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Opportunities
A potential opportunity we wished to tackle was to prolong the physical health of an

individual in physically demanding tasks by relieving the load of heavy items in some way,
shape, or form. As a team, we decided to pursue this by focusing on a common issue found in
airports. When traveling, people often are faced with many logistics considerations. This
includes managing many suitcases that are often large or heavy. For our project, we wished to
find a streamlined solution for that.

High-Level Strategy
To achieve this goal, we created a wheeled robot that has the ability to hold a carry-on

suitcase while following the owner at an average walking pace. As a secondary feature, it can
detect the weight of the carry-on suitcase to alert the owner if the suitcase is flight acceptable.

Initially, the idea of holding the suitcase was very simple. The suitcase would simply sit
on top of our robot. However, that introduced the issue of creating a low-and-wide profile robot
such that the center of gravity wouldn’t be too high, which is an issue during abrupt starts and
stops. Thus, we pivoted to a design that only required two wheels on the suitcase to be
mounted on the robot. In addition to lowering the center of gravity, it also reduced the weight
experienced by the robot.

The initial idea for the robot to follow autonomously involved creating a 3D-spatial
coordinate system using bluetooth triangulation to track a custom key fob on the user. However,
after realizing that commercial bluetooth modules are not fast nor accurate enough, we pivoted
to using an AI camera tracking. This solved a couple problems. Initially, we wanted to implement
a lidar distance sensor to prevent robot collisions against other obstacles but this consumed a
significant amount of time for data processing, which interfered with motor PID control and
bluetooth communications. We were able to program the camera to follow a targeted person at
a relatively close and maintained distance.

Before beginning our project, we decided that the average walking pace would be
around 0.7m/s in an airport. While it could go faster, our robot achieved a comfortable
continuous speed of 0.532m/s.

Labeled Diagram of The Porter



Function-Critical Decision & Calculations
Motor Selection: Speed Goals and Torque Calculation- Two 30:1 DC motors were

used to actuate a tank drive configuration. Tank drives have no steering capabilities, so
omni-wheels were used to eliminate transverse friction loads when performing turns.
𝑣

𝑔𝑜𝑎𝑙
= 0. 7 𝑚/𝑠 (1. 5 𝑚𝑝ℎ),  𝑚 = 15 𝐾𝑔 (𝑟𝑜𝑏𝑜𝑡 + 𝑠𝑢𝑖𝑡𝑐𝑎𝑠𝑒),  𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑜𝑢𝑡𝑝𝑢𝑡 𝑤ℎ𝑒𝑒𝑙 # =  2

(using two chains). Assume recommended torque ,𝑅
𝑤ℎ𝑒𝑒𝑙

=  2 𝑖𝑛 =  5. 08 𝑐𝑚.  7. 5 𝐾𝑔 * 𝑐𝑚
.µ

𝑟𝑢𝑏𝑏𝑒𝑟 𝑜𝑛 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒
= 0. 7,  µ

𝑟𝑜𝑙𝑙𝑖𝑛𝑔
 =  0. 0125

𝑇
𝑜𝑢𝑡𝑝𝑢𝑡−𝑎𝑐𝑡𝑢𝑎𝑙 

= 7. 5 −µ
𝑟𝑜𝑙𝑙𝑖𝑛𝑔

𝑚𝑅 = 7. 5 − 2. 54 = 6. 55 𝐾𝑔 * 𝑐𝑚 

𝐹
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𝑅
𝑤ℎ𝑒𝑒𝑙

𝑔 = 12. 64 𝑁,  𝐹
𝑜𝑢𝑡𝑝𝑢𝑡−𝑡𝑜𝑡𝑎𝑙

= 2𝐹
𝑜𝑢𝑡𝑝𝑢𝑡−𝑤ℎ𝑒𝑒𝑙

= 25. 3 𝑁

v justified𝑟𝑝𝑚
𝑟𝑒𝑐 𝑡𝑜𝑟𝑞𝑢𝑒

= 150,  𝑣
𝑎𝑐𝑡𝑢𝑎𝑙

= 𝑟𝑝𝑚
𝑟𝑒𝑐 𝑡𝑜𝑟𝑞𝑢𝑒

× 2π𝑅
𝑤ℎ𝑒𝑒𝑙

× 1 𝑚𝑖𝑛
60 𝑠 × 1 𝑚

100 𝑐𝑚 = 0. 798 𝑚/𝑠

,𝑎
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

=
𝐹
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𝑚 = 25. 3/15 = 1. 686 𝑚2/𝑠 𝑡
𝑟𝑒𝑎𝑐ℎ−𝑣

= 𝑣−𝑣0
𝑎

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙
= 0.798

1.686 = 0. 473 𝑠

Acceleration results are reasonable (below 0.5s, reasonable threshold), justified for automatic
follow and manual control.

