2019 The 7th International Conference on Information, Communication and Networks

Algorithm and Realization of Robotic end Orientation Equivalent Similarity
Transformation Based on Rodrigues

Juqing Yang
Key Laboratory of Photoelectric Imaging Technology and
System, Ministry of Education of China, Beijing Institute
of Technology, Zhuhai
Zhuhai, China
e-mail: yangjuqing@aoe.ac.cn

Wei Cao

Key Laboratory of Photoelectric Imaging Technology and
System, Ministry of Education of China, Beijing Institute
of Technology, Zhuhai
Zhuhai, China
e-mail: 17303@bitzh.edu.en

Abstract—In the process of robotic pose measurement, error
estimation and online correction, the relative pose
transformation and calibration between coordinate frames are
required. This paper presented a solution algorithm for
measuring and precision evaluating the robot end orientation.
Robotic frames transformation relationship was investigated.
In view of the measuring space restricted problems of a robot
end orientation, the unified description model of the robot end
tool orientation transformation and the 3D coordinate
measurement parameters of the space target are established.
The algorithm of the robot end orientation using multi-point
measurement is given with the coordinate frame equivalent
similarity transformation. This algorithm utilizes the multi-
point laser measurement values of the space rigid body to
implement the spatial point coordinate center registration. By
the least square optimization algorithm based on Rodrigues
matrix transformation, the orthogonal rotation matrix of the
orientation relative transformation can be obtained. At last the
exact estimation of the robot end orientation z-y-x Euler angle
and the orientation error are realized.

Keywords-orientation  solution  algorithm;  equivalent
similarity transformation; spatial coordinate center registration;
Rodrigues matrix transformation

I." INTRODUCTION

In modern advanced manufacturing industry, industrial
robots are widely used as the automatic intelligent
manufacturing equipment. Due to its poorer space absolute
positioning accuracy, the robot kinematics calibration needs
to be implemented using precision device for measuring and
obtaining the end tool sampling point space coordinates and
the end tool pose relative to the robot base frame. After
comparing them with the end orientation nominal values of
the robot controller, the best fitting values of the kinematic
parameters can be evaluated [1, 2].
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There are many ways to describe the frame orientation,
the most common methods are Euler angle, orthogonal
rotation matrix and Hamilton quaternion [3, 4]. High-
precision orientation measurement methods, which are
commonly used, include laser tracking measurement or
visual image measurement. The visual system measures the
target mark by adopting monocular or binocular image-
forming principle, which has the characteristics of fast
measuring speed and suitable for non-contact dynamic
measurement environment [5, 6].

However, the initial calibration and estimation algorithm
of visual system are more complex, and the identification
and coding process of the imaging points are generally
needed to solve the target orientation parameters [7]. The
laser tracking measurement system has the advantages of
large measuring space, high measuring accuracy, fast
measuring speed, multi functions, strong universality and
real-time characteristic, which is suitable for industrial
measurement environment [8].

Above orientation evaluating methods have great
limitations in the robot end motion space, which cannot
obtain the orientation transformation result and error of the
robot in extended workspace domain [9]. During the existing
calibration process, the measurement range of a robot end
orientation is generally allowed within the range of +30
degree of the laser incidence angle. Therefore, the global
error parameter can only be measured and calibrated by the
position coordinate error or distance precision.

Aiming at the shortcomings of above orientation
algorithm methods, this paper presented a robot coordinate
frame equivalent similarity transformation algorithm based
on Rodrigues. Then, the end position and orientation error of
the robot are obtained by using the laser measurement value
of the space rigid multi-point positions, and the accurate
evaluation of the rotation matrix and errors of the robot end
tool are performed.
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The relative orientation transformation of the robot end
tool can be attributed to the spiral transformation between
two concurrent coordinate frames. The robot end orientation
can be obtained by the rotation transformation of two rigid
body coordinate systems.

Three measuring points Py, P, and P; are marked on the
end tool coordinate frame, and the three points are required
to be non-collinear which is considered as an equivalent rigid
body. The orientation transformation measuring coordinate
system is established. The laser tracking measurement
coordinate frame is the reference frame {L}, the orientation
azimuth of the end tool frame {E?} is consistent with the end-
flange coordinate frame {6}, and the target point P; is the
origin of the end tool coordinate frame. The coordinates of
the target points are P, P, and P at the robot's initial joint
configuration. The homogeneous transformation matrix of
the end tool coordinate frame relative to the base coordinate
frame is T&,. After controlling the robot to a new position,
the coordinates of the target point change to be P4, P,; and
P;;. The corresponding homogeneous transformation matrix
of the end tool coordinate frame relative to the base
coordinate frame changes to be TZ,.

A coordinate frame equivalent transformation model is
set up. When the end tool coordinate frame changes to {E1}
from {EOQ}, it can be equivalent to remain the same,
transform the robot base frame {B} and the measuring
coordinate system {L} respectively, build a new equivalent
robot base frame {B1} and an equivalent measurement
coordinate frame {L1}. The equivalent transformation model
of the coordinate frame is shown in Figure 1.
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Figure 1. Equivalent transformation model of robot frame.

