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data extraction. Reversible data hiding (RDH) can be as a special sort of data hiding techniques to ensure the complete
recovery of the cover image and the secret data. Nowadays, JPEG is the most popular image format, which is widely used in
diverse photography devices and the internet. JPEG images are commonly-used as the cover images of RDH. For the RDH
schemes in joint photographic experts group (JPEG) images, the performance evaluations are focused on embedding capaci-
ty, visual quality, and file size increment of the marked image. One category of RDH in JPEG images is based on the varia-
ble-length code ( VLC) mapping, which can preserve the visual quality of the marked image unchanged. Therefore, only
the optimizations for embedding capacity and file size increment are required. Most previous methods based on VLC map-
ping prefer to improve the embedding capacity while keeping the file size unchanged. Although both the visual quality and
the file size of the marked image will not be changed, the embedding capacity is rather limited. To achieve sufficient
embedding capacity in terms of slight file size increment, we develop a new RDH method on the basis of general VLC map-
ping, which provides larger embedding capacity with smaller file size increment. Method To embed secret data, VLC map-
ping-based RDH methods replace the used VLCs with the unused VLCs in the bitstream. To get larger embedding capacity
and smaller file size increment, we propose the mechanism of intermediate VLC mapping. First, the default defined Huff-
man table (DHT) is used to encode the DCT coefficients during JPEG compression. The run/size value (RSV) with higher
frequency may be assigned to the VLC with longer code lengths. So before data embedding, RSV reordering is conducted
first, and VLCs with shorter code lengths are allocated to RSVs with higher frequencies. After RSV reordering, coding
redundancy is reduced and the VLC frequency distribution can be used to measure the performance of VLC mapping rela-
tionships. Next, we analyze the effect of intermediate VL.C mapping and direct VLC mapping on the file size of the marked
image. The intermediate VLC mapping will perform better than direct VLC mapping in terms of keeping the file size when
the frequency of the selected intermediate VLC is less than the number of bits equal to 1 in the secret data. The optimal
intermediate VLC mapping model is then proposed. To construct a map from the used VLC to the unused VLC and minimize
the file size increment, the VLC with the smallest frequency is selected as the intermediate VLC for each code length.
Finally, our method is employed to construct the optimal intermediate VLC mapping for the given embedding capacity and
the JPEG bitstream. For secret data extraction, the certified receiver can reconstruct the VLC mapping without auxiliary
information. Result The experiments are carried out on the USC-SIPI database. The embedding capacity is greatly improved
by 5 to 40 for multiple cover images compared to previous VLC mapping-related RDH methods. When 1.8 x 10* bits of
secret data are embedded in the cover JPEG images with quality factor 90, our file size increment can be reduced by up to
42% . The experiments have verified the effectiveness of RSV reordering as well. The proposed mapping can reduce the file
size increment while a large embedding capacity is provided. Conclusion A new strategy is implemented to construct VLC
mapping, called optimal intermediate VLC mapping. To realize RDH in JPEG bitstream, our method can keep the cover
image unchanged, provide larger embedding capacity, and optimize smaller file size increment further.

Key words: reversible data hiding (RDH) ; variable-length code ( VLC) ; defined Huffman table (DHT) ; JPEG bits-

tream; file size increment; embedding capacity
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PKI RDH B I\ Ay S22 I8 | = 2712 W el ik P ik

(Hou 55,2019 ; BT 45 ,2022) % HUR 5% T TR
BONER SR A 8075, BATE A V2T
JC 45 MG A H () RDH 7k ARS8 FH AR 2 kI
P4E4E (Fridrich 25,2002 ; Celik %5 ,2005) (&0
('Tian,2003 ; Dragoi il Coltuc,2014) Fl B J5 K *F#%
(Ni %5 ,2006; Yin 25,2021 ; Zhang %5 ,2013) ,

