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(A New Hit-and-Miss Ratio Transform and Its
Application to Warning Sign Segmentation)
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Abstract

A new hit-and-miss ratio transform is introduced as a modified hit-and-miss transform to

be robust to noise, which uses a quasi-matching technigue based on the fitting ratio functions.
And a new gray-level object segmentation algorithm is proposed., which is based on the
hit-and—miss ratio transform and threshold decomposition. The proposed segmentation
algorithm shows a successful simulation result from both synthetic and real warning sign
images, and is similarly applicable to segmentation of an object with specific shapes from

natural real images.

I . Introduction

Mathematical morphology introduced by Ma

theron''' and Serra'’' takes a firm root in
nonlinear signal processing and stands as a
relatively separate part compared with linear

signal processing.
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The hit-and-miss transform (HMT)'?! is an
important tool to detect specific shapes ex-
actly matched with given templates in binary
images and is used as a basic transform for
the other morphological operations such as
thinning, thickening, etc..

The HMT is very sensitive to noise. Because
it yields matching points only when a pair of
disjoint structuring elements simultaneously
fit with a template. From this point of view,
we are interested in doing the HMT adaptive
to noise.

A hit-and-miss ratio transform (HMRT)
developed based on a fitting ratio function
(FRF) as an adaptive HMT to noise. And as
an application of the HMRT. a gray image

is
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segmentation algorithm is proposed, which

operates on binary images generated by th-

41 of the original

reshold decomposition'*
gray image.

The paper is organized into four sections. In
section II, the HMRT is introduced. In section
I,

presented.

A new image segmentation algorithm is
In section IV, the simulation re-
sults for a warning traffic sign segmentation

from real road scene are shown.

II. Hit-and-Miss Ratio Transform

1. Binary Morphological Operations

The primary morphological operations are
dilation and erosion. From these, the hybrid
morphological operations of opening and clo-
sing are composed as follows.

Let A and B be sets in 2-D integer space.
Then the binary morphological operations are

defined as'?’

Dilation A®B= {x; B, NA ~o },
Erosion AGB= {x,; B, A},
Closing AeB=(ADBSB,
Opening AcB=(A©B®B,
where B ={ —b; b= B} and B, denotes the st-

ructuring element (SE) B translated by =x.

2. Hit-and-Miss Transform

The HMT'?' is a basic tool to detect specific
shapes in binary images and used to template
matching, thinning, thickening, pruning, etc..

Let H and M be a pair of disjoint SEs that
satisfy HNM=@. Then the HMT of a binary
image A by H and M, denoted A®(H.M), is
defined bym

AR(H M)=(AOH)N(AGM) with HOAM= o, (1)

where A denotes the complementary of A.

In Eq. (1), It uses two SEs :
H to check inside the object of interest and
the other outer SE M for the background of
the object.

one inner SE
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Now we see the effects of noise on HMT as
shown in Fig.1. In Fig. 1(a) and (b), we have
A®H, M) ={x}, HEA and M,cA. while
in (¢) A®H,M=0o. It is because the HMTs
yvield matching points, simultaneously, fitting
exactly H to the template (" hit ") and M to

its background (" miss "). Therefore if there is

since

any one point of mismatch either between the
inner SE and the template or between the
outer SE and the background., the HMT fails
to find out the object of interest. Fig. 1(b) is

a rare case happening in real world.
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Fig. 1. Noise effects on HMT.

3. Hit-and-Miss Ratio Transform
As we have seen above, a template set
corrupted by salt and pepper-like noise can
not be detected by the HMT. It is because the
HMT requires an exact matching.

To alleviate the effect of noise on the HMT,
we propose a new)HMRT as a quasi-matching
technique, based on the fitting ratio function
(FRF) which indicates a degree of how many
elements of a given SE fit with a template as

follows.

Definition of HMRT : The HMRT
binary image A by a pair of disjoint SEs of H
and M is denoted by AX(H M)

element at the point x is expressed by

of a

and its

AR (H M) (x) = R(A, H,) - R(A, M), (2)

where R(A, H,), called a FRF, is defined as.

Card(H)

R(AH) = (3)



122

where Card(A) is a cardinal number of the set
A, i.e., the number of the elements of A.