At this point, the orientation matrix relationship between
the end tool coordinate frame {E1} relative to the robot
equivalent base coordinate frame {B1} and the equivalent
measurement coordinate frame {L1} is the same with that
{EO0} relative to the robot coordinate frame {B} and the
measuring coordinate frame {L}.

That is:

Tfo = Té1s Tgo = Tgi

(1
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At the same time, we can say that the orientation rotation
transformations between the end tool frame and the base
frame as well as the measurement frames are similarity
transformation, whose rotation transformation matrixes are
of the similarity. That is:

Rfo = RE1 2

According to the above equivalent principle of similarity
transformation frame, the end tool point coordinates
P.y,P,o,P3y and P;,,P,;,P3;can be respectively regarded
as the composed rigid body measurement coordinate of the
points P, P,, P; in the laser coordinate frame and the
equivalent laser measurement frame. Therefrom, this can be
used to correlate the end tool orientation of the robot
different joint configuration by above fixed point coordinates.
Then, the corresponding coordinate transformation relation
can be transformed into the transformation solution of the
concurrent rigid body coordinate frame.

III." ESTIMATION ALGORITHM OF ORIENTATION RELATIVE

TRANSFORMATION

Measure the coordinates of the same set of sampling
points in two coordinate systems respectively, and match the
two coordinate systems’ orientation relevance by sampling
points. Because the sampling points are the same in different
coordinate frames, the combination of these sampling points
can be used as the equivalent rigid body. According to the
invariant theory of the rigid body barycentric coordinates,
using the gravity centroid criterion method to configurate the
center of gravity space for each sample point coordinates, the
distance to the center of gravity is constant at various points
on the equivalent rigid body, and each point’s corresponding
distance is equal. That is shown as Figure 2.
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Figure 2. Equivalent rigid body in different coordinate frames.

Using the invariant of the rigid body barycentric
coordinates, configurate the fixed point coordinate’s
centralized barycenter space adopting the gravity criterion
method, remove the coordinate offsets of homogeneous
transformation relations, reduce the robot localization error
and measurement error, directly get the rotation
transformation description. The spatial registration center of



gravity coordinates of the end tool target point P;, P, and P;
in two coordinate systems can be expressed respectively:

T3 x 3 x;
[ng i=1 10] [xng i= ; i1
Lp _ ZL Vio| L1p _ Sy
Py =y = 3 |’ Py =|y11g 3 ®)
7, = 2i3=1zi0 P Zz3=1211
Lg — 3 L1g — 3

In the upper left of the variable, L and L1 represent the
center of gravity in the laser measurement coordinate frame
and the equivalent laser measurement coordinate frame
respectively. The barycentric coordinate conversions of the
fixed points are carried out as

xgzo
Pyig = Pip — LPg = yLyl [yglol 4
-z,
[Xi1 — XL1g Xgi1
Pyiy = Py —"'Py = |Via — yugl = ygnl (5)
| Zi1 — ZL1g Zgi1

Pgio, Pgizare the equivalent centroid coordinate points of
the fixed point P; in the laser measurement frame and the
equivalent laser measurement frame respectively.

After the gravity spatial registration, the orientation
transformation matrix can be solved according to the fixed
point relationship, RE, is the orientation rotation
matrix between the laser measurement coordinate system {L}
and the equivalent laser measurement coordinate system
{L1}.

The corresponding rotation transformation relation of the
coordinate system after the center of gravity registration is
shown as follows:

xgiO xgil
— | — pLO | — pLO
PgiO = yglO = RL1 " ygll = RLl " Pgil (6)
ZgiO Zgil

Establish Rodrigues matrix equation to transform and
solve the parameters of rotation matrix of the robot end
frame. Set up the anti-symmetric matrix S, R? can be
expressed as the Rodrigues matrix equation form:

=(E-S)T-(E+YS) (7
where,
0 —¢ —-b
-f7 3]
b a 0

a, b and c are the Rodrigues parameters, and E is the
third-order unit matrix. There is,

ngti ngti
(E = S) - |vBgti| = (E + 5) - [Vigri (8)
ZBgti ZLgti
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Expand the equation set, extract a, b, and ¢, write them as
vectors. By applying the Rodrigues matrix transformation,
the solving equations can be set up:

0 Zgio + Zgil Ygio + ygil a

Zgio + Zgil 0 _xgio - xgil ) [b]

| —Ygio — Vgi1  —Xgio — Xgi1 0 ¢
_xgio + xgil
= |—Ygio + Ygi1
—Zgio + Zgi1

®

Substitute three groups of target points coordinates into
(9) to form overdetermined system of equations, apply least
squares method to solve the generalized inverse, calculate
the values of a, b, c¢. After substituting the solution results
into Rodrigues matrix and (7), R, , the equivalent
conversion rotation matrix of the laser measuring frame can
be calculated out when the robot joint configuration is
changed to arbitrarily configuration m1. The rotation matrix
has the orthogonality at the same time.

According to the similarity transformation method, the
equivalent conversion process of the laser measurement
frame and the robot base frame are similar, the rotation
matrix RE, and RE, are similar too, thus we can obtain:

RE1 = (RE)™ - Ri1-R§ (10)

The similarity transformation matrix R} is the rotation
matrix of the robot base frame relative to the laser measuring
frame, which needs to work out in advance, and its
calibration and calculation process is no longer detailed in
this paper.

