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Quantitative analysis of endoscopy
images
"

m Similar Research
Endoscopy ( Xia [05], Yokoi [06])
Laryngoscopy (ligner [03])
Colonoscopy (Karkanis [03])
Gastroendoscopy (ESGastrE Guidelines [01])

m No similar work was established for hysteroscopy
images analysis of gynaecological cancer

European Society of Gynaecological
Endoscopy

= &b o

Gynaecological cancer
" JE

m 2007 (USA), expected 39,080 new
cases of endometrium cancer [1],
with 7,400 deaths

m Good prognosis
Early diagnosis
m Symptoms
Starts from the outside tissue

[1] American Cancer Society
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Anatomy of the female reproductive
system
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S. Duplay, S. Clado, 1898




Example of hysteroscopy examination
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Example of hysteroscopy examination
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Examples of hysteroscopy ROIs

Normal

Abnormal
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Scope of the research
"

m Developed an integrated standardized
protocol for the quantitative analysis of
endoscopy images

m Developed and apply a CAD system for
identification of gynaecological cancer
during a hysteroscopy operation
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Methodology
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mExperimental tissue analysis
m Gamma algorithm

m Texture features algorithms
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Samples

" A
m 40 women, age 22-50 years old

m 416 images
208 normal ROIs of the endometrium
208 abnormal ROIs of the endometrium
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System architecture
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Image capturing

"

<Video Camera
eFrame Grabber

eLaptop PC (IEEE 1394)

Input Signal
Analog Signal:

PAL 475
horizontal lines
Output Signal
Digital Signal:
720x576 pixels x
24bit

B 3]

Region Of
Interest:
150x150 pixels
X 24bit

X

15

Ry a; &y
G, ay ay
By a3 Ay
ROUt
Gout =
B. =

b 3

Gamma algorithm o,




Color palette c»

Color R G B
Black 0 0 0
White 255 | 255 255
Red 203 |0 0
Green &4 173 38
Blue 0 0 142
Dark skin 94 28 13
Light skin 241 | 143 108
Blue sky 97 11% 171
Foliage an 103 39
BElue flower 164 | 131 196
Orange 255 | 116 21
Iagenta 207 | 3 124
X
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Multiscale analysis
" N

m Scale 1x1 up to 10x10
m Low Pass filters

e Prgieeeivy |2
TN

g
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Problems...
" JEE

m lllumination
m Different Angle
m Zooming

(close-up, panoramic)

m Distance
m Reflection
m Refraction

X

Experimental tissue, close up (2cm) vs panoramic
view (5¢cm)




Experimental tissue, angle 1 vs angle 2 view (3°
difference)

Texture features algorithms

" NN

m Statistical Features (SF)
1) Mean, 2) Variance, 3) Median, 4) Mode, 5) Skewness,
6) Kurtosis, 7) Energy ka1 8) Entropy.

m Spatial Gray Level Dependence Matrices
(SGLDM)

1) ASM, 2) Contrast, 3) Correlation, 4) Variance, 5)
Homogeneity, 6) Sum Average, 7) Sun Variance, 8) Entropy,
9) Sum Entropy, 10) Dif. Variance, 11) Dif. Entropy, 12) Inf.
Correlationl, ka1 13) Inf. Correlation2.

m Gray level difference statistics (GLDS)
1) Homogeneity, 2) Contrast, 2) Energy, 4) Entropy ka1 5) Mean.

X
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Neural Networks
" JEE
m Support Vector Machines (SVM)

m Probabilistic Neural Nets (PNN)

Data analysis:
m Principal Component Analysis (PCA)

m Training
Leave one out method

J; sty t_. ih/ 23
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Receiver Operating Characteristic: ROC curves
" JEE

m Accuracy (CC)

m Precision (PR)

m Sensitivity (SE)

m Specificity (SP)

m True Positive (TP)

m False Positive (FP)
m False Negative (FN)
m True Negative (TN)

J; Lobmritory '\.;_ g/ 24
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Results
" JE
Gamma algorithm
+Different viewing conditions
*Real images