It is not difficult to see in Kgs. (2) and (3)

that
0 < RCAH,) < 1,
0= RRA.M,) < 1, and
0 < AR (H. M)(x) < 1.

The probability of the existence of a tem~
plate set and its background much similar to
the translated SEs H, and M., respectively.
becomes larger as AN(H, M) (x) tends to 1.

Fig. 2 illustrates graphically the performan-
ce of the HMRT for a binary image of regular
and/or pepper
noise. The figure shows that the HMRT makes

a mountainlike response for all kind of ima-

tetragon degraded by salt

ges. Therefore it is necessary to select true
matching points in the mountainlike response
using a proper method. For example. a
threshold technigue or a peak detection me-
thod can be considered as a possible method.
With considerations of computational efforts
and selecting methods of matching points, we
now modify slightly the above HMRT into two
AXRCH M) () and AX(H,

versions, denoted

M), (0. as follows.
Version I @ To reduce complexity of Eq. (2).
we use two kinds of operations © clipping ope-

ration for each FRF and thresholding for the

product of two clipped FRFs. Such a sim-
plified HMRT is defined by
AXCH M) Ax) = [ CRAH)>, - CRA M), . (4)

where [ Y1 , denotes a binarization of ¥ by
a threshold ¢ and < X >, denotes a clipper of

X by a threshold h as

1 Y=o
[ Y1, =iy
0. V<o (5)
X, X=z=h
CXou={4T 0 xTh
Version 11 This transform only uscs a
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REHE A
binary product of two thresholded FRFs as
ARCH M) (o0 = [ RAHDY 5 - U RCA, M),

(6)

Thus the execution time of the version Il is
negligible with respect to the HMRT and its

version |.

A A
Obiject Noisy A
H M |
(sE) { SE ) al
|
]
HMT HMT
A®(H M)
AR(H M)=2
?
HMRT HMRT
AR (H M) AR (H M)

#1:1.00, #2 037, #3 033 #1: 091, #2: 044, #3 0.9, #& 031
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wefe] HMRT A= wAzg Aol
o #Ke KA =2 3hs Teh)

Fig. 2. HMT and HMRT for noisy regular

tetragon. The mountain-like results
of HMRT are depicted by an area
modulation and #k denotes the val-
ue of the k-th highest group.

. Application of HMRT to Seg-
mentation of Warning Sign

The traffic signsm are of artificial and spe-

cific shapes and forms. They may be prin-

cipally distinguishable from the natural and/
or man-made background images with com-
puter vision system as human ability but it is
easily tractable work. Throughout the
the

adopted but they are very similar

not

world, same traffic signs are not yet

in shape.
design. color, size and symbol. In Korea. the

traffic signs are also classified into four
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functional categories warning signs. regu-
latory signs. indicatory signs. and supp-

lementary signs and there are six standard
sign shapes © round, equilateral triangle with
one point up and down, pentagon with point
up. square. and octagon.

Among them all the warning signs on road

have an equilateral triangular shape as shown

in Fig. 3(a) where a crosswalk sign Iis
attached -to an electric light pole. In this
paper. we are only concerned with segmen-

tation of the warning signs.
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Threshold decomposition by diffe-
rent thresholds : (a) original scene,
(b). (¢), and (d) thresholded binary
images by threshold level of 110,
130. and 150, respectively.

To subdivide the warning signs in a real

one can use general image segmen-—

136]

scene,
tation algorithms based on properties of
discontinuity and similarity. But we propose
different  algorithm

threshold decomposition and the HMRT.

completely based on
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This

assumption that

algorithm mainly comes from an
if thresholds are properly
chosen, then some binary images much similar
to the partial shapes of an object of interest
can be obtained by threshold decompositions.

Fig. 3(b). (¢), and (d) show the possibility of

the assumption. Here we can partially see,
depending on threshold levels, apexes of
triangular warning sign. or a triangle-like

shape with noise somewhat similar to salt and

pepper noise. If we succeed in finding each
apex with a certain method, we can then
segment the warning sign. Based on these

concepts, we propose a new image segmen-

tation algorithm as follows.

