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Fast Kernel Density Estimator Based Image Thresholding Algorithm for
Small Target Images
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Abstract
image thresholding algorithm is proposed. Firstly, a novel computation model for probability density estimation based on

In order to threshold the image containing small targets well, a novel fast kernel density estimator based

the kernel density estimator with weighting coefficients is presented. By introducing the 2nd-order Renyi entropy as the
threshold selection criterion, a novel kernel density estimator based image thresholding algorithm (KDET) is proposed.
Then a fast version for KDET, named fastKDET, is proposed by integrating fast reduced set density estimator (FRSDE)
and RSDE into the data condensation procedure. Moreover, some fundamental theoretical properties are fully studied. At
last, several experiments are conducted and show that our fastKDET is more general than some of the existing algorithms

and is insensitive to the parameters.
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image
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Fig.8 The comparison of segmentation results for Panzer
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Fig.9 The comparison of segmentation results for People

*3 AREJE ME IR
Table 3  The comparison of M E for different algorithms

K4 2% PME fastKDET OTSU MCVT VET MCET
Airplane 187 0.0032 0.5247 0.7139 0.0041 0.0058
Car 90 0.0033 0.3621 0.8048 0.0017 0.0014
Sailboat 171 0.0080 0.3127 0.8090 0.0235 0.0132
Ship 94 0.0032 0.4436 0.4436 0.0004 0.0005
Ships 140 0.0067 0.3914 0.3914 0.3914 0.4435
Panzer 163 0.0143 0.3468 0.3761 0.3515 0.3888

People 215 0.0122 0.4917 0.6249 0.0010 0.6249
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38 %

¥ {1

{H X} T 1% Ships 1 Panzer K, HIKEEH T
Bl PN IR 2 ) IR T AR AR Ay, L 10 2 i
PIINAT 2 (22 3CHR [5] 20 (8)) A7 I X 48
T A KRR, PIAS 2 T 2RI 2 FR. T
MCET 1§ H Poisson 73 A7 KAV EG 1 H br Al
T e X PR 2R UK FEARL I 0 A IS Dl 24 5K B B
ANFFEIX— BB, 7% 45 HiA 2 NI .

1M fastKDET B8 MG 2 s 23 1) o0 Ak, I
DIAZ 5 FEAS TH 28 A A R R s T g AT i 2 3%
BB, X — AR AT S R s A, TS
HAW VLA L, HAT 54 138 N RN B 58 ) 1 N H
YL TN BB S, B fastKDET ARefs 3|
B AE M) BIROR, (B e R B 45 R 5 sy
g8 A ZEAK, Wt AT A2 ).
3.4 SEHURMNER

ZH e M Ngae 7251k fastKDET o YA
FEESH. ALKBELHESE e M Ny H1E
KHWF I fastKDET %t S 308 L i fuskvk. Af
Fl Car. Ship 1 Panzer iX =5K/» #iZ%3% 256 14
3 X 256 15 R0 EUE, EATK R 7 B o 5 2
U | SO 22 08 o3 A17 . AT P s 440 2 Sk R /s UG B
FRAEIIRERE, 4% CR wil54:

CR __ The pixels’ number obtained by the reduction procedure
- the pixels’ number in the original image

YRR S e WWHIEMEREW W, & E
Ngate = 0, BIFTA KJE R FI1EZ i # A FRSDE
HEATIE46. [FI, 230 e 76 [0.001, 0.064] 7 W
Bk, R4 G TEARRMEG LPATHEE, 2%
AT E: fastKDET #3 8 FBIE « F 46 2 F0 s 4
i T

M 4 HAMER I, HiE fastKDET 15 21
B X 240 e (ARG AU, AR SCk [10], &
e WHUE WO RN e 3,
IR 44 AL R R N — NG R

SRR AT R, RSV, WO EE
B R LB — B S, M) e gsE T
e SN K () — my, 02), BRI (14) 154

B H AR AEN b8 OB LT A B 2 O AR
M= ARk, R, fastKDET 5 EIHCR XS5 e
PIABUR.

o5 J7 i, B i A A KR, B S8
e MMEHTAR /N, I 4 26 M R T AR K. I A oK
i MR RS JC R T R 2 RIS ). AR 3R
MRS, & B 0.01 A& LA ik .

