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Executive Summary 
 
 
Development Standards & Practices Used 

WiFi and Bluetooth wireless connection standards are used for robot 

communication. Sensor data is transmitted via the I2C interface. Software 

development is conducted under clean, consistent practices with thorough 

documentation. Version control is managed by use of Github. This project follows 

an Agile development structure with the basic plan, develop, test, deliver, and 

assess steps. Progress organization will be handled via Git issues. 

 

Summary of Requirements 

● The robot swarm should model the triangular pattern of bird flocks.  
● The swarm will be made up of two follower robots following a single leader. 
● Only the lead robot may receive movement directions from a base computer 

station. There may be no communication between swarm members. 
● Both followers must determine their movements from sensor data alone. 
● Both followers must maintain a certain separation distance between the other 

two members within an approximate 10% tolerance. 
● The swarm should be able to operate in a closed, controlled environment with 

enough empty, level floor space for all members to complete their movements 

unobstructed. 
● Swarm members must be able to operate with ambient indoor light and 

electromagnetic noise. 
● The total cost of the project should stay within the $500-$750 allotted budget. 
● Approximately 250 to 450 person hours will be required for project 

completion. 

 

Applicable Courses from Iowa State University Curriculum  
List all Iowa State University courses whose contents were applicable to your 

project. 

 

 



New Skills/Knowledge acquired that was not taught in courses 
List all new skills/knowledge that your team acquired which was not part of your 

Iowa State curriculum in order to complete this project.  

 



Table of Contents 
1 Introduction 5 

Acknowledgement 5 

Problem and Project Statement 5 

Operational Environment 5 

Requirements 6 

Intended Users and Uses 6 

Assumptions and Limitations 6 

Expected End Product and Deliverables 7 

Project Plan 7 

2.1 Task Decomposition 7 

2.2 Risks And Risk Management/Mitigation 9 

2.3 Project Proposed Milestones, Metrics, and Evaluation Criteria 9 

2.4 Project Timeline/Schedule 9 

2.5 Project Tracking Procedures 10 

2.6 Personnel Effort Requirements 11 

2.7 Other Resource Requirements 11 

2.8  Financial Requirements 11 

3  Design 11 

3.1 Previous Work And Literature 11 

Design Thinking 12 

Proposed Design 12 

3.4 Technology Considerations 12 

3.5 Design Analysis 12 

Development Process 12 

Design Plan 12 

4  Testing 13 

Unit Testing 13 

 



Interface Testing 13 

Acceptance Testing 13 

Results 13 

5  Implementation 14 

6  Closing Material 14 

6.1 Conclusion 14 

6.2 References 14 

6.3 Appendices 14 

 

 

 
 

 

 

 

 

 

List of figures/tables/symbols/definitions (​This should be the similar to the 
project plan) 

  

 



1 Introduction 

1.1 A​CKNOWLEDGEMENT 

We would like to thank our advisors Dr. Akhilesh Tyagi, Dr. Diane Rover, and Dr. Phillip Jones, as 
well as Lee Harker for their assistance and guidance throughout this project. Additionally, we 
would like to thank the Department of Electrical and Computer Engineering for providing funding 
for this project. 

1.2 P​ROBLEM​ ​AND​ P​ROJECT​ S​TATEMENT 

General Problem Statement 

Bird swarms are thought to move with a single leader that determines the direction of the flock. All 
other members simply maintain a certain local position relative to their neighbors. This presents 
several advantages including increased aerodynamic efficiency, increased scalability for large 
groups, and simplified navigation for the group. Other animal species such as fish and lobsters have 
been observed exhibiting similar behavior. This movement heuristic has several applications in the 
field of robotics including transportation, search-and-rescue operations, and space operations. The 
purpose of this project is to model the movement behavior of these swarms in two dimensions on 
the ground with a set of three robots. 

General Solution Approach 

This project will model a triangular bird swarm with a single leader robot and two followers. Only 
the lead robot will receive instructions for movement, both followers will have to compute their 
own movements without any communication between members of the swarm. The followers will 
determine their movements from sensor data alone, maintaining a certain distance between 
themselves and the other two swarm members. This project will produce a swarm system 
consisting of three physical robots that perform swarm maneuvers within a controlled operating 
arena. 

