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Researchers have estimated that 
approximately 90% of the power a fish 
expends in swimming is available 
expressly for that purpose. Efforts in 
research to attain that through the use 
of a fluttering tail model have not yet 
been successful, though not for lack of 
trying. The best estimate currently is 
less than the desired percentage with 
around 85% derived from the best 
models thus far. RoboTuna, out of the 
Massachusetts Institute of Technology, 
is one version of a submersible using 
fish-like tail motion. RoboTuna used a 
tail constructed with linked components 
that were activated to resemble the 
motions of an actual fish tail. Another 
research design that was tested 
involved a flexible tail using an actuator 
at the base.  
 
The Michigan State University project 
involves the use of a fluid-conveying 
tube surrounded by a latex sheet “tail”. 
The fluid expelled does not provide the 
propulsion, rather, it is the oscillatory 
movement of the fish tail that gives the 
forward movement of the fish. Other 
research has shown that the propulsion 
in a forward direction takes place via the 
fin oscillating, however, a method to 

control or initiate changes in direction is 
still needed. 
 
The Synergistically Propelled Ichthyoid 
(SPI) prototype developed at MSU is the 
model being tested and used for the 
current research. It is hoped that by 
introducing controlled asymmetrical 
oscillation in the tail, the capability to 
change direction in forward movement 
will take place. To achieve directional 
control, the tail flutter needs to occur left 
or right of center for a period of time, 
similar to the effects from paddling a 
boat on one side or the other. Once the 
desired direction is achieved, the tail 
must resume the normal oscillation – 
flutter – to resume forward movement. 
 
Programming a microcontroller to test 
the MSU SPI prototype for oscillatory tail 
movement has been part of the lab 
experiences in the 2013 RET program. 
My part in the research has been to 
learn some programming necessary 
through the use of the BASIC Stamp 
microcontroller with a programming 
language named PBASIC. 
 

The BASIC Stamp can be configured to perform a variety of 
electromechanical functions, depending upon the electronics and 
hardware attached to the microcontroller. Resistors, capacitors, 
potentiometers, servos, and LEDs make up the standard BASIC 
Stamp components. PBASIC is the programming language that 
allows the microcontroller to perform tasks. 

PBASIC is a microcontroller-based version of the BASIC 
programming language, created by the Parallax, Inc., company. It 
was created to make it easy to program microcontrollers and 
embedded processors. PBASIC is used for writing code for the 
BASIC Stamp microcontrollers. Once the code is written, it is 
compiled and loaded into an EEPROM on the microcontroller. The 
compiled code is fetched by the microcontroller and used to 
generate instructions for the processor. 

BASIC Stamp  Microcontroller 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Classroom Connection to the SPI 

Research and Project Overview 

Bio-Inspired Submersible: Synergistically Propelled Ichthyoid 
RET Teacher Participant: Thomas Judd 

Regina High School 
Warren, MI 

Students will receive instruction in one aspect of microcontroller 
programming using electrical resistors. As preparation for this, the 
lesson involves an introduction to the concept of resistors in circuits. 

Once preparatory instruction is completed, students participate in 
configuring some analogous “resistors” for use in controlling the flow 
of water from one level to the next. Various shapes and sizes are 
created, with students recording their observations and collecting 
data on the rate of water flow while using their “resistors”.  

Data analysis will be a part of the lesson as students enter results 
into a spreadsheet. The data will be graphed, reviewed, analyzed, 
and discussed so that conclusions can be made regarding various 
sized “resistors” and how they affect the rate of flow. 

The follow-on activity involves students receiving instruction on 
using the BASIC Stamp microcontroller, including how to program in 
PBASIC. After some practice in simple PBASIC, students will build a 
circuit using the BASIC Stamp microcontroller. Various electronic 
resistors will be configured to see the effects on the circuit. 

When the lesson and activities about electrical resistors concludes, students 
receive follow-up information about careers in engineering, including areas such 
as bio-inspired research and engineering, chemical engineering, computer science 
engineering, and mechanical engineering to name some. 
 
Real-world engineers will participate in panels or classroom presentations on 
career possibilities, educational preparation and requirements, and careers to 
which engineering may lead. 
 
Students will research a potential field of engineering that could be of interest to 
them. This would include students who may not necessarily have an interest in 
becoming an engineer. They would however, determine how an engineering field 
could relate to a career in which they have a primary interest. For example, a 
student with an interest in the study of law would provide information on a 
career in being a patent attorney. 
 
It is planned that a proposal to develop a new course will be generated and 
submitted for review by school administration. The course would be an overview 
of engineering, including topics that would be considered pre-engineering. 
Incorporated too would be more involvement with programming 
microcontrollers, thereby providing exposure not only to electronic concepts but 
also computer programming. 

A  fluttering fluid-
conveying tail is 
attached to a 
submersible prototype 
fish. Trials are 
accomplished using 
various oscillatory rates 
of tail flutter 

Prototype fish tail is 
constructed and fitted to jig 
for testing in tank 

Microcontroller component 
is soldered on to circuit 
board for attachment to 
microcontroller 

After tail is configured and 
attached to tank jig, testing 
begins on asymmetric 
fluttering of tail. 

MSU Synergistically Propelled 
Ichthyoid (SPI): 

Microcontroller, electro-mechanics, 
and non-rigid tail configuration 

 

MSU Synergistically Propelled 
Ichthyoid (SPI): 

Inline water pump for water intake and 
expulsion through a non-rigid tail 

MSU Synergistically Propelled Ichthyoid 
(SPI): 

BASIC Stamp™ Microcontroller controls 
oscillatory movement of non-rigid tail 

 

What’s Next? 
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