For relative orientation transformation matrix of a robot
end tool frame RTY, it is the similarity transformation,
namely

EO0 .. pB
REl = RBI

an

Substitute formula (10) into (11), we can obtain the
following formula:

RE? = (RE)™ - R, *RE, = (REO) Y- (Rp)'RE - RE-

REO
(12)

It can be found that when the robot is in the joint
configuration of m1, the actual orientation rotation matrix of
the end tool is shown:

REy = REy " RE? = (RP) ™ *Rl1 "R - RE,
(13)

Finally, the orientation matrix error is obtained by
comparison with the nominal orientation rotation matrix
calculated by kinematics. According to the above calculation
process, we can theoretically evaluate the orientation error of
the end tool at any position.



IV."” ALGORITHM IMPLEMENTATION AND RESULTS

According to the relative transformation resolving
method of robot end orientation, the orientation rotation
matrix measurement and comparison experiment were
carried out. The laser tracking equipment, 6-DoF laser target,
laser reflection ball target and KUKA KR16-2 robot are used
as experimental devices, as shown in Figure 3.

Run the robot back to the Home location as the initial
joint configuration, the six-degree freedom laser target is
fixed to the robot end-flange. The transformation matrix
TL can be solved according to the robot base frame
conversion optimization evaluation method.

Select 10 sets of the robot measurement positions and the
corresponding joint configuration, control the robot to run to
each orientation respectively, measure and record each group
under the position of three ball target coordinates in turn,
calculate the end tool orientation matrix using formula (6).
The actual value of the rotation matrix of the end tool frame
at the initial joint configuration is calculated by using the
rotation component R% in the above calculation results. The
six degrees freedom target orientation were measured and
recorded at 10 groups of robot joint configuration. Then the
measurement results and above estimation results are
converted into z-y-x Euler angles, the comparisons of
orientation angle are shown in the following table 1.

—0.917568 0.397561 —0.003676 5120.6247
TL — —0.397573 —-0.917566 —0.002706 —1113.084
B —0.002297 0.004299 0.99999 —706.9113
0 0 0 1
TABLE 1. TESTING CONTRAST OF RELATIVE TRANSFORMATION OF END ORIENTATION
multi-point solution value of orientation relative six degrees of freedom target measurement
transformation (z-y-x) orientation (z-y-x)
¢- (deg) ¢y (deg) . (deg) ¢-(deg) 9y (deg) 9. (deg)
1 19.9682 0.0878 0.0579 19.7963 0.0825 0.0895
2 -179.8601 50.0214 -179.7059 -179.9408 50.0614 -179.9182
3 121.7833 89.9541 111.7991 121.5725 89.7523 112.1203
4 0.2679 79.9296 0.2238 0.2934 80.1231 0.2325
5 -89.8045 80.0294 -89.8064 -89.8541 80.0388 -89.5604
6 3.5778 70.5174 3.3225 3.5456 70.2541 3.5412
7 -89.8326 70.0314 -89.8417 -89.8251 70.2104 -89.8021
8 -96.6587 60.3983 -112.3941 -96.8745 60.5874 -112.5469
9 176.4027 69.6829 176.5646 176.4254 69.5428 176.2459
10 12.2882 89.9589 2.2054 12.2865 89.9589 2.2037

A

Figure 3. Testing relative transformation of end orientation.

It can be seen from the comparative test in the table that
the estimated results by the robot end orientation relative
transformation are very close to the measurement orientation
angle with the 6-DoF laser target. It is shown that the
equivalent similarity transformation method of the
multipoint laser measurement can be used to reliably
evaluate the orientation of the robot end tool frame.

\A

In view of the constraint problems of target space
position limited by laser tracking system for measuring robot
end orientation, this paper presented an orientation
transformation estimation algorithm. Using the equivalent
similarity transformation method of coordinate system, the

CONCLUSION
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unified description model between a robot end tool
orientation transformation and the space target 3D coordinate
measurement parameters is established. As a kind of
compensating computation method, the coordinate frame
orientation conversion algorithm achieved fast accurate
solution of the rigid body coordinate transformation equation
based on Rodrigues transformation matrix. The algorithm
avoided the linearization of the rotation parameters, and the
whole calculating process was simple and quick.

Through the barycentric registration of the space point
coordinates and resolving of the least squares optimization
algorithm based on Rodrigues matrix transformation, the
orthogonal rotation matrix of the relative transformation
orientation can be obtained, the experimental results verify
the validity of the orientation algorithm. The coordinate
system equivalent similarity transformation method based on
multi-point laser measurement is adopted, which needs
manually auxiliary measurement, but the relative
transformation of the robot end orientation can be estimated
and calibrated in much greater range.
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Abstract—In order to overcome the shortcomings of standard
median filtering and adaptive median filtering in the denoising
of structured light image, an improved adaptive median
filtering method is proposed. The method determines the true
noise point and the local noise density through two noise
detections. Moreover, the size of the filtering window is
selected according to the density, and the detected noise points
are filtered by using the proposed method. The experimental
results show that the improved adaptive median filtering can
effectively protect the image details when noise is removed.
And the proposed method can provide better filtering
performance than standard median filtering and adaptive
median filtering.