1.3 O​PERATIONAL​ E​NVIRONMENT 

The robot swarm will operate in an indoor space with enough empty floor space for the lead robot 
to execute its maneuvers and for the followers to properly follow the leader. There should be no 
physical obstructions within the operating area. The swarm should be able to operate with ambient 
indoor light and electromagnetic noise. The floor of the operating area should be flat and level with 
an even terrain. Excessive infrared interference such as motion detectors should be removed if 
possible. 

1.4 R​EQUIREMENTS 
● The robot swarm should model the triangular pattern of bird flocks.  
● The swarm will be made up of two follower robots following a single leader. 
● Only the lead robot may receive movement directions from a base computer station. There 

may be no communication between swarm members. 
● Both followers must determine their movements from sensor data alone. 
● Both followers must maintain a certain separation distance between the other two members 

within an approximate 10% tolerance. 

 



● The swarm should be able to operate in a closed, controlled environment with enough empty, 
level floor space for all members to complete their movements unobstructed. 

● Swarm members must be able to operate with ambient indoor light and electromagnetic noise. 
● The total cost of the project should stay within the $500 allotted budget. 
● Approximately 250 to 450 person hours will be required for project completion. 

1.5 I​NTENDED​ U​SERS​ ​AND​ U​SES 

The intended users of our final product are Iowa State University’s Cpr E 288 professors. The 
intended use for this product is to help model and understand swarm robotic behavior and may be 
used to consider a redesign of the Cpr E 288 course. 

1.6 A​SSUMPTIONS​ ​AND​ L​IMITATIONS 

Assumptions 

● The swarm will operate without any external EM interference. 
● The operating arena will be free of physical obstructions that may impede the swarm. 
● The swarm movement will be started with all robots already in formation and fully 

charged. 
● The swarm will consist of three robots. 
● All robots that need to be detected by other robots will have adequate reflective material to 

be properly sensed. 

Limitations 

● Like a bird swarm, the leader cannot stop instantaneously or turn in place. 
● No external IR light sources may be present in the operating arena. 

 

1.7 E​XPECTED​ E​ND​ P​RODUCT​ ​AND​ D​ELIVERABLES 

Follower Robot 

The design for the follower robot consists of an iCreate Roomba vacuum, fitted with a Tiva C-Series 
microcontroller, a servo motor, and a mini LiDAR sensor. This robot also has an embedded 
program that is designed to follow the bot that is in front of it. There are two versions of the 
program, one for a bot to the left of its lead, and one for a bot to the right of its lead. The follower 
robots hold a scalable embedded program, so any number of bots can be added to the swarm. 

Lead Robot 

The design for the lead robot consists of an iCreate Roomba vacuum, fitted with a Tiva C-Series 
microcontroller, and Wi-Fi card. This robot also has an embedded program that is designed to 
allow a user to drive this robot in any direction, using Wi-Fi communication. Because the follower 
bots are scalable, only one lead bot is necessary for a swarm. 

 

These products will be delivered by May 1st, 2021. 

 



2 Project Plan 

2.1 T​ASK​ D​ECOMPOSITION 

1. Planning 
a. Platform Evaluation - A motion platform must be chosen to serve as the motion base and 

main logical hub for each of the three robots. The iRobot Create platforms from CprE 288 
may be used for this purpose. 

b. Sensor Evaluation - A shortlist of sensor setups for the two follower robots must be 
compiled for later testing. This sensor setup will be the follower’s only communication 
with the outside world. 

