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Abstract

Most of fast block motion estimation algorithms reported so far in literatures aim to reduce the computation in terms of
the number of search points, thus do not fit well with multimedia processors due to their irregular data flow. For
multimedia processors, proper reuse of data is more important than reducing number of absolute difference operations
because the execution cycle performance strongly depends on the number of off-chip memory access. Therefore, in this
paper, we propose a Hexagon-shape line search (HEXSLS) algorithm using line search pattern which can increase data
reuse from on-chip local buffer, and check sub-sampling points in line search pattern to reduce unnecessary SAD
operation. Qur experimental results show that the prediction error (MAE) performance of the proposed HEXSLS is similar
to that of the full search block matching algorithm (FSBMA), while compared with the hexagon-based search (HEXBS),
the HEXSLS outperforms. Also the proposed HEXSLS requires much lesser off-chip memory access than the conventional
fast motion estimation algorithm such as the hexagon-based search (HEXBS) and the predictive line search (PLS). As a
result, the proposed HEXSLS algorithm requires smaller number of execution cycles on media processor.

Keywords : Fast motion estimation, multimedia processors, sub—sampling line pattern, memory access, data reuse

55

I.A B H.261/263/264 Z& o8 J4 45 TN Zy Uzt

o AZHH FEHL Qol7] Aiste] 9 ALgEE Wy

=5 A% 39 F4L2 MPEG-1/2/4 ¢ ITU-T BN, BIY 4FEE NE 2 4FE FE B
olth, AT FAQY FAHL FIsdA A B

s, ANY, AFRAST YREATAR ANEE a7 s pRelslw St duoz
(Sungkyunkwan University, School of Information 25 A AL dako] gg 4 (1)9 SAD (sum

and Communication Engineering)

Hedak 2005041249134,

FRLE A 200619649274

(363)

of absolute difference)& A}H&-3Hc},



56 U0 ZEMAM go 1% ZHY BME AT

4714 alm,n)E A £F, b(m,n)E B4 AH
o X2 %, MNE €39 4, 49 27|, P=
A d9e 2718 vk 222 (z,y)e 94 9
ol FA fxolt. 4714 Ha SADHE 7HA=

T

search block-matching algorithm, FSBMA)9+-& &
499 U BE SINE gasl) B HHY £7
o WElE g £ o AT W BN e
=59 st gA4& #3F o ADD, ABS, SUB €
22 she SADA] (2P+1)° X Mx N
T o] AAZF BG4 45 Al2dd] Hg3]
A7k Qek e AN G 4E A2g
37] st & w49 4 dngge A7
| A% AT

B

fo 1

o

Ar_‘lu

o
o rr 2

s

7 %

o)
=2

=

M

&L v g4
A& o] &3} ol A7t tlREelth
fEgoz JhALYTS)Y, 40ARAASS)?, thol
o2 =g A(DS) Hexagon BA(HEXBS)®, 3z
CDS (Cross-Diamond Search)® &mg)&S¢] glo}, o]
g 7|HEL Unimodal &% H¥(Unimodal error
surface) o 7F3 7 A4 #E 9] Center-biased 57
& 7122 gAH $£5 Foje Aolt) At G
o] EAZF WEAY B39 SAUE VAT AL 3H
Had A wA7] e e A &

T olHd FAME A A8 FAY HE

]

K
=1

£ 1

=]
T
o
=

o 1

ol oo

= 4N
o nl
N o
iy

i)
L

d
4

O

AP g2 o)z a
4 guyEEL B3 Ao H
(Control operation)® &4} H& 9] o]&A s
o] Fdolvt HE Azt 7hsd vy Z2AME
off AHR-E7]ol= vE &Aootk £ B sige o &
oz Fx Zygdo] fAT R R Ho] ®l
W3] LAt B x| A E AL

HZ Huang"'& vtio] T2 AMolA oj5uxele
Hq2& Eo17] st 2l &4 si®¥l(line search
pattern)& Atetch AR 2l A sjEHe A

399 e ZE A4el SADE AdsHE wA

o
ol
ok
o rir
2
~ K
o
o o
o
g
-

ror
T
@

>

fav]

«

le)

o

1
00
o
e
ul
1=
=}
kJ
n
oy
ox
okt
4>
1o

[s0]at {2 ad}ad fus a6 ] a7 as] a0 bob1b?b3Mb§bﬁb7b8b9
™ /
~J +
N, | A
N S .
SUBSAD4 Mask
s Jmron e lmoost] T3 1 * 1 1 * |
N rd
~a R
DOTPU4
™ = =
O 1, TMS320C64x ol A 4712 3t2HIOlHE $IE

SAD AHAF o
llustration of SAD calculation for four 8-bit pixel
data on TMS320C64x™.