*Texture features

Neural networks
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Gamma algorithm coefficients
" S

Amatrix No Correction  Expl Exp2 Exp3 Median values for Exps 1,2, 3

Ay 1 0,827 0,927 0,975 0,927
a3 0 0,065 0,011 0,105 0,065
a3 0 0,042 0,004 0,104 0,042
Az 0 0,065 0,011 0,105 0,065
az 1 0,780 0,935 0895 0,895
Az 0 0,071 0,062 0,134 0,071
Az 0 0,042 0,004 0.104 0,042
Az 0 0,044 0,032 0,023 0,032
an 1 0,868 1,011 1,044 1,011
k matrix

ki 0 7.693 1,101 -1,673 1,101
ky 0 10,083 2.090 0,528 2,090
k) 0 -8.161  1.598 -5.689 -5,689
7} matrix

Ve 1 1285 1078 1,038 1078
Yo 1 1,220 L1046 0,999 1.046
§i:] 1 1180 0971 1,040 1,040

oo () N

X

Mean square error (MSE)
" S

MSE for each Channel

1 NM 1 NM
MSE g i = 2 Ty = Logre ¥ MSE, = ——2 (I =T,V

Channels NM/ 5 ! ' NM ‘ !
_Expl

Red 3342 482

Gireen 2085 350

BElue 1228 13

Exp 2

Red 1605 570

Cireen 2180 13

Elue 21545 670

Exp 3

EFed 3301 578

Green 1973 415

Elue ELER] 316

hdean values of Exp 1, 2 and 3

Red 2749 543

Green 2080 13

Blue 2269 467

oo () N

X
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Gamma algorithm, examples

" NN

After gamma correction

Original images

Experimental tissue, close up (2cm) vs
panoramic view (5cm) before gamma correction

" NN

Panoramic View I Close up View /\
ki F25% F50%, PT5% Pasv, I P3% F15% P30ty PT5% | 2Rk H.\
SF
Mean 649 4242 50,73 5872 8941 | Ws0 419 anes 12533 14309 (| 0
Varance 3378 10313 201,17 24469 431,18 | 5561 25580 63307 170B22 179552( 0
Dledian 36,86 42,62 029 62,08 88,36 40,16 43,51 8346 131,32 161L01(| O
Dlode 40,00 42,00 51,00 B4, 00 9,00 40,00 s3,00 101,00 135,00 165,00/ o
Skewress 04z 021 0,12 023 028 | 0% 0,40 027 0,03 026(| 0
| 200 231 2,56 2,66 274 189 19 233 277 333 | 0
Entropy 339 374 403 4,06 4.3% 340 408 4.51 4.4 50010
SGLDM
Contrast 74y 2050 26,04 30,00 3217 | 21N 2B,06 23,68 .68 62359 | 0
Correlation 0,75 0,87 052 0,54 097 073 0,55 0,97 0,58 055 | 0
Variance 53,54 106,97 195,45 24338 423,94 55,08 25821 626,46  16EEE1  1EA0H | O
Homogeneiry 0,20 0,20 0,21 0,21 0,21 0,1% 0,19 0,21 0,21 [ib-310
Entropy .33 &2 ) 113 138 £38 708 135 798 B10/| o
GLDSE
Homogenvity 020 0,20 0,21 021 0,21 0,19 0,19 0,21 0,21 o21|f o
Cantrast 27,50 27,50 28,04 30,01 2,17 | 217 28,06 29,68 .68 G250
Energy 0,10 0,10 010 0,10 0,10 0,08 0,05 0,10 0,10 ol o
Eutropy 44 44 243 248 x5 244 245 247 2,55 2740
Mean 413 417 433 446 | 414 418 425 4,62 550 | o
V

X
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Experimental tissue, close up (2cm) vs panoramic
view (5cm) after gamma correction

