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Colorectal lesion classification of endoscopic images based on
priori weight shared codebook application

Zhu Tingwei, Li Sheng” , He Xiongxiong
College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023, China

Abstract: Objective Colorectal polyps (CPs) and ulcerative colitis (UC) have been the typical colorectal diseases with

high morbidity. Colorectal polyps have become the main factor to trigger colon cancers. UC has been an unidentified color-
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ectal inflammatory disease nowadays. The clinical manifestations illustrate the phenomena in abdominal pain, diarrhea, and
bloody stools. UC and CPs regard as one key factor to cause colon cancer. High-intensity endoscopic images analyses have
intended physician to fatigued. computer-aided diagnosis ( CAD) -based endoscopic colorectal disease image classification
system has been the essential demonstration. The bag-of-visual-words (BoVW) model has been qualified in medical image
classification for endoscopic lesion detection. Locality constrained linear coding (LLC) has been one good quality coding
methodology in the BoVW model due to its coding performance and fast iteration speed. BoVW divide an image into many
patches to extract its local features. The local features have become scale-invariant feature transform (SIFT) and histogram
of oriented gradient (HOG) . These local features have been coded via LLC. Spatial pyramid matching (SPM) and maxi-
mum pooling have been used to preserve the spatial information of the image. Some small polyps and unidentified UC have
not been leaked out from the intestinal wall in the endoscopic image. The performance of LLC codebook has not been classi-
fied the similar endoscope images. To realize category-specific dictionary and shared dictionary learning ( CSDL), this
research has aimed to endoscopic colorectal image classification via learning a priori weight shared codebook in the LLC.
The priori weight shared codebook has qualified good classification results via the endoscopic images classification. Method
LLC-based priori weight shared codebook has been illustrated. The private features have been represented as much as possi-
ble. Two control factors in the LLC cost function have been added in. The rearrangement of the columns for the codebook
have been arranged via these rarely used atoms called shared atoms in the bottom of the updated codebook in the coding
process. Prior knowledge has been demonstrated to have good performance in image processing. The endoscopic images
have potential to the probabilistic priors for image process. A priori diagonal weighting matrix has been added to the shared
codebook for the better represent of local features when encoding. The weights have derived from the frequency based on the
usage of the atoms. First, the local features have been extracted from image patches. The histogram of local color difference
(LCDH) features has been identified the information via the relationship of the color distribution distance instead of the
SIFT and HOG features due to the rich color information in the endoscopic images. These features have been clustered into
the initial codebook via K-means algorithm. The initial codebook has been updated through online dictionary learning algo-
rithm based on the proposed priori weight shared codebook algorithm. All features have been coded based on the updated
codebook. The SPM has been used to preserve the spatial information of the endoscopic images. The support vector
machines (SVM) classifier has been trained via the codes to identification the lesion images. Result This research has inte-
grated a part of the Kvasir dataset and a part of the hospital cooperation dataset to resolve overfitting issue. First, the classi-
fication experiments have been performed based on 800 polyp images and 800 normal images. The size K of codebook and
the size M of the shared atoms have become the main parameters to conduct classification. The results have shown that the
classification result played well when K is 256 and M is 56. The accuracy, sensitivity and specificity have been 97% |,
96.88% and 97. 12% each. The SVM classification accuracy has increased 8.42% , 2.58% , 1.58% respectively com-
pared with vector quantization (VQ) , sparse coding SPM (ScSPM) and LLC based on the 1 200 images sample. The illus-
trated algorithm has presented more robust than LLC based on the small-sized images sample. The dataset has performed
classification experiments based on 925 polyp images, 835 normal images and 840 UC images. The accuracy of the classifi-
cation result has reached 93.82% . The SVM classified accuracy have increased 2.33% , 2.21% , 1.91% , 0.8% ,
0.07% respectively compared to compressed sensing spatial pyramid pooling (CSSPP) , CSDL, circular inner ring partitio-
ning (CIRP) , saliency and adaptive LLC (SALLC) and AlenxNet. The running time has reduced 1 957 seconds in the
calculation process. Conclusion A priori weight shared codebook based on locality constrained linear coding has been dem-
onstrated for lesions detection. The qualified classification capabilities have been presented in comparison with BoVW model
and other shared dictionary learning. The algorithm has shorten running time to improve the efficiency and accuracy of com-
puter-aided diagnosis to aid clinical diagnosis level. The real-time disease detection based on a completed endoscopic video
has been developing further via the applicability of the algorithm murgrading.

