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Abstract
Hausdorff distance measure is one of the widely adopted feature-based image matching algo-
rithms due to its simplicity and accuracy. However, it is considered that its robustness still needs to
be improved. In this paper, various forms of original and improved Hausdorff distance (HD) and
their limitations are studied. Focusing on robust Hausdorff distance (RHD) , an improved RHD with
an adaptive outlier point threshold selection method is proposed. Furthermore, another new form of

the Hausdorff' distance which possesses the merits of RHD and M-HD is prsented. Finally, a recur-
sive algorithm is introduced to accelerate the image matching speed of Hausdorff algorithms. Exten-
sive simulation and experiment results are presented to validate the feasibility of the proposed Haus-

dorff distance algorithm.

Key words: Hausdorff distance (HD), robust Hausdorff distance ( RHD), adaptive outlier
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0 Introduction

Image matching is a process to find the similar
target image area within the reference image based on
the known template image using a corresponding matc-
hing algorithm. Currently there are many image mate-
hing methods, such as gray correlation matching, fea-
ture-based matching, model-based matching, and
matching based on transform domain. Hausdorff dis-
tance measure is a feature-based image matching algo-
rithm, which does not need to establish the correspon-
dence between points, just calculate the difference
(Hausdorff distance) between two point sets. The po-
sition of the minimum Hausdorff distance is the best
matching position. Meanwhile, the algorithm can han-
dle images with multiple feature points, such as spuri-
ous feature points, missing feature points, etc. The
advantages of using Hausdorff distance are small com-
putational complexity and high real-time characteristic.
Many modified Hausdorff distance measures have been
proposed to improve the performances of efficiency or
accuracy, and applied them to various applica-

(%] The main problem is less robust when using

tions
the Hausdorff distance for image matching. This paper
analyzes the limitations of various improved forms and
then focuses on RHD which has better robust capabili-

ties when compared with other forms on dealing with

the outlier points, edge occlusions and spurious edge
segments. However, the RHD method needs to deter-
mine an outlier point threshold. The paper presents a
new selection method of outlier point threshold. When
calculating with RHD, a recursive algorithm is given to
accelerate the matching speed. Finally, the paper pro-
poses a new form of the Hausdorff distance by combi-
ning RHD with M-HD, and validates the feasibility of
the method through simulation experiments.

1 Hausdorff distance and its improved
form

The HD measure computes the distance value be-
tween two sets of edge points extracted from template
image A and reference image B. The HD measure be-
tween two point sets A = (a,, a,, -, a,) and B =
(b,,b,, «++, b,) is defined as

H(A,B) = max[h(A,B), h(B,A)] (1)
where h(A,B) and h(B,A) represent the directed dis-
tances between two sets A and B, of which the conven-
tional definition is

h(A,B) = maximin|a-b]| | (2)
h(B,A) = maximin | b-a] | (3)

The matching ability of the conventional HD is
poor for the presence of noise, occlusion and outlier
points. Huttenlocher'® proposed the PHD ( partial
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Hausdorff distance) measure in 1993, the directed dis-
tance of the partial HD using the kth ranked value in-
stead of the maximum. Ref.[5] said that there were
still some limitations of PHD, mainly in the following
three aspects; When image B was matched with (1)
spurious edge, (2) a strong presence of noise or outli-
er points, (3) phenomenon of occlusion, the results
would not be the correct outputs.

Dubuisson and Jain proposed the MHD'®! measure
(modified Hausdorff distance) based on the average
distance value. But the robustness of this method is
rather poor. Azencott proposed the CHD'”' measure
(censored Hausdorff distance) on comparing binary
images. However, the calculation of the method is
much more complicated. Later Sim"™' proposed two dif-
ferent Hausdorff distance. One of which is called MHD
( M-estimation Hausdorff distance), and the other is
called LTS-HD (least trimmed squares Hausdorff dis-
tance). Both M-HD and LTS-HD can overcome the a-
bove limitations in (2) and (3), but still can not
overcome (1). Ref. [2] proposed RHD ( robust Haus-
dorff distance ), considering factors such as the outlier
points, edge occlusions and spurious edge segments.
Assuming image A as the template image, which does
not contain spurious edge, the directed distance of
RHD is defined as

hRHD(AyB) =
(#(A) /#AN) LS dy(a) if#(A) #0
#(A )aeA’
M else
(4)
where M is a constant with big value. A’ = {al a € 4,

dp(a) < B} , and B is used to eliminate the outlier
points threshold. kg, (A,B) is set to M when A’ is
Otherwise, hgy,(A,B) is determined by
1
ma;,ds(a). The ﬁI‘St pal1:
considers the occlusions factor, and the second part is

empty ;
(#(A)/#(A"))? and

the average value of d;(a) in sets A’. The definition of
hyun(B,A) considers the problem of spurious edge,
which is defined as

hRHD(B’A) =
{(#(B)/#(B’) ) FEy S (D) TH(BY) 0
M else

(5)
where B = {b| b € B,d,(b) < B}, in sets B’, the
edge less than 3 (usually chosen as 3) ! has been de-
leted by the edge tracking method.