JPEG (joint photographic experts group ) & H Fij it
TATIEMGAS 3, )12 I T 2 Fh e 1 £ i E Ik
WAL, o 2 (5 8 B Y 2k (T I A
2022;Lu % ,2021) , L JPEG K& K #i4#% RDH J5
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o B T A A3 S PR R ) TR R R, SR
BB LLTC R AR MG R 3R A9 RDH 5 207 ARk B
NHF JPEG EE ., BT JPEG EUZ ) RDH J7 kAR
P 09+ R 43 o 3 F &5 {6 DCT (discrete cosine
transform) 7 %5 1% #C 1 77 7% ( Huang 4§, 2016 ; Hou
45,2018 | o Ak F A& B0 J7 15 ((Fridrich 4%,
2002 ; Wang %%, 2013 ) Ml % T 48 K 4 % ( variable-
length code, VLC) G #9777% ( Qian Fl Zhang,2012;
Hu % 2013) .

TR DCT REE i 771k BLHETE JPEG 3C
PRt R DCT R B, SCRL 255 B
#XA o Xuan %5 A (2007) A AL DCT AR50
WG TS5 AT G DL O S bt iR 0T 2 A 1 ke
SR DCT 2508 3 34y, BNiE A H T B
AT A X (B /N T (T TG 75 16 1 38 3
24 X0 H K T B 75 2735 0 A B A 3 2 (1] Fr)
51, 8 7 R £ R SE B JPEG B89 RDH,,
ZJ5 ,7E Xuan 55 A (2007 ) J5 i A SEml FHEE T —
RV, A T RBGESER MG, W Sakai 55
A (2008) B J7 . X TR REAR T 15 B ik A 23
MR (HJELL JPEG EIG Rk 2R RDH J7 7k T
W AEFRIR T 771k T BEAE ) i A 25 2 N R A AR
WD YR - A EE L e R NESRE LD
PEREIK K/, Huang %8 A (2016) 42 i 187 19 &4k
DCT RFGELERME , AIAEE 0 RECRAE , By R4 xt
HR 1 FREBH TR AG R, AXERT 1 R
FR 1A ERHER TAE B A2 8], A S TR
b DCT Z B R (B 5 KON 1, AAUERIIE T #L3E
i, I FaR T B 0 RECT UG SCIEERK .
Hou 55 A\ (2018 ) M AEIZ 7 i 5Ll bk — 20004k T
ORI R A e 2 W, SC B T RO RE, TR
1k DCT Z%¥cE ek i RDH J7 i, 75 3R R Y % A
R I TR 36 o5 ) SC A R K T 422 32 91 e AR A5 L
A R IR TR 3 D PEM S bR TR T
U AP, 0 R AR B TR 2 B SRS

BT R AL FMBEUAY RDH J5 75 46 B Fridrich
FEN(2002) $EH , 7EME B AT B D B ek R
Fe N BB AL R FBR LA 2, TR 28 A 4% b e
N7 B E Ak DCT ZRETE LA 2, A Joft HL Al 35 Hh
PR H 5 B A M TUAY, SRR K R 2 A5 Bl A
FUE UG AL DCT R B /N8 2507 (least sig-
nificant bits, LSB) , Chen %A(ZOIO) i F & SRt s

(1 AL F0K Ak DCT Z AW BT K26 1, M
SEIAE B, TSR AT R A2 R A A
e (B SO KR . JPEG ARifEERIA
AL T R 4R UG AE ST/ NI 6 0 2 [
BT, 17 3 T Ak 2B B AY T 2 AN AT sk G A IR
T EGR UG P-4, R I 3 2 5 D AR ] B e i A
5 PG AR K kB e e, 7R 5
A5, JPEG BURIIAEA R/ INvas 2538

