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1 Introduction

This document describes the various tests to be performed on the Hipster system (and sub-
systems in simulation/reality) throughout the fall semester in order to validate and verify that the
system and subsystems are meeting stated functional and performance requirements. The tests are
designed such that there is an incremental increase in the complexity of the test and the necessary
state of the system in order to properly perform the task, which will provide a good deadline for
finishing functionalities. The results of these tests will be reported during the progress reviews.
Each test has a name/number, an objective, elements, a location, equipment, personnel, procedure,
and verification criteria. By the spring validation experiment, our full reaming system should be
functioning in simulation and all subsystems should be working in reality without integration.

2 Logistics

All of these tests as well as the Spring Validation Demonstration will take place in Newell-
Simon Hall in room B512. The Spring Validation Demonstration will be presented via a live
demo, while the rest of the plans will be demonstrated via videos or reports on the results of
the tests during progress reviews. All team members will be present for the Spring Validation
Demonstration, and while it would be ideal for all members of the team to be present for all tests,
it is only be necessary for the system lead and one other person to be present during the testing.
The following equipment would be necessary for the majority of our tests:

• Desktop Workstation: necessary for interfacing with the robot manipulating

• Monitor: necessary for displaying GUI information and camera output

• Robot arm: manipulator arm coupled with a custom reaming end-effector

• Atracsys camera: camera which can detect the location of marker arrays and computer their
location into transformations

• IR markers: markers which can be detected by the Atracsys camera

• Marker arrays: arrays which hold the IR markers in unique orientations such that they can
be detected by the Atracsys camera

• Vention table: rigid table for the robot arm and all tasks to be performed upon

• Sawbone pelvis: foam replica of a pelvis to be used with physical validations of the system

• Panavise mount: vise to hold pelvis during testing

Further equipment for specific tests will be specified in the testing plans. Some of these perfor-
mance requirements and tests are subject to hardware we plan on receiving, and given the uncertain
nature of our hardware acquisition currently, some of these requirements and tests may change.
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3 Schedule
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4 Tests

4.1 Test 1

4.2 Test 2
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4.3 Test 3

4.4 Test 4
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4.5 Test 5

4.6 Test 6

Page 5



MRSD 2022 Team C: Spring 2022 Test Plan

4.7 Test 7

4.8 Test 8
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4.9 Test 9

4.10 Test 10
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4.11 Test 11

4.12 Test 12
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4.13 Test 13

4.14 Test 14
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4.15 Test 15

4.16 Test 16
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4.17 Test 17
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4.18 Spring Validation Experiment

Objective: The general goal for this semester is that by the spring validation, all our subsystems
should be working together in simulation. This includes the perception and sensing subsystem, the
motion planning subsystem, and the controls subsystem. The spring validation experiment should
see these subsystems which were tooled to work in simulation, be ported over to working with the
physical system. Thus, with these experiments, we hope to validate the functionality of all of our
individual subsystems on the physical robot manipulator.

Equipment: All equipment mentioned in Logistics will be utilized during the testing.

Elements: Perception and sensing subsystem, motion planning subsystem, controls subsystem

Personnel: Entire Hipster Team

Location: NSH Basement

Procedure and Validation for Each Test:

1. Sensing and Perception Test

• Procedure:

(a) Place a marker on the robot’s end-effector.
(b) Record the robot’s end-effector pose through encoder values and transformation

matrices. Record time to get end-effector pose.
(c) Record the end-effector marker’s pose from the camera.
(d) Place a marker on a plane and record its initial position.
(e) Move the marker to 3 new positions and record the time needed to get new marker

positions.
(f) Record computed error for the 3 new marker positions.

• Validation:

(a) The 2 recorded poses must match with an error ≤ 3mm and orientation error ≤ 3
degrees.

(b) The robot must record new marker positions with a latency ≤ 500ms.
(c) The robot must compute errors for each new marker position.

2. Motion Planning and Controls Test

• Procedure:

(a) Command the robot to go to an end-point.
(b) Record the time taken for the robot to generate trajectory.
(c) Run the Quantitative Trajectory Evaluator and examine the results folder to deter-

mine if the results are acceptable according to our performance requirements.
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(d) Measure the force output over the trajectory and ensure that it does not go above
the maximum force threshold.

