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ABSTRACT 

This paper discusses utilization of automatic 2-D image registration technique for efficient image data acquisition for con
crete crack inspection. The proposed concept consists of multi-resolution image acquisition and image registration in 
which high-resolution images of high-precision are registered and placed upon a low-resolution image. The low-resolution 
image can show entire aspect of object to inspect and also can identify portions of the high resolution images which can 
be used for precise crack measurement. Registration procedure is based upon local projective transformation in which 
parameters of 2-D transformation are determined by enhanced Levenberg-Marquardt (LM) algorithm. Experimental 
results have concluded that multi-scale images can be registered by 2-D image mosaicing algorithm with image enhance
ment. 

1. INTRODUCTION 

Periodical crack inspection of concrete structure involves 
measurement of crack width by using crack-scale manu
ally and/or by using digital image processing with close 
range photographs. Precise measurement by digital image 
processing technique requires large-scale photographs. 
For example, if crack-width must be measured in very high 
precision such as 0.1 mm, digital images should be cap
tured with resolution of 0.025mm/pixel (Doihara et al., 
1992). However, there is a trade-off between image resolu
tion and amount of image data: 20000 x 20000 pixel2 of 
image is required to cover 50cm x 50 cm area with the 
above resolution. If larger area have to be captured with 
the same resolution, the amount of image data will 
explode. 

This paper proposes an purposive vision approach to con
crete crack inspection with multi-resolution image acquisi
tion strategy which offers solution for this trade-off. Multi
resolution image acquisition strategy consists of multi-res
olution image capturing and image registration procedure 
in which high-resolution images of high-precision are reg
istered and placed upon a low-resolution image (Figure 1 ). 
The low-resolution image can show entire aspect of 
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objects to inspect and also can identify positions of the 
high resolution images which can be used for precise 
crack measurement. 

Images can be registered by 2-D projective transformation 
whose parameters are computed by Levenberg-Marquardt 
(LM) algorithm. Ordinary LM calculation often fails to regis
ter images with little textures such as fresh concrete, 
therefore the calculation is preceded by image enhance
ment. 

This paper mainly discusses the 2-D image registration 
method with image enhancement which is one of the basic 
techniques to realize multi-resolution image acquisition 
strategy. This technique does not require any special tar
get to be pasted or measured but merely demands rough 
measurement of corresponding points between the 
images to be registered. In this paper the theory of 2-D 
mosaicing with LM method is reviewed and its modification 
with image enhancement is introduced. Finally, results of 
image registration for various scales of images will be 
reported and discussed. 



object (crack) 

Low resolution Images 

multi -resolution-image 
structure 

IEH:J Low resolution area 

~ High resolution area 

Figure 1: A Schema of multi-resolution image 
acquisition strategy 

2. THEORY OF IMAGE REGISTRATION 

2.1 Image registration with 2-D image mosaicing 
Method 

The algorithm of image registration adopted here is based 
on 2-0 image mosaicing method which can automatically 
match one image with another. This algorithm assumes 
that correspondence of coordinates between two images I 
and I' is registered by projective transformation: 

(1) 

where (x, y) and (x', y') are coordinates of Image I and 
I', and H(h1, ... , ha) is a set of coefficients of projective 
transformation. In many cases 2-0 image mosaicing 
adopts Levenberg-Marquardt (LM) algorithm to calculate 
H(h1 , ... , ha) automatically (Szeliski, 1994). The LM algo
rithm is a non-linear optimization which is an extension of 
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least squire minimization (Press et al., 1992). Here LM 
algorithm optimizes H(h1, ... , ha) which minimize the follow
ing evaluation function x (H) : 

N 

/(H) = L, e/ 
i = 1 

ei = l(xi, yi)- l'(x'(xi, yi, H), y'(xi, yi, H)) 
(2) 

where l(x, y) and l'(x', y') are pixel value of image I and 
I'. 

Many cases of 2-0 image mosaicing employs coarse-to
fine strategy which refines precision by processing series 
of images structured hierarchically in different scales from 
coarse to fine. This strategy contributes to avoiding con
verge at local minimum of x2(H), as well as reduces pro
cessing time. 

LM method requires initial estimation of H(h1, ... , ha)- Since 
in most cases H(h1, . .. , ha) can be approximately regarded 
as Helmart transformation which contains transision, rota
tion and scaling, rough measurement of coordinates of two 
corresponding points gives good estimation of H by solv
ing Equation (1) with these coordinates under following 
conditions: 

h1 = h5 
h2 = -h4 
h7 = 0 
hg = 0 (3) 

2.2 2-D Image registration with image enhancement 

Registration of images with little textures often fails to con
verge because x2(H) does not have sharp peak at the 
minimum. The difference of optical conditions between two 
images, such as lighting condition or optical condition of 
cameras and lenses, also causes failure of computation 
because Equation (2) assumes that corresponding pixels 
of the image I and I' have the same value. These prob
lems can be fatal to image registration that show concrete 
surface with less textures except cracks, and/or with vari
ous scales (or various focal lengths). 

