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Circular Histogram Breakpoint Selection and Threshold and Color Image
Segmentation Method Based on Information Energy

Yang Jipeng, Fan Jiulun
School of Communication and Information Engineering, Xi’an University of Posts and Telecommunications,
Xi’an 710121, Shaanxi, China

Abstract A new method of color image threshold involves dividing the color image threshold using the H component of
the color image hue-saturation-intensity (HSI) model. Considering that the H component is a circular histogram, it is an
effective method to break the circular histogram into a linear histogram and subsequently use the linear histogram threshold
segmentation method to select the threshold. In information theory, the information energy is the dual of Shannon
entropy, and this study first introduces the concept of cumulative distribution information energy of the linear probability
distribution, which is used to determine the breakpoint of the circular histogram. Thereafter, it provides the information
energy threshold method on the linear histogram, which is used to determine the threshold of the H-component circular
histogram. Compared with the Shannon entropy threshold selection criterion based on logarithmic operation, the
information energy threshold selection criterion based on square operation has the advantages of simple expression and fast
calculation speed.
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K1 srEmfl.(a)®
Segmentation sample. (a) Color image; (b) circular histogram; (c) linearized histogram expanded in counterclockwise
(ACW) direction at point ¢,

Fig. 1
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Fig. 2 CDF of linear histogram expanded in ACW direction at different breakpoints. (a) 7, = 30; (b) £, = 100;
(c) ,=170; (d) t,= 240
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Fig. 3 CDF information energy curves of linear histogram. (a) CDF information energy curve (ACW); (b) linear histogram expanded at

maximum information energy point 7, = 21; (¢) linear histogram expanded at minimum information energy point 7, = 45
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Fig. 6 H component images. (a) People; (b) flowers; (c) eagle; (d) roof; (e) car; (f) mountain; (g) boat; (h) building
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Fig. 7 Segmentation results of people. (a) Method 1; (

b) method 2; (¢) method 3; (d) method 4; (

e) method 5; (

f) method 6
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Fig. 8 Segmentation results of flowers. (a) Method 1; (

b) method 2; (c) method 3; (

d) method 4; (e) method 5; (f) method 6
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Fig. 9 Segmentation results of eagle. (

a) Method 1; (b) method 2; (¢) method 3; (

d) method 4; (e) method 5; (f) method 6
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Fig. 10 Segmentation results of roof. (a) Method 1; (b) method 2; (¢) method 3; (d) method 4; (e) method 5; (f) method 6
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Fig. 11  Segmentation results of car. (a) Method 1; (b) method 2; (¢) method 3; (d) method 4; (e) method 5; (f) method 6
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Fig. 12 Segmentation results of mountain. (a) Method 1; (b) method 2; (¢) mMethod 3; (d) method 4; (e) method 5; (f) method 6
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Fig. 13 Segmentation results of boat. (a) Method 1; (b) method 2; (¢) method 3; (d) method 4; (

e) method 5; (

) method 6
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Fig. 14 Segmentation results of building. (a) Method 1; (b) method 2; (¢) method 3; (d) method 4; (¢) method 5; (f) method 6

e IR 7'7&2%[175/24 FEIRORARAL . 2 B e R H
HE/ME B RER 0 EIBS TR MR, k6
EE,«%E%Hlmi%;a?%ﬁﬁﬁ%ﬂﬁ%%ﬁz%

R T A R 6 R T IR I M RE L R TR R ORS
FEV(PA) U AE I L (PSNR) (#4722 (MSE) |
ZEFF H T (ToU ) 8548 B Xt AS 8] 7 25 1 4y # 45 R k47 T
M, 2 (24) % LT PSNR(Rpe) B9 E AR, 2(25)
JE LT MSE (Eyee) BT 5 A, :(26) 8 L T PA
(Ap) IR A2, R (27) 5 LT 1oU (R W TTHE 2
X, PA ToU Ry BUEE B2 8 F [0, 1], Uk 1,
FER B RO T . PSNR BRL5 43 B S0 B

(N—1)
Rpsve = 101g[ E s (24)
MSE

vy, (25

B =gy 23 200

i=1j=1

Hars(25) % LT ¥R 2ZE(MSE) TR A,

| Bo N By |+ | FoNFy|

Apy = s (26)
| Bo [+ | Fo
IoU — |FO ' FT| 5 (27)
|Fol+|BoNFy
K s 5y SR B UE ERORN 43 0 25 3 AR 1 A8 F

BRI U X VN RBR R ; Bo 1 F 55 5l 52 356
FEE A 1915 52 A0 B AR 5 B B 0 900 02 52 B 43 %) R
WY TS SR H A .

