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(2-D Object Recognition Using Distance Transform
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Abstract

In this paper, we propose a new method to represent the shape and to recognize the object. The
shape description and the matching is implemented by using the distance transformm on the
morphological skeleton. The employed distance transform is the chamfer (3,4) distance transform,
because the chamfer distance transform (CDT) has an approximate value to the Euclidean distance.
The 2-D object can be represented by means of the CDT on the skeleton and the CDT is constructed
as the database. The correlation coefficient based on the distribution of the distance transform on the
morphological skeleton, the number of skeletons, the sum of the CDT, and the other features are
employed as the matching parameters. The matching method has the invanant features (rotation,
translation, and scaling), and then the method is used effectively for recognizing the differently-—posed
objects and/or marks of the different shape and size.
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Fig. 1. Skeletons obtained by S.E. with different
origin : (a) original T shaped mark, (b)
structuring element, and (c) skeletal
images.
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Fig. 2. Chamfer distance transform.
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Algorithm. Matching method using correlation coeffi-
cient
Input. Imgl, Img2 /* Imgl and Img2 stand for the
two original Images to be matched */
Output. C /* A correlation coefficient that expresses
the similarity between Imgl and Img2 */
Method.
Step 1: Find SKI, SK2 and ni;
/* SKI and SKZ are the skeleton subsets of
Imgl and ImgZ2 and ni means the
number of iterations */
Step 2: (compute chamfer distance transform)
for x:=2 to n-1 do
for y:=2 to n-1 do /* n stands for the
image size */
begin
compute MCDTI(x,y) =
(x-1,y-D+4, Imgl(x-1,y)+3,
Imgl(x-1y+1+4, Imgl(x,y-1)+31;
compute TCDTI(x,y) =
(x-1,y-1)+4, Img2(x-1,y)+3,
Img2(x-1,y+1)+4, Img2(x,y-1)+31;

min [ Imgl

min [ Img2

end;
for x:=n-1 downto 2 do
for y:=n-1 downto 2 do
begin
compute MCDT2(x,y) =
(x,y+1)+3, Imgl(x+1,y-1)+4,

min [ Imgl

Imgl(x+1,y)+3,
(x,y)1;
compute TCDT2(x,y)
(x,y+1)+3, Img2(x+1,y-1)+4,
Img2(x+1,y)+3, Img2(x+1,y+1)+4, ImgZ2

Imgl(x+1,y+1)+4, Imgl

min [ Img?2

xy)1;

end;

for x:=2 to n-1 do

for y:=2 to n-1 do
begin
compute MCDT(x,y) =
(x,y), MCDT2(x,y) 1;
compute TCDT(x,y) =
(x,y), TCDT2(x,y) 1

min [ MCDTI1

min { TCDTI

Hels AN 9 Az HE
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find the MCDT on SKI; /* MCDT(x,y)
= SKi(x,y)*MCDT(x,y) */
find the TCDT on SK2; /* TCDT(x,y)
= SK2(x,yxTCDT(x,y) */
/% MCDT and TCDT stand for the
chamfer distance transforms on
skeleton and min means the mini-
mum function */
end;
Step 3 for i:~3 to maxcdt do
obtain MDIS and TDIS
/* maxcdt stands for the largest CDT and
MDIS and TDIS mean the CDT dis-
tribution */
Step 4 (auto-scaling)
normalize MDIS and TDIS
/* normalize in accordancce with maximum
CDT +/
Step 5. for i:=3 to maxcdt do
compute C
/* C means the correlation coefficient and
is computed as

C = covariance / (variancel*variance?) */

Step 6 stop.
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Fig. 4. Mark images used in experiments.
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Fig. 5. CDT distribution of mark image (ellipse,
M shaped mark).
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chamfer(3,4) D.T.
a2 6. =3 94XA =39 CDT #1
Fig. 6. CDT distribution of mark image (X
shaped mark).
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Table 1. Correlation coefficients from CDT
distribution (mark images).

v | S ax | QX [om | G5
D o | 57 | ap | e |-0% | 0%
» | 51 | 1000 | o0 | 083 | 035 | -010
9 | o | o0 |00 | 5 |-om | o2
o | -ow | -0 | o5 | w00 |- | -057 |
5 | -6 | 05 | -0B | -069 |1000 | 57
6 | -om | -010 | 22 | 057 | 587 | 1000

E: 2. 2AAAA 77 AAE 43 e
g (=3 A4

Table 2. Parameters for object recognition
(mark images).

corg | TR | sae
D 2336 ] 19 284 0
2) 1502 46 14 329 0
3) 4036 200 12 16.67 4
4) 1789 131 8 1638 4
5) 5729 7 14 1479 6
6 24 137 11 1245 6

A2 1 (wrenchl) A=) 2 (wrench2) M2 3 (wrench3)

‘ N

o 2 1 (ongnosel) Fhz 2 (longnose2) X2 3 (longnose3)

Y 1 (stripperl)

- i

U5 2 (stripper2)

a3 7. Agd AR 2 9t
Fig. 7. Tool images used in experiments.
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Fig. 8. CDT distribution of tool images (wren-
ch, stripper).
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Table 3. Correlation coefficients from CDT

distribution (tool images).

1 2 3 4) 5) 6) 7 8)
1) 000 { 731 | 763 |-.116 |-087 |-089 |-0%6 | .032
2y ||.731 [1.000 | .86 |-081 |-080 [-.069 [-033 | .000
3) || 763 | .86 11000 |-045 |-006 |-009 |-.087 | 086
4) ||-.116 |-081 |-045 |1.000 | 875 | 891 | 429 | 2
5 [-087 [-080 |-006 | 85 (1000 | 80 | 476 | 316
6) |-089 [-069 |-009 | 891 | 890 [LOOO | 525 | 313
7 [-0% |-033 |-087 | 429 | 476 | 55 (1000 | 949
8 ||.082).000 |.086 [.23 |.316 |313 | %49 .00
E 4. FAHAA 78 A4 A% el

B (37 9

Table 4. Parameters for object recognition

(tool images).

cry | AP EET | e
N | e w 17 2129 3
2 | sim 1 21 17.19 4
3 | s 410 2 1864 4
& | 486 B 15 050 3
5 | a2 7 10 70 9
o | 3m 3 12 & 9
7 | s 3% 14 B8 2
9 | 6168 %5 15 2367 1|
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