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Image Analysis for Discrimination of Neoplastic Cellis
in Spatial Frequency Domain
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ABSTRACT

In this paper, a improved method of digital image analysis required in basic medical science for
diagnosis of cells was proposed. The object image was the thyroid gland cell image, and the pur-
pose was automatic discrimination of three classes cells(normal ceils, follicular neoplastic cells, and
papillary neoplastic cells) by difference of chromatin patterns, To segment the cell nucleus from
background, the region segmentation algorithm by edge tracing was proposed. And feature par-
ameter was obtained from discrete Fourier transformation of image. After construct a feature
sample group of each cells, experiment of discrimination was executed with any verification cells,
As a consequency of using features proposed in this paper, get a better recognition rate(70-90%)
than previously repoted papers, and this method give shape to get objectivity and fixed quantity in
diagnosis of cells. The methods described in this paper be used immediately for discrimination of
neoplastic cells.
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Group Neoplasm
Types of neoplasni
Feature Normal Follicular neoplasm Papillary neoplasm
a Cell aggregate Loose Dense
b Colloid Rich Poor
C Mass formation Absent Present
A Cell arrangement Follicular Papillary(occasionally pollicular)
B Nuclear membrane Regular Irregular
C Nuclear inclusion Rare S Erequent
Artefact may mimic inclusion

p| Nucleus Shape Round or oval More irregular

Size Small, uniform Large, variable
E Chromatin | Chromatin clump Distinct, homogeneous Ground-glass heterogeneous

pattern Texture Coarse Fine
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Table 3-2. Four measured and calculated morphometric parameters of each training sets in spatial domain.
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Gray level mean [g.v]
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Distance = | A—B |2 (3-10)
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Table 3-3. The meaning of symbols A,B in equation(3-5)

Sample A B
Parameter (Training set) | (Test sample)
Perimeter PMg PMy
Area ARS AR‘\
Gray level mean GMg GM
Shape factor SFg SFy

SRR R BT ARE (
& # 32004 AAG 7} %

A) 2] Z} #5 Shetol ek

B #k(mean value) 2.3

Table 3-4. An example of discrimination results of a testing sample(normal cells) on the spatial domain

Seg. Discrimination (Minimum of distance)
No. | Perimeter Area Gray level mean ! Shape factor remarks
1 N N P N
2 N N F* P*
3 N N p* p*
4 N N F* N
5 N N pP* F*
6 N N F* N
7 N N N F* Normal cell
8 N N P* N
9 N N p* P*
10 N N F* N
11 N N F* | O
12 N N P* N
13 F* N N P*
14 N N P* N
13/14 14 /14 2/14 6/14 correct discrimi-
(92.9%) (100%) (14.3%) (42.9%) nation rate

*

: wrong discrimination
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DFi(n) : s MAR ) B8 &40 dx

B 3-5 FFard Hel M fsmimigmin el A Eddds

Ds : #IE2E7R S a0 AR HmEAR T 2
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+ B 35 FLUERIEE M Mol o ¥ 355 W B S R 2
dealolth, EHMBY EHMEEMBRS Ftxe 5
g gow AuAEe BaiA,

3. WMERAER O

qlele] @M 17370 (Normal : 48, Follicular :
74, Papillary :51) 2 BREHEEANMN = £ 349049}
2o, =3 S A KB M E § 3-50149 go)
BAKES WEHSA Psdd. G H 36AME
F gz 173719 mEmino] de) BB S Y
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Table 3-5. An example of discrimination results of a testing sample (papillary neoplastic cells) on the spatial

frequency domain)

Distance
?\I%g. Normal Follicular Papillary Discrimination remarks
1 8.073021 9.997292 16.032440 N*
2 77.828610 56.045770 30.961900 P
3 24.750680 13.252740 5.006766 P
4 17.456070 9.721247 3.359631 P
5 37.024550 22.571060 7.686270 P
6 — —_ — —
7 48,124610 30.238800 15.011000 P
8 10.345030 11.188040 17.215460 N*
9 32.490390 23.960880 12.676310 P
10 123.704400 96. 096260 ! 63.107750 P
11 - - - -
12 36.555730 22.135680 9.549829 P
13 20.196760 13.218050 10.271310 P Papillary
14 127.075400 97.811500 63.884060 P neoplastic
15 17.298330 14.590560 9,250890 P cells
11/13 correct. discrimi-
(84.6%) nation rate

* : wrong discrimination, — : deleted nucleus
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Table 3-6. Comparison and analysis of discrimination results on the spatial domain and the spatial frequency

domain.
Testing Spatial domain(Discrimination)
Sample type Parameters Spatial frequency domain
(no.of nuclei) PM | AR | GM | SF (Discrimination)
N No. of nuclei 44 19 20 24 39 Correct
% 917 | 432 | 41.7 | %0 81.3 | Discrimination
Normal 48| (F) No. of nuclei 4 15 6 10 5
cells. % 83 | 3.3 | 125 | 208 10.4
(P) No. of nuclei 0 13 22 14 4
% 0 27.1 45.8 29.2 8.3
No. of nuclei 36 8 18 25 7
(N) > -
. % 48.6 10.8 24.3 33.8 9.45
Eggg:slarc o] ¢ [ Neofnuclei | 3¢ [ 57 | 20 | 25 60 | Correct
cells. % 459 | 77.0 | 392 | 338 | 81.1 |Discrimination
No. of nuclei 4 9 27 24 7
(P) > T ;
% 5.4 12.2 36.5 32.4 9.45
No. of nuclei 15 11 9 17 7
(N) — P ;
Panill % 29.4 21.6 17.6 33.3 13.7
apillary :
neoplastic 50 No. oaf nuclei 17 15 9 14 0
cells. % 333 | 29.4 | 21.6 | 27.5 0
p No. of nuclei 19 25 31 20 44 Correct
% 37.3 | 49.0 | 60.8 | 39.2 86.3 | Discrimination
Total 173
average of total No. of nuclet 97 101 80 69 143
correct discrimination 2% 56.1 58.4 46.2 39.9 827
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