2. Simulated Design Testing - The entire design will first be prototyped in a simulated 
environment with the WeBots software suite. 
a. Algorithm Design - A generalized algorithm heuristic must be devised for the two followers 

to execute to maintain their distance and the shape of the swarm. 
b. Simulated Platform Movement - The base platform of a swarm member will be modelled in 

the simulated environment and basic movement controls will be implemented through a 
WeBots node controller. A platform shortlist must be started before this task can be 
completed. 

c. Simulated LiDAR Testing - A LiDAR sensor node will be implemented and tested with a 
controller to enable distance data to be read from the simulation node. A sensor shortlist is 
required to complete this task. 

d. Integrated Object Tracking - The LiDAR sensor will be integrated with the platform node 
and a basic tracking algorithm will be implemented to make the simulated bot follow a 
moving object. Both the simulated platform and LiDAR sensor must be complete to start 
this task. 

3. Simulated Prototyping - Two robots from the simulated design will be integrated together with 
a simulated leader to model a virtual robot swarm. 
a. Movement Algorithm Testing - The previously designed algorithm will be implemented 

with a single robot following a moving target at a fixed distance as it changes direction. 
b. Combined Interaction Testing - Two LiDAR sensors will be modelled in play at once to test 

the effects of possible IR interference between the robots. This requires the capability to 
model the sensors alone. 

c. 3-Participant Movement Testing - The entire swarm will be modelled with two follower 
robots implementing the tested algorithm following a target leader. All previous tasks must 
be finished before this task can be completed. 

4. Physical Design Porting - The simulated design will be replicated on physical hardware. Taskset 
2 must be completed before this taskset can begin. 
a. Physical Platform Construction - The sensors of each follower will be mounted on their 

according movement platforms and any needed IR reflectors will be mounted. 
b. Basic Platform Movement Integration - The simulated node controller from task 2.b. will 

be replicated on the physical platform and tuned as needed. 
c. Sensor Software Integration - The follower robot sensors will be integrated with the 

platform such that each follower is able to read distance data from the mounted sensor. 
5. Physical Testing - The constructed swarm members will be integrated into a cohesive group, 

the swarm behavior will be replicated on hardware, and requirements qualification will be 
completed. 

 



a. Basic Movement Testing - Basic movement and sensor integration will be implemented on 
single robots. The lead robot will be made to follow movement instructions sent from a 
main controller. Task 4.b. must be completed before starting this task. 

b. Object Tracking Testing - A follower will be made to track a moving target via the mounted 
LiDAR sensor. All of taskset 4 must be completed before this point. 

c. Movement Algorithm Testing - The moving target from task 5.b. will be followed at a fixed 
distance as the target changes direction, following the designed movement algorithm. 

d. 3-Participant Formation Movement Testing - All three participants will be tested together 
to perform the swarm movement behavior with both follower robots following the leader. 
Tasks 5.a. and 5.b. must be completed before this point.  

e. Final Qualification - The full system will be formally qualified to ensure that all 
requirements are met. All previous tasks for the project must be finished to complete this 
task. 

 

2.2 R​ISKS​ A​ND​ R​ISK​ M​ANAGEMENT​/M​ITIGATION 

● LiDAR Mini Sensor 
○ The sensor requires a 5V power rail, Tx and Rx connections, and a ground 

connection. 
○ The CyBot may not be able to power the 5V power rail. 
○ Risk probability: .2 

● Algorithm Efficiency 
○ An algorithm is required to process sensor data, and decide how to move the bots. 
○ The algorithm may not be efficient enough to calculate a follower bot'’s next move, 

causing it to get further and further away from the leader. 
○ Risk probability: .4 

● Time Constraint 
○ With the accelerated Fall and Spring Semesters, the team will have less time to 

develop the project. 
○ The team may not be able address every issue that we encounter, and may have to 

prioritize some errors over others. 
○ Risk Probability:.3 

 

2.3 P​ROJECT​ P​ROPOSED​ M​ILESTONES​, M​ETRICS​, ​AND​ E​VALUATION​ C​RITERIA 

● The simulated prototype can follow a moving target with a following distance within 10% 
of the goal. 

● The simulated swarm can operate with members drifting less than 20% off of their 
designated separation distances. 

● The physical prototype will follow a moving target with less than 15% deviation from the 
prescribed following distance. 

● The physical swarm can reliably move in formation without falling more than 7 inches out 
of place. 

