

Responses to Reviewers

	Response to Reviewer 1 Comments


	1. Summary
	
	

	We sincerely thank the reviewers for their valuable comments, which have significantly strengthened the presentation of this study and enhanced the description of its practical significance and applications. These comments have made the study more rigorous. In response to the reviewers’ comments, we have carefully reviewed and revised the manuscript. Below are our detailed responses to each comment.


	2. Questions for General Evaluation
	Reviewer’s Evaluation

	Discuss changes in the design that would allow mecanum wheels to move device in any direction using PWM signals.
	It does need to be discussed.

	Discuss how to power the entire device with a single battery, i.e., describe the voltage regulation and conversion systems needed.
	It does need to be discussed.

	Discuss the requirements for a user-friendly motion-capable robotic assistant.
	It does need to be discussed.

	Discuss changes needed to allow a neural network model to be used instead of OpenCV and thereby achieve more user interaction capability.
	It does need to be discussed.

	
3. Point-by-point response to Comments and Suggestions for Authors


[bookmark: OLE_LINK3]Comment 1: Discuss changes in the design that would allow mecanum wheels to move device in any direction using PWM signals.
Response 1: We agree with the reviewer. The draft has been revised in three related places. First, we expanded the design procedure to explain the required PWM control concept. Second, we revised the motor-control design details to describe the hardware changes needed for independent wheel control. Third, we updated the verification section to explain how this PWM-based design should be tested. Line numbers below refer to the submitted final report draft PDF layout.
The first revision was made in Section 2.1.2, Motion Control Module, on page 5, lines 13-18 of the draft. The original drive-method discussion was expanded to explain how PWM control would replace the direct-power setup. The revised text is:
[Drive Method: To achieve true omnidirectional motion, the directly powered wheel setup would need to be replaced by four independently controlled DC motor channels. Each mecanum wheel should be connected to an H-bridge motor driver, and the Raspberry Pi should output PWM signals to set the speed of each wheel. The sign of each wheel command determines the rotation direction, while the PWM duty cycle determines the wheel speed. With this change, the robot can move forward, backward, sideways, diagonally, or rotate in place by assigning different speeds and directions to the four wheels.
For example, the desired robot motion can be converted into four wheel commands using the mecanum-wheel kinematic model. If the desired chassis velocity is defined by Vx, Vy, and angular velocity w, the controller calculates the required wheel speeds for the front-left, front-right, rear-left, and rear-right wheels. Each wheel speed is then normalized and converted into a PWM duty cycle. In the current prototype, the wheels were powered directly due to time and hardware limits, so this full PWM control was not implemented, but this is the design change required to realize arbitrary-direction movement.]

The second revision was made in Section 2.2.1, Motor Control Module, on page 9, lines 11-24 of the draft. The hardware and implementation notes were revised to state the required driver-level changes. The revised text is:
[Updated motor-control design: The required design for controlled mecanum-wheel motion would use one motor-driver channel for each wheel. The Raspberry Pi would send PWM signals either directly from GPIO pins or through a PWM expansion board. Each motor driver would use direction pins to select forward or reverse rotation and a PWM enable signal to control speed. The motor drivers should share a common ground with the Raspberry Pi, while the motor power should come from a separate battery or regulated supply so that motor current spikes do not reset the controller.
In software, the system would receive a movement command, such as forward, backward, left, right, diagonal motion, or rotation. The command would then be converted into four signed wheel-speed values based on the mecanum-wheel model. Positive and negative values determine wheel direction, and the magnitude determines PWM duty cycle. Compared with the current direct-power implementation, this revised design would allow speed adjustment, directional control, and real omnidirectional movement of the robot.]

The third revision was made in Section 3.2, Motor Control Module, on page 15, lines 1-24 of the draft. The verification discussion was updated to describe the tests required after implementing PWM control. The revised text is:
[To verify the PWM-based mecanum-wheel design, each wheel should first be tested independently at several duty cycles, such as 30%, 60%, and 90%, to confirm that the wheel speed changes consistently with the PWM input. The direction pins should also be tested to confirm forward and reverse rotation for each motor. After individual wheel testing, the full robot should be tested for forward and backward movement, left and right lateral movement, diagonal movement, and rotation in place.
For each test, the expected wheel-direction pattern and the actual robot movement should be recorded. A successful result would show that the robot moves in the commanded direction without obvious wheel conflict, slipping, or unstable shaking. Position accuracy could be checked by commanding the robot to move a fixed distance on the desk and measuring the displacement error. These tests would verify that the PWM signals are not only rotating the wheels, but also producing the intended mecanum-wheel motion of the whole device.]