Keywords-adaptive median filter; noise detection; structured
light image

I."  INTRODUCTION

When acquiring a structured light stripe image, the
disturbances including ambient illumination, possible optical
diffraction, nonlinear distortion of the camera lens, reflected
light from the surface of the object being measured, and
noise pollution in the imaging process, will affect the quality
of the acquired image severely, which may cause noise. The
polluted structured light images make the subsequent
processing harder, such as the extraction of feature
information, three-dimensional reconstruction [1,2].

Median filtering has been widely used in image noise
reduction. However, the denoising performance of standard
median filtering is greatly affected by the size of the filtering
details [3]. In addition, this method has certain contradictions
in restraining the image noise and protecting details [4].

The small filtering window can protect details better in
the image, however, the ability to denoise is limited. The
large filtering window can enhance robustness against the
noise, but the protection of details will be weakened [5,6].
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In this paper, an improved adaptive median filter is
proposed. The basic idea follows by two steps: Firstly,
finding the existing noise, then select the size of the filter
window adaptively according to the noise density. Secondly,
the improved median filtering method is used to filter the
noise. The improved adaptive median filter proposed in this
paper greatly alleviates the contradiction between noise
suppression and details protection. And the better filtering
performance than the standard median filter and adaptive
median filter can be provided.

II."  IMPROVED ADAPTIVE MEDIAN FILTER

The proposed improved adaptive median filtering method
includes three steps: (1) Detecting the noise of noised image
twice; (2) Adjusting the size of the filtering window
adaptively according to its local noise density; (3) Filtering
the detected images from four given directions.

III."  NOISE DETECTION OF THE ORIGINAL IMAGE

Noise detection is a key step in the filtering algorithm.
The goal of this step is to find the true noise point in the
image. A good noise detection method should try to avoid
the possibility of error detection and false detection. Error
detection is to define noise as a signal, which will affect the
overall filtering effect; False detection is to define the signal
as noise, and ultimately damage the image details [7,8].
Therefore, in order to detect noise more accurately, the
detection noise can be divided into two steps: (1) The
candidate noise point is determined;(2) The pseudo noise
points are eliminated according to the formula.

A. Determing Candidate Noise Points
The size of the image I is R * C. The pixel value of pixel
point p, is y; . The filter window size of 5 * 5 was

selected for the first noise detection. When p;; is taken as



the central pixel point in the filtering window, then the set of
all pixel values in this window Y;j can be expressed as:

In the set Yi/ ,the maximum and minimum values of Y[/.

= ymax or

= Vpmin othe pixel p, is defined as the candidate noise

are respectively recorded as V.. » Vi, » 1f V;

y..

point. The set f[/ is set as noise image and expressed as:

lyij

fil' Z{O

B. Noise Detection

In an image, the pixel value of some signals may be very
high or low. In the first step of detection, it is directly
regarded as a noise point, causing misjudgment. In order to
prevent such a situation, it is necessary to carry out the
second step of noise detection.

Set D[j

and expressed as:

= ymaxoryij
other

= ymin (2)

as the set after removing the extreme points

D {yHn J+h ‘ yr+u v,j+h * ymaxandywu L J+h * ymm’yww J+h |yt+w J+h € Y }

(€)

The average value of Dz/

m(p,)-

The pixel value of the candidate noise point is compared
with the average value. If the absolute value of their
difference is larger than the threshold value. it indicates that
the candidate noise point is the actual noise point. The
formula below shows that:

Silyy =M |>Tandf, #0
fij: 0

is expressed as:

Z y1+w J+h

y1+\ LJt+h GD

“4)

)

other

The threshold T has a great influence on the effect of
noise detection and is defined as:

T= \/% Z(yi+w,_j+h _M(Dlj

yr+w,/‘+h eDi/
SELECTION OF ADAPTIVE FILTERING WINDOW

(6)

I\

In order to better suppress noise and save image detail
information, local noise density should be introduced to
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determine the size of filtering window. The expression of
local noise density is:

Number

noise

x height

=— Q)
Wldthwindow window

The local noise density is very small, and the size of filter
window should also be relatively small, so as to ensure the
de-noising effect and protect the details of the image.
Conversely, the local density is large, so the size of the filter
window should be larger, so as to maintain the ability of de-
noising. According to this principle, the selection of the filter
window size is adaptively determined by the density of each
noise point. The size of the filter window 1 is defined as
follows:

3,R<n
[=15rn<R<r,
T,R=r,

®)

In the formula, r1 and r2 are constants, and theirs values
are obtained according to experiments.

V." NOISE FILTERINGSING

According to the above two steps, there are only two
noise points left in the image: true noise points and non-noise
points. Non-noise points do not need to be processed, and
their own pixel gray values are directly preserved. The noise
points need to be filtered. The method used in this paper is to
select the pixel values of the pixels in the four specific
directions in the filtering window, sequentially sort the pixel
values, and weight the median obtained after the sorting [9].
Finally, the result obtained by the algorithm is substituted for
the central value in the filtering window.