If use 19:1 motor, the recommended torque reduces to 5 Kg*cm, which results in
If use 50:1 motor,𝑡

𝑟𝑒𝑎𝑐ℎ−𝑣
=  0. 766 𝑠 > 0. 5. 𝑟𝑝𝑚 =  100,  𝑣

𝑎𝑐𝑡𝑢𝑎𝑙 
= 0. 532 𝑚/𝑠 <  𝑣

𝑔𝑜𝑎𝑙

Therefore, 30:1 motor was the final choice.
Load Cell Selection: Max Weight Calculation- While max weight varies between

airlines, the most common figure is 35 lbs. We made sure to cover this upper bound. Since only
two wheels sit on the robot, roughly half the suitcase weight–17.5 lbs–can be registered. With
two load cells, each only needs to recognize 8.75 lbs (3.85 kg). In the end, we selected 20kg
load cells since our design required them to be structural and were potential points of failure.

Bearing and Axle Selection: Preloading bearings and determining axle deflection-

While no axles were cantilevered, it is
still important to determine the effects
of the radial loads from the robot and
suitcase weight: Given ,𝑚 =  15𝐾𝑔
each wheel axle experiences:

. Checking𝐹 = 15(9. 8)/4 = 36. 75𝑁
for deflection for end-fixed beam:

where is the load, is𝑦
𝑚𝑎𝑥

= 𝑊𝐿3

192𝐸𝐼 𝑊 𝐿
the length, is the Young’s modulus,𝐸

is the second area of moment. With𝐼
, , ,𝑊 =  36. 75𝑁 𝐿 = 0. 098 𝐸 = 4𝑒8

- , the max deflection is𝐼 =  π4. 06𝑒 10
- which is practically zero.3. 531𝑒 4𝑚

Bearing preload equations: , where is the tension in chain, is the initial𝑇
1

= 𝑇
𝑖

− τ/𝑑 ≥ 0 𝑇
1

𝑇
𝑖

force, is the torque, and is the diameter and , where is the bearingτ 𝑑 𝐹
𝑃𝑟𝑒

= 𝑇
1

+ 𝑇
2

𝐹
𝑃𝑟𝑒

preload. For the driving gear, and . has to𝑇
1

= 𝑇
𝑖

− 0.74𝑁𝑚
0.065𝑚  ≥ 0 𝑇

8
= 𝑇

𝑖
+ 0.74𝑁𝑚

0.065𝑚  ≥ 0 𝑇
𝑖−𝑚𝑖𝑛

be a to prevent slack. The minimum .11. 38𝑁 𝐹
𝑃𝑟𝑒1

= 2(11. 38)(𝑐𝑜𝑠( 8.66+5.07
2 )) = 20. 2𝑁

Repeating process for the other sprockets , , .𝐹
𝑃𝑟𝑒2

= 17. 26𝑁 𝐹
𝑃𝑟𝑒3

= 17. 89𝑁 𝐹
𝑃𝑟𝑒4

= 17. 26𝑁



Wiring Diagram

State Diagram

Reflection
A big thing we learned from this project is to be prepared for ideas and designs to

change. Sometimes, when something doesn’t succeed, it is fine to go back to the drawing board
and rethink a goal with a different approach. This cannot happen without frequent and
synergistic communication. Being on a team with similar work ethics and goals is what facilitates
this communication. In addition, each member should understand their responsibilities. As a two
member team, we were able to delegate the tasks between mechanical and electrical work.

If we were to do one thing differently, it would have been to explore more vendors so that
we could have specced out better DC motors and AI cameras. This would translate to a faster
and more responsive robot. For future iterations, we could also raise the ground clearance.



APPENDIX
Complete Bill of Materials

ME102B Bill of Materials
CAD Design (Six Sides)

Back View Front View

Right View Left View

Top View Bottom View

https://docs.google.com/spreadsheets/d/1-yJ_VtRWWO6g5gh10ptBgJ-j6rep_xXWs3ibO85fxxs/edit?usp=sharing


CAD Design (Transmission)

Isometric View

Side View



CAD Design (Suitcase Interface System)

Isometric View



Front View
CAD Design (Complete Overview)

Isometric View

Comments: A big part of designing is planning for how the components will be
manufactured and assembled together. Sometimes, parts that are designed in CAD may not
work as expected. For example, when designing in CAD, it is important not to neglect the
potential effects of manufacturing defects or tolerances. There were many redesigns before we
arrived at the current design. Our team spent a lot of time finalizing the design in SolidWorks
before going into full scale build mode. At some point, the CAD model became so detailed that
we ended up using it as our build manual.  For us, putting in the hard work early saved a lot of
time and effort in the end.





CODE
Final System (main code) File











Packet Parser (for Bluetooth) File







PID and Bluetooth Configuration Files

Comments: There are a total of three files posted here.