]
Statistical Analysis
Hefare vs After
Panframic vs | Gamma for Before vs Afrer
loxe up Panoramic Gamma fo)
Panoramic View Clase up View 1 gammina vitws clast up vie
Pi%e PI5%%  PE0%  PTS% P95t Pi%e PI5%% PO P75%  POS% /H\ H H
S
Dlean 8648 TP 1026 12270 1607 92,16 9516 150,04 212,50 0 1
Variance 16631 351,08 S0672 G623 109479 | 17250 81522 107593 150568 0 0
Median 27,20 S7T.5% 11049 12564 16BB3 | 53466 563D 15548 22777 o 1
Made 9200 ST00 11400 13R00 17000 | 9700 11900 18200 244,00 0 1
Skewness 051 -037 028 008 013 198 084 044 038 0 0
Kurtasis 218 239 264 268 288 1L 206 258 0 0
Entrapy 391 430 445 485 4@ 389 3.95 453 482 0 1
SCLDA
Cont 6388  TnOD 7241 8366 .18 4161 4587 63,12 83,62 0 1
Correlation 0,75 087 052 0,54 057 0,74 0,94 057 0,98 1] 0
Variance 165,55 MEST  S0215 64244 108154 | 17073 BOSTE 106178 148791 0 1
Homegeneity 013 013 004 014 0.1% 013 013 020 027 0 1
Fntrapy 733 778 783 803 821 609 729 757 207 0 1
GLDE
Homogenvity 0,13 0,13 0,14 0,14 0,15 0,13 0,13 0,20 027 044 1
Contrast &350 TRo TRAZ BIGT "N 4161 4583 63,17 8964 043 1
Frengy 006 006 006 D006 0,07 0,06 0,08 0,10 0,19 0 1
Entrapy 2E6 290 2w 30 301 260 280 300 30 0 1
Mean 640 667 65 746 7,52 454 5,90 743 TAS ) 1

Experimental tissue, angle 1 vs angle 2 view (3°
difference) before gamma correction .

"

Angle 1 View Angle 2 View 1/

P5*a P5%a PS0*s PT5% Pr5%e P5*e P25% PS0*s PT5% Pos%a [ [l[\
s¥ 1
Nlean 3198 3707 4343 92,53 182,63 218 3406 42,64 4579 64,03 o
Variance 49,56 93,37 181,76 343,20 AT6.76 58,52 6358 9385 263,72 448,90 o
Tledian 3210 37.23 4374 89.29 182,07 26,32 3389 4563 S22 7077 o
Nlode 40,00 40,00 42,00 B87.00 183,00 2200 75 50,00 61.25 80,00 o
Skewness =035 =0,14 -0,06 007 0.40 047 -0,38 =024 008 o
Eurtosis 1.9 234 2.57 281 344 163 2,13 2,30 2,50 2,67 o
Euntropy 3.36 3.63 39 428 441 344 346 362 403 4,18 0
SGLDM i
Contrast 2155 2877 32,80 ErTS 2817 2862 2818 3029 o
Correlation on 052 0954 057 n7e 0,85 094 057 o
Varance 43931 180,45 3048 471,72 63.18 9361 261,78 448,53 1]
Homogeneity 0,20 0.21 021 0.21 021 021 021 021 1]
Eutropy 6,33 655 7.3 T4z | 645 £,60 703 7,15 ]
GLDS
Homogeneity 0,20 021 0.21 021 0.21 021 021 021 021 021 1]
Contrast 2756 2834 2878 32.80 3735 26,86 2817 2862 2919 3029 1]
Energy 0,10 010 0.10 9,10 0.10 0,10 2,10 2,10 92,10 2,10 ]
Euntropy 244 245 244 249 252 243 245 246 246 248 ]
Mlean 4,15 420 4,24 437 442 409 4,18 4,22 4,25 \0/

X
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Experimental tissue, angle 1 vs angle 2 view (3°
difference) after gamma correction .,

Multiscale analysis for close up (2cm) vs panoramic view
(5cm) before and after gamma correction
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ROIs with their corresponding RGB histograms
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Abnormal /|
64x64

Normal and Abnomal ROIs of RGE Histograms.
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Before vs after gamma correction u»

hormal vs Abnormal hormal vs Abnormal
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Before vs after gamma correction c»

Narmal vs Abnormal

SGLON: Contrast values

T
5
4
.