 



2.4 P​ROJECT​ T​IMELINE​/S​CHEDULE 

 

Major project planning was conducted from the beginning of the semester through the 29th of 
September. Primary simulation designs started September 21st, continuing through the 26th of 
October. During this time, we will be evaluating different platforms to build from, multiple sensor 
schemes, and our preliminary movement algorithm. After this stage, we will have determined what 
hardware will need to be ordered for the final project and the general design of the follower robots. 
Following primary design testing will be a simulated prototyping stage running from October 27th 
to the end of the semester on November 25th. This stage will finalize the simulated prototype 
design to the point where it can be replicated and implemented in the real world. The Spring 2021 
semester will see this simulated design realized in hardware with primary design porting, baseline 
coding, and sim replication running through February 15th. Physical testing of the design, 
hardware, and movement algorithm will begin after this to produce the final deliverable. This is 
expected to run through around the first week of April. After that, the remaining three weeks will 
be spent finalizing the deliverable hardware, documentation, and reporting. All deliverables will be 
completed and delivered together by May 1st. 

With this 6-phased incremental development roadmap, the project should safely be able to be 
completed in two semesters. By verifying the design in a simulated model before physical design, a 
large amount of potential issues can be headed-off early. Additionally, many tasks can be 
conducted simultaneously, allowing us to leverage our 6-person workforce. 

2.5 P​ROJECT​ T​RACKING​ P​ROCEDURES 

Version control throughout the project will be managed through use of a GitHub repository. 
Project progress will be directly tracked through use of Git issues. For effective direct 
communication, a Discord server will be used. 

 



2.6 P​ERSONNEL​ E​FFORT​ R​EQUIREMENTS 

Include a detailed estimate in the form of a table accompanied by a textual reference and 
explanation. This estimate shall be done on a task-by-task basis and should be the projected effort 
in total number of person-hours required to perform the task. 

Task Personal Effort Time (Person-Hours) 

Platform Evaluation 
6 Hours 

Sensor Evaluation 
15 Hours 

Algorithm Design 
60 Hours 

Simulated Platform Movement 
30 Hours 

Simulated LiDAR Testing 
75 Hours 

Integrated Object Tracking 
150 Hours 

Movement Algorithm Testing 
15 Hours 

Combined Interaction Testing 
12 Hours 

3-Participant Movement Testing 
12 Hours 

Physical Platform Construction 
3 Hour 

Basic Platform Movement Integration 
3 Hour 

Sensor Software Integration 
15 Hours 

Basic Movement Testing 
6 Hours 

Object Tracking Testing 
15 Hours 

Movement Algorithm Testing 
15 Hours 

3-Participant Formation Movement Testing 
30 Hours 

Total 
462 Hours 

 



 

The planning portions of this project are expected to take a total of 21 hours cumulatively. 
Beginning shortly before the conclusion of planning, initial simulated design work will start for a 
total of 165 person hours. Making up the bulk of the project, simulated prototyping will begin 
concurrently with simulated design as components are finished. This will take approximately 189 
person hours. After the end of winter break, physical porting of the simulated prototype will start, 
requiring about 21 projected hours. As component groups are finished, final physical design testing 
will be conducted, taking up a final 66 hours. The remaining semester time will be spent on final 
documentation. 

 

2.7 O​THER​ R​ESOURCE​ R​EQUIREMENTS 

Three iRobot Create motion platforms will be required for each of the three swarm participants. 
Additionally, a suitable testing arena must be selected for use once physical testing begins. For 
simulated modelling, the WeBots software suite will be utilized. 

 

2.8  F​INANCIAL​ R​EQUIREMENTS 

A $500-$750 budget has been allocated to purchase the additional hardware required for this 
project such as sensors, additional controllers, or third-party motion platforms. 

 

 

3  Design 

3.1 P​REVIOUS​ W​ORK​ A​ND​ L​ITERATURE 

Include relevant background/literature review for the project  

–  If similar products exist in the market, describe what has already been done  

–  If you are following previous work, cite that and discuss the ​advantages/shortcomings  

–  Note that while you are not expected to “compete” with other existing products / research 
groups, you should be able to differentiate your project from what is available  

Detail any similar products or research done on this topic previously. Please cite your sources and 
include them in your references. All figures must be captioned and referenced in your text.  