Key words: computer-aided diagnosis ( CAD) ; locality constrained linear coding (LLC) ; priori weight shared codebook ;

colorectal lesion classification; online dictionary learning algorithm
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Fig. 1 Typical endoscopic images( (a) normal
intestine image; (b) small polyp image;

(¢) big polyp image; (d) ulcer image)
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A e B Y e e A T A AR SRR AT ]
TELEF 2% > F9k (Mairal 45,2009 ) S H W1 4R A5 4%
TR A A I ok g i AR MRk, o, Sy TR ER
PN B 5 PR e 0 2 T £ 2, 0 P 25 ) 48 =7 B DL TE )
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Fig.4 The flowchart
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min Y. [x, - Be,[2 + A[d,O(S,e) |2 +BlS.c.[:
s.t. 17(S¢,) =1 (4)
K, ¢, e RYEFAJHFRFFE x, € R” ZihS 5 1 )
H#, B e RV Bdhgzili S, =[E,,0] ﬂ]SQ =
[0,E, ] J=¥H K5, T LA A5 78 g 5 B RUAT 6
{5 HE S 76 5 A iy v 1 FA A L, R E L 2R/
R WX AR, M ORI EiE AR A R B R
FH -, d, FRIECHh
d - exp(dist(xi,BSI))

ag
A dist(x,,B) = [dist(x,,b,) -, dist(x,,b,) 1",
dist(x;,b,) JE BT x, FIFSA B 1951 [0 & b, 2 |A]
AIRRCHE RS, o AR HF
W e R”* ZTSEE o P9 845 G )1 255 21 1Y
XF AR RE 6 A AR T 51 R
PIRIR, B HEEIR T S, F1 S, Bl w, =S, W FI
W, =S, W, WL FREH

(5)

rgﬁg; |lx, = Be,[; + Alld.©(Wie) [; +BlIW,e [
st 1"(We,) =1 (6)
1R AR (6) LA IR K AN
min|x, - Be,[; +A[ld,O(We)) [ + B[ W,e,l;
st 1"(We) =1 (7)
(7)) FTEAL A HiA% B H A A R] @, B
Lic;e) = |lx, - Be|l; + Alld,©(We) | +
BlW,e, |2 +e[17(We,) - 1] (8)
J T O AE R K A A REIE L B
L(c,,e) =c/Qc, + Ac/Goc, + Bc!Sic, +
e[1"(We,) - 1] (9)
X, Q, =x1'"W, - B, G, = diag(d)W, ,

S ve = L0 _o sk o)
T LAk
c, =c,(1'W,c,)"™ (10)

¢, = (Q'Q. + AG'G, + BW,W,) " (11)
2.4 BAEFHILIE
TERSATF I, 8 FH = (6) VB S 4 i R Il
GIF RS A
MEE (6) , & IAT LK R YRR AT %, 43
fift 4t ¢, FIASAS B (IR, DR FH A A T Bk

ETHAN B(C) %KM C(B) . IFHTIIZ
FARFF BB T4 B, 7R 2 iR M2 3] ) ok
FHRDA
B Fim it K-means JZEIR1E I ADAAE A 4]
WA B, SRJE , A SCRRAE 20 D7 Ir A7 Y1 254 iR
PFX =[x, ,x, ], AWK B, 76 H DA}
fd PR BRAAL 7 i M E LR TRl o S B FE Rk
FRIF, SR FH AR ST x, K FRAG(6) M5 H
SRIG AR BE IR L X 107 B AN B R i g
FIE A B, IS JFEHXT x, #1785, mBA 17
B, TEx, BEE, LIV MY 7 28R
S5, B BE T B 1) 2 5 4% R m] X T RE AR B R R FR )
P DRI H RS AS . A SCHEIEAL IR .
A WIATSA B YIREAS X,
it AUEILZREBE B,y = Byo
D)X F—M AR GREAR x,, 24 i < N B, 5
EPSTHEE2)—S5)
2) il (5) R d,, IR —1k
3) X FRREER @S (6) 133 ¢, AU
BUEK T 0.01 B{ER B, H 5 Z M X0 1951, 15
F B,
3)E A e, B
argmin|x; - Bc, |
s L. Zc(j) =1, Vi (12)
4) R Rk B ok A L A K S
RFeAR AR AR, Feik N
AB, =-2¢,(x, - B,c,) (13)
B, = B, —~uAB,/|c,|,, » = V1/i (14)
5)H B, SR B, HhxE R 051, e 45
BT g G F LR (U N
WAt FaR A RS LR A fS | AT DL o e X
AHAHIRFF AT gAY, B )5, XS4 mT LI SVM
AT ISR 432

3 HIEMER

AWFFE LK £ 20 GB RAM 4 Xeon E3-
1226 . #:E RS Winl0, K MATLAB R2019a i##47
e,

3.1 LIGHE
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B I, A SO A th P BE SE 2H A8 — B4R
A T B Kvasir 2088 5, B 30 Bl Vestre Viken
Health Trust(VV) B N SIS R4, T3 —FB 53R
BB BE AR . R PRS2l R
bRt MIZEAS R ) Bs 5 IR 5

