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Summary

The HMT(hit-miss transform) in morphology is used to locate a specific
object in noisy and cluttered input images. This transform can be also
implemented on a coherent optical correlator for real-time processing.
However, standard algorithms for a morphological HMT can cause problems
in detecting various true class objects, and discriminating similar false class
objects. A fundamental problem in morphological HMTs is the determination
of the optimal SE(structuring element) needed to improve the false alarm rate,
and detect objects with different shapes. The synthetic methods of SE provide
good solutions against this problem. One is the intersection of each true class
SE, and the other is the SDF(synthetic discriminantfunction) synthesis of
each true and false class SE. However, in the case of recognition of a traffic
sign, it is not so good. Because there are many kinds of signs with intraclass
distortions and interclass similarities, it needs many synthetic SEs.

In this paper, the multistage synthetic method of SE is proposed to provide
efficient recognition of traffic signs with the reduced number of synthetic SEs.
The proposed algorithm of a traffic sign recognition consists of the phase of
sign detection and the phase of symbol recognition. In the phase of sign
detection, a multiple of the intersection SE is proposed to adapt to intraclass
distortions and interclass classification. In the phase of symbol recognition, a
SDF synthesis of the intersection SE 1is proposed to adapt to intraclass
distortions and interclass discrimination and classification.

Based on extensive simulations, it has been shown that the proposed
algorithm can be applied to the recognition of traffic signs with the reduced

number of synthetic SEs.
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MES -3 Mestd "ci(Casasent 5 1992) (Yuan 5 1992) (Schaefer and
Casasent, 1995).

.
||

(Ex) el

{di

Fig. 1. The example for HMT:
(a) Input image; (b) hit SE and miss SE; (¢) complement of input
image; (d) HT result; (e) MT result; (f) HMT result.
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camera PC

CINTERSECTION

P : Pin hole

Lo : Collimating
L, Lo : Fourier transform lens
Py @ Input plane (up part; input image,
down part; complement of input image)
P; : Filter plane (up part; fourier transform of hit SE,
down part; fourier transform of miss SE)
P; : Correlation plane (up part; hit result, down part; miss result)

f, fi, f2 : Focal length

Fig. 3. Optical correlator system for HMT.
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(a) (b) (d)

(e) (f) (g)

Fig. 4. The example for HMT object recognition using intersection method:
(a) Input image; (b) complement of input image; (c) reference images;
(d) synthetic hit SE and miss SE; (e) HT result; (f) MT result; (g)
HMT result.
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Fig. 5. The example for HMT object recognition using SDF method:

(a) Input image; (b) complement of input image; (c) true reference
images and false reference image; (d) synthetic hit SE and miss SE;

(e) HT result; (f) MT result; (g) HMT result.
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(a) (b)

(c) (d)

c (e)

()

Fig. 6. Synthetic SEs for the detection of a speed limit sign:

(g) (h)

(a) Small sign; (b) large sign; (c) small hit SE; (d) large hit SE; (e)
synthetic hit SE; (f) small miss SE; (g) large miss SE; (h) synthetic

miss SE.



(a) (b)

() () (h)

Fig. 7. Synthetic SEs for the detection of a warning sign:
(a) Small sign; (b) large sign; (c) small hit SE; (d) large hit SE; (e)
synthetic hit SE; (f) small miss SE; (g) large miss SE; (h) synthetic

miss SE.



(a) (b)

(c) (d) (e)

() () (h)

Fig. 8. Synthetic SEs for the detection of a regulation sign:
(a) Small sign; (b) large sign; (c) small hit SE; (d) large hit SE; (e)
synthetic hit SE; (f) small miss SE; (g) large miss SE; (h) synthetic

miss SE.



(b)

(a)

Fig. 9. Synthetic SEs for the detection of a speed limit sign, a warning sign

and a regulation sign using the proposed multiple intersection method:

(a) Synthetic hit SE; (b) synthetic miss SE.
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(c)
Fig. 10. Three groups of small and large reference images:
(a) 30, 50, 60, 70 speed limit sign symbols;
(b) =, A, T, + shaped crossroad sign symbols;

(c) left junction, right junction, left curve , right curve sign symbols.



