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[Abstract] This study proposes an adaptive lossless compressionmalgorithm with irregular texture to alleviate the
storage pressure of wireless capsule endoscope images in electronic devices and servers. The extended angle prediction
mode is used to obtain five reference pixels closest to the pixelto be,predicted in the image block and assign different
weights to three of them.Based on the gradient variation in the adjacent pixel values, the selection range of the predicted
value of the pixel in the irregular texture direction is expanded.Moreover, the optimal predicted value is selected based
on the minimum information entropy of the image block:The prediction residual is obtained by comparing the actual and
predicted values to adapt to the irregular texture image. The cross-component prediction mode is used to select the
optimal prediction coefficient and establish a linear trelationship conforming to the residual distribution in the image
block; this is done to eliminate redundantydata’among the three component prediction residuals in the current coded
pixel. Entropy coding of the residualaesiduals predicted by the multi-angle and cross-component prediction modes in
combination with the Deflate algorithm.The experimental results show that the lossless compression ratio of this
algorithm on the Kvasir-Capsule ‘dataset reaches 5.81 on average. The proposed algorithm has better compression
performance than WebP, SAP, MDIP,"and other algorithms. It shows an improved redundancy elimination ratio of
images, which increases by approximately 1.9% compared to that of WebP.
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Fig.1 Distribution of pixel gray value in local area of

capsule endoscopy image
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Fig.2 Schematic diagram of new reference line generation and

prediction direction
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PR A B TN AR 20K HEVC /9 33 /> ff1 2 70
P Ry 56 A, Horb B Rl AR EE F0IN 2 B — S TR
Ko ER 4 3R R, H AR AR 0 — Fh A
SrBC . PR AR R T AR = Y A BE . IR 4 AR e
K (2) A 35~ 45 (I FUAE , AL w, RS
{0,1,3,5,8,12,16,19,21,23,24} h k47 2 £, Hp A
35X w, Ky 0,4 X 36 XF R w, Ry 1, DL 2 e
345 X5 B w, o8 245 HRAE X (3) 1B AR L 46~ 5 51
B FAE , A w, fE4E 5 10,2,4,20,22, 241 3k
P, BB 46 XT 0 B w, R 0, BEE 47 X1 AT weshi 2,
DL At B 516 I Y w, o 24 1) 2K (4 BB
3 52~BE 56 (1 FE , AL HE w, 7E 10,2, 18, 21924 |
e, B SK 52 X R w, Sk 0, 8555 S3RA w, R 2,
DL 2 HE A 2 56 X5 I w, A 24

Bl 4B T H A 345 %%, IS v My,
HRLHY 1, 55V RV, Y 1, L B Al v, 4H R R
l,o TE354Z%4 |, ABVC IR 2~# = 34 715
B 2% £k v B UONAE i 78 R TR A 1% R (AR AR
LT 55T S 4 0 g Ak 2 A5 BOR [R] 9 100 E .
i, AR 2 (2) ~aX () BT AR 78 2 % 26 1 b
PR ST 43 T O A Y R B B R ST 1 A AR AN R
AT N

NI 4] LU H 5 TS 2 R 2 1000 5 1) 3 5%
FEERANSHL L NSV, 1 Ve HTAH
A 00045 2 x 8] 1B e SR 30 1) 5 AR R (P Py Py

P Po )BT, I 5 2 4 2B 2R i R,
PR £ R PO X AR A e AR T Y 2 AR T L B
FEARAC R S WIS . LR M, 55 v, 7 ] 4 o R
B 46,3 18 45 PR R 5 Bl fe KAV EE 24 91 5 P 1914
B A 22 (8 I R A, T N 2 3l i Sz Ak 1 22 A R AR R
(P ) 5722 (P )G RPN IR R 7 A R wim
PR 2 2] 1 T A% 28 e A1 AT A0 0 B AR AR 7 O, 4 PR
He A RAE W& SO 7 ] i Rt e e — 18 %
S BAG ZE 2 SR/ A SN L R ) B I 1R
TR 2 Teik R I S % 8 R SRR, 52
Wi TR 45 50 . B R A R T AR =T LK AR R
(B3GR , b4 PG 2R A T Jb 9l /Ny ofe iy S0 3 28
i, AE 753 A B e 23 TR AH S i TR s, 78 MG B i 4
ELiNy N [ S o 7 v 1 =R 18

