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Abstract. Image processing in terms of grid deformation was applied to measure the mass of
objects. In spatial domain, Thin Plate Spline (TPS) method was employed to provide the value of
minimum bending energy produced during grid deformation, and quantized mass of object; in
frequency domain, Fast Fourier Transform (FFT) algorithm was to calculate the changed value of
spectrum both before and after deformation in a power spectrum region. After drawing the relation
curve between spatial/frequency feature and corresponding mass, mass of unknown objects can be
measured on images before and after deformation. Results showed that, as the acting force that
objects withstood became larger, values of bending energy increased, effects for spectrum spreading
became more obvious as well. Objects having good flexibilities were compared and analyzed
through an image experiment and it showed that tensile belt fitted the experiment pretty well.
Different values of acting force were applied to the belt and its deformation effect was remarkable.
The result was linear distribution and in accordance with the theoretical expectation.

Introduction

For human being, more than 80 percents of information comes from vision and other information
is obtained through tough feeling, auditory sense and gustation. More information will be produced
if vision and touch feeling are combined together, but it will increase the complexity in a robot
system as more sensors are required. Robot vision covers the shortage of sensors (touch feeling)
thanks to the rapid development of image processing.

Measurement and analysis for object mass or its hardness using image processing are uncommon
so far. Some studies were reported about the measurement of the stiffness of the internal organs
such as heart ™ or liver @ used MR tagging image. In our study, a method differs from usual
hardware solution was employed to measure the mass of objects that was hanged with a soft belt
having good flexibility, such as tensile belt. The measurement is undergone on a pair images with
grids on belt before and after the placement of weight sets. This study is to investigate the
possibility of measuring mass by quantifying the grid deformation.

Experimental material

Grid dots are drawn in the center area of tensile belt with red color as showed in Fig.1(a). Tensile
belt is fixed horizontally and the dotting rectangle known as "drawing points" coincides with the
region appearing deformation easily. A series of weights with different values hang under the
drawing points, resulting different deformation degree of tensile belt, which showed in
Fig.1(b)-Fig.1(d).
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(a) (b) (©) (d)
Fig.1 Dotting rectangle(a) and the deformed grids with 550g(b),1200g(c),2000g(d).

TPS Method and bending energy (in spatial domain)

Thin Plate Spline (TPS) B is often used in spatial deformation of an image. It is a mapping
from control points to the correspondent points in floating image. TPS is actually a interpolation
with multi variables!. In 2-dimision spatial, Energy function is:
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The minimum bending energy value of I; can be calculated by:
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A target landmark was chosen in the dotting rectangle and two sets of coordinate values (P and P')
are obtained. P is the coordinate value without hanging weights while P' is with weights. These
values are imported in the TPS program as a pair landmark to calculate minimum bending energy.
Flow chart of TPS processing is shown in Figure 2.

Image |-» Mark Pand P'manually || Calculate TPS minimum bending > Spatial features

Fig.2 Flow chart of TPS method

FFT method (in frequency domain)

Fourier transform is an important tool in image processing that enables to obtain and analyze
image information in frequency domain. Fourier transform is very time consuming as Discrete
Fourier transform (DFT) is applied to 2-dimension digital image in frequency domain. In order to
reduce the calculation time, Fast Fourier transform (FFT) ! is proposed as a fast vision of DFT, and
can be expressed by the formula:
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where u=0,1,2,...,M-1.

In order to make a clean background, the red dots on the belt are firstly extracted. Then the
image is compressed to 256*256 for frequency processing. Finally, FFT is applied to the
compressed image to calculate the spectrum values. The flowchart of FFT processing is shown in
Figure 3.

To extract the red dots from blue background, color image without deformation in Fig. 1a is
transferred into gray value image by selecting the pixels with red color. Red dots are chosen on the
tensile belt and only their pixel values is greater than a threshold are remained in a pre-processed
image, from which FFT is used to make a power spectrum image in Figure 4. Red dots in all
captured images are extracted using the same threshold.

Images |—» Extractthereddots { FFT [ Calculate power spectrum |- Frequency features

Fig.3 Flow chart of FFT method

There is only a cross in Figure 4(a) and(c), which indicate the background color and belt edge
may impact the result of spectrum values. Figure 4(b) and (d) show the spectrum images become
more clearly, reflecting that more information of deformation are presented in the spectrum image.

