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Abstract-- This paper presents a short review on the research of 
robotic fish. A simulation environment for robotic fish is built 
and the experiment shows that it is a convenient way to make 
research on the robotic fish’s motion control algorithm. 
Furthermore, a parameter optimizing method for fish’s traveling 
wave approximating is proposed. A special error function is 
selected depending on the hydrodynamics theory of fish.  
 

I. INTRODUCTION 

I n nature, fish has astonishing swimming ability after 
thousands years evolution. It is well known that the tuna 
swims with high speed and high efficiency, the pike 

accelerates in a flash and the eel could swims skillfully into 
narrow holes. Such astonishing swimming ability inspires the 
researchers to improve the performance of aquatic man-made 
systems. An example application is robotic fish. 

Instead of the conventional rotary propeller used in ship or 
underwater vehicles, the undulation movement like fish 
provides the main energy of the robotic fish. The observation 
on the real fish shows that this kind of propulsion is more 
noiseless, effective, and maneuverable than the propeller-
based propulsion. So, the robotic fish could be used in many 
marine and military fields such as exploring the fish behaviors, 
detecting the leakage of oil pipeline, robotics education, mine 
countermeasures, etc. 

In 1994, the first robot fish named robotuna was developed 
by MIT[2]. In 1998, the Draper Lab realized Vorticity Control 
Unmanned Undersea Vehicle (VCUUV)[3] on the base of 
robotuna. VCUUV could avoid obstacle and realize the up-
down motion. It is the most widely known robotic fish 
developed up to now. After that, many researchers put 
forward several kinds of robot fish. The Northwestern 
University applied Shape Memory Alloy(SMA) on the robotic 
lamprey[6] which make aim to realize mine countermeasures. 
In Japan, Nagoya University developed a kind of micro 
robotic fish using ICPF Actuator[7] and Tokai University 
realized a robotic Blackbass[5]  to research the propulsion of 
pectoral fins. National Maritime Research Institute of Japan 
developed many kinds of robotic fish prototypes from PF300 
to PPF-09[8] to exploit the up-down method and effective 
swimming. In China, the Beihang University (BUAA) 
developed three kinds of robotic fish[9] and the Institute of 
Automation Chinese Academy of Sciences (CASIA)[10] also 
made some progress on four-joint robotic fish. Table 1 lists 
the most of researches on robotic fish in the world. 

   Table 1: The robotic fish research in the world 

Nation Researcher Project 

MIT Robotuna(1994) [2], VCUUV(1998) 
[3]  

Northeastern 
University  robotic lamperry [6] 

California 
Technology 
Institute  

Sensors and Control of Robot fish[4] 
U.S. 

University of 
New Mexico 

The application of IEM and artificial 
muscle on the robotic fish[13]  

U.K Heriot-Watt 
University FLAPS project[1]  

National 
Maritime 
Research 
Institute 

PF-300, PF-600, PPF-09, PF-700, 
UPF-2001[8] 

Tokai 
University  Robot Blackbass[5]  

Japan 

Nagoya 
University Microroobt using ICPF Actuator[7]  

BUAA mini-robofish and SPC[9]  
China 

CASIA Robofish[10] 

Other Professor Dan 
Mssie Robotic fish named Dongle[14] 

 
Most of previous research focused on the hydrodynamics 

mechanism of fishlike swimming, the special skin material 
and mechanical structure of robotic fish models. Although, for 
future application, autonomous motion control is definitely 
necessary for robotic fish, there is almost no person to do 
research on it.  

The aim of the project described in this paper is to design 
and build an autonomous navigation robotic fish. The robotic 
fish would have two main features: to swim like real fish and 
to realize autonomous motion control. Two of optimal 
elements are intelligent motion control algorithm and fish-like 
motion parameters. Here, a simulation environment is built up 
in Part II to explore an efficient autonomous navigation 
algorithm based on the four-joint robotic fish of CASIA 
(Figure 1). Furthermore, a parameter optimization method for 
fish’s traveling wave approximating is proposed in Part III. A 
special error function is selected depending on the 

mailto:jliua@essex.ac.uk


hydrodynamics theory of fish. Two experiments are given in 
Part IV. Finally, section V summarizes the research progress 
and potential future development. 
 

II. SIMULATION ENVIRONMENT 
To study the kinematic and hydrodynamic theory, a virtual 
swimming pool and robotic fish have been built based on a 
robotic fish in our lab. The main targets of the simulation 
work are: 
• To simulate the hydrodynamic model of a robotic fish, to 

understand the relationship between the fish tail 
movement and the forces acting on fish. 

• To develop fish-like motion control algorithms for the 
robotic fish, to realize or mimic the real fish behaviors 
such as decelerating/accelerating swim, constant swim, 
turning and hover. 

