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Introduction



Why a Jumping Robot?

Obstacle? Just Jump.

Small ground robots often stop at obstacles taller than their chassis—bricks, cables, post-disaster 
rubble. 

Our palm-sized spring-powered jumper jumps more than 30 cm in a single bound.

Where Jump Wins：

Rough terrain: hops over debris, steps, and uneven ground

Confined spaces: threads through pipes, collapsed rubble, narrow corridors

Vertical barriers: clears low walls, rocks, and sudden drops



System Overview: Perception ➜ Control ➜ Jump Actuator

Three Subsystems

● Computer Vision

● Control

● Motion

Block Diagram



Physical Design

High Level Requirements:
● Compact footprint: fits within a 15 × 15 × 15 cm cube
● Dual jump modes: two heights, highest > 10 cm

● Smart perception: simultaneous multi-target ranging & auto-adjusting link lengths

● Wireless control: jump command triggered via Bluetooth

L

32 g



Demonstration



Demo

1. Dual Jump Modes: 10 cm vs. 40 cm

L= 33 mm          L= 23 mm          



Demo

2. Targets Detection & Automatic Adjustment of Link Length



Subsystem Details



Subsystem 1 
Computer Vision 



Computer Vision

Three Unit

● Computing Unit

● Camera Unit

● Aruco Markers



Computer Vision

Program Parts:

● Aruco Marker Detection
● 3D Distance Estimation
● Ground Arm Adjustment Calculation
● Bluetooth Signal Communication



Computer Vision



Subsystem 2
Embedded Control 



Embedded Control

Hardware Design

● Microcontroller: 
ESP32-C3

● Power Supply: 
3.7V LiPo 401119-100 Battery

● Power Management: 
HW-085 3.7V-5V DC-DC Regulator

● Motor:
9G SG90 Servo



Embedded Control

PCB



Embedded Control

Control Logic



Embedded Control

Iteration

Component Motor Power Controller

Initial Stepper 
(Too Heavy)

PC Supply 
(Wired)

ESP32 
(Oversized)

Intermediate Coreless 
(Weak Torque)

Coin Cells
(Low Power) —

Final Choice Servo (SG90) 3.7V Li-Po+Boost ESP32-C3



Embedded Control



Subsystem 3
Mechanical Design 



Mechanical Design

Torsion 
Springs
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Motor

Gear System



Half Gear Release System



Gear System



Torsion Spring



Verification
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