern in same € Small diamond sesrch patiem in oppagite
direction — 3 points will be tested direction = 2 paints will be testad
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Fig. 7 Flow diagram of the proposed al gorithm

3 Experimental results and discussions

The proposed algorithm was tested on HM 16,10 [18]. All
simulation was performed on a PC with an Intel core i7-
ATT0 processor with a 3.5 GHz clock speed and 8 GB of
EAM mnning on Windows 10, While performing the testing
below mentioned test conditions were maintained.

1. Configurations were followed as mentioned in HEVC
test condition standard decument [ 19].

2. Standard test video sequences with different classes and
resolutions were chosen for experiment. The descrip-
tion of different test video sequences is given in Table 1.

3. According to the standard test conditions [19], Class E
sequences were not used for RA-Main profile and Class
A sequences were not used in LE-main profile testing.

4. Other important test parameters for test experiments are
mentioned in the Table 2.

While doing the peformance evaluation, the proposed
algorithm was evaloated with TZS algorthm and DS
[9] using HEVC reference software (HM) version 16,10,
Required time to encode video sequence, number of bits

Table 2 Other test parameters

Max. CL size 64 el

Max. CLV depth 4

QP n.1.32.37

Semrch range [—&4, 64]

Coding profile Lioww delay main {LB-main).
Random access (R A-main)

in the encoded bit-stream. and peak signal-to-noise ration
(PSHR) are three parameters taken into consideration dur-
ing experiment. ABit means the total bit rate changed (in
percentage) as mpesented in (3). AY-PSMR means the
change of Y-PSMNR as summarized in (6) and AT denotes
amount of reduced time, caleulated by (7). Bjontefaard
Diclia PSHE {BDPSNE) and Bjontegaard Delta BR{BDER )
are the average PSMNR differsnces in dB for the same bit-
rate along withthe average BD differences in percent forthe
same PSMRE mceptively and computed accordingly (refer
[20]). All these measurements were used for total 50 frames
of test sequences, mentioned in Table L.

Bjtr‘zl.ttmp.md - Bjtmltmigj“]

ABir = - w0 100G, (5
Bjtrﬂltaisjm'|
APSNR = PSNRpmpmd - PSNRmisj“], (&)
Ti o — Timeariging
AT = —empesl = TRenenl 100G (7

T"-mfocig.iua'l
3.1 Performance comparison in LB-main profile

Table 3 shows the pedormance comparizon of the proposed
algorithm with respect to TZS, as well as with DS [9] for
LE-main profile. On average. around 42 56, 43,673, 36 05,
and 37.59% time deduction for class B, C. I, and E video
sequences was achieved respectively in compar with orig-
inal HM software, while 38.12, 40.32, 42.55, and 40.37%
time deduction was obtained compare with original DS
algorithm [9].

For “Kimone” video sequence, due to its simple back-
ground, encoding time deduction was observed approsi-
mately 43.16% with only 0011 dB deduction in PNSE
while 0.05% increased in bitrate. Also, 0,012 dB increased
for BDPSMR and 0.26% increased in BDbitrate, “Basket-
Ball Drive” video sequence is classified as large motion
video sequences and the proposed algorithm achieved
41.95% encoding time deduction with 0.005 dB deduction
of PSME for this large motion case. Also, “Johnny™ video
sequence contains small motion with static background and
gave 42.85% of time deduction with negligible deduction of
video quality around 0.001 dB comparing with TZS.



Table 3 The overall comparisomal pedormance of the proposed algorithm with TZS and DS [9] in HEVC refevence software (HM) 1610 for