1
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Texture features analysis for real

Images before gamma correction ..

Normal ROIs Abnormal ROTs /

PS%  P15% PS0%  P7S%  P95% | PS%  PI15% PS0%  PTS%  P95% | H
Mean 87,37 116,29 136,80 156,64 192,98 | 7532 108,04 12499 152,15 19589 (|1
Variance 1501 3643 67,25 15576 351,77 | 3338 8260 14285 28753 61721 || 1
Median 8766 11681 13696 157,58 192,24 | 7541 106,67 12321 15335 19799 | 1
Mode 8595 116,00 136,00 13800 138,05 | 7400 103,50 12500 159,00 202,10 | 1
Skewness S100 0 043 0,11 0,14 0,58 | -1,06  -043  -011 0,22 063 | 0
Kurtosis 1,93 2,26 2,63 3,08 428 | 181 2,22 2,61 3.07 468 | 0
Energy 0,02 0,03 0,04 0,05 0,08 | 001 0,02 0,03 0,03 005 | 1
Entropy 273 3,15 3,44 382 4,19 | 312 3,54 3,81 4,09 441 | 1
SGLDM
Contrast 2,96 3,62 4,58 593 1527 | 3,04 5.20 816 1370 2542 | 1
Correlation 085 093 0,96 098 0,89 | 091 0,95 0,97 0,98 0,99 | 1
Variance 1475 3561 6593 15400 34469 | 3283 8191 14056 280,55 60591 | 1
Homogeneity 0,34 042 045 048 0,50 | 0,29 0,36 0,39 0,44 050 | 1
Entropy 4,63 511 548 6,01 645 | 510 5,64 6,04 5.44 679 || 1
GLDS
Homogeneity 0,34 042 0,45 0,48 0,50 | 029 0,36 0,39 0,44 050 || 1
Contrast 295 3,62 4,57 592 1523 | 3.04 519 815 1367 2536 ||1
Energy 016 0.22 0,24 0,26 0,28 | 013 0,17 0,20 0,23 028 | |1
Entropy 143 1,52 1,61 173 213 | 145 1,66 1,24 2.04 231 | |1
Mean 1,29 1,43 1,58 1,78 281 | 1,31 1,68 2,03 2,54 341

208 QUOIOAOYIKEG EIKOVEG

208 TraBoAoyIKES EIKOVEG

X
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Texture features analysis for real
Images after gamma correction .

Orrigimal vs iginal v
Corvected
Tinages
Heafnal ve For Nermal
Normal ROLs Abnormal ROLs Abnoymal ROIs ROLs
) il P2t Piote PT5% Po5t, Pi%s  PI5% Pits Pists ) bl / H H
8F
Blean 10,11 13844 15606 1731 0436 | 5E4E 12937 14465 17048 20606 1 1 1
Vanance » Ha4 .63 121,94 286,63 333 669 124,39 2333 4923 1 1 1
Dledsan 110,18 13882 156,44 17442 20352 | 582 127,92 14375 1743 W77 ] 1 1
Blode 10895 13575 1% 173 0105 | 58 124 1465 17% 2114 1 1 1
Skewness <L <046 <014 012 0.56 =114 <047 0,14 o018 062 o o o
Eurtaziz 1,94 236 2,64 3,00 4,39 182 2 262 3,16 485 o [ 0
Fuergy 0.02 0,03 0.04 0.06 0.0% o2 002 0,03 0,04 006 1 1 1
FEuntrapy 2.66 302 3.34 3.68 409 EAS 344 374 399 432 1 1 1
SGLDM
Contrast 54 3 g2 LE-14 1227 235 482 T4 10.9% pant 1 1 1
Carvelaton 025 093 0,96 098 0,99 091 095 0,57 058 099 1 1 o
Vanance 13,02 383 5397 126,41 2843 W08 6553 12085 22138 48855 ] 1 1
Homogenwiry 037 045 048 05 0.53 031 038 042 046 055 1 1 1
Futvapy 4,47 493 5,31 57% 628 501 5,45 553 3] (323 | 1 1
GLDS
Homogenvity 037 043 048 03 0,53 0,31 038 A2 046 0,53 1 1 1
Contrast 2,34 308 ER: ) 426 12,24 2355 481 702 1037 21,89 1 1 1
Ewergy 017 024 0,23 0zr 03 014 0,18 0,21 024 03 1 1 1
Futrepy 137 145 1,54 1,54 2 137 162 177 1.9 24 ' 1
Blean 1,18 133 144 163 245 115 1,62 185 231 316 1 1 1
208 QUOIOAOYIKEG EIKOVEG
208 TTaBoAOYIKEG EIKOVEG EEE
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Selected Texture features from real images of the RGB
channels

