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Automatic detection of hard exudates
based on RBF neural network and threshold segmentation

Gao Weiwei, Shen Jianxin, Wang Yuliang
College of Mechanical&Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China

Abstract: To automatically detect hard exudates from fundus images, and to develop an automatic diabetic retinopathy
screening system, an automatically detecting approach based on RBF neural network and threshold segmentation was estab-
lished and studied. First, the green channel of the original fundus image is coarsely segmented by an improved Otsu thresh-
olding based on minimum inner-cluster variance, and candidate regions are obtained. Second, several features of candidate
regions are extracted and selected by means of logistic regression. Finally, the RBF neural network is built with the optimal
subset of features and judgments of these candidate regions. Furthermore, post-processing is carried out to improve the de-
tection accuracy. The approach is tested on a new set which contained 50 fundus images with variable color and brightness.
With an image-based criterion, sensitivity of 100% , specificity of 90. 9% , and accuracy of 96. 0% are achieved. Average
sensitivity of 93. 9% and average positive predict value of 95. 5% are also achieved with a lesion-based criterion. Further-
more, the average time cost in processing an image is 13. 6 s. Results suggest that the approach is stable and reliable, and
can fast and effectively detect hard exudates from fundus images.

Key words: fundus images; hard exudates; RBF neural network; threshold segmentation; automatic detection
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Table 1 Result of features selection( step =16)
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Table 2 Results of fitting a logistic regression

model to the two feature sets
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Fig. 2 Topological structure of RBF neural network
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Table 3 Detection results of different methods
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SCHkE8 ] 85.7 81.8 84.0 90. 1 86.7 15.3
SCHk[10] 89.3 81.8 86.0 91.6 95.3 13.9

M 3 KB, A SO L Teie e BEOK T Jkkk X
K3 2 AR AL BRI T, A6 I 1 BB X4 AL T Sk
[8 JFISCHR[10]

MR I B B PR 9A Pp 2= ( british diabetic associa-
tion) F* 1997 AE42 i (1) DR gkt B 246 I 55 12 A 1K
Bt B ERK S R 80% |, 45 S 90% i
BRSO R IR ENLARER B R Javine 25 A
TP S A R ME A Xt DR 3l A HoR
PR A SEA I Sy 60% 1Y R B B AR I LA
BRI AR . HAZE X DR gkt A shasi
TE R S AHOCHE AR IR ) — g KT 1 Be il |, st
SR VAR PRIE T 5 0 JE A b, B0 OC HEROR TS Ao
PRI A 0 T8 R 8 8 T 5, S D 18 0 7 15 L 2%
ZWEIRIA IR IT FE I L SRR S 2 I R 52,
PRI, A DRAIEASE g RS A i 32, o BTk A IR IS A e
TS A 255 A SO DO B ) R D A o TS ey ) A
AR R 8O 1 DR kb 1 2l G 0 5 A Sy £
B, R , 5 RE i — A0 ARG & 20 EXs H 3
R B %A DR H ghifi A R 50 5 2 & L ER
HY , 3K A2 12 2R G0 Fi 2 RE 5 I H T 1l PR A 200 fie oA 1Y)
A R)

3 & i

EXs J& 51 DR AO4RAETE R B, R I R R 1%
th EXs 19 B skl 2 g 7 T IR KSR DR B3
iy RGCHEIA T 2 —, HIEUE T R G 4531
PIHERTE . A TR 0 EXs H Sl 503 4
FIE T A I IR o) 7 A B S5 0 B 2ok . AR SO T
43R RS 15 b EXs (1995 kH45AE L & RBF
2 L5 AR R AT RE T o SRR ) A o) TR A T T Y
P, I 300 logistic [AIJARERIR FH “ A5 M1 /)
T3 1 ARG B DI It AL RRAE 42 LA B X 3R 1 fég A
TR E S Sr RBYF Mg (2%, 145 6 )5 Ab B DL iE
— BRI FE . 7 PR E AR v R A BE B IRV

AE LA o 1A Ak R3S AN [7] 7 €0 AN [) 5 B2 MR T
Fl& b EXs 19 A skl . A7 kA8 5E v i, B
— RSN T AR A T IR 15
() DR A sl RGTHR I 17 500k S5, BT A
REGBE T RYFHE
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