BT VLC WL i 5 el s g ol s k8 5%
FLIPEG L HF U 5C BLM5 B i A, Mobasseri % A
(2010) &IAE JPEG E4iad &, HA /N4 VLC
Mg fb DCT 2%, B VLC; 12 X
WA Fe P R AE K it VLC SRAE JPEG ik iy
B, BRI B VLC, %7 ikt i 7 A E
VLC BIARAM R VLC AWML, IF7E JPEG HLbRif
IR VLC B dfe O Y VLC SEBLRL 2% 15 B
PR, S ARG VLC B 2 R A& JPEG 3043k
AR R S SR B 3 S B I A8 R P % G R R
Qian Fl Zhang (2012) {7551 Hu % A (2013) (A7
PR TR A VILC B 5 2, T LK B
) VLC B BZANARAFFH VLC, AT H2 AL EE Y
HRAZ T, FET VLC WU ) 775 HAETE JPEG LAY
T BTG B, AT L G A R R i R
XENEEEBR T VLC 581k DCT R 5 X
K F R MR R 9 JPEG HCRR I i 5 i 4k
DCT FRE5E 44—, WEF VLC B kA& T
MG BE BB RS, 53— T, il BR 2 VLG
Wi 2 h 2 ] VLG A fd ] VLC Y 40 S K
JE BT VLC W5 09 5 i mT DLAR G 42 61 SR
B, o R AR B SCU I RK Ry 0 e 3 R R
g, HHRATHE AR5 T VLC B M
FbFET R DCT 2B RAE T 71k, FrdE
PRI A S A IR, R T X — [l iR T
FRYEE LAY VLC BEF R

SR TL, X T JPEG B4/ RDH 58, A
TN FE b At A 28 i AL o RN SR I A RN
A SIS0 T 22 (8] i A S SRR KR
INZIRVERAEFEAUAR . S5 F Ak DCT RECHE T2
etk i), 7 BRI X 3 AN PEA AR FR AL, (2
JEFET VLC WU 9 7 76 90 R 23 s B AL b2 S5 2 119 [
%, R LR AR A i A 28 ROSCPERE R R, )
—J5 T, BT VLC Wb ) i tho 2 A 0 v 2 i 8,
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ARSCHE T — BB I T AR VILC BeSE Y
JPEG &% RDH Jr vk , 78 0l 4552 (1) SCHF B2 Ik K /N
T, TR AR R A AT, B8, BT JPEG FR4h
IR AELE R GRS TUAY , AL T B i R Y 2 G
3R MR B ) B R A 2 JPEG HLARR IR JS R4S
ZBR T b TR BB HOR 43T T VLC B
SR RK, gE— 23 T e VLG RS, It
WUE T e VLC eSS AH b T B 82 VLC BT,
T SO K /N SR )R, BE T JPEG AR
VLC FECH G RAE R g T e (8] VLC Bl S As
R e, THRL AT SCERRE K KD, 1 Bl
A HE] VLC B, SERGEs SRR AR SO M i T
ZHIHY JPEG K4 H9 RDH J7 %, 1l DL I b S A7
AZE 1RSI AK

1 JPEG TR

1.1 JPEG Lb4FmgH

£ JPEG E4a it R, 2 s ER 4 DCT A8
Ak, 14 R (4% 1L & 1k B (direct current,
DC) R AR L 2Z I (alternating current, AC) 2%,
POk, fE R gn i B B, B e kAR A AC FnE
DC ZF R, Bk AC RECR AR E
GRS AR | B 0 AT AR K B/ IR AE K/ (run size
value, RSV) B 20, Hor A7 R B S AR
Tl AC REZ IR 0 REAEL, W8 {H /N K G
R —AAEZ Rl AC REUTH MK E, Bk
DC ZEy A 2050 5% T HIAR Ak DC R 2
B, &k AC REG T EDE R RSV L i K & 4t
SCBS VLC gih, w1k DC R Fny g 204 ] VLI
i, FeJe i 2 dEdl gt VLC A1 VLI B4 ik
AC 1 DC REHHDEAS 2] JPEG HORR 1Y 4
BIRBE, G A% A [a] T 2K AG RE 56 R 4 B AE Ak AE

AC F1 DC 2% E L K= 3 (defined Huffman ta-
ble, DHT) 1, & X W5 K = % DL K 5 Ak R A7 6 7
JPEG SCH3k v JPEG SCA Sk i He 45 500 B 2 1
JPEG HURR

