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1. Introduction  
 
1.1 Objective:  
 
Problem statement:​  ​We are working on a project that was pitched by Jonathan Hoff. Jonathan 
and his research group developed a bio-inspired robotic flapping-wing bat robot that mimics the 
agility and efficiency of bats using silicone membrane wings. The bat bot launcher used 
presently does not have a mechanism to ​control the trajectory of the bat at the time of its 
launch, and the bat bot needs a launching mechanism that is designed such that the user can 
control the trajectory of the bat at the time of its launch.  

Proposed solution: 
We are developing the ​automated launcher release mechanism for the robot bat that will allow 
the user to control the timing delay associated with the launch as well as the choose the 
trajectory that he/she requires the bat bot to take, and the launcher will launch the bat bot such 
that it takes the chosen trajectory. 

1.2 Background: 

1) Bat bot: This has already been designed by our TA Jonathon Hoff and his research group. 
The motivation for the bat bot itself is that it is a superior alternative to quadcopters that have 
shorter sustainable aerial flight times, are noisier and use really high speed rotors, and 
additionally the bat bot mimics the flight motion and technique of bats which are arguably one of 
the most agile aerial species.  

2) Automated Launcher: We are designing an automated launcher component for the bat bot 
and it is important because​ depending on the wing’s orientation at the time of launch, it may 
take one of many different possible trajectories.  By controlling and coordinating the launch of 
the bat at a specific wing orientation, any desired trajectory can be realized at launch time. 
Additionally, another functionality that is desired is a controllable time delay that the user can 
choose to dictate when the launch takes place.  
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1.3 High-level requirements:  

1) For a given frequency/flapping rate (8.5 Hz) the system must be able to accurately detect the 
position of the wings of the robot and trigger a response that launches the robot when signaled 
to by a controller, and the accuracy of the detection should be such that in a series of 10 
launches there should be no more than an error margin of 15% of the flapping rate in the 
difference of the launch time between any two of the launches. 

2) System must also accurately trigger the launch of the robot after a user-specified period of 
time utilizing the switches on the controller. 

3) The system must be seamlessly integrated with the launcher in order to avoid collisions and 
interference with the launch path of the robot. 

 
2. Design 
 
 

 
 

Figure 1. Block Diagram 
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Figure 2. Physical Design 

 
 
 
2.1 Power Unit:  
 
The function of the power unit is to provide stable DC power to all of the electrical components 
in our system at their specified operating voltage. The voltage regulators will be responsible for 
bucking the voltage and maintaining it at stable output voltages of 5V and 6V. Each sensor will 
draw about 20mA, the micro-servo motor will draw about 150mA, the microcontroller also 
requires a drive current of 300 mA. and the lithium battery that should be able to provide up to a 
continuous current of 1000mA. 
  
2.1.1 Power Supply:  
 
The power supply that we are planning to use to power our system is supplied by 9 volt lithium 
batteries. This will then be regulated by two voltage regulators to provide the appropriate 
voltages of 6V and 5V to the micro-servo motor and the sensor components respectively. 

 
2.1.2 Voltage Regulator:  
 
The voltage regulators in our system would step-down input 9V voltage (supplied by batteries): 
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1) to a steady 5V which is what is needed to power our microcontroller , and  
2) to supply servo motor with 6V.  
We have two voltage regulators: one for the microcontroller and the other for the servo motor 
since these two components have different voltage requirements as mentioned above. We plan 
on using off-the-shelf buck voltage regulators in our system.  

 
2.2 Computing Unit: 
 
The high level function of the computing unit is to gather sensor output as well as user provided 
launch-specific inputs (delay and position) to trigger the release of the bat robot by activating the 
servo motor of the launching unit. The computing unit will be programmed with an algorithm that 
models wing position (state of the bat robot) by processing the sensor output. The computing 
unit communicates with the sensor unit, user interface unit as well as the launching unit using 
I2C lines.  
 