Assuming that the pixel value of p(m,n) contaminated

by noise is f (m, n), then four specific directions in the

filtering window are selected, which are 0° , 45° |, 90° ,
135° . Thus, four sub-windows can be obtained, which can
be defined as:

mn)={f(m,n+1)-L<I<L}
( ) {fm+ln+1)~L<I<L}

( ):{ (m+l,n),—L£lSL}

W, (m,n)={f(m+Ln+1)~L<I<L}
The size of the filter window is (2L +Dx Q2L +D.
000 00Oe 0Oe0 @00

®

aee (080 080 0eo
000 @00 U0Ue0 0O0O.
0° 45° 90° 135°
Figure 1. " Four specific filtering direction.



M, (m,n) Mz(m, n) ) M3(m,n)and M4(m,n)respe

ctively represent the median values of pixels in the four sub-
windows, namely:

M, (m,n) = med[W,(m,n)],k = 0,1,2,3 (10)

med|] represents the median filtering. The above four
sub-windows are respectively used to conduct median

filtering for noise points. After filtering, the obtained value is:

g(m,n)zickMk(m,n) (11)
[

¢, is the weighted coefficient, and its value depends on

the result of filtering in the above four directions, namely:

M, (m,n) (12)

k= 2
ZMk(m,n)
k=1

c

VI." EXPERIMENTAL RESULTS AND ANALYSE

A. Using the Lena Image

In this section, the Lena image is selected as the
processing image. The proposed improved adaptive median
filtering and traditional median filtering are compared by
denoising ability and protecting detail ability under different
degrees of noise interference. An objective evaluation was
made using NMSE and PSNR as references. The formula for
NMSE and PSNR is as follows:

255 255

> (g, )=y, j)

pie 13
NMSE ==/ 2055 255 ) (13)
DD, ))
i=0 j=0
N’E® (14)

PSNR=101g 5=
D> (g, )=y, j))

i=0 j=0

y(i, J ) and g(i, J ) are the gray value of pixels in the
image before and after denoising; E is the maximum value of

y(i,j); N is 256.

The results of denoising performance are analyzed by the
standard median filters of 3x3, 5x5, adaptive and the
proposed filter respectively based on the figure with the 4
different noise interference.

Denoise | Parame Image Noise Level

Method ters 1% 2% 5% 10%
adaptiv. | NMSE 0.0000238 | 0.000474 | 0.000115 0.00028
e med PSNR 25.3 22.29 18.44 15.47
propose | NMSE 0.0000209 | 0.0000431 | 0.000105 0.00021
d PSNR 25.85 22.71 18.82 15.83
method

TABLEL " COMPARIDION OF PERFORMANCE PARAMETERS
Denoise | Parame Image Noise Level
Method ters 1% 2% 5% 10%
3x3 NMSE 0.0000235 | 0.000047 0.000114 | 0.000226
med PSNR 25.34 22.34 18.49 15.51
5x5 NMSE 0.0000271 | 0.0000505 | 0.000118 0.00023
med PSNR 24.73 22.02 22.02 15.44
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(a) Original Image; (b) Noise Image; (c) 3x3 Median Filtered Image; (d) 5x5
Median Filtered Image; (¢) Adaptive Median Filtered Image; (f) proposed
method Filtered Image;

Figure 2. " Comparison of Lena.

From the results obtained in Figure 2 and Table 1, the
NMSE value of the improved adaptive median filter in this
paper is smaller than that of the 3x3 and 5x5 standard
median filter and adaptive median filter, while its
corresponding PSNR value is larger, which indicates that the
improved median filtering is more capable of denoising and
protecting details. The comparison was made by adding 2%
noise interference: The standard median filtering of 3x3 has
better performance in detail protection, but the image still
contains partial noise; The standard median filtering of 5x5
can reduce the noise, but the image is fuzzy and the details
are lost; The standard adaptive median filtering has both the
advantages of 3x3 and 5x5 standard median filtering, the
denoising ability is enhanced and the detail protection is
improved. The improved median filter proposed in this paper
filters out most of the noise, meanwhile the details in the
image are relatively complete and the definition is relatively
high.

The advantages of the improved median filter over the
standard median filter can be explained is as follows:

(1) The improved median filter first classifies the pixels
in the image. And the pixels are divided into noise points and
non-noise points. Then the image is filtered twice to remove
the noise completely, while the pixel without noise pollution
will not be filtered, and hence, the details are protected. The
standard median filtering works for all pixels, which means
those pixels without noise are also affected, making the
image blurred and the details lost.

(2) The filter window size of the improved median filter
is adaptively determined by the local noise density of the
image, which combines both noise filtering and detail
protection. The standard median filter uses the same filter




window size for the entire image, which has no adaptability
and poor noise filtering effect. Compared with standard
median filtering, the adaptive median filtering has improved
noise filtering effect, but insufficient detail protection leads
to image blurring.

B.  Using Structured Light Image

Figure3 (a) shows the initial structured light image, and
Figure3(f) shows the results after filtering using the
improved algorithm. In terms of processing effect, the
structured light strips processed by the new algorithm of this
paper are clearer than the traditional methods, and the
denoising effect is better.

