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Abstract—For this year’s BotBall competition we strategized 

the optimal method to engineer, design, and program our dual 

robot-system with a focus on accuracy and reliability. In order to 

maximize scoring efficiency during the limited time of each match 

(only 120 seconds), our dual-robot system used specialized multi-

threading that utilized two processors. We created an "Alpha" 

Library (an object-oriented C++ template library) to provide a new 

level of reliability for controlling robotic motion not possible with 

previous methods. Deviating from procedural programming and 

switching to sensor-fused software increased the speed of our 

autonomous operations and improved consistency of scoring on a 

complex robotics system. 
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I. INTRODUCTION 

Teams competing in the BotBall robotics competition face 
an unforgiving engineering and programming challenge that 
requires them to design, build, and program autonomous 
systems that can complete a complex sequence of tasks in 120 
seconds or less. These tight constraints leave little margin for 
error. Any minuscule degree of navigational error or missed 
sensor reading can lead to catastrophic mechanical collisions 
or a missed scoring opportunity. In this paper, we present our 
comprehensive approach in developing a solution for this 
season’s Botball game. 

In the past, the use of open-loop control systems 
(navigation through set amounts of time) presented a 
significant challenge for our robotics team. For example, 
programs for our robots were often built using time-based 
actions that determined how long a battery would supply 
power to a motor (i.e., “msleep” to run for a predetermined 
amount of time). Time-based distances resulted in our robots 
maintaining excessive levels of variability, especially when 
high accuracy was necessary to perform complex operations. 
To put it simply, as the robot's battery continues to drain, the 
distance that it can travel within the same time-based pulse 
will continue to vary greatly from the previous test run. This 
is due to the battery capacity decreasing, impacting the voltage 
it can supply to a given motor. Additionally, variation can also 
occur from dissimilarity in board aspects such as table surface 
friction, dust buildup, and mechanical wear on components. 
This also causes time-based systems to become inaccurate. 
Our team concluded that we must change to a closed-loop 
system (i.e., one that continuously monitors the robot's 
position and makes real-time adjustments based upon 
measurements from sensors, as opposed to arbitrary timers) 
[1] in order to generate the required consistency needed to be 
successful against high-level competition.  

We have enjoyed developing interesting hardware-to-
software synergy to eliminate environmental variability 
through more sophisticated, systems-level programming. 

II.  LITERATURE REVIEW 

Historically, C, C++, and Python have been utilized in 
BotBall. Each of these languages contains both advantages 
and disadvantages. Our goal was to discern which of these 
three languages would be most useful for programming our 
robots and most probable to continue using in the future. We 
created a scoring system from 1-10 to evaluate each language 
on its readability, simplicity, and adaptability for different 
situations. A 5/10 would represent the average for a language, 
or the bare minimum; a 5/10 in adaptability would represent 
the language’s average compatibility across platforms, such as 
a language only working on a certain operating system. 

A. The C Language 

The most basic language tested and mastered by our team 
members was C. C is a simple yet elegant language, perfect 
for teaching beginners to our club. This language earned a 
score of 8/10 in readability, because of its beginner-friendly 
and objectively understandable syntax. It earned a score of 
9/10 in adaptability because of its cross-platform uses and its 
general ability to handle different types of problems. It also 
earned a 9/10 score in simplicity because of its readability and 
clarity in demonstrating different programming principles [2]. 
We decided to utilize this language to teach basic 
programming techniques and skills to newcomers in our club. 

B. The C++ Language 

The C++ language is a powerful yet complex language. Its 
adaptability lets it work on almost any system and handle 
almost any problem thrown at it [3]. However, its power is 
balanced with a disadvantage; its debugging process can be 
ambiguous and frustrating. This gives C++ a 10/10 in 
adaptability for its many uses, but a 4/10 in simplicity because 
of its ambiguity [4]. Its readability suffers from this as well, 
and while it is manageable, it still gets a score of 6/10. This 
language was the language used to make the Alpha library, as 
it is a template library not meant for editing. 