3 54 £49 WEzt wol BAsks Jgolx

b
rle

2 3 o gl Sk

3] o5 v 2ele) FTo| wol LSt FAHe] g
B2 =R x= Hexagon E%E 7|Wtoz 24 &
A A5E Foln 9B HAEy FZE Fol7] 9 &
A A whHe AHgsi, ek #l 2 s gy
Ao RuEe J2 358 £9)7] Y3 Hexagon
29k gl BHl(HEXagon-Shape Line Search, HEXSLS)

[
7iH-E Aleksith Ak 71¥-& Texas InstrumentsAt
Jelo] =249 TMS320C6415™Mel) 73

o

, VA
A, VA At g

o
e
ko
ich
iy
X o -
i
ful
=
fd

0. O0/Cjo] Z2AMMel £

Ao g wre] ZEAME AN HEHAE
wa@dg xgstz] Y8l VLIW (Very Long Instruction
Word) 7&& 7Hth. Hegu|tjo] dlojge] A A

£ B BEH AN e P9t Bol wAB,

SADARE #&& F0]7] AF mtjo] Z2AAY] F2
ey Z__—I'E]'UO][H].
o wolel B E AT We ol

A
e
rl



2006 78 T3ty

E L.

Table 1.

SADOIAE} | 2o 2E|FH 2ol 42 Alo|ZE H|un
Cycle counts comparison of SAD operation and
off-chip memory access.

QA2 EE0] | vjazBEe] | 4xIGEEY
eV T S R i R B o R o -

ek

Aol

7 3248 9910
(Cycles)

3) Y el dHoleiE HERZ Azlslr] 4% SIMD
(Single Instruction and Multiple Data) W&o} F+%&
ZFA 3L i

TI TMS320C64x ™ Tltjo] Z2axe] A% 64 HIE
dole #j2E 7HA3 glom, o|R& 8/l9 SHIE 3}
A HolEE 3 W qA2F 4 ok T3 VLIW F
e Y 715 FHg M- 3, oHF 7% &
WA 2 Jkx] HEEe SIMD +2& /M n 9o,
& E°, SUBABS4 Bl 4719 stad ol o
s WAl oA JAS & e ¢ F 4 gls
gk ofue}, o] 2P Bt o] Ate] 7% FRAN TA
of #3 & & AUtk wkA vrje] TN E EE F
T 2FE T3] 3 SAD BHE gubAEg) vloja
ZEZzAMEG 8 gHHoR AT + Qo

2% 1 TI TMS320C64x™ mlt]o] 2 Ao A
SAD H#<& SUBABS4SH DOTPU4 W& AM4ata
38t A8 ZAEN WA, drgd 28 474
o] QH|E Ho|E|E SUBABS4E HojE o] &3t WY
2 A% Agx AAS FPsr}. 1 v DOTPU4
FHEAR Y ANAFHE shite] AHE g3t o
7 FgidolHE 48 & o|HA SAD AAkate]
3te] BEd) e 23?&2%% & 4 Ao w
A 16x16 AR EES] Z$, 64U SUBABS4@"J,
649 2] DOTPU4AH lﬂli 649 o] ADDAe] o
atet. dpubel datel 1Ake|Ee] "asttta 7FA g,
A2 EE 9] SADAM ] 192/}0] Fo] HastA Hrh
A Hto] TR AAE do]E7he gEX ] §lo
H, BEAE HE2 A rheshy] didd 6e Fe
A}OIEL% 2E3HA @t

%12 EE AY 2F At 22HE SADAL]
AbolE 49} 9 F WX (off-chip memory) 4 A}
o|F 4E TMS320C6415™ell T@zta] vlmet Aolu},

T3 Alo] 29 78 HY st mazEEe £5 A
& 9FE Aeted o8 vme dxzd Fag A
o]F¢] SAD 4t AtolFz H|wale] oF 40u) o] &

A %74

=X M 43 3 SP B ¥ 4 5 57

Lo
| YN

«=c§===<p==<}:>=~ ===<}:@¥</ —
EUONPVE T
T |
(a) LHSP {b) SHSP

% 2. Hexagon EMHe| 71X miH
Fig. 2. Two types of hexagon-based search pattern.