Il

B
B i

(a) Original Image; (b) Noise Image; (c) 3x3 Median Filtered Image; (d) 5x5
Median Filtered Image; (e) Adaptive Median Filtered Image; (f) proposed
method Filtered Image;

Figure 3. " Comparison of structural light image.
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In this paper, the improved adaptive median filtering uses
a certain detection standard to detect the noise points in the
image. The size of the filtering window adaptively adjusted
according to the density of the detected noise points. And the
detected noise points are filtered by using the proposed
method. The proposed method greatly alleviates the
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contradiction between noise suppression and details
protection and has better filtering performance than the
traditional median filter in the image preprocessing of
structured light image.
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Abstract—In order to solve the problem of detail loss and
color cast caused by underwater imaging, we propose a novel
underwater image enhancement method. We combine a
stepwise estimate of transmission with a dark channel prior to
obtain more detail from dark areas in underwater images. In
addition, we use superpixel segmentation to avoid DCP invalid
and white balance to correct color. The experimental results
show that our method not only achieves a significant visual
improvement, but also has a faster speed than other methods.

I. INTRODUCTION

The imaging process of the underwater images is similar to
the haze images, as shown in Fig. 1. But the water in the ocean
contains a variety of impurities, such that the light obtained by
the imaging device is often subjected to physical processes of
absorption and scattering[1]. However, for practical
applications we need to get the true color of the object and as
much detail as possible, especially in excavating underwater
relics and carrying out the underwater rescue operations. Due
to the discovery of more and more shipwrecks in recent years,
underwater image enhancement technology has received more
and more attention.

At present, most underwater image enhancement algorithms
based on physical models are based on color channel and
wavelength compensation[2,3]. In most cases, we used prior
knowledge to estimate important parameters in the model and
recover clear images through the inversion process[4]. But
there are problems such as large assumptions and a priori
knowledge limitation, at the same time, the color correction
algorithm is not ideal[5].

In this paper a new enhance algorithm base on stepwise
estimation of transmission, superpixel segmentation, DCP and
guided filter was proposed. First, we split the image by
superpixel segmentation to get the effective area for enhancing
the images, at the same time we can get a bright area and a
dark area of the image. For the dark area, we use dark channel
prior to get the transmission and adaptive algorithm to correct
the transmission from bright area. The experimental results

show that the enhance effect of this algorithm is remarkable.
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Fig. 1 Physical model of underwater imaging.

II. PROPOSED METHOD

In order to get accurate transmission and avoid DCP invalid
we use superpixel segmentation to split the image into a
visually significant irregular block of pixels consisting of
adjacent pixels of brightness. The complex situation of
underwater background light scattering and the calculation
speed are considered comprehensively. We split the image into
many blocks of similar brightness. The brightest area in the
image, marked as a read block, is used as the effective area of
background light. As shown in Fig. 2(a).

In particular, when the number of divided blocks of an
image is two, the image is divided into a bright area and a dark
area[6], as shown in Fig. 2(b). We must note that underwater
the bright areas and the dark areas also represent the distance
of the object were shooting from the camera. In most instances,
the object closer to the camera is darker and the background
seawater is brighter.

To avoid excessive enhancement of the image background
water area, we use background light as a parameter of DCP
algorithm to get the transmission of the dark area and obtain
the bright area adaptively, as shown in Fig. 2(c).

Since the image is minimum filtered, many blocks will
occur after the transmission is obtained, which will cause
blurring of the edge area of the image after enhancement[7].
Therefore, we use guided filter to optimize the transmission,
although it will reduce some accuracy but does not affect the
enhancement effect, as shown in Fig. 2(d).

_ T R
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Fig. 2 (a) Background light image; (b)Bright and dark area
image; (c) Transmission image; (d) Optimized transmission
image.
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III. EXPERIMENTAL RESULTS AND ANALY SIS

In order to verify the effectiveness of the algorithm, this
paper selects four underwater color images with different
degrees of blur. We compare the method in this paper with the
Berman’s method. The first column is the original image of the
underwater, the second column is Berman’s method[8,9], and
third column is our method.

Berman’s method Our method

Original Image

Fig. 3 Four experimental images and enhancement.

N

From the experimental results, it could be found that our
method has a better effect on the restoration of image details
than Berman’s method. In the first row we can see that
Berman’s method lost texture of diver’s clothes but our
method enhance the details of the clothes. We also can see
how the respirator looks like, as marked in Fig. 4.

Fig. 4 Marked images

In the second and forth row, we can see that Berman’s
method overestimated the original color of the object, which
caused the area overexpose and lost detail. But our method can

clearly see the details of seaweed and fish, as marked in Fig. 5.

Since there is a area where the brightness is significantly
higher in the picture, the stepwise estimation of transmission
has a significant effect. In the third row, our method retained
the Layering of the object being photographed, and a small
part of water in the bottom right corner was kept.

The experiment is based on Windows 10 operating system,
Matlab R2018a software platform, Intel(R) Core(TM) i7-
6700HQ CPU @ 2.60 GHz 2.60 GHz, 16.0 GB memory
hardware platform.

IV. CONCLUSION

A good transmission estimation method is very important
for under water image enhancement. In this paper, a
transmission estimation method, based on the improved
stepwise estimation method is proposed which solved the
problem of detail loss and color cast caused by variety of
impurities.

