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Figure 2: Similarity function

where || - || represents any norm. This Hausdorff
distance value is calculated according to a block di-
agram shown in Fig. 1. This classic HD measure
is sensitive to degradation such as noise and occlu-
sions because of employment of the max operator,
so improved methods have been proposed for image
or object matching. Dubuisson and Jain proposed
the MHD based on the average distance value [4].
The directed distance of the MHD is defined as

1 :
haup(A, B) = N Z minpeg|la — bl|.

agA

However, this algorithm is not robust to severe dis-
tortion. So, Huttenlocher et al. proposed the partial
HD measure based on the robust statistics in com-
paring partial portions of images containing severe
occlusions or degradation [1]. The directed distance
of the partial HD is defined as

hk(A, B) = Ki% .minyep||a— b]|

where K denotes the Kth ranked value. But it is
justified that this algorithm can not cope well with
noisy images containing a large percentage of out-
liers of input observations [1][5].

3 Proposed Oriented Hausdorff Sim-
ilarity (OHS)

The proposed oriented Hausdorff similarity
(OHS) is based on a similarity while the conven-
tional HD algorithms are based on the distance be-
tween two images [1][4][6]. The proposed OHS is
defined as

Hoxs = min(hons (A, B), hous(B, A))

where hops(A, B) denotes the directed OHS. The
directed OHS is defined as

hons(A,B) = Y da) - dp()prr(ds(a))
agA

= ) sla)pr(dp(a))

aEA

where an orientation vector d4(,) represents a unit
gradient vector of a gray level image A at posi-
tion a, s(a) = da(q) - dp(a) is the dot product of
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Figure 3: Input and model images

two gradient vectors obtained from two images, and
dg(a) = minyep||la—b||is the distance map [7] value
of image B at position a. The Huassdorff distance
algorithm can be accelerated by using the distance
map. The symmetric threshold function, pr(z), is
shown in Fig. 2. Because the proposed algorithm
makes use of the distance value, it considers the
number of matching points as the Hough transform
does. As a result, the proposed algorithm becomes
robust to severe noise. Furthermore, because the
orientation information is used, the point that has
a small DT value with different orientation can be
removed. The conventional algorithms are based on
only the distance map so that they could be dis-
turbed by edges having different orientations.

The proposed algorithm does not require any
sorting operation as in Huttenlocher et al.’s partial
HD. The computational complexity is similar to that
of the original HD algorithm. O(A;A, + B:By)
addition and comparison operations are required
for calculating the distance map, where A;A, and
B: B, denote the sizes of images A and B, respec-
tively. Whereas for the computation of the proposed
OHS, O(N 4+ Np) multiplications and additions are



(b) Taxi image

Figure 4: Detection results for Gaussian noise cases
(e = 20)

required.

4 Experimental Results

The effectiveness of the proposed OHS is shown
by the matching experiments in which an object is
detected in an input image. The matching point is
detected by finding a point that yields a minimum
translational Hausdorff measure H (A@®t, B) for pos-
sible translation {, where ¢ denotes the translation
operation. The matching performance of the pro-
posed algorithm is compared with that of the orig-
inal HD, MHD, and partial HD, with various noise
types and levels.

Figs. 3(a) and (b) show a test input (Crowd,
256 x 256) and its model (64 x 64) image, respec-
tively. Figs. 3(c) and (d) also show a test input
(Taxi, 256 x 230) and its model (64 x 64) image,
respectively. Detection results by the proposed al-
gorithm are shown in Fig. 4 for the two test images
contaminated by Gaussian noise (¢ = 20), where
o denotes the standard deviation of the Gaussian
function. Even though the input image is severly
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(b) Taxi image

Figure 5: Dectection ratios as a function of the
Gaussian noise level o

distorted by the noise in the case of Fig. 4(a), the
proposed algorithm yields a good matching result.

Fig. 5 shows the detection ratio of four meth-
ods as a function of the Gaussian noise level o. The
detection ratio is obtained by 100 experiments with
different random seeds for each noise level. This re-
sult shows that the proposed algorithm yields the
best matching results on the whole. The MHD al-
gorithm yields the good results for Gaussian noise
cases.

Fig. 6 illustrates the detection ratio of four meth-
ods as a function of the impulse noise level, where
the impulse noise ratio is defined by the percentage
of the number of flipped pixels to the total number
of pixels. The detection ratio is obtained by 100 ex-
periments with different random seeds for each noise
level. The proposed algorithm yields the best match-
ing results for severe distortion because it is based on
robust statistics. The proposed algorithm employs
the robust characteristics, thus it is robust against
the large noise level.

To show the effectiveness of the proposed algo-
rithm, the matching of an aerial image with a satel-
lite image is performed. Figs. 7(a) and (b) show
the aerial image (320 x 240) and the Indian remote
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Figure 6: Dectection ratios as a function of the im-
pulse noise level

sensing (IRS) satellite image (256 x 256), respec-
tively. This satellite image is quantized to six bits
and shows 5m ground resolution. The input aerial
image is compensated to match the IRS satellite im-
age, and the compensated image is shown in Fig.
7(c). Fig. 7(d) shows a correct matching result by
the proposed algorithm. In box the compensated
aerial edge image is superimposed on the [RS satel-
lite edge image. By adopting robust characteristics,
the proposed algorithm yields good results for vari-
ous real images with Gaussian and impulse noise.

5 Conclusions

In this paper, a new HD similarity measure is
introduced based on robust statistics and its effec-
tiveness is shown via various experiments. Further
research will focus on the development of the fast al-
gorithm and the investigation of its statistical char-
acteristics against various types of noise.

(b) IRS satellite im-
age

(a) Input aerial im-
age

(d) Matching result

(c) Compensated im-
age

Figure 7: Matching result with aerial and satellite
images
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