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Fig. 10 Classification process of lung cancer slice characteristic curve sampling
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Fig. 11 Accuracy discrimination of lung cancer slice measured map and template map
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Table 1 Confusion matrix of lung cancer slice classification results

Actual/forecast Real cancerous Real normal Real background Total
Cancerous tissue 46 070 3539 9 49 618
Normal tissue 5129 29 803 139 35071
Background 14 979 10 301 811 631 836 911
Total 66 178 43 643 811779 921 600

i TR VA R AT, 42 P 921 60015 R, 19 S I AR R B 2, U W7 S5t o A A0 S R T A 4 2 i
B R o G\ Im) LI 23 O R, L BURE 0 D SR AR L T AL U AR o B R, BT SR 0 2 200 2 AR
Wi e K o bR METT S O ALV /D BT R R A 22 S WD S o A SN A R R AR A AR AR O L L
AN IR DR IE T 8¢ i B T30 o Aty 3, 3 2 PR Ay i 98 2 245 4 () 1E o A SN R AT WY B 25 S o X U TR N L I
P02 SR DN AR S5 M RRAE B R AT P o LI o A R A N 2 2 il D) R B A SRS HE T
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Table 2 Overall classification accuracy statistics of lung cancer sections

Category (Classification pixel) accuracy/ %
Cancerous tissue (46 070/49 618) 92.85%
Normal tissue (29 803/35071) 84.98%
Background (811631/811 779) 96.98%
Overall accuracy (887 504/921 600) 96.300 3%
Kappa 0.809 7

F 2 BRI SORT BE T LA H 96.3 )0 , Kappa (L AEWS 15 F1 0.809 7. il izt R ¥ 4E [ w] M1 A2 4 400 20K
FE92.85% , IE W L 43RG B2 84.98 %0 o T st 5 A0 S 4 DX 31 K, DR A 5l e v AT 3K 96.98 %6 . TEHE B2
W T e OG0 TE SR TE 2 SURNE AR 20 253 R L B T ST AR R B £, 5 e LI 2H 4 SEORS BEIR 1 .
PRI 2 B 7 5, A B W A SUR i A8 L 2L RORS BE e T an 6 3 Bt o i U0 R 1835 K 5l 89.59 %

AR R SR T AR A B A oy e T OR B O T T A T 1) R TR R AR A IS AR T A B R T A 2R AR
P VE MR ITHY A 28X RS I  BE R T T RCAG0E BT M ML, R TT L A B ENVITE A7 F T B a2k
XA AL (Support Vector Machines, SVM) J7 Al FHBRGIA S EOF R 5255 o S 1 38 s a] Lo, P9 B oo Al ][]
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Table 3 Accuracy statistics of normal and cancerous tissues in lung cancer sections

Category (Classification pixel)accuracy/ %
Cancerous tissue (46 070/49 618)92.85%
Normal tissue (29 803/35071)84.98%
Overall accuracy (75873/84 689)89.590 1%

— SRR X8, LA 3003 26 ) — AR vERCAR 51 11(b) o BN B 12 Fros .

(a) M|, target picture (b) M, ROI selection (c) M, classification results

(d) M, target picture (e) M, ROI selection (f) M, classification results
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Fig. 12 Single element SVM classification process for M, and M,, lung cancer slices
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Fig. 13 Mueller matrix characteristic curve classification of breast cancer No.44 high magnification imaging
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Fig. 14 Mueller matrix characteristic curve classification for low magnification imaging of breast cancer No.44
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Cancer Tissue Recognition by Muller Matrix Imaging Full Array Curve

GAO Junzhao'”*, HUANG Dangfei'’, ZHANG Lechao'’, SONG Dong’, HONG Jinghui’,
ZHANG Lili"*, TANG Hongyu'*, ZHOU Yao"’
(1 College of Oproelectronic Engineering, Changchun University of Technology, Changchun 130022, China)
(2 Zhongshan Research Institute of Changchun University of Technology, Zhongshan 528437, China)
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Abstract: As the second most common cause of death in the world, cancer has become a persistent public
health challenge facing the world. At present, the most mature treatment for cancer is surgical resection,
and the determination of whether the resection is clean depending on the detection of artificial pathological
sections. During the operation, it is necessary to repeatedly confirm whether the diseased tissue is removed
cleanly, and each test requires the preparation of pathological sections for manual detection. Pathological
section staining is tedious and time-consuming, and the process of manual section detection and
confirmation is time-consuming and inefficient. Therefore, there is an urgent need for an auxiliary detection
method that skips the staining process, and the method is accurate, fast, highly sensitive, non—contact,
non-invasive, and highly safe.

Polarization is a new information dimension independent of light intensity, wavelength, and phase.
Polarization imaging uses the incident light to irradiate the sample to detect the outgoing light and obtain the
physical information of the sample. Polarization imaging is a non—invasive, label free, non—contact optical
detection technology. The detected polarization information is often represented by Mueller matrix. Mueller
matrix characterizes the polarization characteristics of complex media, including rich macro and micro
structural information. Mueller matrix imaging can encode rich information on microstructure even under
low resolution and wide field conditions.

Polarization detection technology has the advantages such as large information, strong compatibility,
wide scale, but the microstructure of each element value of Mueller matrix is not directly related to the
same product, and it is difficult to characterize due to the mixing of a large number of influencing factors. It
is difficult to obtain specific indicators of sample microstructure. Today, the focus on information extraction
of Mueller matrix is only on the processing level of individual array elements with obviously different
information, which is very dependent on the information content of sample array elements. This research
mainly uses the existing clear classification of physical relations to establish the relationship between the
internal information of Mueller matrix, analyze the full array element of Mueller matrix vertically with pixel
as the unit, and further extract the overall difference information.

In this paper, we will start with the reconstruction of the original backward Mueller matrix imaging
system light source and the incident direction to improve the imaging quality. We use the measurement
method of double wave plates rotating 30 times to generate Mueller matrix, which is different from the
previous data analysis and processing methods. With the help of the classified physical information of
Mueller matrix, the new arrangement order is linked, and the Mueller matrix data cube is generated by
analogy with the spectral data processing method in the remote sensing field. The full array element curve is
extracted longitudinally in pixels. The whole array element curve calls the overall polarization
characteristics, which 1s different from the description form of two-dimensional space image. The
expression form is flexible and changeable, which can more intuitively describe the multi-level analysis
ability of information. The included angle cosine method is used to eliminate the system error caused by the
included angle of the light path, and the target classification is realized by traversing the entire two-—
dimensional space. This method is fast and easy to implement. On this basis, the samples were selected
from the pathological sections of unstained lung cancer and breast cancer. According to the above methods,
information visualization analysis, feature extraction and classification, cross scale experiments were
carried out, and a confusion matrix was used to show the classification and accuracy. The results show that
the pixel level full array information observation mode has more flexible target selection, more variable
observation forms and strong anti-interference ability, and good accuracy in distinguishing cancerous
change, non cancerous change and background. The accuracy of lung cancer and breast cancer can reach
89.59% and 87.82% , and the accuracy of high magnification breast cancer is 77.52%. L.ow magnification
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imaging with cross scale characteristics can still complete feature extraction. Skipping the staining process
and assisting in manual detection is of great significance for shortening the time of pathological detection in
clinical practice.

Key words: Polarization imaging; Mueller matrix; Cancerous tissue; Feature extraction; Pathological
section detection
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