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Abstract of Thesis

For over a decade, researchers have built cyborg insects by mounting a wireless backpack stimulator on
insects. Combining insects with mechatronics creates a cm-scale hybrid robot that moves well in unknown
environments. Moreover, developing a low-power, lightweight backpack for sustained operation is a challenge
due to size and payload constraints. Cyborg cockroach navigation has not been explored and studied by
researchers in unstructured and unknown environments so far. In this study, the feedback control for
autonomous navigation from onboard and offboard sensors is developed and implemented under unknown and
unstructured environments. Obstacle avoidance and autonomous navigation that are based on onboard sensors
(IMU, and distance sensors) and offboard sensors (motion capture systems) are proposed. The proposed feedback
control successfully navigates the cockroaches to avoid obstacles and walls, escape sharp corners, and move
toward the destination area.

Chapter 1 introduced the background of the cyborg insects and the challenges of developing this hybrid
robot. The motivation and the objectives of this dissertation were presented.

Chapter 2 provided a comprehensive overview of cyborg insect technology, focusing on wireless backpack
stimulators to control the locomotion of cyborg insects. The proposed backpacks that have been developed during
this study were presented to address challenges for autonomous navigation in unstructured and unknown
environments.

Chapter 3 addressed the challenge of open-loop control for cyborg insects via teleoperation techniques
instead of local wireless communication. The proposed system enabled us to steer cyborg cockroaches manually
to follow a predetermined trajectory and avoid a circular obstacle. Machine learning techniques were applied to
optimize the insect's movement within a circular bounded space. The study showed that the search rate could
be increased, and stimulation provided to the insect was reduced to minimize cockroach fatigue.

Chapter 4 solved the challenge of cyborg insect obstacle avoidance in unstructured environments.
Autonomous navigation is equipped with IMU, distance sensors, and a motion capture system. This multi-sensor
setup, coupled with a feedback loop, allows cockroaches to navigate autonomously, avoiding obstacles, escaping
corners, and even detecting nearby humans. This is the first demonstration of a cyborg insect augmented with
three sensors achieving navigation in unstructured and unknown environments.

Chapter 5 applied human presence detection in cyborg insects utilizing a thermal array sensor. The human
recognition algorithm was applied in both offboard and onboard cyborg insects. The proposed human detection
results could recognize the human presence at a short distance.

Chapter 6 summarized the main idea and results of this dissertation and proposes potential development

in the future study.
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