" N n

Moymal
Red color
SF Pity P25, PE0%  PTE%  POS%, IQR | PR P2E%  PEO% POst  IOR H
Median 153 183 199 26 240 16,5 142 177 193 241 18 o
Variance 13 s 42 83 206 29 8 51 87 01 52 1
3 2, 3 32 As EX] 0.3 3 33 35 4.1 0.3 1]
LDM | |
ASM 104 27 41 59 82 a5 20 20 30 40 56 84 13 1
m Varlance 40 83 150 EIE) 1y | so 189 324 387 1173 198 1
5
Homogeneity 0.28 0.317 0,34 0,364 0393 0023 | 0257 0293 0.316 034 0,38 0023 1
Contrast 3 1 13 16 28 E] 10 13 16 20 32 4 1
Green color
SF
Median 93 124 144 160 18 | 78 106 128 157 192 26 1
28 a3 8% 163 Gl 42 101 167 330 G685 114 1
29 33 ER] 39 0.3 3.2 A6 3.0 4.2 a4 0.3 1
18 a7 g L1 ] 72 13 12 16 24 34 7 ] 1
S Varlance 87 154 EI 631 1387 238 154 378 G636 1283 2634 453 1
GLDS
Homogeneity 0,263 0,308 0,327 0,220 0,266 0,207 0322 037 o] 1
Contrast 9 11 13 9 14 1% 28 a1 7 1
SF ‘
e dian T4 27 114 142 170 23 68 o4 107 127 161 17 1
52 73 97 158 279 4 64 101 166 250 as4 75 \ 1
3.3 3.5 EX 39 4.1 0.2 34 3.7 3.9 4.1 4.4 0.2 1
13 17 22 27 as 3 9 12 16 22 30 3 \ 1 |
153 220 302 508 1063 144 | 198 323 521 850 1723 279 1
Homogeneity 0.17% 0,198 0,209 0,225 0245 0014 [ 0152 0,198 0217 0249 0021 \1/
Contrast 4 56 69 88 155 16 37 70 124 200 i3

208 QUOIOAOYIKEG EIKOVEG ANM
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Neural networks analysis for SVM (PNN) for each color

system (RGB, HSV, YCrCb)

" JE
SVM (PNN) classifier Sl %FP SFN % SE *oSP *o PR

RGEB
SF 75 (66) 21 (18) 28 (49) 71 (50) 78 (21) 77 (72)
SGLDM 26T 23 (25) 31 (40 63 (59) 76 (74) T4 (70
GLDS 6% (63) 3(18) 27 (55) 72 (44) 56 (81) 58 (70
SF+SGLDM T0ET) 34 (24) 25 (400 75 (59) 63 (75) 63 (71)
SF+GLDS 73 (68) 30 (14) 22 (49) T7 (500 69 (85) F1(7I7)
SGLDM+GLDS 4 (67) 22 (21) 29 (43) 70 (56) T7(78) 76 (72
SF+HSGLDMAGLDS 368 22 (19 3143 68 (56) 1B EEREL)]
r Hsv
SF 200 30022 253N T5 (62 &9 TN T1I3)
SGLDM 74 (70 27 (213 23 (37 T [62) T2 I T3 (74
GLDS £9 (67 24 (26) 37 (39) £2 (60) 75(73) 72 (69)
SFHSGLDM 74 (70) 36(21) 15 (37) B4 (62) 63 (78) 69 (74)
SF+GIDS 76 (70) 20 (17) 26 (42) 73 (57) 79 (82) 77 (76)
SGLDM+GLDS 7271 31200 24 (37 75 (62) 63 (79) 70 (75)
SF+SGLDMA+GLDS 75 (69) 30 (21) 19 (39) 80 (60) £9 (78) 72 (73)
| YCrCh