This algorithm has wide applicability, and it can be applied
to enhance multiple underwater conditions. A good detail and
less color cast was just a part of underwater enhancement, next
we should focus on how to restore the background color more
beautiful.
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ABSTRACT

Attributed to the ability of three-dimensional scene direct
acquisition in real-time, Time of flight (TOF) camera has been
developed rapidly. Because of the problem of low resolution
and accuracy, t are still difficult to be widely used. If these
parameters can be further improved, TOF camera will win a
place in the field of automatic navigation, machine vision and
so on. In this paper, the imaging accuracy error caused by
measuring distance and target reflectivity is analyzed. For the
problem, that the weaker returned energy from the target is,
the worse the imaging accuracy is, we proposed an automatic
illumination system (AIS) which includes a distance weighted
average metering (DWAM). It can solve the problem of
imaging accuracy decline caused by the decrease of returned
light energy and improve the dynamic performance of TOF
camera.

INTRODUCTION

With the development of photon-detector technology, the
TOF camera with the characters of cost efficiency, low power
consumption and compact size has recently received
significant attention and has great potential in the field of
intelligent machine vision, human-computer interaction,
indoor navigation and so on[1]. This is an active 3D imaging
camera, which Optical sensors measure the delay between
light emitted into a scene and received by a co-located
sensor[2]. However, it is still not widely used because of its
low resolution and poor measurement accuracy. In this paper,
we found that the accuracy of TOF camera will be interfered
by the imaging distance and reflectivity of objects which are
metal, gypsum, plastic and other common materials[3]. The
reason for this problem is an attenuation of returned light
power from targets. So a kind of automatic illumination
system (AIS) is proposed. Similar to common cameras, this
system includes the part of light meter.In TOF camera system,
the exposure time which is correlated to the depth resolution
can not be changed arbitrarily. We do not talk about it. We
focus on the compensation method of attenuation of returned
light power at fixed frame rate and exposure time. Besides, a
method DWAM is also proposed for the light meter part.

ERROR ANALYSIS OF TOF CAMERA
The TOF camera model we use is OPT8241CDK produced
by TI for industry. Its basic imaging principle is that the phase
difference between the modulated illumination and the
returned light from targets is used to form depth map. Frame

rate is about 8-60fps. Each frame depth image is composed of
n subframes and each of them are composed of m quads. The
process of each quad on every pixel includes start-up, integral,
readout and reset. So each frame of depth image needs mn
quads which should be synchronized with illumination pried.
During every quads, sufficiently returned light power ensures
the quality of the TOF imaging. This illumination pried can be
defined as exposure time of TOF camera. Fixed exposure time
make the fixed frame rate. Based on this condition, we make
some experiments with the materials of metal, gypsum, plastic,
rough brick and smooth brick. The set of experiment is shown
in Fig. 1. Made to parallel to sensors imaging plane, the
surface of materials are image with TOF camera under
different distances. No matter how far away from TOF sensor,
the objects are imaged as full as field of view. We express the
accuracy in standard deviation as follow:

1 & 2
STD= [—— Y |[ — 1
\/N_LZ:I], 4] (1)
Where u is the mean of I,
1 ab
=y 2
u N; , (2)

where ab is the product of sensor rows and columns.

lNlumination

€----->

«— >
TOF Camera Close or Far Moving

Fig. 1 The schematic diagram of imaging system.

Materials

We make the scheme in experiment as follow: 1) Owing to
the Lambert characteristic of gypsum surface, we image it in
different distance. 2) Fixed imaging distance, different
materials are imaged under different illumination power
manually. As shown in Fig. 2.

AUTOMATIC ILLUMINATION SYSTEM

From the data, the more smooth and farther away the target
is, the worse imaging accuracy will be. For this problem, an
automatic illumination system (AIS) is propose. AIS is
composed of controller algorithm and target light meter
method. As shown in Fig. 3. The TOF camera OPT8241CDK
uses four laser diodes (LD) as illumination. Their light power
and working method can be easily controlled by software
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Fig. 2 The errors data of range maps collected under different condition.

through IIC bus on board. Whether to adjust the light power of
LD depends on the results returned light from objects. The
algorithm is proportional and integral (PI) structure which can
make sure to control the LD driver quickly and accurately.
About the methods of light meter, TOF 3D camera is
different from common color camera. The traditional methods
include center weighted average metering, point-photometry
and so on. Usually, the sensitivity of the camera sensor or
exposure time is adjusted by judging the exposure of the
images. These methods are not applicable to TOF cameras. In
this work, distance weighted average metering (DWAM) is
proposed. TOF camera can obtain the 3D information of target
scene in real-time. Each pixel on the sensor can not only get
the target distance value but also have the optical gray value.
In general, people pay attention to the close-range scene, so
the main idea of DWAM is that the weighted value of close
scene is higher than that of far scene relatively. The
compensation of light power will more inclined to the returned
light energy of the target at close range. We can express it as:

1 ab
P=—>»wl 3
1 ab; it ()

Where ab is the product of sensor rows and columns, and w; is

—»(O—| PI | LD —»{ LD

Driver

\

Targets

DWAM | images |
process

Fig. 3 The schematic diagram of imaging system.

the weighted value and /; is the intensity on each pixel. P; is
result of light meter.

dA ab
w=-"1,8=>4d, (4)
N P

Where d; is the depth value on each pixel.