Y FAAA AR vz H A
ZQ 3k Lehdt) “47x16E2 9
p: az|zr 329 A%

?i’&% HE}O% 3 W 94*‘?“114_ﬂ— H\i‘é}‘ﬂ RE

AReEe H s %%

7401 xz% g___}—;,:q z4 v
7] YA e B JHE*«] oj&A o] Holopstn ERF
3 AoHHE Y AHEoZ e EFEIE Hojofstt). &)
]n} Hexagon EM“ 7]&4_4 7Elo C"_:]_H)-FGO] 31/\ 02101
4 e o 2 A Fo] A /A At
oJEHol7] Y& ohF F4 29 dolg & v 7}
A&7 ok BAA 9% WZe)(off-chip memory)

o Zo7] YaM e AarskE B Hh s 714
ofF vlrjo] T2 A|A2] i w22 (on-chip memory)oil
A dolHE aRHez AL = gih

ELAE 718: Hexagon EMM,
ol & 2fol B (PLS)

NE Add 1% $HY wA JPeze ud
Hexagon B4} (Hexagon-based Search, HEXBS) 7|9
< 5 4 Ao 29 264 BE wie} 2ol HEXBS
71 B FA staet o FACERE & $74Y
Rofoz  o]Fo]z LHSP(Large Hexagon Search
Pattern)$}, 4 StAZFE Agrt 19] AER o]F

l



58 DICIHZZAMA &9 15 SHY 42 2% Hexagon 2 20l BM 212

o] SHSP(Small Hexagon Search Pattern)¢] & 7}%]
g4 HEe 7bAa dvk LHSPE F$4E ¥3s8ke 7

Hel w4 3] Ag, SHSPE F4& @t 5749
g4 90X Ag 23 Qlow B o B §74Y RS
2= Ag ERow Frh

=
et Fx G4 WA FA 244

Q WE 00 AHE AFHoZ o] Az SADE
2 AHE Fob Uitk WA LHSPS 44 (00)
o2 3o 2 9] Aol 3ol & SADE 2 A

}—}‘}‘é‘_’ ‘:}'%, a1 ;q;\(j“% E} ] LHSPA "6‘\:! u—g-i
sto] $UF AL AP olHE W HPL 5
sga}um H2 SADE Ze ™ol LHSPY F4Hol
49t 1 9IS SHSPY FAALE aio nix]
uvog Hx SADE e AWe 2T 1 ARL

_414 FZ] o)} tﬂla ?:f_]_-E}-
HEXBS 7l Z$ %7 LHSPY @44 o&
A%, 742 4 39 B4 9

’

¥9] LHSPE +4 &
Agke AEA TS 2AREkE "ok o|AL DS
(Diamond Search)7]®¢] #4& SAD A&l we} &4
AxA"e At 22Ae AP Aorb Stk
HEXBS 7|'"82 DS 7|3 ®lusted Fv Aqtstd &
A delolgta & 4 ot kATl A HE] o g
Aol A B gAdMY HA SAD AR wet
@A) 7] wEd b g S| 29| dlole & mE]
A & 4 Y EA%] Jdoh =3 (00 AHE FA

o2 BAL AAs7] Ed vluy $A90] e o
39 2ok LHSPA 03 94 ¢4 847} A2
2290l & QAo Aol 54 957t E7H8H 5

o o “L-ﬂ 2ol Bol At £ FY Fd
oA Z&o]l BojAA Wk EF G AP oI
A 277 At He ARA A=t B B
A =Z 27 #Ha X (local minimum)oll WA 4 &3
o HEE Fded 448 gEx A

2371 fa HA §4d deE

rﬂ

ol EARE F SR
%e BL Eolm, ARHY U4 dHe Pt

%]

AF drg HIE &2 95 FU D (Predictive
Line Search, PLS) 7I®jel A=yl PLSe 7|
4 2ugZe bed 2ok WA 42 $Hq WE x
e Aue B4 99 2719 shte FPAS p
a8, p-1, p, p+18] 3709 2kAie BE A E £
ARk ae)n Az SADE JHAE HgoR 27t @
Qe zA@Th W i SAD Aol EAE 379

N

i}

%
olt
4>
0o

[a]o]a]o]alblajbla] -~ - - ]