These problems can be solved by performing some proper 
enhancement on the images. Such a kind of image 
enhancement includes: 

• Histogram equalization 
• Laplacian filter 
• Combination of Histogram equalization and Laplacian 

filter 
Histogram equalization expands a range of distribution of 
pixel value so that textures on the images are exagger-



ated. Moreover, histogram equalization forces images to 
share identical histogram profile so that corresponding pix
els have almost same value between the images. Note 
that the histograms before equalization should be counted 
within the area where two images overlap. 

Laplacian filter does not equalize histogram profile of 
images at all, but it can normalize pixel values on edges to 

(1) 1/100 (2) 1/50 

(4) 1/25 (5) 1/10 

0. And Laplacian filter also approximately works as band
pass filter and removes low frequency noise effectively. If 
Laplacian filter operates images after histogram equaliza
tion, it can be expected that output images also have iden
tical histogram profiles. Therefore the evaluation 
function x2 ( H) given by Equation (2) can be computed 
more successfully after combination of image enhance
ment rather than a single enhancement itself. 

(3) 1/40 

(6) 1/6 

Figure 2: The test images of various scales 

P1 - P2: Feature points measured for initial estimation 
F1 - F 4: Targets measured for checking precision of registration 

3. EXPERIMENT AND RESULT 

3.1 Procedure of experiment 

A experiment of registering multi-scale images of a con
crete wall was undertaken to prove effect of image 
enhancement. 
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Six test images (1) - (6) of a concrete wall were captured 
by 35mm camera with various scales ranging from 1/100 
to 1/6 (see Figure 2). A film scanner converted these 
images to digital format at the resolution of 2700 dpi. Fif
teen pairs of these images are registered by a 2-D image 
mosaicing program. 



The image registration test consists of the following steps 
(see in Figure 3). 

• Measurement of coordinates of feature points and tar-
gets 

An operator manually measures coordinates of the fea
ture points P1- P2 (shown in Figure 2 (6)) and the tar

gets FrF4 (shown in Figure 2 (5)) in each image to be 
registered. The coordinates of Pr P2 are used for initial 
estimation of projective transformation parameters and 
the coordinates of F1-F4 for calculation of precision. 

The test image (6) does not have the targets F1-F4 , 

thus the coordinates of the targets of this image can be 
estimated from the coordinates of the targets in the test 
image (5) and computed projective transformation 
between the test image (5) and (6). 

• Image enhancement 
Preparing three types of image enhancement (histo
gram equalization (type 1 ), Laplacian filter (type 2), and 
combination of histogram equalization and Laplacian 
filter (type 3)), each type of enhancement was per
formed on every image. 

• Image Registration 
The pair of enhanced images are registered by 2-0 
image mosaicing algorithm. Initial estimation of projec
tive transformation is calculated by solving Equation (1) 
and (3) with the coordinates of P1 and P2 (see 2.1 ). 

• Production of a multi-resolution image 
The pair of images are merged into a multi-resolution 
image according to calculated projective transforma
tion H (see Figure 4). 

• Calculation of Precision 
Precision of image registration E(H) are defined as the 
mean value of residual error at the targets F 1 - F 4 , that 
is: 

E(H) 

4 

L, O(Fsi, F'si(H, Fu)) 
i = I 

4 
(4) 

where Fsi is the measured coordinates of the target Fi 
in the smaller-scale image, Fu the measured coordi

nates of the target Fi in the larger-scale image, F' Si the 
estimated coordinates of Fi in the smaller-scale image 

by H and Fu, and D( Fsi, F' Si) the distance between 

coordinates F Si and F' Si . 

The results of registration are judged as converged 
correctly when the precision is less than 2 pixels 

except for the cases around the test image (6) . The 
estimated coordinates of the targets F1-F4 are used in 
these cases because no target can be taken in the 
image (6) . 
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Start 

Measurement of Coordinates of fea

ure points (P1- P2) and targets (F1-F4 

Image Enhancement 

Image Registration 

Production of a multi-resolution image 

Calculation of Precision 

End 
Figure 3: The flow chart of the image registration test 

Figure 4: A multi-resolution image (the test 
image (4) and (6)) 

3.2 Effectivity of image enhancement 

Table 1 shows the result of the image registration test. The 
first two columns shows the registered image pairs. Next 
column, which is the sort key of this table, shows the rela
tive scale between the image pairs. Precision of the regis

tration with or without image enhancement are shown in 
the other columns together with precision of initial estima

tion. Hatched cells indicates failing in calculation. 