• In large noise situation (the wave effect), to test the 
algorithms of artificial intelligence in robotic fish such as 
to avoid obstacle, to pursue a moving target, to swim in an 
appointed trace, etc. 

 
Figure 1 The Robotic Fish 

 
Figure 2. The simulation Environment 

 
A. Components of Simulation Environment 

Figure 3 shows the main frame of the simulator that consists 
of: Object Layer, Data Layer and User Interface Layer.  

The Object layer consists of all virtual objects in the 
simulator such as robotic fish, sonar, fish joints, ambient, 
obstacles, task and noise. The virtual robotic fish includes 
sonars and joints. The ambient describes the virtual swimming 
pool in which the robotic fish swims. It includes several 
obstacles which are simplified as round shape. The task 
records the appointed trace which the robotic fish is expected 
to follow. The noise simulates the disturbance of water when 
the robotic fish swims. 

The Data Layer is a data exchange center.  All virtual 
environment data is stored and exchanged by it. It is also a 
connector between User Interface Layer and Object layer. 

The User Interface Layer is an interactive layer between 
users and the simulation environment. Its responsibility is to 
transfer the command and initial object data from users to 
Data Layer. It also could display the real-time update of 
objects on the screen. Figure 2 shows an example of user 
interface. 

The whole simulation environment is built by “Object 
Oriented” programming method. C++ is selected as the 
program language.  

 
The virtual robotic fish has three main components: head, 

4 joints and 2 sensors. Each fish joint is viewed as a 
quadrilateral which is defined by four vertexes. It could rotate 
at the base point by a relative angle related to the anterior joint. 
Where, the base point is the center of the conjunct line of two 
adjacent joints. In the real world, the base-point is the position 
to fix the joint motor. Figure 4 shows a fish joint 
transformation when a robotic fish swims. The joint will first 
rotate θ  following the fish head and then rotate ϕ  at its axle. 
Figure 5 gives a posture of robotic fish by appointing the 
heading, the relative angle between Joint_I.vs.Head, 
Joint_II.vs.Joint_I, Joint_III.vs.Joint_II, Joint_IV.vs.Joint_III. 
An angle set Φ  denotes the above four relative angles.  When 
the Φ  changes as some wave function, the virtual robotic fish 
will swim like real fish. See the Part III for details. 

  
Figure 4 Joint Transformation Figure 5. A virtual robotic fish 
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III. PARAMETER OPTIMIZATION 
The motion of traveling wave 

 on the “eyes” position of th
ual fish. The virtual sonar sensor (Figure 6-B) is built up 

on the base of real sonar sensors (Figure 6-A[15]). The 
transducer and the receiver are viewed as a same point. A 
bunch of rays is created at the front of the T/R point to 
simulate the ultrasonic wave. When the robotic fish try to 
detect obstacle by sonar, just to compute the crossing point of 
each ray with the obstacle in ambient.  

 
There are three types of task: free swimming, static
 dynamic trace. In this paper, the experiment is limited in 

the free swimming task. The robotic fish wanders in a 
swimming pool without a goal. In every data update cycle of 
robotic fish, a random command is sent out. The aim of such 
task is to test the ability of avoiding obstacle and detecting 
pool border. 
  
B.

In simulation, an “Update Cycle” is pre
update of the status of robotic fish and fish joints in real time, 
where, the status means kinemics information such as position 
and velocity. Figure 7 shows the main components in one of 
update cycles. There are six processing models and one fish 
behaviors library.  The detailed process can be described as 
follows: 

First, 
udes position, fish heading, linear velocity, angular 

velocity, linear acceleration, angular acceleration and the time 
of last updating. The “Task Compare” model is called to 
compare the current fish position with the expected trace, i.e. 
task, and outputs the ∆ Task for “Make Decision” model. 

Then the “Detect Obstacle” model and “Pre-processi
del are called to get the obstacle direction and distance.  
Third, in “Make Decision Model” the robotic fish makes 
ision depending on the obstacle information and the result 

from task compare model. The decision is limited in the scope 
of “Fish Behaviors Library” which stores all possible fish-like 
behaviors. 

Fourth, 
ected linear acceleration and angular acceleration for the 

next time.  
Finally, 
del)”, the robotic fish computes the hydrodynamic 

parameter to get the “real” linear acceleration and angular 
acceleration from the expected. Then the status of robotic fish 
and joint for next time are got from kinematic model. The 

reason of why the expected 11 ˆ,ˆ ++ i
r

i
t AA  may be different from 

the real 11, ++ i
r

i
t AA  is caused by the mechanical limitation of 

real robo  and its special hydrodynamic feature. 
Lighthill’s “Large-amplitude elongated-body theory”[12] is 
selected as the basic theory of hydrodynamic model. The 
detail of (K&D model) is shown in Figure 8.  
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Figure 7.Update Cycle for fish and joints 
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fish head and tail. The parameter of traveling wave changes 
depending on the kind of fish and the fish kinetics status in 
water. So, the swimming of fish could be viewed as making 
the fish body approximate the traveling wave. For real fish, it 
has tens of vertebras that could be viewed as tens of mini 
joints to approximate the wave. So the approximate result is 
very smooth. But for our robotic fish, it only has four joints, 
which is impossible to generate smooth wave. How to use 
limited joints to approximate the traveling wave in minimal 
error is the topic discussed in this paragraph. 