1.3 EosmlEX

TE JB 4 TN 58 A5 AN ALy 358 DX sl P AS [ 45 3% )
A5 2R B A AR R Y 25 [R] A G, 1 HLAR 2 19 3 4~
B R4 (R) V44 (G) V1 (B) Z 8]t B oA & B
PEo AR 127 Rk R A B A X AR R
HAE BT TN A% 22, I R e B AR R 3>
3 ol Y [) — A 00 A4S =, A IR/ AE A B I s
PREE TR FE /M A A ek o AR FH 3/ —
T 11 2 1 T 1A 7R e 4R ] 5 B P G ) 1 o A 2
PSR A A& i 2685 1 & Gl W8 G o i)
AU HC At 43 1 5 B L R 1R R i ] TU A B

A SC3E it G Ay EE iR BAGSKR I R (B 431 1) 5%
2518 AR FI AB, LU B 43 i) i AH OGP o 26k [l 15
AL 2O ) T B (7 )

Ay = o xo+ B 7
Horp @&y K AR ABT s TN ; Ax K G4y 5% % 50
B R PETENE BRI R AL o p AN (8) A1z (9)
JTAR -

zAx,Ayi—n X EA_y
_ =1

=" (8
z“(Ax[)2 —nx Ax
B=Ay —ax Ax 9

Horbro Ax N UG B G 23 100 5% 22 AG (197 4
Ay MG BN AR (AB 43 (9 3918 5 i R B
BEMEG sn HEBRINGRRA S J bk
Z2 2Rl B AR B R ) TR 46 1 RE AR SO E o i
T 5% 22 248 R 0, B Ay 5 Ax 0,75 ) 43 5 7Y T
WA Ap=axAx, H Bk 0o 1553 & 000 AT DL 3d 5 DA
T 2R ] AR Y S B

A'y=Ay—axAx 10
o Ay S B B (0 B 1Y BR 25 Ay 5 R Ax i
ATERAE T J5 A= B B A 22 TR0 AN T A5 R A ik 25

15 3 PO AR SR R AN S B s, i1 e, AL
G.R 7 i M9 5% 22 {8 AG A1 AR TN B 43 ht (4 5% 25 (8
AB, R AG I AR . K B 52 1 5% 25 A 5 L 10 0
YE25 19 39 42 58 2= .



FasE 10l WO, R

W, 55« S IO AN R 0 s T M A TN B LR T L T 4 25

AG . » AG
241
AR *—> +_ AR
a, as
AB ) ) AB

Bs BoEml&XraE

Fig.5 Schematic diagram of cross-component prediction mode

5 3 00 A X Ao 3 R R A O ) T R
B o b IS N R R AR 25 A A AR R M G R
IR A 23 R R R 20 o i L 3 — 2B TH BROT AR B
P o B2 T x5k 25 h 20t 2 A B TN AR X S B )
AR EC R B 4 B R AR AR 25 A'R VA'B VL H ik
T2 MBI GaEkEAGHK . hTF
7 AG DL e 5 4y 1 B R 8L a0, (= 1,2, 3), DX 7E i
iy s} AT LA G 45 3t 42 05 74 &2 AR FT AB
1.4 HESDW

B FZ G 2 A R T AR 4 X (2)~X (4) 76 38 2 &
G P =SB 1) A [RIE fifpke HEVC ot oy B £ 14 1
JIT 7R ) 3 s J3 AR AR 7 50 T 000 5 e I A ) A, 3l
T 0 BC A R 52 B 22 AR R I T, £ UG B Py S B AT
1R B EEAR LR BN B 1 LT, 22 #f B T A =Xk 1
T A% 25 AE SO Ty ) b AR S B 2 0 TR, DS
N Y HTRZE BSOS B . 85 43 B T AR = 7E A A
N7 G e 9 T 4% e U 0 00 2R 2, 3 3 A A1 T &R
B B A G B o i AR R 5 A e i B i e ik
R fofi 75 G B P9 A A I 1R 25 e/ . e BB
BT A B i 26 1) TN 5% 25, A e 0 A X LA R
FBOAR I 75 3 T R e N U 52 25 D) KA B fe /N
SR 10 A Y DRI O e Y A AR =X AT DA RUGE
IVAESRE S AL o i TR =RV =] N o N € I
P 5 0 g 5 T AR B R ASOR

2 XWHERSHMH

21 EWHT

XF T4 R A B 0 AR 2, AR S S 5 ) A HE e
FUNAE 12795 th 4T T PR UL .