The calculation of the directed distance is usually
through the distance transform. Iis purpose is to calcu-
late the distance of each image pixel to its closest edge

points. The steps of the algorithm;
(1) The distance value of edge point is zero, and
the distance value of non-edge point is infinite.
(2) Forward recursion
Starting from the top left corner of the image, the
recursive sequence is from left to right ,top to bottom
D(i, ) = min(DG, ), D(i-1,j-1) +1,
D(i-1,7)+1,D(i-1,j+1) +1,
D(i,j-1) +1) (6)
(3) Backward recursion
Starting from the bottom right corner of the image,
the recursive sequence is from right to left, bottom to
top
D(i,j) =min(D(i,j),D(i+1,j-1) +1,
D(i+1,j)+1,D(i+1,j+1) +1,
D(i,j+1) +1) (7)

2 Improved RHD with adaptive outlier
point threshold

In order to get the correct matching result, RHD
needs to select the appropriate outlier point threshold.
According to the calculation of distance transform, the
distance transform image can be considered as a code
table map, in which the code value of edge point is ze-
ro and the code value of non-edge point is the distance
to its closest edge points. After the distance transforms
on the template image and the reference image, two
code table maps can be got and the directed distance
R (A,B) can be calculated. If the outlier points
( multi-feature spots) exist in template map A, some of
the larger distance in the reference image B will partici-
pate in the caculation of by, (A,B). Thus the value of
hpup(A,B) will be higher. If above area in reference
image B is just the matching location, we will get high-
er H(A,B) according to Eq. (1). But the actual matc-
hing location is the corresponding minimum H(A,B).
So if we do not overcome the impact from outlier
points, we will get a mismatch result. The calculation
of hyyp (B,A) is similar. This is the reason for reasona-
ble setting the threshold. Meanwhile, the threshold
should not be set too low. Much lower threshold will
result in depressing the matching performance by igno-
ring too many edge points. So selting an appropriate
threshold value plays a key role on the image with out-
lier points. The existence of the outlier points leads to
smaller results of distance transform. We can get the
mean of the overall distance transform image data. The
selection of the outlier points can be based on the
mean, as it is greater than or equal to the mean.

From the above analysis, the improved RHD with
adaptive outlier point threshold proposed in this paper
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is defined as Eq. (4) and Eq. (5), while

A’ =1{al a e A,dy(a) <pl} (8)

= {bl b e B,d,(b) <p2| (9)
Bl = i s 20D+ (10)
ﬁz—Mle_OJZ_Do Pem (D

where, the image is M x N, D, (i, j)Dy(i, j) is the
distance transform data of image A and image B. 7, and
1, are thresholds and here they both take 2

In order to verify the effectiveness of the method,
five groups image data are taken for image matching,
the results of RHD are shown in Table 1, and the re-
sults of the improved RHD are shown in Table 2

Table 1 Matching position results by RHD

Correct RHD
matching

Image
groups

Parameters

(p=0.1~1)

Matching

results results

(110,271)
(109,264)
(115,264)
(109,263)
(109,264)
(109,263)
(174,272)
(120,271)
(122,263)
(117,263)
(150,174)
(141,174)
(140,176)
(94,86)
(94,85)
(172,162)
(174,167)
(171,182)
(109,139)
(108,139)
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Table 2 Matching position results by improved RHD

Correct Improved RHD
Image . -

matching Parameters Matching

groups
results (p=01-~1) results

Image 1 (109,263) Bl =6,82 =6 (109,263 )
Image2 (109,263) pBl1 =7,82 =6 (109,263)
Image 3 (117,263) Bl =6,82 =6 (117,263)
Image 4 (140,176) Bl =6,82 =6 (140,176)
Image 5 (109,139) Bl =6,82 =5 (109,139)

Table 1 shows that the correct values of 8 is diffi-
cult to determine in RHD. Table 2 shows that the val-
ues of B; and B, calculated by Eqs(10) and (11) are
determined in the improved RHD. Comparing Table 1
with Table 2, it is found that the matching position of
Table 1 is correct when the values of 8 are around the
values of Table 2. For group 2, the template is a part
of the reference. So the values of 8 do not affect the
matching position. For other groups, the template im-
age and the reference image come from different sen-
sors. When the values of 8 in Table 1 are larger or
smaller than that in Table 2, we get the wrong matc-
hing results. This conclusion shows that the method of
the outlier point selection is correct with more applica-
bility.