)sin()(),( 2
21 tkxxcxctxybody ω++=          (1) 

where  transverse displacement of tail ubodyy

displac long main axis; ement a
λ
π2

=k  wave number; λ  wave 

length; c  linear wave amplitude envelope; c  quadrat  wave 
amplitude envelope; f

1 2 ic
πω 2=  wave frequency. t  time. 

In [16], a discrete ing wave is considered an

 nit; x  

 travel d time t  
is separated from (1) in order to simplify the control method 
on joint motors of robotic fish. The rewritten equation is (2) in 
which the original traveling wave is decomposed into two 
parts: the time-independent wave sequence 

)1,...,1,0)(,( −= Miixybody  in an oscillation cycle and the time-
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i  
resolution of discrete traveling wave. Figure 9 is an example 
for one oscillation cycle at 18=M . Figure 10 shows an 
approximating result by four j The “I…IV” is the joint 
number. It is clear that the end point of each joint is the key 
element for traveling wave approximating. In[16], the method 
to find end point assumed each point falls onto the traveling 
curve. But we found the error of it is large. Here, a special 
error function is proposed considering the hydrodynamic 
theory of fish and a simple computation method is applied to 
get end points. 

 
re discussion, it is necessary to define s e special 

s. See Figure 11. When a length-fix line L  which starts 
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Figure 10 a Traveling wave approximating example 
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There are two main methods to expl

or fish: an added-mass 
rticity) method[1]. Carangiform mode that our robotic fish 

belongs to is associated with the added-mass method. As the 
propulsive wave passes backward along the fish, the 
momentum of the water passing backward is changed by the 
movement of the fish tail, which causes a reaction force RF  
from water to fish. RF  is analyzed into a lateral LF  and a 
thrust TF  component which contributes to forward propulsi  
for fish. The mass of the water passing backward is called 
added- ss. Its magnitude is partly depending on the wave of 
the fish tail. 

When using a length-fix joint to approximate a wave of 
fish tail, the ideal situation is to make the added-mass pushed 
aw

on

ay by joint equal to one by wave. i.e. 
0Re_Re_ =+ gNegativegPositiv . So the following error function 

is selected for traveling wave approximation instead of 
tion. 
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When applying four joints to approximate the traveling 
curve, the task is to find a series of “End_Point” to mini
the  

mize 
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For a given the equations sets 7 could be sol
by iterative method. i.e. a Cross_Point position for 
an End_Point position

0cc RR = , 
0cR
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result for joint  & serial number . j i

By using same method, a 2D array  will be 
achieved and a corresponding  which stores 
the joint relative angle (see Figure 10 for an example) 
could be obtained easily.  The  will be used 
for joint motor control in a robotic fish directly. 
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IV. EXPERIMENT 
A.  Simulation Experiment 

Figure 12 is a video sequence for the simulation experiment 
being built. The robotic fish is trying to finish a “Free 
Swimming” task to test a simple motion control algorithm. 
When the virtual fish swims, its joint data is recorded for 
future analysis.  
B. Parameter Optimization Result 

Figure 13 is an example that applies four joints to approximate 
some traveling wave when  and 18=M 10

1=RStep . The signal 

“ ∆ ”s show the End_Point of each joint. The 8-shape curves 
are the trace of End_Point in one cycle. 
Figure 14 is two curves of error sum .vs. serial num. i.e.: 

17....2,0,)(
4

1
min, ==∑

=

ieiSum
j

jierror                        (8) 

)0()18( errorerror SumSum = , the error curve A is the result of the 
method in[16] and the error curve B is the result of the new 
method in this paper.
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Figure 12. An Experiment of Free Swimming 



Figure 13 an example of traveling wave 
approximation 

 

 
Figure 14 Error Sum Curve 

 

V. CONCLUSION AND FUTURE WORK 
The experimental results have shown that that the simulation 
environment is a convenient method to do research on robotic 
fish motion control. The new method to compute End_Point is 
with less error than the old method. 

In future, we would optimize the parameters:  for 
the robotic fish to achieve high efficiency of thrust. 
Furthermore, the motion control method for other kinds of 
task will also be investigated.    
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