1 i

LD w J
(AHEXSLSHIAM ME MHE2 B ZOIE
—uThird MB—

}—Second MB—|

]
|
X | 2
E:"St MB w'thm 1L 1] Search-direction.of - - » o
l \p?e Ime | SAD calculation oy
NN Y|
[N NN !
—_ i
! W+15 pixel !
{p) HEXSLS?S| mHiz2| MZ ==
16 pixel

SRR
NI S
Y \\ N WY
S N RN
\Candldate MB N
"\\ \.f \\ \\ N
B SRS
DWW

(c) HEXBS2| ol 22| M= He

[exid 9

¥
o
w

. AME ME2IT oz WMA S
Fig. 3. Sub-sampling and memory access patterns.

o A)8h7) gow el B
] Aol Ha SAD Aol go}
T2 AEE AR 29 4

o

2
>
ofo
_C‘ﬂ_,
o2
HU
i O
)
41:
n?‘i
HJ
Tm

l 4 HEXBS 71

T 2 2 of 1o fof fob
flo
lﬂ:‘ .
38
o
riz
i
r-|u
F\F

o2 #-43F Hexagon &% 2hel BHAY 7]"”(HEXSLS)
S Ak,

Iv. Mokl s XY BA471Y

DA =93 mro) TR 4L 52 2

(3%6)



2006\ 7€ HASE D

ko, At ¢x
HE /A
A fEel B 28 SAD Al
o2 A7) st st 5
2) (sub-sampling) 91|l A gt SAD# Axrsieh
23 3(a)°] JErA AAF el 3 2RleA
g5 ¢l SADZ 2AEE 9Al ©A] "2 F& “brel A
BAEY A &A}w qrek @ale) A Felol

9, ohg gAY 4 #AALe b 4l
glole] M AMEZY gx= §

el

AR
A
Nl
Hexagon ¥}
oA AME A

ke

B2E

Eaty: |

]’é‘ \:1‘]']

A8 FAES -
a9 3(b)9} 3(c)= Aleks HEXSLS 7% 7|&
HEXBS 7139 9% vz dHx oF BoEr o
7\A g4 49 pE 1692 7MY ﬂt}@, W 3271 €t
Aorak HEXSLS 7182 sjubel &3 gels F43}7)
&), 1® 3 HolFe AAY 4F HEdA
W2 w222 (32 + 15) x 16 = To2HF0|E dAA7 3
g3tk 1 ok, 93 wimale] da2 glo] W
g A 16709 ANE AZE AAE gAY F Uk o
2¢] SAD AAte 84 £59) SADE A
2ol 284 o)Fd HARNAM At
, 3hte] mja2EE9 SADALHS Hdl
w2g) fAlAE 478l0|E ofr} EF G
wj#o] HEXSLS 71¥<

HE4e 2 9w, Az

g ok enlH=
@] o] Bz el
SADZ Atslr] e Uiy w=2els 16 x 16 = 2569}
o) ES) 9% vz dxxrt Pasdith 16 HA9) T4
< glste] 752 wolE 9% wima Aot ¢z shi
o B YA E % 256 Hho|E 9 vl JA=E
)&, HEXSLS 71o] v a4 wWze] A4

2

9,

A2 53@2 o} /“ oh;]. \:1:3]. zﬂo]- %}—73] =9 DMA
(Direct memory access)E oj-&3stel @A & B4 F

of vlg] thg B4 lg AR wraelA W wEe
2 44 7t4 & 5 o

gr =y dxder shte] R
), Aok dn)H e ol M o] B3l ghelek
oy AUHEA FRHNS HEEh oA
2 ovEee J

A~

_'_Xloi 3_71] Hl—xgz‘;l. 761_?,_
Q7] wEelt &

A
T

Lax

L_I'__\

(357)

M43 HSPH K4 E 59
! I I
[ I ]
£§|Mli/ .
OO T OO T T T TS S R
LS S S LA IO LS Lot ot oo o | Sen3)
PR, Lot AL \
T ST S TS TS O OSSR S O0-o1-0-step 1)
N B N B B B e A RCaR: ~<>~/
]
PV
(a) HEXSLS 7|
Zlal MV T
1O <
St
P oD LA LY
ST
ALY
{b) HEXBS 71
0% 4. HEXSLS2F HEXBS 7i#el of: Mv(9,-8)

Fig. 4. An example of HEXSLS and HEXBS: MV(9,-8).