F1~3 &AM 5 kX 8 E E 4 1 PA.LToU Hl
PSNRH B H %5, J7 ¥k 6 76 S KI5 i 3 48 br T #BHX
BT HROKRME. N T HEEE MR RN, K15 348
B P Y E AR A

LSRG RN R 2. ik LRIk 34 %13
SEARARL, T 1% 2 T 7 ik 4 43 B RO AR AL, 3 3R WTAE 1 )
A T 0 42 P Ak T 2 i 6ty b 0 o R0 AN i /S B
““i%%ﬂtﬂﬁﬁ/l\ﬂ’]i%ﬁ TE LR P A i Ll b 2 0 ] e
/M BRE B IO, TR 6 M IR 3 ik 4

0233002-7



R

% 60 %5 &£

2H1/2023 F£ 1 A/HESBFEH#HE

®1 6RO SR (IR PA LA
Table 1 Comparison of PA by 6 methods for 8 color images

Image Method Method Method Method Method Method

number 1 2 3 4 5 6
(a) 0.9196 0.6665 0.9227 0.6665 0.5049 0.9310
(b) 0.8358 0.6295 0.8368 0.6295 0.8323 0.8755
(c) 0.9464 0.7418 0.9571 0.7418 0.9396 0.9719
(d) 0.7040 0.6343 0.7464 0.6271 0.8576 0.9068
(e) 0.7947 0.5133 0.8251 0.5134 0.1009 0.8475
(f)  0.5968 0.8062 0.5938 0.8062 0.5530 0.9199
(g) 0.5117 0.6580 0.5350 0.6734 0.5139 0.8250
(h)  0.7479 0.5504 0.7641 0.5504 0.4975 0.8673

Mean 0.7571 0.6500 0.7726 0.6510 0.6000 0.8931
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Table 2 Comparison of IoU by 6 methods for 8 color images

Image Method Method Method Method Method Method

number 1 2 3 4 5 6
(a) 0.2251 0.1248 0.3751 0.1248 0.1043 0.3923
(b) 0.3395 0.2449 0.3462 0.2449 0.2403 0.5679
(c) 0.3458 0.0987 0.5299 0.0987 0.0268 0.7494
(d) 0.2971 0.3161 0.3887 0.2901 0.5616 0.6322
(e) 0.1243 0.0921 0.3165 0.0922 0.3835 0.3881
(f)  0.0000 0.6263 0.0004 0.6263 0.0062 0.8082
(g) 0.1959 0.2464 0.1836 0.0341 0.1149 0.3335
(h)  0.0396 0.1980 0.1693 0.1980 0.3129 0.4966

Mean 0.1959 0.2434 0.2887 0.2136 0.2188 0.5460
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Table 3 Comparison of PSNR by 6 methods for 8 color images

Image Method Method Method Method Method Method

number 1 2 3 4 5 6
(a) 11.6168 4.9574 11.9228 4.9568 2.9716 12. 6267
(b) 8.3933 4.5913 8.4202 4.5913 8.2821 9.9400
(c) 13.7646 6.0001 15.4104 6.0001 12.9043 18. 8213
(d) 5.4858 4.5463 6.2026 4.4532 8.9528 11.0919
(e) 1.0049 3.2577 8.0905 3.2584 8.7883 8.7982
(0 4.1119 7.6273 4.0780 7.6273 3.6449 12.3071
(g) 2.9141 4.8764 2.7211 1.7274 2.9005 8.0230
(h) 6.3079 3.6152 6.6334 3.6152 3.2060 9.5492
Mean  6.6999 4.9340 7.9349 4.5287 6.4563 11. 3947
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Fig. 15 Histogram of average PSNR, PA, and IoU of
6 methods
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