2.2.1 Microcontroller: 
 
We plan on using an ATmega328P microcontroller chip for our project. The purpose of the 
microcontroller will be to interface with the sensor unit as well as the user interface unit to 
eventually trigger the launching unit by activating the motor. The communication between the 
microcontroller and the sensor unit, trigger controls unit as well as the motor will be through 
General Purpose IO (GPIOs) pins on the microcontroller.  

 
2.3 Sensor Unit: 
 
The high-level function of the sensor unit will be to accurately model the periodic wing motion of 
the wings of the bat robot. We plan on using an array of vertically placed IR sensors in order to 
model the position of the bat wings. The IR sensors will relay the analog output of the intensity 
of the reflected signal to the microcontroller for processing. 
The data collected from the 5 IR sensors (each placed such that it corresponds to a particular 
wing position) will be used to extrapolate the launch time for the other 5 positions. We will verify 
and validate mathematically the relationship between our projected theoretical values for time 
taken to move from position to position and the observed values. 
We will use an ultrasonic sensor to validate the data generated by the IR sensors.  
Each of these sensors draw about 20mA. 

 
2.4 User Interface Unit: 
 
The user interface unit allows the user to specify the timing delay associated with the launch 
and the wing orientation from a list of seven preset values each. The user interface unit would 
consist of two control knobs each capable of enumerating seven different analog values 
corresponding to the seven different possibilities for each parameter.  
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2.5 Launching Unit: 
 
The launching unit of our system interacts with the launching handle of the bat launcher 
(developed by Jonathan Hoff) to release the bat robot when triggered by the computing unit. 
The torque specifications are mentioned in the sub-system requirements. 
 
2.5.1 Motor: 
 
The function of the servo motor in our system would be to produce suitable torque to release the 
launching handle of the bat launcher when triggered to do so.  It is suitably placed so as to not 
be an impediment to the launching path of the motor. 
 

Table 1. Subsystem Requirements 

Subsystem Requirements 

Power Unit 1) Must be able to provide regulated, constant DC voltage 
based on the requirements of the computing unit (5V), and 
the servo motor (6V) with a tolerance of +- 5% in supply 
voltage. 
2) The supply current should not be more than 1000mA 
(peak current) at any time (maximum discharge). This 
should be more than sufficient to power our sensors and 
micro-servo motor. 

Computing Unit 1) The computing unit must be programmed with an 
algorithm that can accurately model the state of the bat bot 
(wing position) from the output of the sensor unit. i.e, our 
computing unit must be able to come up with a reasonably 
high confidence posterior probability model for the state of 
bat wings P( ) where  is the state of the bat bot wing| zxt t xt  
at a given time  and  is the corresponding output of thet z t  
sensor unit. 
2) The total time of the microcontroller computation should 
be no more than 1/1000 of the time period of the completion 
of one flap. 

Sensor Unit 1) Possess the ability to produce a periodic analog output 
corresponding to the wing motion at a detectable range of 
3m with a drive current of 20 mA. 
2) It should be possible to come up with a one-to-one 
correspondence between a point in the sensor output to a 
particular wing motion. 
3) The sampling frequency of the sensors (kHz) must be of 
an order of 3 higher than the frequency of the wing motion. 
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(Hz) to allow for accurate calibration and error minimization. 
4) The sensing unit should be placed in a position that does 
not hinder the bat robot launch path. 
5) An ultrasonic sensor with a data acquisition rate that is of 
the order of several kHz so that it can corroborate the data 
generated by the IR sensors. 

User Interface Unit 1) The user interface unit must allow the user to calibrate 
launch specifications like wing position and launch delay 
time as desired from a choice of 7 preset delay and wing 
position parameters.  
2) The preset wing position parameters must cover different 
possibilities of launch trajectories (upwards, downwards, 
straight, etc..). 