JPEG U3k i) DHT FBErh e ST v s R
BRIEENEL, Bk AC 200 DHT 51K 1
Fis o AREAAS KR VLC 430 16 2, B4 2k
1) VLC EURIEES VLC X A9 RSV #3564 DHT
o B, N FRORRBER i B9 VLC BN R 3R
JRATRY VLC B b B2k i M55 j /> RSV, T
JPEG i i I VLC 2 & 1, R R, 3
Ry v, TRMUFXS N BB VLC AT SEL JPEG SCAF
() b AR A

DHT X #3% N, N, Nis Ny

R R R R

L1 LN, 16,1 16, Ny

1 DHT %ty
Fig.1 The structure of DHT

1.2 TRIEBDEG

JPEG #5 #E ) DHT g X 1 162 4~ VLC, [H
JPEG HAR A T /N4y iy, 3 2o 48 ok i
1k AC 2B DHT, 248 RSV XA [ VLG, #4 2 A
EF A VLC BURME A VLC AL E &R, TR
PEIZ WG 5C 206 R Ar B Be b A G VLG B e
AR VLC, IS EE B A

K2 51 T — DA (E B AR JPEG LU i
LHBIF, 45 JPEG HRRTR, A5 H 40 1Y RSV
MACZBA{(1,6), 20, (1,6), -16f, HHh,
(1,6) MATRK N 0 IR{EN 6 /9 RSV ,20 F1 - 16
JAEF AL AC RBOWIEAE, HoRr R b IR R B
(4,5) X REF VLG, BRI AT LI (1,6) —(4,5) 1
WL ORI THR AR EAG B . 8 TR R B AAR
MR R i 75 60k DHT H(4,5) R (1,6) ,fii
JF(4,5) XTI VLC FIJEL(1,6) XF M VLC ff#fis
B RSV —%, M THA 1 SRR EGEE 17, L
Jihf DHT " (4,5) XA VLC B (1,6) XF N Y
VLC, # A 1 AR IR R B 07, MR TR 2 4&
M, AMEBJE,JPEG AR S H A RSV AT AC
FRAIR N1 (1,6), 20, (1,6), —16f, BHIEK
Ui, 5T VLC BRG SEEfE Btk AMUE T JPEG HLFR
i, AT BT DHT A RSV Fil VLC BT R E R,
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JRIERSV-VLCHHY % & B SRS V-VLCATH Y % 2
RSV| VLC RSV| VLC
(1.6)[TTTT TT11 10000100 (1.6) TTTT 1111 10000100
@.35)[1111 1111 1001 1000 (1.6)[1111 1111 1001 1000
JEARTPEG BRI
<+ 0111 1111 1100 00100101 0011 1111 1110 0001 0001 1111....
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W E=1" ﬂ B EE=0" ﬂ
4.5) (1.6)
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N5 G IPEGHUAR

B2 VLC BGTSCHL JPEG Al 8RB 7 191
Fig.2  An example of RDH by VLC mapping in JPEG bitstream

FET VLC WSS RDH 5 2 A8 2 B AR EAR
i, P VLC B A i 75 2225 e an f] $2 3K 1
A m ISR N

JPEG &% Baboon AN [R] K FE2E 1) VLC 1Y-F
B0t TR O L b &4 F AR A FH 9 VLC /94
MG R NE 3 s, MRIEGEITEER, VLC 1
P FH U S He g K Sy B0RE OG5 K R A
() VLC FaA 2 il i A 4 1) VLC gt K
B, RSO BRI VLG M, Ho 7 il B 14 A0 0]
IS BEAE T @ 1Y VLG S ok e 5 380 4 5 K i
INFEET o 1 VLC, AR VLC B HUE B
WA, SCIFIZRK /N T2 T 0, ARG VLC MIGeit4s
T TEGRATS K 3 55 S 1) 2 v AR MR A A B 23R 11 ik
PR TR AS K B R B 28 v, AT DA A e A 56
R B2 VLC M FH D B EL ARG o] B BF
el VLC A8/ B i A 28252 BIAR PR,

