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BrainstormingTitle:

We investigated multiple topics of interest related to movement and mobility, such 
as fall‑prevention strategies, wearable balance‑assist devices, and rehabilitation 
approaches for motor disorders. Ultimately, we chose to focus on balance problems 
in people with Parkinson’s disease, older adults, and individuals with conditions such 
as autism, since balance impairments are common and highly impactful across these 
populations. 
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Identify ProblemTitle:

Further research led us to compare traditional gait belts with a novel wearable 
“robotic tail” used for balance support. We found that robotic tails can provide more 
dynamic and responsive stabilization than standard gait belts, making them more 
effective for improving balance and potentially reducing falls in our target 
populations. Specifically, we wanted to mimic the natural tail in animals like cats or 
kangaroos, animals that rely on their tail to balance. 

3August 24, 2025

Robotics Tail in place of Gait Belt
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TestTitle: System Testing

We have started researching two types of attachments for the gait belt: 

1) Attached at the chest, providing support to upper body
2) Attached at the lower back, providing support for legs 

We noticed benefits with both even upon our own balancing skills. Thus, 
we will devise a way to connect the two in order to optimize stability. This 
may also make haptic sensing and feedback easier, as there will be two 
points of input rather than one to determine user action. 

Sept. 25, 2025 4

We conducted a preliminary 
experiment by holding onto large 
weights to determine the approximate 
effectiveness of various weight ranges 
on our own bodies. Around 3 lbs of 
weight felt substantial to significantly 
alter our bodily momentum once we 
swung it around in all directions, so we 
strived for a 400g to 1200g design.
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TestTitle:

October 8, 2025 5

Segment Prototype 1
Our first prototype for the weighted segments involved a 30 degree 
rotation angle between each segment that eliminated the gaps within. 

This prototype was built taking into consideration several key factors:
1. Structural rigidity
2. Cross sectional strength
3. Ability to easily insert and remove weights
4. Possible to be made in TinkerCAD

However, printing time was roughly 5 hours for one segment at standard 
3D printing speeds with our Bambu Lab A1 Mini printer, and it also used a 
significant amount of infill filament. The placement of the holes, where we 
could attach weights to, was also not efficient as many places required an 
external snap-fit lid. Although it was possible to print the remainder of the 
segments for the tail according to this assembly, the discrete bending 
angles possible in the trapezoidal prism design heavily limited the range 
of motion for the tail as well. For these three reasons, we decided to 
pursue a second prototype.
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TestTitle:

November 1, 2025 6

Segment Prototype 2 & 3
Our second prototype for the weighted segments needed to address a 
critical flaw in our first prototype:

1. We needed to significantly reduce the print time from the
5-hour window, as this used a lot of filament and was therefore 
inefficient.

We therefore arrived at the design on the left, but the attachment lid was 
still noticeably flimsy and we did not believe it could withstand the force 
of constantly moving 100g weights. We therefore had a second major flaw 
to address:

2. We needed to optimize the attachment points of the weights, 
ideally with a static design, so that they could be secure and 
won’t require additional lids at the same time

This allowed us to arrive at our third and final snap-fit design for the 
weights, which securely held onto each of the weights while retaining their 
ability to be easily attached and removed.

Prototype 2 Prototype 3 (FINAL)
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TestTitle: Segment Prototype 3 (cont.)

Various weights attached 
to the tail to optimize 
processes.

November 14, 2025 7

Devised a method to easily 
add and remove weights, 
which will be beneficial for 
different patients and 
diverse needs.

(Purple weight = closest 
distance without stretching, 
Green weight = maximum 
flex position) 
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PlanTitle: Preparing Segment Design

Building off of our third and final prototype for the segments, we needed 
to minimize torque required for the servos to pull the tendons, and to also 
remove unwanted torsion effects. Since both of these effects are caused 
by the tendons being too close to each other, the apparent force of the 
weights is decreased when the tendons are further apart. Consequently, 
we decided to keep the weight attachment points near the outside for 
easy modification but to construct holes for the 3D-printable design.

December 1, 2025 8
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PlanTitle: External Sensors

To detect sudden pertubations or possible environmental obstructions 
that could pose a hazard to the wearer, we planned to integrate a variety 
of sensors and feedback devices to alert the wearer and provide sensory 
metrics for the tail. We’ve compiled a full list for part ordering. These 
items include:

Vibration/Haptic Feedback
● A DC 5V 9000RPM Vibration Module from Amazon
● DRV2605L Haptic Motor Controller

Sensors
● Thin-Film Force Sensitive Resistors
● HC-SR04 Ultrasonic Sensors
● MPU-6050 Gyroscopic Accelerometers

December 5, 2025 9

MPU-6050

DRV2605L

HC-SR04
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PlanTitle: Tendons
When we brainstormed strategies to implement tendons into our actuated 
design, we came across various types of plastics or natural fibres that 
could imitate a fibrous structure. Since tendons are naturally elastic and 
considerably tough in strength, many softer fibres would not be applicable 
for our tail device.