AR S8 7 %, WE e = 0.01, IS8
Nyate FIARAO LRI 0. 45 R4k 5 s,

M5 R UE H, BT RSDE 4% & T
FRSDEM!, BT LABEE S Nyare [HINZEHIE K, &
A AR I, HZ, SRS B LT
Bz, v WA fastKDET BIRIFEXS S50 Ngae
MEEANBUR. WIS ATIN ) 10 A B 18, Ngage MIMH
5 400 ~ 800 Z [N, ST LLAE AR (1 I Ta) 56
JRBHE AR, 1 Ngae (HIL/NN, FRSDE 23§ I 58
Z I 2, 2 Nyare MK, RSDE this2
FE 3 B 2 HYIN ).

4 #ig

T 1) 7N L e A5 1D 18 A 73 S0 s A 43 B i 9 4
S P OGRS, A 1 VAT AR AT A A W
ANt SRPE BB T 2 500 B 2 ). AT I
B fastKDET WA 2 we il 7 il g, FLJR
BRIET, —J7 THI, WS VEAL A% 3 Al 4% TR A
REFR AT R A, X — BRI R
A SR T, F fastKDET {1 H
RSDE #il FRSDE #H45 6 177 20 %5 K B 1115 %
RUHEAT 4, ARGr kA& T eI R4k

ESH e [T T, Fk fastKDET (1)
MR LIRS EG RN REERR, X

M (i) — S0 SN K () — 0, 0%). AESEHRE HURITIT R B (G T SRR E. A 51
K4 BH e BAKFIE fastKDET 520
Table 4 The effect of the parameter €’s change on fastKDET
€ Car Ship Panzer

e B R4 % JEAARERS (FD) B 4% JEAFFERT (F) B IR R FERT (F))
0.064 83 0.0173 3.28 87 0.0118 2.39 151 0.0356 6.28
0.032 83 0.0262 8.56 87 0.0199 7.34 149 0.0528 15.55
0.016 85 0.0377 20.93 88 0.0319 20.67 149 0.0704 32.81
0.008 85 0.0506 45.39 88 0.046 47.81 148 0.0887 53.36
0.004 85 0.0640 85.62 88 0.0607 91.36 148 0.1048 83.89
0.002 85 0.0758 139.22 88 0.0755 156.25 148 0.1185 119.47
0.001 85 0.0862 209.53 88 0.0896 244.95 148 0.1278 151.20
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K5 ZH Ngare ZUNEIL fastKDET 520
Table 5 The effect of the parameter Ngate's change on fastKDET

Ngate Car Ship Panzer
Ife B IRIES TGFERT (F2) B IRIES IEGEFERT (R5) B{E IRIES IEGEFERT (B2)

0 83 0.0461 34.58 88 0.0413 37.62 148 0.0828 44.80
200 83 0.0508 31.90 88 0.0442 33.63 148 0.0863 40.39
400 85 0.0540 30.99 88 0.0505 31.46 148 0.0941 38.76
600 85 0.0569 30.09 88 0.0541 31.72 148 0.1164 37.80
800 85 0.0637 30.37 88 0.0585 31.24 148 0.1505 46.61
1000 85 0.0669 31.44 88 0.0651 32.92 148 0.1842 61.61
1200 85 0.0745 35.15 89 0.0801 38.94 148 0.2121 80.00
1400 85 0.0793 38.95 88 0.0799 39.27 148 0.2244 90.83
1600 85 0.0846 43.69 88 0.0899 46.30 148 0.2328 103.02

AsAT I A2 AR PCOBL LK Matlab A58 T 3K
. BV SENUEPEBOR I A R . ok T
B H 2 AR g R v 5 A, A SRR
IBATIE L SATIR K R PETH %)
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