Pt 4K VLC B 56 i #0002 . AN 75 FR il VLG
Wb e 2 b 2l ] VLG A S VLG 59 g i K
B SR BE 45T o 9 VLG 7T LAk e 380 4 K i
EF b W VLC, gtafk VLC BLFeT, mT LAE R
BT o 1 A A4 B 0 0 VILC, e B 81 2 A 4
R MARM N VLC, fE—E 2 Lk T AR
HANEMAE, HR Al 4 VLC B85 B
AN TR A AT T, 5y 1 ™ 5 SCAEE Ak .
Kl 3 Fios , A B BUR A VLG e Y VLC

107 VL 33
1 fEH/VLC 3.0
e SR RS
125
‘51‘; 12.0 é
i 5} \ S
® 10 3‘;‘4‘ \ B 15 §
/ 3 =
j/ \ 11.0 #
:‘ \‘-\I —‘ n n
]
| 105
LN, LW
0 5 o~ 15
i
B3 16 ANZEA SRR VLC AL
IR SN €

Fig.3 The number of the used and unused VLCs and

the average occurrence in each category

T B L RS B AT R, I 4 B 25 %0
EARAT AR VLC RAETE T aid 2 16 2,
PRI LA i A B 5% i B B 4 5 R i i 5 K 8 6 1Y)
VLC #i i K KA VLC B, X BR S FEE K
(SRR

2 AKRXFE

2.1 XHBERK/NG R

WHEEATE JPEG HURE I B e 40 %54l B i
¥ VLC A MO R VLC S S = (¥ o, -,
ot AR VLC 6 U = (o) ,0) 00} &
Ho o HEM AR VLC NS, m AR K VLC
AN, S ThOTEAE R SR B U AR Al
H = [k kY, k%, S I U T E s K %
GHL = {1,000, L BETOLRE
THEFI 1 ~(n +m) ¥ R, | R FIFY . R
FEAR B BL KN A

F = ih;’ x [ (1)
SR T T WA b AT SO RE K R R R e
JERAXT L VLC WS i M1 A 00 . 38 2 B 2% 15 B 2
KRN P B b 1" A ECH b, o
B o BIARAM R o2 BB, o — ol
H o TR ARG B VLG, Rk vie, &
SRR T SR 5 B SE R A BUR VLC 1SR4
h TERTHT P,
E X v — o NEE VLC MRS BB T R
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BT ) ST K R/ IN
L= =1)h, + (L, =)k (3)
HER A <h ML <1<, MG <I,,
W E] VLC B AT F B2 VLC B, T DLFE 42
HEARTRR AR B R ETEE T W/ N SCIEIZ K AR SO
S JPEG AR /N R 2 &k E 2 i fk DHT
Z RS TUAY, B2 e B [a] VLC B, LR R
PR A2 i [l AT B4 /N SCIERZ K

e etl et2 n u

(b) HlE) VLCHLE}

e etl et2 n u

(a) BL4EVLCHS}

K4 BHHFHE VLG B 7 ]
Fig.4 The examples of direct and intermediate VLC mapping
((a) direct VLC mapping;(b) intermediate VLC mapping)

2.2 RSV EH#F

FRPEAR T B W R 2 G | A0 5 1 24 2
3 e 2 8 ) Gt B, D A5 1 349 4 i K S
JPEG JR 45 18 78 v () 4 4 A o 1) FH iz AR i — 20 R
AR A8 T 8 18 ST B R BE A% D kb T

MRS A JPEG A o il FH 14 2 1 X0 5% = 4
i, RSV A1 VLC WYX NAF BAFAGFE DHT , Atk
AT AELRE SRS RSV 15 2 L4 . r AAE SE PR Ol
o IR I RSV X [ VLG B g i K B A —
SE /N T AR BRI RSV X R B VLG A9 4 5 4
RSV SHEFHTAY VLC SECANEL 5 (a) Fs , Hod KAk
PR R, B R o HYARES I EEREK  (E XS R Y VLC 45
BOPAZH FRE, MR R b, X5 R FE /N
() 1, REBUAS HE /NG F R JPEG AR AEAY DHT X