E'l—}\ﬂ e

A7)z
00 Aol
22z

vector, PMV)&] 424

w=oly] ¢sted 7] g4 #ld
2 £zl #ME(predicted motion
o

P

ERE: 59 B e
7] B4 geloz @t} o] AL AA Az ¢4
o) wiEjsh o]¢ B2 Q) wEfold] ARET} &
7 Bt o)z g WElE WA B o3
= 3709 B2 Medion $AYMEE A,
B =RoA] Aokst= HEXSLS 7199 =8 $AE
gAEz Aastd oot 2o

A

o)
ES

=
=

o]
=]

oA 1 (Start): A& &7
A pdY P

pE AR EF

HE(PMV)Y y AES
PMV4 x ] e}

HEo



(= fe]
=&Y

DI Z2M A 42

A
%

GHNE 27| AH AEY HH(a’ L poD
% p, p2 pt2 THAUANA SAD,;.2 9XE
o714 p-2, pr29] ME AE Y= F<l p
AE AEY X9 o E YA ot} SAD 0 p+2
2ol ol -?4743}?3_ 9A 28, p-2 2ol X5 @A 3
a8 grod o 42 33

H7 2 (Direction search of line p+2): p=p+2&

fir oo rir

=

R A

=
=

fijo

’

APk p Bzt BhE AR 4S5 979 pr2 B
& S4B SADol p 9] AT B 48, 2
97 gtom wi 28 wEdn,

97| 3 (Direction search of line p-2): p=p- 2i A
Bgct p 213 O AE AEY §A9 p-2 2
g% SADm0l p Bl $XE gA 4E, Zf—"é
A gom A 3& HhEdtt

Y7 4 (Refinement): o] GAAA Z& HA <] ¢
P

Ag SHSPS 4023t} 4 SADE 2t AL
a3t

A 5 (End): AFH22 22 SAD S 7HE 9
A8 Ao Y WEE A3

29 4% HEXSLS 71¥ ¥} HEXBS 7|H9] ol& B
Zt}h. 19 49 ddA PMVE (5-3), 339 229 o)
e (9-8), 282 ¥4 49L& (-1615) 2 /A%
o dA 28 4a)dA, (GA 1) p 8ol y=-39 914

s B o] A S3aEkelo) 1 B 379 alel

74zt -5 gel, -3 el -1 #le|th A4 SADA A
(8,-5) o4 Zopxth (&4 3) o714 Fe -5
A 3709 ERIE Foll AAERI $A37) W&
o F712 -7 g g%t o gL ARG Ha
SADA L 9-7l HAAEGA o] AP oH3 &
A ghele] ZASIA oIt (B4 3) WEkA, p=-9%1 F7}
Zhls "Agth a2y ofglel:s (9-71) X7t oA
&4 SADo|t). (G4 4) o] 9x& ZAAgelo] oly7]
mioll, (9,-7) Xl o] %3} SHSP 242 4709 9}
A& ZAREL, (DA 5) vhA% (9,-8) X7 A H 9] ¢
A W2 S E Yo kA HEXSLS 7382 53 9)
Zhel gAS #gsiich wreF PLS 7Ho 2 gl 3

AEY, 29 49 ol 39 B9l e 39 @ A

rlo r|o rio

oty 2y o2 HEXSLS 7]E& PLS 7'HHt} 33
HE B FAE st dRure dH2E £9
ozZx AA £ HEE w2 F& 5 g a2
4(b)E HEXBS 79| Z$o S48 F33te o2 B
ogrh o7]4 HEXBS 7] SADE Aitses @A)

EHME 98t Hexagon 2 240l EHM

(358)

Emt=

ox
ol
4>

A LAz AT B H o @
Aoz Qo] Abdd] o el rejoA 5o ze]
29 dlolf o]Fo] ojftt AFHH o7 9 RvRg A4
27F RISt dAste] g4 S0 Ashg 7h4 e

O% 4049k o], HEXSLS 7IHe 7l8doz
HEXBS 7|¥¢] sjglez 745o] glth %, HEXSLS
7142 HEXBS®) HATtahe G4 7ol st &)
Age WAstn wEy g4z HHe $Asd
HEXBS 71H9] £59 €% 45& HAxg & zlo)7
3 2g 4 givk ¥1E HEXSLS 7ol HEXBS 7]l
ko] o B2 B4 9148 2789, HEXSLS 713
< A7std HHoz gRune] dA2g Folx
U5 HE2elA dlolg AateS Eolng HAAYS
3=, mho] ZRAMAAM o waA FHHe 2|

d 9HE & 5 gl

A

_]N

9]
A X

1o Y
rir

A4

V.

