

Responses to Reviewers

	Response to Reviewer 1/2 Comments


	1. Summary
	
	

	We sincerely thank you for taking the time to review this manuscript. Please find the detailed responses below and the corresponding revisions in the re-submitted files. 



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

	Comments 1: Add a schematic of the electrical systems. Add a photograph of the final version of the prototype.

	Response 1: We sincerely thank the reviewer for this detailed assessment. We fully acknowledge that we need to add a schematic of the electrical systems and a photograph of the final version of the prototype. The schematic of the electrical system includes the official Arduino Mega 2560 schematic, which can be found at the official website, and the schematic of the voltage transformer we tried to assembly but failed.
The schematic of Arduino Mega 2560 from official website:
[image: ]
Circuit Diagram and PCB for the Voltage Conversion S Circuit Diagram and PCB for the Voltage Conversion Section：
This circuit can convert 24V to 12V, but the board ended up burning out, so it wasn't used in the final demo.
[image: ][image: ]
Final vision of the prototype:
[image: ][image: ]
[image: ][image: ]


Comments 2: No project schedule is included in the report. Please provide a table that shows what work was being done each week, and which students were working on each task.
Response 2: We agree with the reviewer. Project schedule is added to our report
	week
	Nuoer Huang 
	Xinyi Shen
	Xirui Yao
	Yujie Wei

	4/6
	Assembled 2020 aluminum extrusion frame and installed X/Y/Z linear guide rails; verified basic gantry movement without binding.
	Electronics Wiring and Driver Setup. 
Mounted the RAMPS 1.4 onto the Mega 2560. Installed A4988 drivers with 1/16 microstepping jumpers. Measured the initial voltage at the power rail. Discovered a slight ripple in the 12V supply. 
	Set up the Python environment for RL-finetuning
	set up the Python environment for the pre-trained model

	4/13
	Mounted lead screws and brass anti‑backlash nuts; coupled NEMA 17 stepper motors to X/Y/Z axes and tested manual rotation for pitch consistency.
	Marlin Firmware Configuration. Configured Configuration.h in Marlin. Calculated the theoretical steps per mm for the lead screws. Tested initial serial communication at 
250,000 baud.



	Build the simulation environment for finetuning. A certain type of brush can be characterized by several parameters like brush radius and inclination angle.
	Reproduce the CalliRewrite Image-to-Sequence results; develop a G-code parser to convert Bézier points into raw 
(x,y)x,y
 coordinates.  

	4/20
	Integrated mechanical endstops (limit switches) on all three axes; performed initial homing tests and adjusted switch positions for reliable triggering.
	Initial Motion Testing and direction Debugging.  Performed first G1 movement tests

	Build RL algorithm for finetuning, with rewards from  each-point movement of  the simulation.
	implement the coordinate mapping from normalized space to physical dimensions; write a PNG generation code to generate glyths and input them to the neural network.

	4/27
	Completed full mechanical assembly including brush holder on Z‑axis; measured backlash with dial indicator  
	Critical Calibration - Vref and Torque. Addressed motor stalling during fast moves.

	Measure the real brush parameters and run the simulation to train the policy.
	Test  Single-character Writing on the machine; adjust parameters to make machine work properly.

	5/4
	Conducted displacement accuracy test (G1 X10) and calibrated steps/mm; measured frame deflection under 10N load
	Homing Logic and Pronterface Integration. Tested the G28 command. Adjust homing speed

	Add the finetuning result to the software pipeline. Test the running of the pipeline.
	Add code to achieve a simple UI for text input, calligraphy style choosing, and writing layout choosing; add Multiple-character Writing function.

	5/11
	Performed motor thermal test (30‑min continuous operation) and vibration characterization at writing speeds; all results met requirements.
	Integrated the G-code output from the team's Neural Network module. Performed 
final calligraphy tests.

	Test the writing and add pause, resume, stop to the UI to control the pipeline.
	Test UI and Multiple-character writing on the real machine.

	5/18
	Final demo
	Final demo
	Final demo
	Final demo


Comments 3: Complete the cost table. The bulk cost and total cost columns are empty in your draft report. This table also seems to have too few items for a 3-axis robot. Did you purchase lead screws, sensors, rails, a power supply, wiring? If so, add those costs. Please also add an estimate of the labor cost. Select an hourly pay rate for your engineering labor ($22/hour or equivalent is reasonable) and compute your estimated cost
Response 3: We agree with the reviewer, the cost table will be completed as follows (about 40 hours of labor and estimated as $22/hour)
	Part
	Manufacturer
	Retail Cost (￥)
	Bulk Purchase Cost (￥)
	Actual Cost (￥)