The table shows that image enhancement worked effec

tively in registration between image pairs whose relative 
scales are large. Image pairs with relative scale larger than 
5 does not converge correctly without image enhance

ment. Among three types of image enhancement, type 1 
(histogram equalization) and type 3 (combination of histo
gram equalization and Laplacian filter) works better than 
type 2 (Laplacian filter) . Note that precisions of image reg
istration are improved from those of initial estimation over 

every pair. 



Table 1: Result of registration between images of different scales 

Registered image 
Precision of Precision (pixel) (Hatched cell: Not converged correctly) 

pairs 
Relative initial 
Scale estimation 

Image Original (pixel) No Enhancement H istogram Eq. Laplacian Hist.Eq. & Lap. 
No. Scale (type 1) (type 2) (type 3) 

(2)-(3) 1/50-1/40 1.2 2.19 

(3)-(4) 1/40-1/25 1.6 2.14 

(5)-(6) 1/10- 1/6 1.7 25.98 

(1 )-(2) 1/100-1/50 2.0 2.10 

(2)-(4) 1/50-1/25 2.0 2.10 

(1 )-(3) 1/100-1/40 2.5 6.84 

(4)-(5) 1/25-1/10 2.5 6.84 

(1 )-(4) 1/100-1/25 4.0 3.25 

(3)-(5) 1/40-1/10 4.0 3.25 

(4)-(6) 1/25- 1/6 4.2 13.91 

(2)-(5) 1/50-1/10 5.0 4.21 

(3)-(6) 1/40- 1/6 6.7 8.82 

(2)-(6) 1/50- 1/6 8.3 7.43 

(1 )-(5) 1/100-1/10 10.0 2.40 

(1 )-(6) 1/100- 1/6 16.7 3.56 

3.3 Required precision for initial estimation 

As described above, one of the merits of image registra
tion is that initial estimation of projective transformation is 
improved through automatic optimization. This means that 
image registration bears some sort of error in initial esti
mation. 

To investigate how large errors are allowed in initial esti
mation, a series of image registration were executed with 
simulated errors. Positions of P1 and P2 are arranged to 
involve error vector ~ and r~ , whose direction and length 
were determined at random (see Figure 5). These errors 
were simulated in the lower-scale image in which the effect 
of error can be more serious. 

Using type 1 enhancement, four hundred cases were 
tested in registration between the test image (1) and (5) , 
whose relative scale is 10. Each results of registration 
were verified with a threshold of 2 pixel in precision. All 
cases were plotted in a 2-D graph with regard to relative 
error R1 and R2 whose definition is: 

0.56 0.57 0.56 0.67 

0.61 0.67 0.64 0.78 

1.51 0.59 0.76 0.70 

0.68 0.50 0.98 0.94 

0.73 0.79 1.09 0.95 

1.30 1.37 1.09 0.87 

1.41 1.45 1.07 1.04 

1.01 0.99 0.91 0.60 

0.90 1.05 0.89 0.97 

5.31 5.73 5.31 5.90 

0.86 0.69 0.92 0.75 

1412.23 2.01 2.78 2.89 

5428.47 2.20 2.99 2.49 

50.81 1.05 1.07 1.10 

467.38 2.56 19.30 4.41 

688 

(5) 

where D is the distance between P 1 and P 2. 

Figure 6 shows result of the test. The correct cases are 
indicated by small dots, while incorrect cases are indicated 
by triangles. The result shows that most of registration 
were converged correctly when R1 <0.15 and R2<0.15, 
concluding that this image registration method allows 15% 
relative error in measurement of two features P1 and P2 for 
initial estimation. In test data (1 ), Dis about 160 pixels and 
thus the initial estimation allows very rough measurement 
of feature points with error up to 24 pixels. 

4. CONCLUSION 

The multi-scale image acquisition strategy with multi-scale 
image registration is proposed. From the result of experi
ments, it is concluded that multi-scale image registration of 
concrete cracks can be achieved by automatic computa-



lion in spite of roughly initial estimation. And it can be 
emphasized that an purposive vision approach which 
adopts the multi-resolution image acquisition strategy 
offers solution for the trade-off between precise measure
ment and image data explosion. 
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Figure 6: The result of the simulation test with errors in initial estimation 
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