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Project Summary

The project goal is to develop a Deep Learning based kinematics model for the novel
continuum wire manipulator for future surgery implementation.
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Documentation

Equipment list

Test station setup guide

Software environment requirement
Background reading

Data collection procedure

CAD

Code

Data Collection Procedure«

L3

In this file, we will outline the steps to create a data collection procedure that tests the motor encoder
numbers from -6000 to 6000, corresponding to angles from -119.06 degrees to 119.06 degrees. The
PID control will control the motor and traverse all positions, while a detection program will loop to
monitor the motor's traversal of all positions. When the motor reaches an incremental position, the
camera will receive a shooting command, and the output will be stored using ROS. The result will
include the motor angle and a set of point clouds representing the shape of the soft robot, which can
be transformed into a corresponding voxel using a function.«

3

Set up PID control for the motor.«

Implement PID control to precisely control the motor position.«

Set the motor to traverse all positions from -6000 to 6000 (or -119.06 degrees to 119.06 degrees).«
3

Develop the detection program.«

Create a loop in the detection program to monitor the motor's traversal of all positions.«

‘When the motor reaches an incremental position, send a shooting command to the camera.<

3

Configure the camera to capture images.«

Set up the camera to receive shooting commands and capture images upon receiving a command.<
Use the ROS framework to output and store the captured images.<

¢

Process the captured images.«

Implement a detection algorithm to obtain a set of point clouds representing the shape of the soft
robot.<

Save the motor angle and the set of point clouds as the result.«

3

Convert point clouds to voxels.«

Create a function that takes the set of point clouds and the motor angle as input and outputs the
corresponding voxel representation of the soft robot's shape.«

L3

By following these steps, you will create a data collection procedure that tests the motor encoder
numbers from -6000 to 6000 and captures images of the soft robot's shape at each incremental
position. The output will include the motor angle and a set of point clouds representing the soft

robot's shape, which can be transformed into a voxel representation using a function.«



Technical Progress — Testbed setup

Camera Pole and Holder
Motor Housing and Set up.
Green Curtain

Lighting
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Set Angle

Technical Progress — Motor Control

PID Logic
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Motor
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Data collection Process
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Technical Progress — Calibration

Intrinsic
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Extrinsic.py

Technical Progress — Calibration

Extrinsic
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Technical Progress — Image Processing

Filtering

Chroma Key Mask

Bilateral Filter




Technical Progress — Shape from Silhouette

SFS.py




Technical Progress — Shape from Silhouette

Binary Top View
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Technical Progress — Deep Learning Model Design

Implementation — Train — Validation:
Initial Design:
« Fully connected feed-forward neural network (2 hidden layers)

0.6

« AdamW Optimizer & ReLU activation function

Accuracy
o
w

Following Design 1:

=
'S

« Fully connected feed-forward neural network (3 hidden layers)

0.2

« AdamW Optimizer & RelLU activation function

Following Design

0.1

Following Design 2: el Design e

0 20 40 60 80 100 120 140 160 180 200

« Fully connected feed-forward neural network (3 hidden layers)

Learning Curve (Initial Design vs. Following Design)

« Vanilla gradient descent & RelLU activation function
COm® ™ Following Design 3:
« PointNet Encoder + Fully connected feed-forward neural network (3 hidden layers)

« AdamW Optimizer & ReLU activation function
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Management— Timeline

. Minimum

Implement the motor control ...
Install and configure OpenCV ...
Conduct wire control tests by...
Develop and document basic ...

Test the OpenCV tracking sof...

@ Expected

Move the wires and label resul...
Research and select a few sim...
Implement the selected algori...

Find the most suitable mappi...

‘ Maximum

Repeat above design-test pro...

Repeat process with various o...

Write |IEEE format manuscript

Feb 13 - 21
Feb 14 - 23
Feb 18 - 24
Feb 19 - 27

Feb 24 - Mar 3

Mar 3 - 17
Mar 8 - 19
Mar 19 - Apr 15

Apr3-25

Apr 25 - May 6
Apr 25 - May 10

May 1 - 31
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February March

June July

Minimum @ Feb 13 - Mar 3 @ 19 days

@ implement the motor control code to move the system in response to tracking data
@ install and configure OpenCV tracking software on [the system
@ Conduct wire control tests by sending motor position commands and verifying that the system moves as expected
@ Develop and document basic ROS system corjtrol code for the motor actuation

(D Test the OpenCV tracking software with sample images and COLLECT DATA

Expected @ Mar 3 - Apr 25 @ 54 days

D Move the wires and labgl results from the control tests

@D Research and select a few simple deep learning algorithms suitable for wire tracking
Implement the selected algorithms, train them using collected sample wire tracking data and test
Find the most suitable mapping function from motor control commands to the output using forward kinematics
Maximum @ Apr 25 - May 31 @ 37 days

(N Repeat above design-test process for various several DL Nets until find one DL model performs well
(T Repeat process with various other wire sizes (Transfer Learning)
O write IEEE format manuscript
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Management— Milestone & Deliverables

L m

Minimum Milestone 1 OpenCV Setup: create environment, image capturing from two cameras, processing image and shape carving, and
3D data output

Motor Control Test: motor angle control with PID, ROS system setup and encoder data collection and image data
matching
Hardware Setup: nitinol wire manufacturing, motor mounting, and camera mounting and CV auxiliary parts

Data Collection: create datasets for Deep Learning and transfer learning method
Expected Milestone 2 Move the wires and label results from the control tests
Research and select a few simple deep learning algorithms suitable for wire tracking

Implement the selected algorithms, train them using collected sample wire tracking data and test after

Maximum Milestone 3 Repeat above design-test process for various several DL Nets until find the most suitable mapping function from
motor control commands to the output using forward kinematics

Repeat process with various other wire sizes (Transfer Learning to various other wire sizes)

X

Write IEEE format manuscript
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Next Steps

1. Finish repeating "Implementation — Train — Validation" process for various several DL Nets
until we find the most suitable mapping function from motor control to the output using

forward kinematics

2. Repeat above train-test process with various other wire sizes ->Transfer Learning

3. Write IEEE format manuscript

£
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