FEUG AR IEA TR I, 23 RS T4
FEEAT IE XA A B A Z 1T, 2o %o 3 1A 1R 15 i
RSV FHEF , A AECE @& i RSV 20 it 2 i 1 8 o Jd
/) VLC, RSV HHEF 5, O 8 FH AR 48 A Y
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hy,- bt 8O MICRMKEERSGHL = {1,
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U cee
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Loyl L Lo L H R H e 2 R
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RSV HE 7 B4R BT 46 /N1 SCHE RN Ry Ry =
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VLC F%F R 5 &, FFAH R B8 37 T 45 2088 B b iy
VLC , H-A S Bt f5 15 2] 1 2k k1%

RSV AP E RGN R, | B R, RIEHY
VLC W55, GniEl 5 (b) iz, S B R g, RSV E
HEF AL B 1 5 4 B8 i 9 g B 0y, A B T
2 SR S A S N R R TE] VLG B R SR
HeHraE] VLC s,

25 2.5
320 320
s 15
$ 1.0 S 1.0
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Table 2 Comparison of file size increment between previous VLC-based methods and ours with different quality factors

and embedded with different lengths of secret data

TR A AT fix A a7 iR AR A Z o HRA Ao AR
&% F i (QF = 20) (QF = 30) (QF = 40) (QF =70) (QF = 80) (QF = 90)
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Qiu 5¢ A (2018) 0 - 0 - 0 - - - 0 - 0 -
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T2 3.1 TSI A Rrh A AR, Ry T A
T DCT REUE N 7 XS L, B i A2
B9 SC 4 B K 2 A EFI ( embedding-file size incre-
ment ) K5 SEBRSCAERZ K IC A PFI( pure file size incre-
ment) , WA PFI &/NF EFL, M55 25 1 7F QF
BRI 18 A B AT BB, EFT AN PFL A 22 BE A B
2, RV A B TC A %o 42 o) SCA B I BT AR 21 A4 1
MR, X — S 5 i & |, 7Eitk A 2R
FTRCRIN, EFT 25 B 88, g %I04 H 5 G A
B K A B i A 8 Y34 R 281k
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Table 3 Comparison of file size increment between previous DCT-based methods and ours with different quality factors

and embedded with different lengths of secret data

AR (QF = 30)

HRAZAT(QF = 50)

HRAZAT(QF = 70)

HAZMT(QF = 90)

1 Jrik
3 000 6 000 9 000 4 000 8 000 12 000 5 000 10 000 15000 6 000 12 000 18 000

Huang :@)\(2016) 4232 8 393 12876 5616 11040 16920 7 288 14 704 22496 10160 20376 30 776

Hou %5 A (2018) 3872 7880 12480 5336 10480 16536 7128 14440 22384 9672 19960 30496

faboon ZR3C(EFT) 3768 7 856 11 848 5704 9 496 16 640 7 656 13144 19960 9 920 15464 21192
AR 3C(PFI) -4264 -384 3 808 408 4344 11336 5312 10496 17 480 304 6032 11488

Huang ZEN(2016) 4344 8 328 12376 5944 11 808 17 544 7 496 15240 22824 9624 20160 30 640

Hou % A(2018) 3872 7664 11968 5688 10600 16976 7328 14528 22216 8976 19896 30 672

Boat A3 (EFT) 3168 7464 11360 4480 11784 14384 7144 15368 20352 11824 20240 30 824
A3 (PFI) -1504 2832 6 880 2 560 9600 12408 5616 13440 18456 4120 12888 23192

Huang A (2016) 4704 9072 13 448 6 360 12016 17720 8 120 15704 23856 10520 21 152 31 584

) Hou 2% A (2018) 4312 8 616 12816 5816 11456 16456 7 152 15016 23160 9456 20704 31 008
P RR(ER) 351 747 13168 S48 8776 15848 7064 1278 21528 946 14928 22960
AR 3C(PFT) -2608 1160 6 976 1712 5200 12 400 4760 10536 19152 2984 8 424 16 320