3 An improved form of hausdorff dis-
tance—— RM-HD

In this paper, a new form of the Hausdorff dis-
tance RM-HD 1is proposed, which has the merits of
RHD and M-HD. It is defined as

hRM—HD(A’B) =
(#(A)/#(A'))P#(A y 2, ea(ds(a))
if #(A") %0
M else
(12)
[l dg(a)l | dy(a) |l =71,
¢i(ds(a)) = {TA e
(13)
— g;mm (14)
hRM—HD(B’A) =
’ p 1
(#(B)/#(B))" yogry > @s(da(B))
if #(B') # 0
M else
(15)
1l du(b) | | d,(b) | <1y
es(ds(8)) = {TB L d,(b) | > 1,
(16)
SR R D X (17)

=6 1=

In the calculatlonl of ke (A,B) , 7, is the mean
of the distance transform data of image A and D, (i, j)
is the distance transform data of image A. Similarly, in
calculating hpy . (B,A), 75 is the mean of the dis-
tance transform data of image B and D, (i, j) is the dis-
tance transform data of image B.
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In order to verify the effectiveness of the method,
five group image data are adopted to do image maiching
simulation experiments. The results shown in Table 3
are correct.

Table 3 Matching position esults by RAI-HD

RM-HD c

arTact
Image 7 Parameters . Matching matching

Bratps p=01-1 resulls results

Ty Ta

Image 1 4,4 {1{2 263} {109 2637
Image 2 5,4 {1{2 263} {109 2637
Image 2 4,4 {117,263} {117,263)
Image 4 4,4 {149,176 {140,176)
Image 5 4,3 (109,139) (109,139)

4 Hausdorff recursive algorithm

The following work discusses the maiching speed
of HD. In the calculation process, double accounting
is done on the number of edge points in the reference
image under the coverage area of the template image.
The recursive method could be used to reduce the
amount of computation. The whole implementation
process of the recursive method is shown in Fig.1

which shows the entire region of the reference image.

L)

top laft
I comer
I Column recursive

Lina
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L

Fig.1 RBecursive process

If the size of the reference image under the cover-
age area of the template image is m x n, N, is num-
bers of edge points of the reference image.

The Hausdorff recursive method is defined as;

(1) At first getting the numbers of edge points of
the top left corner, and then calculating the numbers of
edge points in other regions by the row recursive or the
column recursive method.

(2) Fig.2 shows the column recursive model,
which gets the number of edge points in current region
by calculating numbers of the column moved out and in.

z z Nx,y+1(i7j) = .21 .lex,y(i’j)
=1 j=
x+m-1

+ Z [N(lJ‘"n) _N("yy)]
(18)

where, N, ., is the number of edge points of the new
reference image in which the original reference image
moves to the right column.

Region 1

Double
counting

Region 2

Fig.2 Column recursive

(3) Fig. 3 shows the row recursive model, which
gets the number of edge points in current region by cal-
culating numbers of the rows moved out and in.

Z Z 1 x+1,y(i’j) = .21 .zlllx,y(i’j)
i=1 j=
y+n-1

+ Z [N(x+m7]) _N(xy.])]
j=y (19)

where, N, , is the number of edge points of the new
reference image where the original reference image
moves down one row.

— Dauble
% counting
= part

Fepion 2

Fig.3 Row recursive

The matching time of five groups image data is
tested through simulation experiments using VC ++
6.0, in the CPU frequency of Pentium 3.0GHZ, 2GB
of RAM on a computer. The size of the infrared refer-
ence image is 320 x 240, and the size of the infrared
template image is 80 x 80. Table 4 gives the average
matching time of the five groups image data.

Table 4 Time used of RHD & Recursive RHD

- Recursive Recursive
Algorithm RHD RHD RM-HD RM-ED
Tf\ver;'ge L 29% L& 305 1932
(1:(1;33 onfle) seconds seconds seconds seconds
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Table 3 shows that the matching speed has been
improved by using the recursive method in Hausdorff.

5 Conclusions

The paper starts from the definition of Hausdorff
distance, and focuses on the research of RHD. Based
on RHD, the paper proposes an improved RHD with a-
daptive outlier point threshold selection method. Then,
a new Hausdorff distance called RM-HD which posses-
ses the merits of RHD and M-HD is presented. Final-
ly, we give a recursive method of accelerating the im-
age matching speed of Hausdorff distance calculation.
Through the simulation experiment, the feasibility of
the new algorithms is verified successfully.
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