X B A d W0 AR 2, A N T HERSE R LUK
PRUETE 4 3 %, a B[ -2, 2 ] P BUE , RRESES 10,
+0.125,+0.25,£0.5, £0.75 , 1, £1.25 , #l5, +2 | Nk
gtkmtb. M Tl SRS 10,42,44
+8,+12, 416,420,424, £320N T FR AL T R 40«
T30 2 A7 B 4 07 15 3 f5e 2 1 FUNME .

X T8 g i, A SCR FH Deflate 8 3k X 90 45 15000
Jo B 5% 25 BOHE A7 0 BN AR =X &R 51 DL 5 3 1 T
D) 22 B8 A 0 2 S
22 RWHER

ASCAERCE A Intel® Core™ i5-8500 CPU@3.00 GHz
i Windows10 % 4t Microsoft Visual Studio 2017 4&k {4
TS

3 PR Ry TR e P B A R i
Jo 18 A5 A Y G ¥R R 4 it e 45 1 BMP A7 5] 3C
R, LR IR BE 17 8, B R .G B 344 i 4, A
i VAT o AR SO I T R A R T A
3 TUAR I B R LA K B 46 1 4 500k 19 7 4 v g,
T A T B 25 ok 10 B 25 ) 7 AR AT B H (X)) i
s, HORHES M1,

H(X)=="> P(x)Ib P(x) (1

Hor s x Ry 3% 22 8 5 P (x) S ik 22 x TR R B iy 3
PIHER . HOX) BUNR IR BRI & (5 B TR
1T 7R AR SCTUIN Bk 5 At TR0 85 1
A7 BT H, Hoh EAPM A SCHE 0 B R A
Tt A =, CCP 2y 5 43 £ T A58 =, R A 3 4 R
o mL R AR B S N B R o
F1 AEEENERERE
Table 1 Shannon information entropy comparison
among different algorithms
B RAT L /bit
g1 BR2 FEB3 Eig4e BHRS Eke AF1E
MDIP'™ 303 249 262 284 260 275 272
SAPI 3.03 250 2462 284 2617275 272
WebP 295 244 258/( 278 254 269 266
EAPM 291 242 25402740 251 265 262

EAPM+CCP 2.88 240, 253, 273 250 263 261
Jai Al 6.83 4674 674 680 636 675 6.70

JAFE 10T DL MW ebP 2! ELAT 400 10 T 1 i
T 7% SC 9,750 2 78 EAPM Tl T 15 5% 24 1 F AR (5 B
Ji% A& T WiebP - 248 /N2 1.5% ., EAPM+CCP & %
S I A T R X CCP I A ZE R % ) N 5 2%
HpiE s pd /N T B B A B M T WebP 1L
0 B 15 5% 2% 1 A AR AT B 4080/ 1.9% .

&1 6 JIT 718k WebP B33 5 A% SC B 7 ) 990 I A =
AL EE Fx L . B 6 (a) BF 7 Sk 9 i M 48 P9 4 J 1T
1 6(b) 7 A4 58 25 K4 U I FE T, Herh 22 0% WebP
SRV TN J 0 0 2 e 2 B TR, A ) kg A SC A T
Je TR A3 8% 25 I TR o e R B v SO ) L 1 6
AR AV AR T H A 7 ) N AR SRR ZE AR B AT
VL YATREIG 2. K 6(b) nTLIFE i« 220 [&] & WebP
SR TN J 1 T A B 2 IR R TR AR R (B AR AR B
A 8 5 S A 2 5 K A T 3% 25 K R T, S
T 5% 2 W B SR 2 (CAn Pl vp (8 A ), R AR B IR A
(1) R SO, DT T 30 G e AR R T R 22 3 K5 A
A ] 2 AR ST A X A B ) T A% 25 K RE R T A
TN T BRI SC B T 1), % 25 K R R I . Y
S W) U0 905 P49 AN R A5 28 A4 s B0 A, AR SCBR AT
A LA R R AT B S0 B, LAAS S B/ T 25, A
[IE TR CE Lo