Huang ZEN(2016) 3680 8 160 12 520 5360 11056 17376 7152 14296 2189 9016 17 216 25 384

Hou 2% A (2018) 3 840 8 040 12 584 5480 10968 16984 7352 13896 21712 7728 16424 25272

e ASC(EFI) 3352 7736 12040 4840 10720 12872 6416 1353 19144 8776 18056 26992
7R 3C(PFI) -1736 2536 7 000 2 088 8160 10120 5416 12488 18152 7264 16 680 25712

Huang 5‘?}\(2016) 3 680 8 096 12 624 5544 11192 17528 7592 14 352 21 608 8 992 17 576 26 944

Hou %% A (2018) 4272 7632 12528 5784 10944 17 096 6992 14 136 20688 7808 17 168 26 544

Feppers A (EFT) 3232 7768 11936 498 10904 13096 5816 13752 19120 9704 19672 28032
Z’-‘j{( PFI) -1740 2350 6 984 2 456 8 352 10 288 4792 12 680 18 264 24 9 920 18 168

Huang gr}\(2016) 4 328 9 656 10584 5824 11664 16904 6 936 13608 19 888 9104 17 448 25 986

. Hou % A (2018) 3944 8 432 - 5880 11160 - 7 080 13064 19192 8272 16560 25160
Pl ASC(EFI) 4208 8376 - 580 10416 - 6272 12056 - 7344 18552 22552
R 3C(PFI) -4992 -976 - -2560 2096 - 944 6 576 - 6 064 17 304 21 504

T = " R AT T I I T RS B AL, FIDHL A0 2% GO0 bz ) 81 PRI S0 (EL, T R4 D 4% IR 100 1 9 4381 EFT Sl i,

3 PRI AR R T PFI 5 Huang %6 A
(2016) J5 1 Hou %6 A (2018) J5 4k 4 SC A4 R ik %o
P, ATLUE R B 2Bk 17 RSV S AR AR
SEM AR SCRAR Bt A 1 5 U0 SRR kAT /N T
Huang 5% A (2016) 77 5 F1 Hou %5 A (2018) 5k,
VA AR SCH H A S G v (8] VLG B S T LAAR 4 4%
fill T B A SB CH K, 55Tk
DCT REUE BB, AU T VLC Bt
T Fe BRTCH e A AN T g il 5 45, 51 HLBRAR
U Ml VAo A 7S B I SCIFRERK

4%

ARSCHRE TR 3T 2R VILC B JPEG &
1&1% RDH 773, B Ry e i iE] VLC BRGIACRY e fs
PR KA A JITA RSN, R TIA
VLC BB A5 7 N G [5] B 1 2 X i A 2% 2t S 1
MR T 3R ASCHE T A E] VLG BegBiml . AHXT T
4% VLC B, dria) VLC W5 BE mT LLEE 5 i A2
AR [, SURT DUA 808N Sk . R, T
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XA, RER, FRM, 1515, K, A6
SRTRFBRIIH JPEG AIEEEIRE

E— 0N SO K, R RSV EHEF S VLC 1)
BB A A T e 1] VILC BB RS A b
AR B 4% VLC B 8% 5 Z2 1> i) VLC B,
Mt e/ ME VLC B 4 B0 SCAFIZRK . i X 45
SE MR AR RGO i A B AT, 7T DL e A5 0L A B o
PR VLC W5 fF &5 A9 A VLC A H ] VILC

AN
= o

SLEREREY], HET AL DCT B Uy s
F AR SO A RUE TG A R TR, BEAE 4R Bt KR
R AR, B R ] VIC Bl U 2
Wl SO o A SC7 2 6 ARARIE R i R 2 3%
4 e 4 PR, A0 A REAL 15 B R A IF BT T A
VLC Wit PAEARA BT IE b, /5 B i
AT I VLC MRS AAY
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