SF 73 (68) 21 (11) 310510 68 (48) 78 (38) 76 (21)
SGLDM 74 (69) 28 (14) 23 (47 76 (52) 71(35) 72 (78)
GLDS 75 (68) 24 (13) 25 (500 75 (49) 75 (36) 75 (78)
SF+SGLDM 76 (70} 25 (13) 22 (46) 77 (53) 75 (26) 75 (79)
SF+GLDS 79 (659) 25 (12) 16 (48) 23 (51) 74 (87) 76 (31)
SGLDM+GLDS 76 (69) 25 (15) 23 (46) 76 (53) 75 (24) 75(77)
SF+8GLDMA+GLDS 77 (70 25 (15) 20 (44) 79 (55) 74 (84) 75 (78)

. S 4]

PNN before vs after gamma correction
for the color system YCrCb
"

PNN before vs after gamma correction for YCrCb system @ PNN Trpiv v £gap. Tou ahyop. yappa
@ PNN petd v egap. Tou aAyop. ydpua
72
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SVM before vs after gamma correction
for the color system YCrCb
"

SVM before vs after gamma correction for YCrCb system ::zm Eg::r:]‘:f;;ZTTZZ);ﬁZ:Zﬁ
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Proposed protocol

" JEE
Color Correction:

1. Calibrate the camera following the guidelines by the manufacturer (i.e. white balance).

2. Capture the color ROIs using the color palette and their corresponding digitally
generated values based on the data given by the manufacturer.

3. Compute the gamma correction parameters.

Image Acqusition:

4. Acquire images at an angle that is nearly orthogonal to the object under investigation
(only allowing 3 degree deviation) and at distances of 3cm (close-up) to 5cm
(panoramic).

5. Manually segment the ROIs under investigation in this examination.

6. Gamma correct the ROl images and visually assess the gamma corrected ROIs.

Texture Analysis:

7. Color convert the ROIs from the RGB to the HSV and to the YCrCb systems.

8. Compute texture features (eg: the SF, SGLDM, GLDS feature sets and at different
scales) on the gamma corrected ROIls of step 7 each channel of the
color systems.

9. Compare texture features extracted from a collection of normal and abnormal cases to
determine significant differences. Verify that variations in acquisition angle and
distance to object do not yield significant differences.

Neural Networks:
10. Apply SVM, PNN (CAD system) and extract ROC curves.
11. Perform visual expert analysis of the results.

P €

X
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Texture characteristics of normal vs
abnormal ROls
"

Texture characteristics of normal vs abnormal ROIs
of the endometrium

Normal Abnermal
Gray level High Slighthly darker
Variance Low Very High
Contrast Low High
Homogeneity Normalrange Slighthly lower
Entropy Normal range Slighthly higher

X
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Neural networks result
" S

m 74% normal images
m 83% abnormal images
m CC=79%

m YCrCb system with the combination
of SF+GLDS

= &b g

Future work
" JE
m Established a European network

Collaboration with the European Society of
Gynaecologcal Endoscopy (ESGE)

Collaboration with the European Academy of
Gynaecologcal Cancer (EAGC)

Automated segmentation

More organs for analysis
3-D visual analysis
Collaboration with the Karl Storz Company

Monitoring the endometrium with Microcapsule
Experimental tissue

=& iy
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Hysteroscopy Microcapsule

Publications in scientific journals

"
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