(c)

Fig. 11. Synthetic hit SEs and miss SEs of Fig. 10 using intersection method:
(a) 30, 50, 60, 70 speed limit sign symbols;
(b) =, 4, T, + shaped crossroad sign symbols;

(c) left junction, right junction, left curve, right curve sign symbols.



Fig.

(f)

(i)

12. Synthetic hit SEs and miss SEs of Fig. 10 wusing proposed
intersection and SDF method: (a) 30, 50 speed limit sign symbols; (b)
60, 70 speed limit sign symbols; (¢) F, - shaped crossroad sign
symbols; (d) T, + shaped crossroad sign symbols; (e) left junction,
right junction sign symbols; (f) left curve, right curve sign symbols; (g)
30, 50, 60, 70 speed limit sign symbols; (h) F, -, T, + shaped
crossroad sign symbols; (i) left junction, right junction, left curve, right

curve sign symbols.
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(c) (d) (e)

Fig. 14. The example of the proposed HMT algorithm for the detection of a
speed limit sign(location A): (a) Input image; (b) complement of input

image; (c) HT result; (d) MT result; (e) HMT result.



(a) (b)

(c) (d)

Fig. 15. The example of the proposed HMT algorithm for the detection of a
speed limit sign(location B and E): (a) Input image(B); (b) HMT
result(B); (c) input image(E); (d) HMT result(E).



(c) (d) (e)

Fig. 16. The example of the proposed HMT algorithm for the detection of a

warning sign(location A): (a) Input image; (b) complement of input

image; (c) HT result; (d) MT result; (e) HMT result.



(a) (b)

(c) (d)

Fig. 17. The example of the proposed HMT algorithm for the detection of a
warning sign(location B and E): (a) Input image(B); (b) HMT result(B);
(c) input image(E); (d) HMT result(E).



(a) (b)

(c) (d) (e)

Fig. 18. The example of the proposed HMT algorithm for the detection of a
warning sign and a regulation sign(location A): (a) Input image; (b)
complement of input image; (c) HT result; (d) MT result; (e) HMT

result.



(a) (b)

(c) (d)

Fig. 19. The example of the proposed HMT algorithm for the detection of a
warning sign and a regulation sign(location B and E): (a) Input

image(B); (b) HMT result(B); (c) input image(E); (d) HMT result(E).
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(a) (b) (c)

(d) (e) (f)

Fig. 20. Extracted sign images: (a) Speed limit sign of Fig. 14(a); (b) speed
limit sign of Fig. 15(a); (c) speed limit sign of Fig. 15(c); (d) warning
sign of Fig. 16(a); (e) warning sign of Fig. 17(a); (f) warning sign of
Fig. 17(c); (g) warning sign of Fig. 18(a); (h) warning sign of Fig.
19(a); (i) warnig sign of Fig. 19(c); (j) regulation sign of Fig. 18(a); (k)

regulation sign of Fig. 19(a); (1) regulation sign of Fig. 19(c).
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Fig. 20. ( Continued )
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Fig. 21. The result of HMT for the recognition of distorted 50 speed limit

sign symbol: (a) Input image; (b) HMT result.
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(c) (d)

Fig. 22. The results of three stage HMT for the recognition of 30 speed limit
sign symbol: (a) Input image; (b) 1st stage HMT result; (¢) 2nd
stage HMT result; (d) 3rd stage HMT result.
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(d)

(c)

Fig. 23. The results of three stage HMT for the recognition of + shaped

crossroad sign symbol: (a) Input image; (b) 1st stage HMT result;

(c) 2nd stage HMT result; (d) 3rd stage HMT result.
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(d) (e) (f)

Fig. 24. The results of two stage HMT for the recognition of a right junction
sign and a right curve sign symbol: (a) Input image; (b) 1st stage
HMT result; (c) 2nd stage HMT result; (d) input image; (e) 1lst stage
HMT result; (f) 2nd stage HMT result.
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