fow delay main (LB-main) profile

TZS Dvamond search [5]
Sequence QP ABit AYPSMR AT BDPSMRE  BDER  ABit AY-PSNR AT BDPSME  BDBR
(%) (%) (B} (%) (%) (%) (dE) (k]
n 0238 0. —420a0 0021 0915 =071 -0l —38.068 g —0183
Baskatball e 0492 —0u00d —40L 308 —0.225  —0u —35.797
diive 1 0060 —0E3 —41.0m5 —02300 0008 —3£807
7 L0773 —0uls —4 2557 —0.249 (0.0 37978
Kimenn n oids  —0um1 —42701  —00128 03569 0171 -0 —38.446 Qe —01e9
7 0119 -0 —41.218 —0.112 .00 —40.217
12 o7 —nnls —43.321 —0.158 00015 —383561
a7 —0017  —0u027 —43.457 —0.378  —0ua —38.249
Pasty scene 22 0013 0,000 —40T740  —0012 048 0113 (.02 —38547 0001 0021
bl 0212 0. —44.322 07 —0Es —32037
12 0348 —0u0d3 —44.242 =008 000G —38.462
37 028 —0016 —42017 —0123 02 —30.008
BO) mall n 0,259 0.3 —44.680 0026 0&a27 —0L057 (0.0 —41.205 Qa7 =156
e 0344 0.2 —44.577 —0.224 0005 —41.392
12 0877 —0us —44.207 0144 -0y —42.252
7 0749 —0o12 —42.372 —0384 07 — 40603
n =044 -0z =3e 001 —0003 QUIET —(L0&0 (0.077 —40. 784 Q03 =003
Baakathall 7 0134 —0s —37.180 —0.235  —0u02 —41.885
pass 12 —0.324  —0uE2 =376 0.159 0007 —42.007
a7 0492 —00da —3E.018 0434 0016 —41.736
B} square n G190 -0l =33T02 0005 0101 0,139 000 —43.003 g =100
bl IE ol —3n.516 =072 0ol —43.187
12 LS S T e —35155 0026 —0uda —42.378
7 =098 =0l =332 —i.142 0005 —43.650
Four people 22 0374 —ids —41.39 -0l 0412 0.230 00013 —40.573 =000l 0106
ol 0321 004 —20.067 0178 0006 —42.420
2 0471 —nds =33085 0245  —0.001 —41.331
7 0oTd —nds —25.843 —0.242 —0L00S —41.652
Johony n —0.1a6 0,000 —40.432 0,000 06l —(Lr (0.0780 —40622 Q03 —02ed
n 0128 0. —43.533 =070 00015 —35203
12 0225 —id9 —43.042 —0.424 -0 37673
7 —0s .04 —44.403 0,308 n.ols —42.413
Average (%) W2EF 3 —diLsEE -l M5 —iiTl (] —40.346 g —i 16

Ttems in bold facs represanted the sverage performance of the @ach algorithm

Based on center-biased characteristic of motion vectors,
for stationary and slow motion video sequences, the best
motion vector of each prediction block (PB) is expected to
be near from the center. Using adaptive pattern LDSP or
SDSP, it is very bensficial to handle both type of motion
sequences. The performance of the proposed algorithm was
best for slow motion sequences, while it could signifi-
cantly performs for medium or high motion video sequences
too like medium motion including “BQ Mall” and “Party
Scene” with zoom-in effect. Around 43% encoding time
reduction was ohserved for class C.

Om the other hand, only 32,345 of time deduction has been
observed in “FourPeople™ video ssquence which contains
high moticn with complex rich texture background. However,
the quality of the video was maintained with very marginal
PSNR degradation of 0L003 dB. Proposed algorithm per-
forms little low in respect to deduction of encoding time
for high motion videos, improvement of the proposed algo-
rithm for this exceptional cases are scope of future endeavor,
In gencral. the overall performance of the proposed
algonithm was good, approsimately 40, 185 encoding time
reduction with very marginal PNSR degradation of 0.005d4B.



Sequence: BaskethallDrive

B0
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Coding Comditicen: LB-Main
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Sequence: Kimono  Coding Conditions: Li-Main
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Fig. 8 Rate-dstortion { RO corves for Basbeghall Drve and Kimono saquences for ckes B indow delay main (LB-main) profile in comparizon with TZS

Tahle 4 The overall comparisonal performance of the proposed algorithm with TZS and DS [9] in HEVIC reference software (HM) 16,10 for