These revisions directly address the reviewer’s comment by explaining the specific changes needed to move from simple wheel rotation to PWM-based omnidirectional mecanum-wheel motion. They also make clear that the submitted prototype demonstrated mechanical rotation and stability, while full arbitrary-direction motion would require the added motor drivers, PWM signal generation, motion mapping logic, and directional verification described above.

Comments 2: Discuss how to power the entire device with a single battery, i.e., describe the voltage regulation and conversion systems needed.
Response 1: The system needs to power three modules: the main controller (Raspberry Pi 4B); the projector; and the robot car motors. The Raspberry Pi 4B requires 5V/3A, while the projector and robot car motors each require 12V/2A. To ensure the entire system can operate continuously for 30 minutes, we need a power supply with a capacity of at least 10,000 mAh, capable of providing both 5V/3A and 12V/2A output modes, and equipped with three sufficiently long leads. The added content is on Page7 from line 10 to line 18.

[The entire system adopts a single 10,000 mAh battery as the unified power source, equipped with voltage regulation and conversion modules to output dual voltage rails. The conversion system provides stable 5V/3A for the Raspberry Pi, camera and audio modules, and 12V/2A for both the projector and Mecanum wheel DC motors. This single-battery power architecture simplifies wiring, eliminates multi-battery compatibility risks, and supports continuous system operation for at least 30 minutes.]

And on Page 20:
[Materials provided by the team and not purchased include 3D printed mounts, one 10,000 mAh integrated main battery with voltage regulation and conversion circuits, SD card readers, and USB keyboards.]

Comments 3: Discuss the requirements for a user-friendly motion-capable robotic assistant.
Response 1: We agree with the reviewer. A discussion regarding the requirements of a user-friendly motion-capable robotic assistant has been added to the revised manuscript in Chapter 3: Verification. The added discussion can be found from Page 17-18. 
[In the revised manuscript, we further discuss several key requirements for a user-friendly motion-capable robotic assistant, including intuitive interaction, real-time responsiveness, motion stability, environmental adaptability, and accessibility for users with different levels of technical experience.
The robotic assistant should provide clear and natural interaction methods so that users can easily understand and operate the system without extensive training. To achieve this goal, our system integrates gesture recognition and simplified command logic to improve interaction efficiency and reduce operational complexity.

In addition, real-time responsiveness is essential for maintaining a smooth user experience during motion and interaction. The system is therefore designed with lightweight image processing and efficient gesture classification methods to reduce recognition latency and improve interaction continuity.

Motion stability and safety are also important requirements for a motion-capable robotic assistant. The robotic platform must maintain stable movement while accurately responding to user commands in different operating conditions. Furthermore, the assistant should be adaptable to varying lighting environments and user conditions to ensure robust recognition performance in practical scenarios.

Finally, accessibility and ease of use are emphasized in the system design. The interface and interaction workflow are simplified to support users with limited technical experience, making the robotic assistant more practical and user-friendly in daily applications.]
Comments 4: Discuss changes needed to allow a neural network model to be used instead of OpenCV and thereby achieve more user interaction capability.
Response 1: We have added a discussion on future work in the revised manuscript in response to this comment. This newly added section explains that two main changes are required to support the neural network-based gesture recognition. The first thing is to upgrade the hardware platform to meet the computational needs for neural network inference . Secondly, to facilitate model training, a large amount of labeled gesture datasets should be collected under different conditions, including different users, lightings, hand positions, backgrounds and projection environments. 

[The revised discussion also points out that pre-trained models can be used to decrease the difficulty of training. For example, gesture classification can use lightweight models such as MobileNet, and hand region segmentation/interaction region detection can use structures such as U-Net. Furthermore, there is no need to fully uninstall OpenCV. The rule results based on OpenCV can be preserved and fused with neural network predictions by weighted fusion. It can keep the interpretability and improve the recognition accuracy and robustness. This revision clarifies the potential future direction for augmenting the system's user interaction capability.]
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