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Project Motivation
& Background
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Project Motivations
• Pipe systems are prone to 

fouling, cracks, and leaks
─ Challenging for humans to 

explore entire pipe networks 
that span large areas

• Current forms of remote 
pipe inspection are limited 
in their maneuverability

─ Borescopes
─ Crawlers
─ Worms

• Expensive and cannot be 
applied to smaller diameters

• Tethering limits exploration
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Grainger Video Boroscope, Deep Trekker DT340, Pukyong Pipe Inspection Robot, GE Pipe-worm [1][2][3][4]
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Background

• Origami is a tool to create desired 
mechanical behavior when rigid 
mechanisms are insufficient

• Patterns produce varied behavior
─ Yoshimura pattern - axial compression

• Salamanderbot
─ Applied Yoshimura pattern with thread and 

motors to compress the module, climbing 
sharp inclines and navigating through turns

5 Salamanderbot (Sun et al., 
IEEE ICRA 2020) [6]

Yoshimura Fold Pattern (Santoso 
et al., IEEE ROS 2017) [5]



Project Objectives
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Project Objectives
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Goal: Explore the capabilities of a soft robotic origami module in the inspection and 
exploration of pipe networks too small, expansive, or dangerous for humans.



Mechanical Design
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Yoshimura Crease Pattern
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Key Benefits:
● Controllable linear compression
● Increased torsional stiffness

Salamanderbot Yoshimura pattern (left), CLARA Yoshimura pattern(right)
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Yoshimura Continuum Module
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Fully Extended Fully Compressed

Maximum Bending
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Active Variable-Diameter Suspension

11



Electrical and Control 
Architecture
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Control Architecture
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Mainboard PCB Design
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● TinyPICO (ESP32 
microcontroller) enables 
untethered WiFi 
communication with 
ESP-NOW

● Onboard power regulation 
to step down 7.4V motor 
voltage to 3.3V for logic 
voltage
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Smart Motor Driver PCB Design
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● Provides power, sensing and control with 
encoders, current sensors, motor drivers, and a 
microcontroller

● Daisy-chain compatibility using I2C, providing a 
scalable system



Results
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Results: Motor Driver Performance

Motor step response to a position 
setpoint 
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Motor response to sinusoidal 
position tracking
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Results: Yoshimura Module Control
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Joint Configuration (Santoso et al., Soft Robotics 2020) [7]
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Results: Navigation and Steering
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Results: Navigation and Steering
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Two-Wheeled Incline Test - 1.5x Speed One-Wheeled Incline Test - 1.5x Speed
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Results: Pipe Navigation
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Fundamental Contributions
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Goal: Explore the capabilities of a soft robotic origami module in the inspection and 
exploration of pipe networks too small, expansive, or dangerous for humans.
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Results and Conclusion

Category Value Units

Weight 1.1 lbs

Yoshimura Module 
Length 1.5-6.0 in

Maximum Turning Radius 85.8 deg

Effective Diameter Range 3.6-5.2 in

Wheel Compression 0.3 in

Maximum Speed 6 in/s
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