C. The Python Language 

    Python is well known as one of the most powerful, 
readable languages in the world. Its versatility is a match for 
C++, and its readability surpasses that of any other [5]. Its 
syntax is close to that of the English language itself and is 
therefore perfect for beginners. This gives Python a score of 
10/10 on readability. Its beginner-friendliness along with its 
ability to suit complex projects gives it a score of 9.5/10 in 
adaptability. However, due to its readability, Python’s syntax 
can be verbose and complex in order to make it 
understandable by the CPU as well, and errors with these 
small nuances are almost impossible to debug. This gives 
Python a 7/10 in simplicity. 
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D. The Final Verdict 

We opted to use C++ for the main programming of this 
season. We chose this language as we admired its usability 
and special ease in tasks, such as multi-threading, and 
debugging related to it. The “Alpha” Library was written in 
C++ as well. Below is an example of the simplicity in C++ 
multi-threading versus Python and C. 

 
Fig. 1. This image demonstrates how multithreading in C++ is less verbose 
than in Python, enabling for faster writing. 

III. CONCEPT/DESIGN 

Our team utilized an efficient strategy along with both 
processors to complete several high-scoring tasks around the 
board. 

A. Robot A 

We assigned Robot A as our main scorer. Its main 
objective is to collect, sort, and deliver the drums dropped at 
7-second intervals by the drum dispenser. We utilized a dual 
chamber collection system with a locking mechanism to 
ensure the drums remain in the container after being sorted by 
color and stored. While moving these drums from the 
dispenser to storage, an infrared sensor takes note of the color 
of the drum and stores it into the appropriate sub-container. 
The robot then travels to the far drum delivery station, where 
it delivers sub-container A’s drums onto the pole smoothly 
and efficiently. It then travels to the previously closer drum 
delivery station, where it drops sub-container B’s drums onto 
the pole. This path may seem counterintuitive. Therefore, we 
purposely designed this pathway to decrease the total distance 
traveled to ensure a timely completion point with Robot B at 
the upper starting box. 

B. Robot B 

    Robot B was assigned as our secondary scorer. Robot B 
has three main goals: to capture botguy in less than 15 
seconds, grab both cones, and to deliver these items into the 
upper starting box. Additionally, the robot will also push the 
upper level’s Poms into the starting box for extra points. This 
robot is heavily reliant on our Alpha library for its calculated 
and expeditious movements. 

 
Fig. 2. This map depicts the routes of both robots on the game table. 

C. The “Alpha” Template Library 

The Alpha library, a student-made, complex, low-level 
template library, redefined standard functions such as “motor” 
and “msleep” to similar counterparts such as “Motor” and 
“Msleep” (case sensitive). These new functions implement the 
motor position counter, a device which tracks the motor’s 
rotation relative to its axis. This system has been proven to be 
more accurate than traditional “msleep” which varies with 
battery percentages [6]. It also includes gyroscopic functions 
allowing for efficient and accurate turning with little to no 
variance. We implemented these functions through object-
oriented syntax, allowing for each motor, servo, and 
attachment to be handled separately or in conjunction with one 
another. Additionally, the library is written in C++ with minor 
inline AArch64 (The Wombat CPU architecture) ASM. 
Below is a code snippet of a part of the redefined “Motor” 
class inside of the “Alpha” library: 

 

 
Fig. 3. This code defines counterparts for the “motor” and “msleep” functions 
with built-in usage of the motor position counter, known to be more accurate 
than traditional “msleep.” The class created here with its operator overloading 
helps to simplify the syntax of using the motor position counter, defining its 
own syntax as almost identical to that of traditional methods (see 
“Implementation of the ‘Alpha’ Library”). 



D. Programming Concept 

The programming for both robots is written in C++, a low-
level, high-performance language designed for 
communicating with processors efficiently; this is exactly 
what is needed for BotBall. We chose this language 
specifically because of its ease and efficiency with multi-
thread operations. The simplicity in performing tasks such as 
moving a servo while a motor is currently moving is made 
even easier with the simplicity of C++ multi-threading. This 
allows efficiency in completing multiple tasks around the 
board. It also allows a standardized approach to 
troubleshooting multiple problems and errors with 
programming, and its uniformity helps us solve such problems 
with ease. Lastly it helped us to achieve high code readability 
by utilizing namespaces and classes appropriately. 

IV.  IMPLEMENTATION 

Our team utilized a uniform and strategic sequence when 
it comes to implementation. 

A. Design Implementations 

    There are 3 steps we follow to implement any sort of 
strategy, taking it from its idea stage to practice. The first step 
is design; the idea is formulated into a LEGO or 3D print CAD 
design. The design is then prototyped and used in real practice. 
The last step involves modifying the design until it fits 
appropriately with our specified needs and overall strategy. 
For instance, Robot A’s container to store drums was 
implemented using this same method; it was designed using 
CAD software, 3D printed, and its design was reiterated 
multiple times until it appropriately suited our needs. 