This light meter method can ensure that the relatively close
target has high priority to receive illumination compensation.
However, this method is sensitive to noise, and a good clear
image is an important prerequisite. In addition, some extreme
cases are difficult to deal with. For example, there is an object
with the similar character of mirror at a relatively far distance,
which can strongly reflect signal light, while the relatively
near interest objects has a low reflectivity. In such scene, some
pixels may be saturated by strong reflection because of the
illumination compensation of the near objects. This kind of
problems can be studied by threshold partition, filtering, fuzzy
recognition and so on in future.

CONCLUSION

In this work, we introduced an effective and simple method
called automatic illumination system (AIS) that can solve the
problem of accuracy decline which is produced by low power
of returned light. And we also propose a light meter method
that distance weighted average metering (DWAM) for TOF
camera. Theoretically, the method can be used in various cases.
However, in some extreme cases, such as very long imaging
distance or extremely low reflectivity target, great illumination
power is required. This problem should be optimized by
engineering practices in next step.
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Design of ZigBee and Android based fire

monitoring system for ancient buildings

HUANG Juan', CHENG Hao-dong?,
LI Yong-feng', LIANG Qin-ce’

(1.School of Information Technology, Beijing Institute of
Technology, Zhuhai, Guangdong Zhuhai 519085, China; 2.School
of Engineering, Tibet University, Tibet Lhasa 850000, China)

Abstract: Aiming at the complex fire situation and poor predictabili-
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ty of ancient buildings in Tibet, an intelligent mobile monitoring
system was designed based on ZigBee and Android platform. The
system completes the design of ZigBee wireless sensor network,
the development of Android client and the implementation of relat-
ed middleware. The data collected by various sensors is uploaded
to the client through GPRS. Experiments show that the system can
realize real—time feedback of ancient building environment infor-
mation and timely response to user instructions.

Key words: ancient building; fire monitoring; ZigBee; Android;
GPRS
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Fire control performance of water mist system

in urban highway tunnel
SU Zi-min, HUANG Bao, FENG Jian-an

(Nanning Rail Transit Co., Ltd, Guangxi Nanning 530029, China)
Abstract: A tunnel model was established, fire scenarios was set
by changing parameters such as power of fire source, position of
fire source, number of water mist nozzles and diameter of mist
droplets, to study the fire control performance of water mist in ur-
ban highway tunnel. The research results showed that the water
mist has good cooling and heat insulation effect, which can prevent
the smoke diffusion better. When the fire source is close to the tun-
nel sidewall, the cooling effect is slightly worse than when the fire
source 1s located at the center of the tunnel ground. The larger the
nozzle pressure, the smaller the spray particle size, the larger the
contact surface with the flue gas, the higher the heat absorption
and evaporation efficiency, and the better the cooling effect.

Key words: tunnel fire; water mist; numerical simulation; smoke

spread; cooling efficiency
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Optimal Charging Scheduling for Electric Vehicle Aggregator

Considering Incentive Demand Response
GONG Xin, SU Yu, ZHANG Xiaofeng, HUANG Xiangjie
(School of Information, Zhuhai Campus of Beijing Institute of Technology, Zhuhai 519085, China)
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Abstract: An active demand response approach was pro-
posed for electric vehicle users by reporting their charging
status to the aggregator. Optimal charging scheduling model
of the aggregator in the real — time electricity market consid-
ering coupon — based active demand response was built. This
bi— level model was constructed with the upper level model
aiming at maximizing the aggregator’s revenue constrained
the consumer’s active demand response, and the lower level
market clearing model providing market price for the upper
model. The optimal charging scheduling model is a mixed in-
teger linear programming model solved by the combination
of Surrogate Lagrangian Relaxation and Branch — And — Cut
method. The example analysis shows that the proposed mod-

el can increase the aggregator’s profit.

Keywords: clectric vehicle aggregator; incentive active de-
mand response; charging schedule; electricity market; e-

lectric taxi
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Research on Laser Diode Temperature Control Based on Single Chip

Microcomputer

Yu-Wulong!
(1. Beijing Institute of Technology, Zhuhai, Guangdong Zhuhai 519085, China)

Absrtact: Laser diode is widely used in various fields because of its high accuracy and small overshoot. Its performance is
seriously affected by the operating temperature. It is necessary to ensure the constant working temperature. Therefore, the
temperature control method of laser diode based on MCU is deeply studied. MSP430F449 MCU and semiconductor chiller
are used as main controller and cooler. The current temperature of laser diode is collected by temperature acquisition circuit.
The resistance value is expressed by resistance value. The instrument amplifier converts resistance value into voltage value,
and compares it with the voltage value set by MCU controller to obtain temperature difference signal. After processing the
temperature difference signal with PID control algorithm, the output voltage of pulse width modulation mode is generated
by timer. The voltage is generated by driving circuit into the cooler, and the cooler refrigerates or heats the laser diode
according to the direction of current flow to complete the temperature control of the laser diode. The experimental results
show that the temperature control error of this method is less than 0.03 C, and the response time of temperature control is 30
s, which is better than the contrast method.

Key words: MCU; Laser Diode; Temperature Control; Temperature Collection; Semiconductor Refrigerator; PID
Algorithms
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