26 Computer Engineering |5 L T. 72 20224F 10 A 15 H

to Noise Ratio, PSNR) Jy oo, [H 1 A SORF i o [ 45 K
/N5 46 SR/ HE{E, B  46 B (Compression
Ratio, CR)VE Ry JE 4 P RE WU PR 8 45 o T 46 LR,
JEAPERE MG . Co N (12) FR

S ..
C = origin ( 12)
o Scompressed
(a) BeAE I B o 2 g A IR BB TIN5 S comprensea N A IS TR 4R T
TSP N

Ay X 3 A5k A v e gk R B AT S
99 o 2R 2 R A A L I R 4 teoxr b o Il 4E A
RN E) R A R P ER AR AR B O SCRR [ 7] 4%
M B2 AR B AR T 4R C oy A TR B 4R
Kvasir-Capsule ™' i1 R 45 7 A9 10 28 9 55 EIMR . 2
ATLLFE W AN [R] G4R v, IR 40 5300 1) e 4
FEANTA] o 7E Kvasir-Capsule 28 JF 54l 48 I, A SC % 45
L Y R A T RE SR G, 6 T B K R T 34 R T
o 5.81, A HE A% Gt A5 4 vk v 3 BB AL 1 (WebR
PETHT 0.52% FEMIRAE A b, A SCH L B AR kL AH
BT WebP -39 $2 T+ 25 1.77%, B % 47 30 F % Y
Tot R4 RCR

L3R NTEA W AR b Sk 5 T
TR BE 27 2] (1 JC 4 4 53 18 CWPLICH BT 45 L LA &
F 45 — 5k BZ T 75 B9 i AR 1] XL o 3k 42 A0 45 I
N % IR 1% B0 Ps 45 Kvasir-Capsule F1 45 i B2 8005
1 T 1% T 1 R 4 19 06 {1 {35 1 1L (Peak Signal ££ McMaster **',Openlmage'® 'l & Kodak'>',

®2 AREHEENELHRLITEE
Table 2 Compression ratio comparison among different compression algorithms
M4 A M4 B M4 C
gL ER2 EER3 EER4 P EBRs Eie EET SEEE F&ERS ER9 EE10 BE11 E&12 FiH

BPG Rk 2.76 2.48 2.68 2.57 2.70 2.78 4.54 3.36 3.56 4.63 2.46 2.25 2.17 2.08 2.72
PNG H.ik 2.93 2.79 2.84 2.71 2.82 2.64 391 3.05 3.20 3.17 3.65 3.33 3.02 3.00 3.23
JPEG-2000 8.1 2.79 2.68 2.75 2.60 2.71 3.27 4.69 3.86 3.94 4.12 4.59 4.27 5.67 3.83 4.49
JPEG-LS H. 1% 3.54 3.35 3.40 3.22 3.37 2.82 4.94 3.81 3.85 2.60 2.94 2.70 2.62 2.52 2.68
WebP &1k 3.53 3.36 3.40 3.24 3.38 3.33 5.06 4.25 4.22 5.70 6.50 5.99 5.36 5.37 5.78

A SCE 3.59 3.41 3.45 3.31 3.44 3.41 5:08 4.27 4.25 5.73 6.54 6.02 5.38 5.37 5.81
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Fig.6 Visualization results of prediction modes comparison

among different algorithms
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Table 3 Compression ratio and coding time comparison among each compression algorithms on different test datasets

‘ i 4 H G i ]

Bk
Kvasir-Capsule  MeMaster Openlmage Kodak Kvasir-Capsule McMaster Openlmage Kodak
CWPLIC 8k 4.75 2.16 2.69 2.71 11.60 30.68 42.20 46.20
RS 5.69 2.02 2.50 2.64 0.84 1.13 2.03 2.24
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Table 4 Compression ratios comparison among

different compression algorithms at different positions

T 14 H 45 L
Bk - —
T TETS H AR N7 BA
SCHR[ 115575 3.25 3.75 3.21 3.95
SCHiR[ 7157 5.05 5.13 4.87 5.12
SCHiR[26154 4.97 4.34 4.88 4.69
AR 5.14 5.74 4.98 5.41
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