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Image analysis on ICPF actuated micro-robot
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Abstract: The Ionic Conducting Polymer gel Film(ICPF) can be driven by a low voltage (about 1.5 V)
and has advantages in the less mass and fast response. A micro-robot moved at 3 mm/s velocity in the
water can be actuated by the ICPF (21. 6 mmX4. 6 mmX0. 2 mm). An image processing system is de-
signed for detecting and controlling the movement and posture of the micro-robot, which consists of a
CCD camera, an image interface card, a computer and a waveform generator. A movement and pos-
ture image sequence of the robot fish is captured by a CCD camera to obtain a binary image of each
frame by the hue automatic threshold segmentation and boundary extraction based on the similarity
target of in a short period. Then, the target location and movement direction are calculated by the cir-
cle detection using improved Hough transform. According to the target location and movement direc-
tion, the robot fish posture can be controlled by changing the voltage and frequency of ICPF and by u-

sing the waveform generator. Results show that system consumes 52 ms for processing a piece of pic-
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ture in a Pentium 4 2.8 G computer with 1 G memory and achieves the real-time detection, tracking

and control for the micro-robot fish.
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1 Introduction

Many researchers have studied the miniature biomi-
metic robot. Micro-robot is designed by imitating
various biological diversities, such as robot fish, ro-
bot crickets™. Based on the fish characteristics of
swimming, sensitive sensory organ and mechanism,
combined with modern science and technology, the
research of robot fish aims to develop highly effi-
cient, highly mobile and intelligent underwater robot
and underwater delivery to help mankind solve the
specific problems. For example, robot fish can be
applied in the narrow space, such as pipeline for de-
tection. Micro-robot fish can also be used for vascu-
lar disease diagnosis and treatment'*. Since micro-
robot fish has the characteristics of small size and
light weight, the actuator materials can be classified
into piezoelectric material (PZT) , ferromagnetic rub-
ber, shape memory alloys (SMA), micro-propeller

and so on"*,

A micro-robot using ICPF actuators
has several advantages. One of them is the great
possibility to work in a very small and dangerous
space, another is that the micro-robot can be actua-
ted with low voltage. Moreover, it has many other
advantages such as light weight, good input re-

sponse, high security, high efficiency of power tran-

sition, littler noise, etc.

2 Micro-robot fish

2.1 Structure of robot fish
ICPF actuator uses the film of perfluorosulfonic
acid polymer (Nafion 117, du Pont and compa-
ny) as substrate which is chemically penetrated
on it’s both sides with platinum. ICPF contains
4]

the sodium ions and the sulfonic groups “'. In

water, the sodium ions are ionized from the sul-
fonic groups. Voltage applied on ICPF yields an
electric field through the membrane. Sodium i-
ons migrate from the anode to the cathode by e-
lectrostatic force and balance against negative
charge. On the other side, the sulfonic acid
groups are fixed to the high polymer chain and
cannot migrate in the membrane. So, this makes
the membrane bend by the electrostatic force,
and generats internal stress that expands the gel
near the anode. Voltage changed alternatively is
put at ICPF ends. In this way, ICPF would have
curved changes, and thus produce a forward
thrust®™, In this paper, a double-tail robot fish
is studied as shown in Fig. 1. The fish body is

Mark

ICPF

Fig.1 Double-tail ICPF actuated robot fish

made of wood, and has streamlined design with a
double actuator installed symmetrically at the
rear part of the body. Parameters of the robot

fish are shown in Tab. 1.

Tab.1 Parameters of micro-robot fish
Parameters
Size 65.6 mmX20.8 mmX6.2 mm
Weight 25.6 g
Material wood, plastic
ICPF
Actuator

Actuator(0. 2 mm X4, 6 mmX21.6 mm)

Power supply Electricity(3 V)
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2.2 Control system

AT89S52 SCM and OPA551 amplifier are adopt-
ed for the robot fish control system. This sys-
tem can produce two-way waveform signals
which can be controlled independently. Signals
are sent to those two ICPFs respectively to pro-
duce driving force through the copper wire with
diameter of 0. 3 mm. This control system adopts
asynchronous serial communication module,
which can accept the information of upper PC
feedback voltage and frequency. The driving
force of robot fish in this paper comes from fish-
tail, and speed control of robot fish can be a-
chieved by changing the swing frequency of fish-
tail. However, going up to a certain frequency,
speed reduces, fishtail swings severely, and the
driving force greatly reduces. The swing rate
differs with different voltage of ICPF., so the
movement of robot fish can be controlled by
changing the voltage value.

2.3 Vision systems of robot fish

This paper adopted image-based visual servo
control system which means characteristic infor-
mation observed by camera and used for the
feedback directly and three-dimensional posture
do not need to be estimated. The error from ro-
bot kinematics and calibration can be reduced u-
sing image-based methods, bapassing 3D recon-
struction and using image feature to control the
movement of robot fish directly.