 

3.2 D​ESIGN​ T​HINKING 

Detail any design thinking driven design “define” aspects that shape your design. Enumerate some 
of  the other design choices that came up in your design thinking “ideate” phase. 

 



3.3 P​ROPOSED​ D​ESIGN 

Include any/all possible methods of approach to solving the problem:  

– Discuss what you have done so far – what have you tried/implemented/tested?  
– Some discussion of how this design satisfies the​ functional and non-functional 

requirements​ of the project. 
- If any ​standards​ are relevant to your project (e.g. IEEE standards, NIST standards) discuss 

the applicability of those standards here  
- This design description should be in ​sufficient detail​ that another team of engineers can 

look through it and implement it. 

 

3.4 T​ECHNOLOGY​ C​ONSIDERATIONS 

Highlight the strengths, weakness, and trade-offs made in technology available. 

Discuss possible solutions and design alternatives 

3.5 D​ESIGN​ A​NALYSIS  

–  Did your proposed design from 3.3 work? Why or why not?  

–  What are your observations, thoughts, and ideas to modify or iterate over the design?  

   

 

 

3.6 D​EVELOPMENT​ P​ROCESS 

Discuss what development process you are following with a rationale for it – Waterfall, TDD, Agile. 
Note that this is not necessarily only for software projects. Development processes are applicable 
for all design projects. 

 

3.7 D​ESIGN​ P​LAN 

Describe a design plan with respect to use-cases within the context of requirements, modules in 
your design (dependency/concurrency of modules through a module diagram, interfaces, 
architectural overview), module constraints tied to requirements. 

 

 

 

 
 

 



 

4  Testing  
Testing is an ​extremely ​important component of most projects, whether it involves a circuit, a 
process, or software.  

 

1. Define the needed types of tests (unit testing for modules, integrity testing for interfaces, 
user-study, or acceptance testing for functional and non-functional requirements). 
2. Define/identify the individual items/units and interfaces to be tested. 
3. Define, design, and develop the actual test cases. 
4. Determine the anticipated test results for each test case  

5. Perform the actual tests. 
6. Evaluate the actual test results. 
7. Make the necessary changes to the product being tested  

8. Perform any necessary retesting 
9. Document the entire testing process and its results  

Include Functional and Non-Functional Testing, Modeling and Simulations, challenges you have 
determined.  

4.1 U​NIT​ T​ESTING 

– Discuss any hardware/software units being tested in isolation  

 

4.2 I​NTERFACE​ T​ESTING 

–  Discuss how the composition of two or more units (interfaces) are to be tested. Enumerate all the 
relevant interfaces in your design.  

 

4.3 A​CCEPTANCE​ T​ESTING 
How will you demonstrate that the design requirements, both functional and non-functional are 
being met? How would you involve your client in the acceptance testing? 

4.4 R​ESULTS 

– List and explain all results obtained so far during the testing phase  

●  Include failures and successes  

● Explain what you learned and how you are planning to change the design iteratively as you 
progress with your project  

● If you are including figures, please include captions and cite it in the text  

 

 



5  Implementation 
Describe any (preliminary) implementation plan for the next semester for your proposed design in 
3.3. 

 

 

 

6  Closing Material 

6.1 C​ONCLUSION 

Summarize the work you have done so far.  Briefly re-iterate your goals. Then, re-iterate the best 
plan of action (or solution) to achieving your goals and indicate why this surpasses all other 
possible solutions tested. 

 

6.2 R​EFERENCES 

List technical references and related work / market survey references. Do professional citation style 
(ex. IEEE). 

 

6.3 A​PPENDICES 

 

Any additional information that would be helpful to the evaluation of your design document. 

If you have any large graphs, tables, or similar data that does not directly pertain to the problem 
but helps support it, include it here. This would also be a good area to include hardware/software 
manuals used. May include CAD files, circuit schematics, layout etc,. PCB testing issues etc., 
Software bugs etc. 

 


