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The Buggy: Mini self navigation cart

1. Opportunity
The opportunity for the self-navigating cart is to introduce young children to basic robotics and
automation principles. It serves as a practical tool for understanding spatial awareness and navigation
algorithms, while also offering a hands-on experience in simple programming and mechanical design,
thus fostering early technical skills development children-friendly. Our target audience is children and
teenagers from age 6 to age 15.

2. The high-level strategy: for the self-navigating cart is to develop a multifunctional educational tool
that engages young children in STEM learning, with several initial desired functionalities.

- basic self-navigation with obstacle avoidance
- Simple and direct control using buttons and potentiometer for instant response
- We added features such as button control to begin movement and 3 sensors instead of only having

one sensor
Achieved:

- The cart now includes more sophisticated sensor algorithms for obstacle detection to deal with
spiky sensor noise (an outlier reading every 10 to 15 seconds depending on setting)

- Immediate stop when it is about to hit obstacles in front of the cart
3. Photos
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3. Torque and Load Calculations
● Stall Torque (6V): 0.8kg.cm = 0.078 Nm
● Gear Ratio (GR): 1:48
● Wheel radius (r) = 0.031m
● Calculated with assumed efficiencies

○ Motor efficiency = 70%
○ Gear train efficiency = 70%
○ Wheel-to-ground friction efficiency = 70%

𝑇_𝑜𝑢𝑡𝑝𝑢𝑡  =  𝑇_𝑠𝑡𝑎𝑙𝑙 *  𝐺𝑅
     =  0. 078 *  48 𝑁𝑚
     =  3. 74 𝑁𝑚

𝑇𝑜𝑡𝑎𝑙𝐹𝑜𝑟𝑐𝑒 = 2 *  𝑇 / 𝑟
    = 2 * 3. 74 𝑁𝑚 / 0. 031𝑚 
    =  250 𝑁

𝐶𝑎𝑟𝑡 𝐿𝑜𝑎𝑑 = 𝑇𝑜𝑡𝑎𝑙𝐹𝑜𝑟𝑐𝑒 / 𝑔 
    = 25𝑘𝑔 

              η ​ = η𝑚𝑜𝑡𝑜𝑟 *  η𝑔𝑒𝑎𝑟​ * η𝑤ℎ𝑒𝑒𝑙​

    =  0. 35
𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐿𝑜𝑎𝑑 = 𝐶𝑎𝑟𝑡𝐿𝑜𝑎𝑑 *  η ​​

8.75 kg    =  
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4. Circuit Diagram and State Machine Diagram

5. Reflection
Our group found that frequent testing of the behavior of our self-navigating cart was crucial. In iterative
testing, we uncovered unexpected behaviors and undesirable state transitions that were not apparent in our
original state machine design. This at the end helped us design and achieve a robust state machine.
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Strategies that worked well for our group is constant communication and being up front about issues you
faced

Appendix
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