 
Fig. 4. This is a screenshot of the CAD design for the drum container. 

B. Software Modules 

Software modules are added in a similar step process, with 
a quality control step added to the end. This end step allows 
for uniform management of code readability and its use in 
conjunction with our Alpha library. Software modules are 
typically limited, as design adjustments are favored for 
efficiency and manageability. It is also important to note that 
programming implementations differ from complete robot 
programs, and they are usually smaller-scale fixes such as 
strategic maneuvering of the robot to complete its tasks more 
effectively. 

C. Implementation of Our Strategy 

    To maximize our scoring potential, we implemented a 
dual-robot strategy, taking advantage of both available 
processors.  We divided the board's objectives based on 
mechanical suitability and time sensitivity. Robot A serves as 
our major scorer and contributor. It is responsible for the 
complex logistics of the drum dispenser, which are released 
every 7 seconds. Managing this continuous influx of elements 
required an extremely specialized mechanical design. Luckily, 
we were provided with a machine meant just for that, the 
precise and incredible 3D printer. We first modeled a custom, 
3D-printed containment system with 2 separate hoppers, 
meant for catching and storing drums. Furthermore, we 
engineered a second effector which utilizes an infrared sensor, 
to determine the color of the drum, and subsequently dispense 
it into our storage component. A custom locking system, 
powered by a motor, was secured in place near the bottom of 
our container, preventing drums from falling during transit. 
We made it physically impossible for any drum to fall out 
unintentionally, as we would only release them on their 
designated storage post. Interestingly, we programmed Robot 
A to follow an intentional but contradictory path. We decided 
it will first deposit the first payload of drums at the farthest 
pole, before working its way back. This method of routing the 
robot reduced the overall  distance the robot needed to travel 
to completion.  

    Robot B, the second scoring unit, was created by our 
team to work alongside Robot A. In terms of scoring. It may 
in total, only create 30-40% of our entire score, but its function 
is extraordinarily valuable with regard to receiving high-value 
assets within a short  amount of time. With a high level of 
acceleration and precision when manipulating objects, the 
main goal of Robot B is to secure botguy in less than 15 
seconds, retrieve both cones, and place the objects on the top 
level of the warehouse. Whilst Robot B makes its way to the 
upper starting box, it will simultaneously utilize an effector 
built on the front to bulldoze poms into the box for bonus 
points. Because Robot B will have to operate very quickly 
without interfering with Robot A's sort routine, it will require 
a very fast and reliable software backbone. 



 
Fig. 5. This is a photograph of the various effectors on Robot B. 

D. Implementation of the “Alpha” Library 

    Both robots' ability to work is accomplished through our 
collaborative software product - the "Alpha" library, 
developed entirely by students who took advantage of a 
complex low-level language, called C++. In using the Alpha 
Library, we were able to completely rewrite the way our 
robots usually move; we replaced traditional functions using 
"msleep" with custom alternatives, redefining KIPR’s 
functions to automatically be converted to Motor Position 
Counter. The result of this restructuring is that we can now 
make our way throughout the board with a higher level of 
accuracy. By programming movements based upon actual 
sensors, we can create a path that is completely independent 
from the capacity of our batteries. Another major factor 
contributing to this capability is our use of gyroscope 
integration, providing us with perfect turning capabilities, and 
our use of inline "AArch64" (the KIPR Wombat’s CPU 
architecture) assembly instructions, allowing fast execution of 
our code. Therefore, the Alpha Library provides us with a 
mathematically sound base upon which to build our routines. 
Furthermore, because of C++'s high support for multi-
threading, our robots are able to run true concurrent systems 
and control the steering, effectors, and sensors 
simultaneously. 

    The “Alpha” library is one of the main ways to 
standardize the implementation of software modules. Basing 
blocks of code on this library and the standards that apply to 
it help us achieve successful code readability. This also helped 
address and troubleshoot issues with code from a uniform and 
unbiased standpoint. This library also used inline AArch64 
Assembly to speed up run and compile time. This specific type 
of code is used in an instantaneous print function which 
transmits data to the console at impressive speeds, helping 

effectiveness, and efficiency within tasks. The Alpha library 
also includes functions involving the gyroscope including its 
calibration, and implementation across both robots. It is used 
as an accurate, closed loop turning system. The gyroscopic 
functions are also able to relentlessly turn until it reaches its 
target deviation, ensuring temporary or unexpected obstacles 
do not prove to be significant. 