(1 1‘ il Mo
-ill ill' lIll ﬂn-nlr
b

0
RN

(a) (b> o) (d
Fig.4 Spectrum images with background color and without weight (a); Spectrum images without
background color and without weight (b); Spectrum images with background color and with 300g
weight(c); Spectrum images without background color and with 300g weight (d).

Through the spectrum images, changes are centralized in the center. In other words, target region
is centralized near the origin. However, considering the spectrum spreading, circle with the origin as
center, with 3 unit pixel as radius, is chosen. All the power spectrum values add together in this
circle to decrease the effect of spectrum spreading. Weights are sequenced by size and the
corresponding sum of power spectrum values can be obtained. Scatter diagram are displayed with
this data.

Together with feature from TPS minimum bending energy, the sum of power spectrum value is
combined to be sorted and further analyzed for their correlation with mass.

Results and Discussion

Results obtained from the two methods should be verified to test its validity and feasibility.
According to the linear relation from the experiments, the theory value and the actual value of mass
are compared to calculate their deviation ratio, where Deviation Ratio= (theory value - actual
value)/ actual value. The smaller the value of the ratio, the higher the validity and feasibility are.

TPS minimum bending energy increases as the weights on belt increases, and black trend lines in
Fig.5 (both left and right) can be drawn according to their corresponding bending energy
represented by red points. Experimental conditions, such as the location of capturing pictures, lead
to the difference between these two sets of data. In principle, two experimental results reflect the
proportional linear relation between bending energy and weight in accordance.
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Fig.5 Experiment data distribution in spatial domain

The power spectrum value decreases as the weights on belt increases, shown with red points and
black trend line in Fig.6 (both left and right). When forces being applied under the tensile belt, the
distance of a grid dot changes, that corresponding to the change of single frequency of grid to multi-
frequency and causing the spread of power spectrum value to distribute in a wide region. Generally
speaking, according to the difference of power spectrum value before and after deformation, the
mass can be found out by its relationship to power spectrum.
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Fig.6 Experiment data distribution in frequency domain

Two sets of data in Fig.5 obtained from different mass (m;) are combined and averaged, shown
with blue points in Fig.7 (left). The black line is the trend line of data distribution. The points on the
trend line can be chosen to obtain the mathematical expression: y = 0.000375x. According to its
relation, data of bending energy in Fig.7 (left) is calculated to predict the mass (m;). Then the error
ratio between m, and m; can be calculated by formula (6) and yields 3.27%, that means the
deviation value is small in our experiment.

Deviation Ratio (DR)=( ms- my)/ m.
(6)

Similarly, data distribution in frequency domain is shown in Fig.7 (right) with the deviation ratio
0.0121429% in average. Rectangle points in Fig.7 (right) represent the values of mass selected
randomly except for the training data of mass (diamond points), which indicates the linear
reciprocal relationship more generally.
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Fig.7 Experiment data distribution in spatial domain(left) and in frequency domain(right)
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From the approximate curve we can notice that: In spatial domain, a linear proportional
relationship between object mass and TPS minimum bending energy is shown for the material we
selected, and the value of bending energy increases as the deformation becomes more remarkable.
In frequency domain, it showed a linear reciprocal relationship between object mass and the sum of
power spectrum value within the center of spectrum image: the power spectrum value decreases as
the deformation becomes more remarkable. It is significant that TPS and FFT algorithm can
measure the mass hanging on tensile belt accurately in both spatial and frequency domain. The
algorithms can be easily extended to measure the mass of other objects. Furthermore, this method is
now being applied to the measurement of the hardness of an object. If a fixed force pressing on two
different materials, a soft one will have a greater deformation. On the contrary, smaller change of
grids will be occurred on a hard object. By comparing the bending energy or power spectrum value
of an unknown target with previous measured reference material, it is possible to quantify the
hardness of an object we want to test. This is very useful for a Robert who with camera but no
touching sensors wants to explore the hardness of an object it meeting.

Conclusion

This paper described the methods and experiments for object mass and hardness measurement
based on image processing. Data with grid points is selected manually in spatial domain while
automatically in frequency domain. The results show that there is a linear relationship between
deformation degree and bending energy, as expected to the theory of prediction. Value of power
spectrum within the center area also has linear relationship with deformation. To summary, object
mass can be measured with spatial and frequency parameters in grid image sets, and it is expected
that hardness can be also quantified by our proposed method.
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