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 Anthropometry is the 

measurement of the size and 

proportions of the human body

 Anthropometric scans typically 

output a 3D figure that can be used 

for body measurements and for 

Engineering design

Figure 1: 3D cad image of different hand views

Josiah Bazyler
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Project Overview (cont.)
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 Currently, scan participants are 

given verbal instructions on where 

and how to position and orient 

themselves for an anthropometric 

scan

 This process is tedious and time 

consuming for the scan technician 

Figure 2: Example of 3D scanning

Josiah Bazyler
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Objective
The objective of this project is to provide a user interface for a participant 
in a 3D body scan environment in order to shorten the duration of the 
overall process by reducing the amount of instructions given by the scan 
technician to position/orient the participant. 
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Figure 3: Example of a visualization 

Josiah Bazyler
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#​ CUSTOMER STATEMENTS​ INTEPRETED NEED​

1​
It would be beneficial if the device could indicate 

to the user when the “ideal scan location” is filled

If possible, the device will be able to notify the user to hold the 

current orientation of the participant’s head/hand

2​ The device must not interfere with the scanner
The device must cease operating upon successful fulfillment of 

the ideal pose

3​
Project something into space for the participant 

to aim their head/hand

The device must indicate to the participant the ideal location and 

orientation for accurate scans

4​ The device must be a stand-alone system​
The device must complete its intended function without the 

assistance of other devices

5​ The device must be able to be powered remotely The device requires a method for power control​

6​ The device must not create any safety hazards The device must minimally impact the participant​

Table 1: Customer needs table

Joshua Segall
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Functional Decomp.
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Visual

Indication

Clearly 

seen by 

participant

Informs 

participant 

to hold 

pose for 

scanningAccurately 

displays

pose

Device

Visualization

Device

Stand 

alone

Safe for

operator

Safe for

participant

Free of

scanner 

interference

Safety Functional Decomposition 

acted as a funnel for the 

ideation process

 From top to bottom, the 

boxes become more and 

more specific
Figure 4: Functional 

Decomposition

Joshua Segall
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Targets & Metrics
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 Functional decomposition led to a 

large set of targets & metrics 

(T&M) that was determined to be 

necessary for a successful design

 These are the most important 

T&M from the original list
 They satisfy industry/governmental 

standards

Table 2: Customer needs table

Joshua Segall
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Concept Generation: Overall Design
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87 Concepts

8 Final 
Concepts

Final 
Design

1. AR and Leap Motion

2. Mirage/Schlieren Imaging

3. BMW Holo-Touch

4. 3D Image Live Feed Camera

5. Adafruit with 3D Camera

6. Illumination Mirascope

7. Semi-Autonomous Robot with 3D camera

Joshua Segall
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Concept Selection: Overall Design
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Table 3: Analytical Hierarchy Process

Table 4: Final Selection

 AHP shows the results of 

our re-calculated concept 

selection

 Final selection found that 

the Mixed Reality 

Wearable was in fact the 

best selection

Joshua Segall
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Concept Generation: Wearable

15

Band Mount Clip

Joshua Segall

Table 5: Various Wearable concepts

http://tesouroliterario.com/body-outline-clipart-with-human-blank-anatomy-extraordinary-person/
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Concept Selection: Wearable Design
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Joshua Segall

Table 6: Wearable Concept Selection

Figure 5: 3D printed hand 
with wearable attached

Figure 6: 3D 
printed wearable
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Design Components
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1) ZED Mini

• 3D Camera

2) Wearable

• Apriltag(s) attach to it

3) NVIDIA Jetson TX2 – Computer

• Tracks Apriltag with Robot 

Operating System (ROS)

4) Steady State Monitor

• Information is displayed through 

Rviz/Gazebo (virtual worlds)

1)

2)

3)

4)

Figure 7: Overall 
design setup Josiah Bazyler
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Progress: ROS
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 Can track/display 

the position & the 

orientation of the 

ZED Mini within 

Rviz

Josiah Bazyler

Figure 8: Video of the ZED Mini's pose being tracked in Rviz



Department of Mechanical Engineering

Progress: ROS (Cont.)
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 Need to finalize 2 input 

parameters in order to 

use the “AprilTags2” 

node within ROS
 Nodes are executables 

that communicate with 

other nodes within ROS

Input 
Parameters:

ROS 
Node:

Output 
Parameters:

Figure 9: Inputs and outputs 
of the “apriltags2_ros” node

Josiah Bazyler
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Wearable Iterations
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Joshua Segall

Figure 10: Apple 
Watch concept

Figure 11: Temporary 
tattoo concept

Figure 12: Magnetic 
bracelet concept

https://commons.wikimedia.org/wiki/File:Apple_logo_black.svg
http://www.palegraylabs.com/seder-masochism-products/angel-o-pain-temporary-tattoo
http://annebobroffhajal.com/2010/10/drawing-lesson-a-simple-drawing-of-your-hand/
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Future Testing
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Future Testing

21 3

Joshua Segall

Figure 13: AprilTag
pose tracking

Figure 14: Drop and 
impact testing

Figure 15: Increasing 
efficiency

https://www.visioncareproducts.com/the-fdas-impact-on-lenses/
https://peopleprocesses.com/the-four-measurements-of-an-hr-system-that-works/efficiency/
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Most Important Points