• Validation:

(a) The robot end-effector must generate a new trajectory within 500ms.
(b) The robot end-effector reaches the end point within a threshold without moving

through singularities.
(c) The maximum error at any point during the trajectory must be within a certain

error threshold.
(d) The maximum force at any point during the trajectory must be less than the maxi-

mum force threshold (30N).
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5 Appendix

5.1 Functional and Performance Requirements

Functional Requirement Performance Requirement Justification

M.F.1 The system shall localize
the robot arm in real-time with
respect to the pelvis before and
during surgery

M.P.1.1 The system will localize the
robot arm in real-time with respect to
the pelvis before and during surgery
with a latency less than or equal to 50
ms

Latency of Atracsys Sprytrack 300 is less than
25ms; Processing time about 25 ms

M.P.1.2.1 The system will localize
the robot arm in real-time with re-
spect to the pelvis before and during
surgery with a position error of less
than 1 mm

Survey sent to surgeons and literature review
suggest a desired position error of less than 2
mm. Combining M.P.1.2.1 and M.P.3.1 will
result in a combined position error of less than
2 mm.

M.P.1.2.2 The system will localize
the robot arm in real-time with re-
spect to the pelvis before and during
surgery with an orientation error of
less than 1.5-degrees

Survey sent to surgeons and literature review
suggest a desired orientation error of less than
3-degrees. Combining M.P.1.2.2 and M.P.3.2
will result in a combined orientation error of
less than 3-degrees.

M.F.2 The system shall plan the
trajectory of the robot arm based
on the given surgical plan

M.P.2 The system will plan the tra-
jectory of the robot arm based on the
given surgical plan with a latency less
than or equal to 150 ms

Total latency of the system should be less than
500 ms.

M.F.3 The system shall execute
surgical plan by reaming along
the generated trajectory

M.P.3.1 The system will execute sur-
gical plan by reaming along the gen-
erated trajectory with an position er-
ror of less than 1 mm

Survey sent to surgeons and literature review
suggest a desired position error of less than 2
mm. Combining M.P.1.2.1 and M.P.3.1 will
result in a combined position error of less than
2 mm.

M.P.3.2 The system will execute sur-
gical plan by reaming along the gen-
erated trajectory with an orientation
error of less than 1.5-degrees

Survey sent to surgeons and literature review
suggest a desired orientation error of less than
3-degrees. Combining M.P.1.2.2 and M.P.3.2
will result in a combined orientation error of
less than 3-degrees.

M.F.4 The system shall compute
error and interpret the movement
of the pelvis during reaming

M.P.4.1 The system will compute er-
ror and interpret the movement of the
pelvis during reaming with a latency
less than or equal to 50 ms

Latency similar to localization

M.P.4.2 The system will generate
a new trajectory if the interpreted
position and orientation errors are
greater than 1 mm or greater than 1.5-
degrees.

Survey sent to surgeons and literature review
suggest a desired position and orientation error
of less than 2 mm and 3-degrees. Therefore,
the thresholds for compensating for these errors
should be less than these desired errors.

M.F.5 The system shall adapt
and compensate for movement
by generating a new trajectory

M.P.5 The system will adapt and
compensate for movement by gener-
ating a new trajectory with a latency
less than or equal to 150 ms

Latency similar to trajectory planning

M.F.6 The system shall allow the
surgeon to place the robot arm at
an initial position

M.P.6 The system will allow the sur-
geon to place the robot arm to an
initial position by back-driving the
robotic arm

Reduce system complexity by keeping path to
be planned short

M.F.7 The system shall provide
the surgeon with visual feedback

M.P.7 The system will provide the
surgeon with visual feedback with a
latency less than or equal to 150 ms

From literature on tele-surgery, latency 150
ms is found to be noticeable to surgeons, and
degrades performance of surgeon-performed
tasks

M.F.8 The system shall allow the
surgeon to e-stop

M.P.8 The system will allow the sur-
geon to e-stop the system, stopping
the system within 500 ms

Competitor systems have similar quantification
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5.2 Non-functional Requirements

M.N.1 The system will produce forces low enough for it to be safe around humans.

M.N.2 The system will provide a minimal and easy-to-interpret user interface design for surgeons.

M.N.3 The system will autonomously detect malfunctions and errors and notify user accordingly.

D.N.1 The system will allow for numerous successful surgeries, without the need for servicing and
calibration.

D.N.2 The system will have a cost comparable to similar systems on the market.

D.N.3 The system will adhere to all relevant ISO standards pertaining to medical robotic sys-
tems.

D.N.4 The system will be of a size and dimension that is ergonomic.

D.N.5 The system will be designed such that it can be serviced easily.

D.N.6 The system will be designed to be easily sterilizable or sterile in the sterile field.
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