Segmentation Algorithm : First of all, we
determine three pairs of apex-like SEs H,'s

and M.s for |

1. 2. 3 as shown in Fig. 4,
where each pair of SEs is mutually disjoint
and adjacent and they are usable for any size
of equilateral triangle greater than the outer
SE. i

The segmentation can be accomplished by

.e.. scale-invariant.

the following steps :
1) Initially set n = 0. And let Tn
2) Set n

0.

n + 1land determine a threshold

level g,. And then decompose the original

image into the n-th thresholded image
Bn with the threshold g,.

3) Obtain each HMRT of Bn. Tn,i , using #,
and M, for i = 1. 2. 3. And then obtain
Tn and Rn for every pixel as

Tn =max ( Tni: i =1 2 3)
Rn = max (Tn., Tn-1)
4) If there are three extrema in Rn greater

than a given threshold value and if they
can make a specific triangle. then stop
(or go to the next stage of inner sign
recognition), or else go to step 2 until n
the predetermined N less

of the

equal to

than the

is

maximum grav level
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original input image.

M1
H1

“M3//H3 H2 \\M2
a2 4. A 49 Fela (Hi, Mi), i =1, 2. 3
Fig. 4. Three pairs of SEs : Hi's and Mi's

i=1 2 3).

Fig. 5 shows the block diagram of the pro-
posed segmentation algorithm. In considera-
tion of absence of triangular shapes according
to an improper threshold level, we use a
number of thresholded binary images by di-
fferent threshold levels in above segmentation
algorithm. How to choose a proper threshold
level is a key problem for a rapid and correct
segmentation. Here, as an example, we have
chosen threshold levels with a uniform inter-

val as follows.

(7

oam+k = 8] +(_l)an

where the first threshold level g, is chosen as

a mean of image, and S is a uniform interval.

Without a priori knowledge of the number of

warning signs, the above algorithm in Fig. 5
may yield an error in case of multiple exis-
tence of warning signs.

So far we have proposed the segmentation
method using the HMRT in Eq. (2).
of its versions I and II in Egs. (4) and (6).

In cases

the max operations used for Tn and Rn in the
above step 3 and in Fig. 5 must be sub-

stituted for the union operations.

IV. Simulation Results

A ZE hit-and-miss B F& E# 2809 EH
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To test the performance of the proposed
image segmentation algorithm based on the
HMRT and threshold decomposition as shown
in Fig. 5. two experiments are performed on
two synthetic and two real road images using
the same three pairs of SEs, H,’s and M,'s
fori =1, 2, 3 as shown in Fig. 4.

Gray Level

Image

————— ln=o

Determine Threshold
n=ntl

gn

Threshold Decomposition

an

HMRT
Hi's, Mi's @ i=1,2,.. |
[T T
Tn=max (Tn, i : i = 1,2,..)

Rn=max (Tn, Tn-1)

Form
Specific Shape
with Extrema
?

Non Existence of
Object of Interest

Inner Sign Recognition Stage

H =
i

a2 5. HMRTe| 23k oAb
Fig. 5. Block diagram of image segmenta-
tion using HMRT.

Fig. 6 shows the simulation results. In Fig.
6. the first columns represent two synthetic
and two real original images, and the middle
three the
results obtained by each pair of SEs. H;'s and

columns represent one by one
M's, fori =1, 2, 3.
The

images,

last columns are final segmented
where for two synthetic images we
have used the version II with h=m=0.8 in
Ea.

(6) and for two real ones we have chosen a
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uniform interval S=10 in Eq: (7).

a3 6. = Ay A

Fig. 6. Simulation results.

V. Conclusions

We have proposed a new HMRT. It is based
on a quasi-matching algorithm using FRF
which
elements are intersected with two sets. And

indicates a degree of how many
so it is inherently robust to noise as opposed
to the original HMT.

A new image segmentation algorithm of a
specific shape is developed, which is based on
HMRT and threshold decomposition. Using the

segmentation algorithm, we can select out
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warning signs from real road scenes. But the
key point for a rapid segmentation is how to
choose a proper threshold level. Further study
Is necessary for a decision of the threshold.
The HMRT and the segmentation technique
will be applicable to pattern matching, image
segmentation, binary object restoration, etc..
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