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1. Opportunity:
Our device was designed as a solution to help individuals who are lost in the wilderness without
any electronic devices to get back to safety by retracing their steps. Given that a plethora of
solutions from traditional compass and maps to advanced GPS location systems already exist,
we wanted to focus on providing a low-tech solution that could work even in the absence of any
network connection or access to the open skies.

2. Strategy
The original strategy envisioned a device that would have 2 modes: tracking, and pointing. In
the tracking mode, an onboard gyroscope would log the position changes taken by the user. In
the pointing mode it would direct the user in the way they came from using an arrow with 2
degrees of freedom. Another major consideration was compactness of design and portability.

Facing budget and difficulty constraints we scaled the scope of the project down in our
implementation. As such, the pointing mode was changed to react to a set of external remote
controllers(Fig 1), while the tracking mode was changed to hold an absolute position set in the
pointing mode regardless of the user’s orientation. We were able to satisfy these goals,
ensuring that our pointing needle reacted in real time to external controls and the tracking mode
maintained the absolute position set by the controls. We were also reasonably successful in
minimising the overall size of the product, reducing it to a device that can be held with 2
hands.(Fig 2).

Fig 1: Remote Controller Fig 2: Complete assembly



3. Function-Critical Decisions
Choice of motors

Fig. 3, 4: Transmission Shaft System (Left), Needle System (Right)

We decided on the Polulu #2215 dc motors from the lab kits due to its size and the low torque
required for our application. Since that motor gear has a 1:1 gear ratio, input and output gear
rotate at the same speed, but in different directions, the input and output torques are the same.
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Since the motor and needle system is free to rotate about the x-axis, and there is minimal
external force acting on it, we only consider torque due to inertia of the load. For a rotational
load, this is given by:
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where is the moment of inertia of motor and needle load and is the angular acceleration.𝐼 α 𝐼
can be calculated by approximating the motor and needle as a solid cylinder and can beα
calculated by setting the system to reach its desired position in 1 second. The same principle is
applied to calculate torque on the needle, but now approximating the needle as a cuboid. This
reveals that
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for both cases. Hence, our chosen motor was suitable.

Choice of bearings

We opted for the ¼ “ McMaster stainless steel ball bearing due to its cost and size fit. The
selected ball bearing has a maximum radial static load of 90lb. To calculate the force on each
bearing, we measured the moments caused by each component with respect to the left bearing.
Using the fact that , we were able to calculate the force exerted on the bearings asΣ𝑀 = 0
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≪  90𝑙𝑏𝑠 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑡𝑎𝑡𝑖𝑐 𝑙𝑜𝑎𝑑 𝑜𝑓 𝑠𝑒𝑙𝑒𝑐𝑡𝑒𝑑 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠

4. Circuit and State Transition Diagrams
We used two Pololu #2215 dc motors. We wired one of them exactly as shown below and the
other we used the second set of inputs and outputs (AIN1,AIN2,AOUT1,AOUT2) on the motor
driver and other available GPIO pins on the ESP.

Wiring for IMU to ESP(pins
match exactly):

Potentiometer wiring: Push Button Wiring: IMU Wiring:

State Transition Diagram

5. Reflection

Working on this project was both fun and challenging. We had minor issues when it came to
manufacturing such as parts not fitting as planned. Software-wise, most of it was straightforward
but debugging took a long time since we integrated a lot of things such as the motors and the
button. Also, the PID controller was very difficult to tune perfectly. Although our goal was to
make the needle move accordingly with the potentiometers or completely track our motion,
accuracy issues in our sensor prevented it from moving as intended. However, we were able to
get consistent results since the needle responded to potentiometer changes and movement

from the user.



Appendix:

Complete Bill of Materials
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