V.  CONCLUSION/RESULTS 

    This year's creation and use of our dual robot strategy 
demonstrated a marked improvement over past attempts at 
solving the problems with autonomous robotics. While 
developing and evaluating the shortcomings of traditional 
programming procedures and mechanical designs, we 
produced an innovative platform that is able to produce 
excellent scores while also exhibiting enhanced reliability and 
repeatability. Our approach supports how a generic library can 
negatively impact our final results. Creating an automated 
system to consistently excel required creating a personalized 
library, with a fully automated and sensor-controlled 
framework. 

    As seen from our rigorous testing, accurate function 
from our custom library proved how useful sensor-based 
movement was. Namely, Robot A was able to consistently 
perform the task of sorting and delivering eight drums onto the 
drum storage posts.  Our custom library allowed us to 
manipulate through very complex motions (i.e., lifting and 
rotating) while maintaining the ability to release each of the 
payloads from the sub-containers in an efficient manner. In 
addition, the route of delivering to the most distant drum 
storage first, and then back towards the lower starting box, 
was a productive decision saving us significant time.  

    Furthermore, the primary goal of Robot B was to 
retrieve botguy within a narrow 15-second time frame. To do 
this, we used a strategy referred to as “motor over-torquing,” 
which enables the robot to move quicker to retrieve botguy. A 
crucial constraint forced onto Robot B, was making sure It 
could complete its task without interfering with Robot A, 
which would jeopardize their individual goals. When Robot B 
finished its last objective (parking), the operations of both 
robots (A & B) finished relatively smoothly, without much 
stress to either robot. 

    The biggest success thus far into the season was 
implementing our Alpha library. We created our own C++ 
template framework which dramatically altered how our 
robots could communicate with their surrounding 
environment. Using a custom version of the “msleep” function 
which would automatically convert horizontal movement into 
motor position counter ticks. Subsequently, using this off-the-
shelf robot motor function instead of variable-length “msleep” 
commands assisted in changing our robot's control from an 
open-loop system to a closed-loop control system. By utilizing 
the motor encoder count system and the gyroscope, we created 
enough insulation between the robots' paths and its overall 
environmental conditions (voltage drop on battery and/or how 
much friction there is on the table, etc.). Our gyroscope code 
made sure a turn programmed to turn 90 degrees, will always 
be exactly 90 degrees regardless of if it was the 1st or 50th 
time running it each day. In addition, we created a meticulous 
method for evaluating the gyroscope’s accuracy called the 
“Hand of God”, where we would physically prohibit the robot 
from turning. This test was meant to determine if the robot 
would incessantly attempt to reach its target position 



regardless of the obstruction. Our results surprised us, 
witnessing the power of the gyroscope. Without the 
gyroscope’s accuracy implemented in the Alpha library, none 
of our strategies would be possible. 

Previous years of open-loop programming created 
operational restrictions on controlling the robot.  Currently, 
programming with C++ allowed us to utilize processes which 
aided our ability to complete tasks in a more efficient manner. 
For example, Robot A  had a major issue with time constraint; 
however, our Alpha library provided us with easily accessible 
multi-threading, saving us vital seconds. Our current local 
results show that producing a quality robot alone will not 
ensure consistency. Therefore, we must first create reliable 
software with reproducible results. With the extensive 
capabilities of our object-oriented syntax from the Alpha 
library (e.g. encoder-based tracking, or multi-threaded 
development), we have taken our robotic capabilities from 
simple automation systems to dependable, consistent, and 
autonomous robotic potentials. By using both namespaces and 
classes in C++ for robotics, we have standardized our 
debugging process, allowing us to make much quicker 
iterations and fix problems with greater ease. In the future, we 
plan to use the Alpha library to explore the feasibility of 
implementing PID (proportional, integral, derivative) control 
to effectively allow smoother acceleration and line following. 
Overall, through improved multi-threading efficiencies and 
more reliable navigation, the Alpha library has allowed us to 
develop a standardized and highly dependable coding 
platform for our team’s benefit in the future. 
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