1. Can currently track/display the pose of the ZED Mini in Rviz

2. Have a functional/versatile wearable design

3. Need to finalize the 2 input parameters for the ROS node

4. Need to order a mobile monitor adjustable mount (~$56)

5. Need to attribute a 3D image to an AprilTag within Rviz or Gazebo

6. Need to place a stationary 3D image in an ideal pose within Rviz or 
Gazebo

26

Josiah Bazyler
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Lessons Learned

1. Everything that can go wrong…

2. Continue to think about splitting up workloads evenly so that nobody 
has to be working on the project until 4:00am

• Quality of work goes down at this time of hour

3. Transforming multiple moving 3D frames into a camera frame is 
incredibly challenging

4. Wearable design needs to have a balance between satisfying the 
problem as well as sparking interest in the participant/customer

27

Josiah Bazyler
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31



Department of Mechanical Engineering

Targets and Metrics Backup
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Targets and Metrics
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Ideal Location Indicator For Anthropometric Scanners

Main Function Sub-Functions Metrics Targets

Device

Self-Contained

Dimensions 
(in)

≤ 30 x 30 x 30

*Weight
(lb.)

≤ 25

Free of Scanner
Interference

*Distance from Scanner
(m)

~ 1

Accurately displays
location and orientation

*Tolerance of depth 
Measurement 

(cm)
≤ 4

Safety

Safe for participant

*Brightness level
(Lumen)

< 200

Intensity level 
(Lux)

< 200

Safe for operator
Operating temperature 

(°F)
< 150

Visual Indication

Clearly seen by participant

Perceived Brightness level 
(Lux)

100 - 200

Resolution 
(Pixel)

≥ 480

Signals participant to hold 
position

*Time in designated Location & 
Orientation

(Second)
< 30

Power Power supply

Power consumption 
(Watts)

< 11

Operating voltage 
(Volts)

≤ 55

Table #:Full Targets and Metrics Table
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Targets and Metrics: Device
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 The device must be self 

contained

 Does not interfere with the 

scanner

 Accurately displays where 

the participant should be 

and how they should be 

orientated 

Ideal Location Indicator For Anthropometric Scanners

Main Function Sub-Functions Metrics Targets

Device

Self-Contained

Dimensions 
(in)

≤ 30 x 30 
x 30

*Weight
(lb.)

≤ 25

Free of Scanner
Interference

*Distance from 
Scanner

(m)
~ 1

Accurately 
displays

location and 
orientation

*Tolerance of 
depth 

Measurement 
(cm)

≤ 4

Table #: Targets and Metrics Table Row 2
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Targets and Metrics: Safety
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 The device should be safe 

for the participant and the 

operator 

Ideal Location Indicator For Anthropometric Scanners

Main Function Sub-Functions Metrics Targets

Safety

Safe for 
participant

*Brightness level
(Lumen)

< 200

Intensity level 
(Lux)

< 200

Safe for operator
Operating 

temperature 
(°F)

< 150

Table #: Targets and Metrics Table Row 2
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Targets and Metrics: Visual Indication
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 The “sweet spot” must be 

clearly seen by the 

participant

 Device will signal them to 

hold the current position

Ideal Location Indicator For Anthropometric Scanners

Main Function Sub-Functions Metrics Targets

Visual Indication

Clearly seen by 
participant

Perceived 
Brightness level

(Lux)
100 - 200

Resolution
(Pixel)

≥ 480

Signals participant 
to hold position

*Time in 
designated 
Location & 
Orientation

(Second)

< 30

Table #: Targets and Metrics Table Row 3
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 Power is important for 

 Safety

 Efficiency 

“Sweet Spot” Indicator For Anthropometric Scanners

Main Function Sub-Functions Metrics Targets

Power Power supply

Power 
consumption 

(Watts)
< 11

Operating voltage 
(Volts)

≤ 55

Table #: Targets and Metrics Table Row 4

Targets and Metrics: Power

X
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Concept Selection: Pair Wise Comparison
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Concept Selection Process:

Pair Wise Comparison

Table #: Pair Wise Comparison Results for Customer Requirements 
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Concept Selection: House of Quality
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Concept Selection Process:

House of Quality

Table # : House of Quality 
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Concept Selection: Pugh Matrix Round 1
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Concept Selection Process:

Pugh Matrix

“S” – Similar            “+” – Concept plus            “-”   - Concept negative      

Table #: First Pugh Chart for final 8 concepts
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Concept Selection: AHP #1
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Concept Selection Process:

AHP

Table #: Analytical Hierarchy Process
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Concept Selection: AHP #1 Continued
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Concept Selection Process:

AHP
Table #: Analytical Hierarchy Process

Table #: Final Selection
 The final concept was 

determined using multiple 

pair wise comparisons for 

each engineering 

characteristic

 The output is the 

weighted number ranking 

of the final 3 selections
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Concept Selection: Pugh Matrix Round 2
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Concept Selection Process:

Pugh Matrix

Table #: Pugh Matrix including the Mixed Reality Wearable 

X
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Bill of Materials: Preliminary Part 1
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Table #: Part 1 of the Preliminary BoM

Table #: View of Full Preliminary BoM
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Bill of Materials: Preliminary Part 2
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Table #: Part 2 of the Preliminary BoM

Table #: View of Full Preliminary BoM
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Bill of Materials: Final Design BoM
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Table #: Final Design BoM

Table #: View of Full Preliminary BoM

X
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