Aetdl HEXSLS 71#¢] B2 Y8 TI
TMS32006415™ witje] Z2AAd) 7]& whio s A
o gA(FSBMA) 714, Hexagon ©4(HEXBS) 7)#P
d 2 gAPLS) EMe Fdse Asuins
Ak B2 AE JPFE SADE o] &g, B4 2
F9] A7) 16x162.2, B4 A=$E (-16, 1HZ 3
itk 2o APoe FALY 54do] tekstA Yehd
EE TR AE 98 ANE2E ARSI ARRE A
Fd AlEze] AV)E 3H2x288, 2T RIFA =

)
A%

A5g masy) g8 ohew e A%
AH&sk ATt

BF A 2AHMAE) : 9 949 549
$7re] dlZzhoz thew o) A 9

1 —1L—1
MAF= ——— K<L E E[ org m’n)——II;TEd(m’n)L

m=0n=10
A71M 93 A7le KxLelx, I, (mn)e 9 9
4, 1 oa(mn)E %ae; BAR ot}

2) ZAAT B Y WE HEBEZ(MV hit-rate) :
=3¢ Wy A¥dxE= FSBMAOA & 29 wg
$F dAEE 24 W Hgold,

3) ZHlAdF HTE 28 AL Z(Cycle) : Z4 7|HE)
TMS32006415™ell A & 25E AA 244 ol

=

(o3¢
'E
R
-

Al



2 MAES=H 23

2006 7 MXEE =F27

HE MEro devm

MAZHESPHHM A4S 61

Table 2. Performance comparison in terms of MAE and motion vector hit-rate (%).

Sequence FSBMA‘ HEXBS PLS HEXSLS'
MAE Hit-rate MAE Hit-rate MAE Hit-rate MAE Hit-rate
Foreman 3.422 100 4254 65.85 3483 94.26 3.530 89.40
Stefan 8105 100 11.288 66.63 8.289 94.33 8.309 8797
Table Tennis 2.713 100 2.9%9 38.62 2875 95.96 2.874 94.29
Tempete 5811 100 5916 93.73 5.879 97.46 5.887 95.62
Paris 2.113 100 2172 9715 2.124 99.51 2.138 75
Mobile and calender 7675 100 7.958 90.93 7681 99.58 7.707 98.29
Silent 1.791 100 1.884 9345 1.841 9768 1.837 96.75
B 4519 100 5.209 8.19 4596 96.97 4612 94.44
2 03 ol & HYE B 2ol £
Table 3. Average number of search lines per frame.
Sequence FSBMA PLS HEXSLS
Foreman 12672.00 1389.87 1277.37
Stefan 12672.00 1300.42 123894
Table Tennis 12672.00 1297.42 1231.22
Tempete 12672.00 121801 1199.27
Paris 12672.00 1217.85 1192.84
Mobile and calender 12672.00 1263.72 121471
Silent 12672.00 128254 1233.13
Hy 12672.00 1281.40 1226.79

E 4 TMS320Ce415™MollM =2l &t
Table 4. Average and maximum cycle counts per frame under TMS320C6415™ [MCycles).

oo g 42

AlO|E T [MCycles]

Sequence FSBMA HEXBS PLS HEXSLS
Avg. Max. Avg. Max. Avg. Max. Avg. Max.

Foreman 17711 17712 55.61 9896 2444 37.90 2294 2852
Stefan 17711 177.12 62.85 76.68 23.24 28.69 22.27 26.72
Table Tennis 17711 177.16 4955 69.55 2321 42.32 22.24 2958
Tempete 17711 177.12 45.72 47.39 22.56 24.23 21.87 2258
Paris 177.11 177.12 4497 4831 2213 22.86 2179 22.10
Mobile and calender 177.11 177.12 46,71 58.38 22.13 22.89 21.81 22.14
Silent 17711 17712 4697 54.63 23.00 2741 22.21 23.99
ki 17711 177.13 5343 7315 23.36 33.29 22.33 26.60
Gain 1.00 1.00 3.31 242 758 5.32 7.93 6.66
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Fig. 5. MAE performance comparison at each frame.
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