To select our tendon material, we investigated the quantity of flexural 
stiffness, a metric common in structural engineering. EI flexural stiffness 
is defined as the product of Young’s Modulus (E) with the material’s area 
moment of inertia (I), with EI proportional to the radius of the tendon 
raised to the fourth power (r4). Since materials like rope or string-like 
fibres would be small in radius and are low in stiffness (E), they were 
eliminated from our brainstorming.

For our prototype models, we decided to experiment with plastic tubes of 
a moderate range of width and stiffness. Taking into consideration 
affordability, we decided to pursue flexible polyvinyl chloride (PVC) tubes 
with a maximum width of around 6 mm for testing. Later, if we need to, 
this approach allows the stiffness (E) constant to be manipulated, such as 
by attaching a 3D printed segments that would act as a housing for the 
tubes. This would restrict the range of movement and thereby increase the 
apparent stiffness of the system.

December 22, 2025 10
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BuildTitle: Choosing Electronics

When we brainstormed ideas to build the electronics for the system, we 
deliberated many alternatives, such as motors, servos, and even 
pneumatic or hydraulic actuators. In the end, we decided to experiment 
with an Arduino with bluetooth connectivity and high-torque servos as our 
actuators, because of the low-cost scalability of the components. We 
researched several online sites on the functionality of various builds and 
arrived at the Arduino Uno R4 WiFi, mainly due to its competitive pricing 
with a customizable LCD screen on top of its connectivity features 
(https://docs.arduino.cc/hardware/uno-r4-wifi/).

To support the arduino, we decided to move forward with the MG996R 
high-torque servo after viewing its spec sheet 
(https://components101.com/motors/mg996r-servo-motor-datasheet), 
which can deliver up to a maximum torque of 11 kg/cm, enabling us to 
pursue a range of designs. 

January 6, 2026 11

MG996RArduino Uno R4 WiFi

https://docs.arduino.cc/hardware/uno-r4-wifi/
https://components101.com/motors/mg996r-servo-motor-datasheet
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TestTitle: Testing Metrics
Narrowed down to several key testing metrics (originally had 7-8 of 
consideration) based on uniqueness to our innovation and available 
patient data.

- Sway Range:
- Ultrasonic sensor records distance at 20 Hz
- Compare each reading to baseline → get sway (fwd + / back -)
- Sway range = max – min sway over trial
- Shows how much total movement there was

- Ground Contact & Step Imbalance:
- Insoles track pressure with FSR sensors
- Ground contact time = how long each foot’s on the ground
- Step imbalance index compares left/right contact times
- 0% = perfect symmetry; >15% = meaningful imbalance (seen in 

Parkinson’s)
- Perturbation Recovery Time:

- Perturbation = sway > 3 cm from baseline
- Recovery time = from start of deviation → back within ±3 cm 

zone
- When detected → tail + haptic feedback trigger
- Tells how fast balance is regained

- Perturbation Detection Speed:
- Accelerometer logs at 100 Hz when perturbation starts
- Measure time from onset → peak acceleration
- Shorter = sharper reaction (no tail)
- Longer = smoother, tail helps cushion response

January 20, 2026 12
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CodingTitle: Ultrasonic Sensors

Using the manual provided for the ultrasonic HC-SR04 module, we 
constructed a function that used the echo/trig pins to read a distance 
value from each ultrasonic sensor, in centimetres:

February 2, 2026 13
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CodingTitle: Ultrasonic Sensors (cont.)

To implement the ultrasonic sensors, we coded a calibration process to 
read the distance according to an apparent baseline value, and to provide 
updates based on a calculated time value as the user experiences a sway 
movement. A stable state variable was created in the process and is 
dependent on minimum and maximum threshold constants, ensuring that 
the movement of the tail will be activated when the observed sway values 
surpass these set limits.

February 5, 2026 14
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CodingTitle: Custom Structs

We created a custom “Foot” structure to help us assess how each feet is 
moved in live-time. Various helper functions were made accordingly to 
assess the position of each foot (off or on the ground) with consideration 
of the current gait position. These metrics allow us to analyze how each 
foot is lifted off the ground, and allow us to calculate stability metrics in 
our data analysis. All data is logged to the Serial Monitor in real time.

February 14, 2026 15
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