random access (RA-main) profile
TZS Diamend search [9]
Sequence QP ABit AY-PEMR AT BDPSME BDBER  ABit AY-PENR AT BDPEME  BDER
(%) (%) (dB) (%) (%) (%) idE) (%)
Traffic 22 —0.037  —0007 =335%4  —0.031 0.908 0744 0002 —31.047 0051 1417
27 -0042  -00X0 —34.084 1428 —0004 —34288
32 0.088  —0030 —34.780 1353 —0u0e —33.288
37 0045 0071 —23.11 1297 —0004 -33a21
People on street 22 0286 —0004 —38.055  —0.044 Loo —0342 0004 —15549 0.4 —0.52
n 0.088  —0008 —39.240 —0.307 0003 —lad48
32 0852 003 —40.980 —0.508 000s —1.053
37 —0682  —0.080 —36.500 —0844 ooz -15.650
2 —0.1%0 0.00 —38.020  —0.033 L&d 0.182 Qoo -a112 0.029 —1.141
Baskethall 27 =015 —0010 —35.191 —0.718 aon —13928
drive 32 0371 0037 —37.465 0106 03z =3R099
37 0278 0115 —35.451 0443 0098 =719
Kimono 2 0163 0.0 =358 -0.00s 0.179 0960 Q001 —33887 QU040 L1150
n 0172 0005 —36.250 L1&0  —000s —3402
31 -03el -0013 —35.365 1.308 0006 —3.606
37 0614 -0082 —33.186 0817 0001 -32.737
Party scene 2 0242 0002 —37.2% 0042 08%a  —0l6l  —0003 —15.680 a7 —0L153
n 0482 0002 —38.434 —0124 Q0o -2 582
32 Loes  —0.013 —38.361 o5 Q00a - 480
37 0891 —002 —37.369 —053%  —000e —35738
B mall 2 0.158 0.005 —36.487  —0.001 0.072 [EUNES Qoo —-3714  -00le 0355
27 -097F -0013 —36.601 0.671 Q001 —35.3508
32 0126 0018 —34.438 0.437 (RO K —32.438
37 044 0018 —35.a04 0,605 ooz —3443
2 0401 —002 —36.780 0063 L1372 00oe  —0003 —15817 Q007 —0.127
Baskethall n 0566 —0031 —38.717 —0.493 0031 —15.683
pass 32 0874 0023 —37.801 —0.139 Qnls =35502
37 1985 —0.024 —36.348 0123 oonle —3a378
B0} square 1 =080 0.001 —30.008  —0.002 0052 —0ed Q04 —37.037 o2 —0038
n 0.348 0012 —38.387 0.081 Q0o —3a424
31 —0057  —0.00s —37.262 0114 Qoog =37.425
37 -0113  -0015 —38.531 —-0516 0015 —Xa013
Average (%) 0246 —0J023 —M0E6  —DU2R 0763 —02I1 [EE] —35411 0083 0117

Ttems in bold face represented the average performance of the each algorithm



For class D video sequences, e.g.. “B0) squar™ and “Bas-
ketball pass" (416 = 2400, the proposed algorithm achieved
36% encoding time deduction with maintained video qual-
ity only 0,002 dB loss in PSNER, and 0.31% increment in
total bits, From the observation, it is concluded that the pro-
posed algorithm achieves 38.535% encoding time deduction
with a loss of 0,005 dB in PSNE (ie.. video quality) and
0.22% increment in total bits.

For performance comparison from a low to high bit
rate, rate-distortion (RL¥ performances were captured under
standard HEVC test conditions [19] for all video sequences
as mentioned in Table 1. As HEVC iz mainly focused on
high resolution video sequences, only class B, the BRI per-
formances are shown in Fig. 8. The proposed algorithm
performs very similar to the orginal HM 1610 software,
which results in negligible loss of quality and bit-rate.

3.2 Performance comparison in RA-main profile

The proposed algonthm had also been tested with RA-main
profile, and approximately 26,05 and —35.42% encoding
time deduction was observed with compare to both the algo-
rithms. The details are shown in Table 4. On average, 2587,
3682, 3649, and 35.03% of time deduction for class B,
C, I, and A video sequences were achieved respectively
compared with the original HM software and 35,13, 2517,
36.39, and 3498% time deduction in compare with orig-
inal Diamond Search algorithm [9]. For “Kimono™ video
sequence, due to its simple background (resolution 19200 x
10807, encoding time deduction was observed 34.06% with
only O dB deduction in PMNSE while 1.06% increased
in bitrate. For “B0) Mall™ 34.22% and for “Paty scene”
36.11% deduction of encoding time were achieved.

4 Conclusions

This paper has proposed a fast and robust block-based
motion estimation { BME) algonthm for multimedia loT plat-
form to reduce the encoding time in HEVC. In order to make
a fast BME algorthm, adaptive pattern selection approach
has been taken into consideration based on motion degree,

For the determination of motion degree, the basic
information of videos including distortion was taken into
account. Based on the distortion ratio, the motion was cate-
gonzed into either small or large. Therefore, instead of using
a fix pattems at staring, the hypothesis of employing diverse
search pattem based on motion size in each and every steps
until MBI} was at center of SDSF, results the algorthm with
significant reduction in computation time while maintaining
the quality.

A comparative study has been included with TZS algo-
rithm of HEVC reference software and DS [9] in order

to validate the applicability of the proposed algorithm to
improve the standard. The results indicated the hypothesis
of using of adaptive pattern from the beginning of search
worked well in fast ME.

Few of the future prospective are summarized as fol-
lows: (a) the incorporation of parallel processing can open
up new direction of research: (b) with the inclusion of
directional infommation about motion degree, asymmetric
seanch pattem can also be used instead of symmetric pat-
terns to further reduce the encoding time; and ic) embed ded
processor aspect re-design and implementation based on
graphic processing unit (GPU) parallel processing and sin-
gle instruction and multiple data (SIMI¥) iz needed because
the environment of IoT has usually low computing power,
slow communication speed. and short wireless communica-
tion range.
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