Fig. 2 is the workflow of robot fish vision
system. CCD camera above the fish tank can get
the color image signal of real-time simulation of
the whole tank. Images are transmitted to the
video acquisition card installed in the PCI slot
through a data line. Simulated color image is
transformed to digital color image and deposited
into host memory. Robot fish posture can be
calculated through image processing software.
According to the strategy. control signals can be
transmitted to the control system of robot fish
through serial communication. In this paper, the
size of the fish tank is 56. 5 mm X 27 mm, CCD

camera resolution is 800 X 600, frame rate is 15
per second, and ordinary fluorescent light is a-

dopted.

Robot fish

Fish tank

Fig. 2 Workflow of robot fish vision system

3 Research on visual identification
of robot fish

In this paper, image-based recognition system of
static scenes is studied. Its major task is to track
fish movement, and convert it into the informa-
tion that robot fish could identify. Processing
speed of recognition system determines the effi-
ciency of the implementation of the system. In
order to identify the movement and posture of
fish rapidly and accurately, a red circle is
marked on the fish’s head and a blue circle on the
fish's tail, so that the fish can be identified and
located through the image characteristics.

3.1 Image segmentation

A suitable color space should be chosen for the
color image segmentation. HSI color model is a-
dopted to reduce the effect of illumination sys-
tem on the color segmentation. HSI color model
is a model that naked eye can tell and it can
match the visual characteristics of human being
much better. The color signals can be cataloged
into three kinds of attributes: hue (H), color
saturation (S) and brightness (I). The conver-
sion formula used for the RGB color space to the

HSI color space are showed as follows:
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Because of small changes of the static back-
ground scene, a larger threshold can be selected
artificially in component I and the value greater
than threshold can be determined as background
point. Then threshold segmentation of non-point
background colors can be conducted automatical-
ly. The threshold is set automatically. The iter-
ative steps described by Gonzalez and Woods
[2002] aret® ,

(1) Select an initial estimated value of T}

(2) Segment the image using T. This will
produce two groups of pixels: G, consisting of
the pixels with hue level values is greater than T
and G, consisting of the pixels with hue value is
less than T

(3) Calculate the average pixel color values u;

and u, within the scope of G, and G, ;

(4) Compute a new threshold value; T = %

(uy Fuy)

(5) Repeat step (2) to (4) until the T value of
successive iterations is less than the predefined
parameter T,.

The red and blue circle can be obtained more
accurately by this method. Each picture should
go through iteration, which will affect the image
processing speed. Since brightness changes little
in static scene in this study, T, should be set
close to the value, which can be obtained through a
relatively large number of experiments to reduce the
number of iteration.

3.2 Circle detection using improved Hough
transform

Since Hough transform was proposed in 1962,

many improved algorithm have emerged. Hough

transform can be applied to detect straight line,

circle and parameter curve. It has characteristics
of the overall situation, anti-jamming and other
advantages. Circle detection usually detected the
center, and other parameters, such as radius of
the circle. In this study, the center of goal needs
to be detected, for the radius of circle can be ob-
tained in advance.

The circle with the center of (a,b) and the ra-
dius of  can be described as (x—a)* + (y—6)*
=% in parameter space. At this time, parameter
space belongs to the three-dimensional space,
and has three components including a, b, and 7.
The radius is known in advance in this study, so
it becomes a two-dimensional issue. Because the
radius is fixed for a circle, the collection of the
points on the circumference has the characteris-
tics of the same radius and different a,b values in

parameter space, as Fig. 3 shown.

Fig. 3 Description of points on circles in parameter

space

The points on the circle of the image space are
mapped to the parameters space, and the inter-
section in the parameters space would be the
center apparently.

An accumulator unit is built in the plan of x,
v, and each point corresponds to a unit. The bi-
nary image containing the edge of the circle can
be gotten after pretreatment. Draw a circle
whose center is the point of the edge and radius
is . Thus, the value corresponding to the point
on the circle would plus one. After a calcula-
tion, the largest value of the accumulator unit is

the coordinate value of center.
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3.3 Scanning and recognition of small region
The initial centers of red and blue circle can be
obtained through hue threshold segmentation
and circle detection using improved Hough
transform. Because the velocity of robot fish is
about 3 mm/s, the instantaneous mobile scope is
so small that the scope of scanning and recogni-
tion is reduced. The current frame central loca-
tion would be gotten, only if the small area near
the center of the last image is scanned.

3.4 System workflow

Real-time picture can be obtained by CCD, and
target can be recognized through median filter,
boundary extraction and circle detection using
the improved Hough transform. Thus, the pos-
ture of robot fish can be determined and the
strategy made previously can be corrected. Sig-
nal from computer is sent to actuators, and then
the voltage and frequency of the ends of the
ICPF are changed in order to change the posture
of robot fish. The change of posture is captured
by camera. Thus, a closed-loop control system
is completed. Fig. 4 is the workflow of this sys-

tem.

Initialization

Camera caputure|_[Real-time
images isplay
1

Median filter&
boundary extraction

Partition of target
area
Improved Hough
transform
Actuator control
robot-fish attitude Attitude of Real-time
microrobot fish| display
T

Fig. 4 System workflow
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