	RAMPS 1.4 Shield and Arduino Mega 2560
	Qinyuansheng Electronics
	80.3
	50
	80.3

	A4988 stepper driver
	Qinyuansheng Electronics
	3*3.3
	3*2.55
	3*3.3

	Mechanical Endstops
	Xinwei Electronics Enterprise
	3*1.98
	3*1.20
	3*1.98

	Calligraphy brushes, ink, ink pads, and Xuan paper
	
Yushuihu Flagship Store
	204
	165
	204

	12V 10A power supply(transformer)
	Ruida Switching Power Supply
	49.31
	20.5
	49.31

	XYZ three-axis motion platform components and three 42-step motors
	
Mechanical Automation
	342
	320
	342

	Material and hardware subtotal
	none
	691.45
	566.75
	691.45

	Estimated Labor
	none

	6001.6

	6001.6

	6001.6

	Total
	none

	6693.05
	6568.35
	6693.05



Comments 4: Some requirements are not verified, such as RMSE<2.0 mm, eight levels of ink thickness is never demonstrated, end-to-end latency is replaced with “zero packet loss,” which is a difference metric entirely. Please add these; if you cannot, explain why you are unable to do so.
Response 4: We agree with the reviewer. We add the following content to our report:
1. RMSE < 2.0 mm
Not directly measured.
This requirement evaluates the accuracy of the neural network’s stroke trajectory extraction. Our team focused verification efforts on mechanical positioning accuracy (±0.03 mm, Section 3.2) and backlash (<0.15 mm, Section 3.4), which are an order of magnitude tighter than 2.0 mm. Measuring RMSE against source calligraphy skeletons would require additional software-level comparison tools and ground-truth datasets. Given the one-semester timeline and our priority on hardware validation, we did not complete this measurement.
2. Eight Distinct Ink Thickness Levels via Z-axis Control
Not demonstrated.
Our current system implements only open-loop pen-up/pen-down Z-axis control. Producing eight distinct ink widths would require closed-loop pressure feedback, brush deformation modeling, and extensive calibration with ink viscosity and paper absorption. This feature was deprioritized due to time constraints, as completing it would have added several weeks of work beyond the semester. We have listed it as future work in Section 5.4 of the original report.
3. End-to-End Latency < 50 ms
Replaced with “zero packet loss”
Measuring true end-to-end latency requires an oscilloscope or logic analyzer to timestamp UART packets at both the PC and Arduino sides. Our team did not have access to this equipment. Instead, we verified communication integrity (zero packet loss over 1,000 G-code lines at 250k baud) as a proxy for reliability. We acknowledge that this is a different metric and does not satisfy the original latency requirement.




Comments 5: Accomplishments would benefit from evidence of success. Show a photograph of some of the work of the robot. A side-by-side image of a character that it creates next to an image of what the goal image was should be provided.
Response 5: We agree with the reviewer. We add the following content to our report:
[image: ][image: ][image: ][image: ]

[image: ]

Comments 6: You only list mechanical uncertainties. Please add a discussion about the reliability of the software aspects of the project (stroke order errors, SAC training stability, ability to recreate various fonts)
Response 6: A discussion of the reliability of the software aspects:
SAC Training Stability
The SAC stage is moderately reliable but sensitive. The training script uses conservative learning rates, replay buffer, entropy tuning, fixed random seeds, and vectorized environments. However, the reward is sparse and image-driven. Most of the final performance comes from a terminal pixel-difference reward comparing the rendered canvas with the target glyph. That makes training vulnerable to local optima: the policy may learn actions that improve pixel overlap without producing smooth, physically natural writing. The environment also updates the skeleton using EMA after termination, which can help refinement but also means poor intermediate policies can gradually bias the trajectory.
Another issue is that SAC parameters vary by tool and text. So a model trained for one writing tool or character set is not guaranteed to behave reliably on another. Reliability should be measured per tool, per font family, and per character complexity class.
Ability To Recreate Various Fonts
The project can recreate a range of fonts because the wrapper renders arbitrary font glyphs into 256x256 grayscale PNGs using PIL, then passes those images through the same extraction and G‑code pipeline. This makes the input side flexible.
But font generalization is not unlimited. The pipeline works best when the font resembles handwritten or calligraphic strokes that can be decomposed into plausible pen trajectories. It is less reliable for decorative, outlined, hollow, very bold, highly geometric, or heavily stylized fonts. Those fonts may be visually reproducible as filled shapes, but the behavior of the trained policy may not be meaningful. The robot may trace contours or invent stroke paths that match the bitmap while failing to capture the font's intended construction.
Overall, the software is strongest at visual glyph recreation and weaker at behavioral authenticity. It can produce convincing outputs for many clean calligraphic fonts, but reliability drops when the font's visual form no longer maps cleanly to sequential pen strokes. For stronger claims, the project should report quantitative reconstruction error, stroke-order accuracy where labels exist, failed-character rate, and cross-font testing results.
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