(a) Kvasir 2554

(b) EEBEEREE

Bl 5 PIHdn R
Fig.5 Two types of datasets

((a) Kvasir dataset; (b) hospital dataset)
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Fig.6  Accuracy of different codebook size under LLC coding
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FE K =256 B, 5 A ] i) e =2 i 7 H500) 52 55
SERE R, AR SR M BEE R 14 ~ 140, LITT
il X3 2SR BRI RE

M7 FTLE Y, Y =2 5 B 8 56 i
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Fig.7 Accuracy comparison of different shared atoms
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Fig.8 Accuracy comparison of the three

methods under different number of images

HT LLC Rkl (Y 3L 22 0 AR (LLC-Share ) MI7EHL
ERSA SR I A SR (F B e A 2
FEW A (LLC-Share-Weight )
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IRZALE LLC 4, HAEMS eI AR B2 )5, S i
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Table 6 Classification results when the sample size is 1 200
/%

ik HIFTIES gtk Rtk
VQ 87.41 86. 66 88. 16
ScSPM 93.25 92. 50 94. 00
LLC 94.25 94.17 94.33
LLC-Share 95.00 95.34 94. 66
LLC-Share-Weight ~ 95. 83 96. 50 95.16

TE UL AR B8 B A
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1M ScSPM FE 4 EHE B T 76 B g , F A 1R 25 25 L
BN I JEMER R HE VQ et B4, LLC A
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AR AR B A b R RS AR Aot Ay S B AN R
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ST W] LSS R P R X O3 R B
BAYHAERRZR N 95. 83% ,XF EL VQ ScSPM  LLC | LLC-
Share , 7} HIH 5 T 8. 42% 2. 58% 1. 58% #110. 83% .,

9 JE AR5 ROC (receiver operating char-
acteristic ) [M1£e &, Hr AL bR A {1 BHAE R (false pos-
itive rate) , 7R TUREAS Bl 23 885 00 0 TEREAS 1Y
Hefil, A Ak A Sk B P (true positive rate) , Fé7n 1E
FEAC T 3 28 25 T Ry TEREAS (19 LB 5], AUC (area
under curve) [HRYTEHE H[0.5,1 ], (K FER RS
R 3 ZERSCR B

1.0 e S s
09F |~
0.8 i /
07 }
F
5 0.6 F H
¥ |
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Fig.9 ROC curve and values of AUC of different methods
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PRI, AR S5 1 BEAT IR H L B A R 1Y = 732K
L,

K10 S9ARSCIT LB 73 268558 MR B HE 4 T LA
A RSO AR B A NIz 46 i 98 A I 23 531
KB T 91. 1% A1 91.7% oI5 HAWA G TT ik kAT
XHHE, SEREE RN 2 R,

JCrp A U 38 D TE P (2020 ) 41 H T 46 10 2=
B8] 4> - 55 i Ak ( compressed sensing spatial pyramid
pooling, CSSPP) 777k , % J5 ¥6 F R 48 B AR 1T
FHIESE A AR , B2 A R AR A B4 B HT R A T
PeBe 1, (BA BRI X 401, CSDL ( category-
specific dictionary and shared dictionary learning )

(Gao 55,2014 ) S H HPHF R AE 22 — 4> S A7 7

BN ITE AT 02 TR N T i o) Rl

1EW 0.981 0.014 0.005

HA 0.007 0911 0.077

7] 0.014 0.073 0.917
B 10 TREH

Fig. 10 Confusion matrix
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Table 2 Compared with other methods

- WeH % BN/ % jéiﬁﬂq‘

/% E AR Wy 1A/s
CSSPP 91.49 94.71 91.02 88.35 3580
CSDL 91.61 97.60 87.90 88.70 1915
CIRP 91.91 97.04  88.38 89.98 2445
SALLC 93.02 97.90 90.00 90.30 2157
AlexNet 93.75 96.20 90.60 93.60 4 880
A 93. 82 98.10 91.10 91.70 2905
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CIRP) . SEEGESREH %07 X 28 AR &AL T
PG O B R 56 0 RBCR A A SCT7 %, Yuan
AEN(2017) ST IRNCASEER £ LLC HYFERE_E £ H
TP H S A ) 5 (saliency and adaptive locali-
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I SR I 2 00 2 45 45 S A 27 > B, AR Sk %
HPRYJEAG AlexNet 255 1082 2] 1Y SR W, I-45 e
FEARIBLBL N 4 000 YRR 28 1558, 7 A5 g
SR E AT OC T, 20 2R AR B A SO %

oI 2 W] DUAE Y, A SCT7 3 19 i R
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