Launching Unit 1) Must be capable of producing sufficient torque to launch 
the bat from the rest position by triggering the release of 
tension in the strings.  
2)The servo motor must provide torque of the order of 0.01 
N*m to flick the switch in order to release the bat bot.  
3)The servo motor itself must not in any way obstruct the 
path of the bat bot during its launch. 

 
 
 
2.6 Risk Analysis: 
 
In the case of our launcher, the greatest risk to the success of our project is the failure of our 
sensor unit to produce data that can be used in a meaningful way (i.e  noise). We have made 
sure that the sensor’s sampling frequency is orders of magnitude higher than the frequency of 
motion of the wing, but despite that parameters such as the ​detection angle of each IR sensor is 
a limitation that we have to work around. We have used multiple IR sensors at equally spaced 
points such that they cover points spanning from each extremity in the wing’s motion ( Highest 
point to lowest point). Using mathematical modelling [to be greatly elaborated on in the design 
document], we will make theoretical predictions of the time taken for the wing to move from 
position to position and calculate an error margin based on when each sensor outputs a high 
signal. After incorporating the error margin and linearly scaling it between positions, we will be 
able to make more accurate predictions of the time taken to move from a given position to 
another. This technique will incorporate the effects of air drag as well. An assumption made 
here is that between 2 launch positions, the error margin (deviation from theoretical predictions) 
is varying linearly. If while calibrating our sensors, we find that the non-linearity in error 
introduced due to air-drag is creating an error in our predictions, we may have to refine our 
mathematical model. 
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Another factor that could affect the performance of our IR sensors is that during outdoor testing 
light, dust, moisture and so on might interfere with the performance of IR sensors. As a 
work-around, we are planning to focus our IR sensor beams using a tunnel-like contraption 
around the sensors. 
 
3. Ethics and Safety :  
 
There are a few things that we need to take care of during our project. The main safety concern 
with launching the bat bot is the safety of the environment, the people surrounding the outdoor 
testing areas/facilities, and ourselves. We must take the necessary precautions to preserve the 
safety of the surroundings and public in accordance with the first and ninth IEEE code of 
conduct and ethics [1]. We have to ensure that our testing area is isolated from the public.  
 
The Infrared Sensors that we will be using in our project produce low-levels of infrared radiation 
that has negative impacts on the human eye in the case of extensive exposure. Manufacturers 
of IR sensors are required to adhere to the IEC-62471 Standards which relate to Eye Safety ​[3]​. 
When we purchase IR sensors for our project we will make sure that they are produced by 
credible manufacturers. While testing our project, we will also make sure that these IR sensors 
are not directly firing on human eyes.  
 
Since we will be using lithium batteries in order to power our project, a hazard that is often 
associated with them is called “thermal runaway” which results in overheating and battery failure 
[4]​. Thermal runaway often causes the battery to ignite. In the case of such an emergency we 
will deal with the fire using appropriate training that was introduced in the mandatory safety 
training online module.  
 
While working on our project we will also make sure to not expose the system to water and 
extensive dust which can cause damage to our circuit or other associated electrical components 
which can often result in safety hazards.  
 
Since we will be presenting results, data, progress and other important findings and 
observations from our project throughout the course of the semester, we will do so in an honest 
and reliable manner by keeping in mind point 3 of the IEEE code of ethics [1] and points 1.3 and 
2.2 of the ACM code of ethics ​[2]​.  
 
We vow to value inclusivity in our work, celebrate diversity and reject discrimination in all forms 
by upholding point 8 of the IEEE code of ethics [1] and point 1.4 of the ACM code of ethics ​[2]​.  
 
Over the course of the semester we will also be going through some of the previous work that 
was done by others and we will be using findings from previous work to guide certain aspects of 
our project. We vow to cite and credit other people’s work in accordance with point 7 of the 
IEEE code of ethics [1] and point 1.5 of the ACM code of ethics ​[2]​.  
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Furthermore, as mentioned in the online Safety Training modules, whenever we work in the 
ECE 445 laboratory, each of us will ensure that we are not working alone in the laboratory and 
that there is at least someone else present. 
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