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Project Description

Figure 1: The primary exposure pathway​

Figure 2: BSNE​ passive sampler

● Valley Fever is an infectious disease caused by 
the fungus Coccidioides.​The main exposure 
pathway for humans is inhalation of soil dust 
where fungi are located. Arizona is one of the 
high incidence areas of Valley Fever.

● To design and implement an automatic soil dust 
collection and characterization system utilizing 
the machine vision approach.

● “Yahoo Image Search.” Yahoo.com, 2020, images.search.yahoo.com/yhs/search. 

Accessed 19 June 2023.​

● ​Goossens, Dirk, and Zvi Y Offer. “Wind Tunnel and Field Calibration of Six Aeolian Dust 

Samplers.” Atmospheric environment (1994) 34.7 (2000): 1043–1057. Web.​ Jun Mei
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Clients/Stakeholders

Figure 3: Dr. Zhongwang Dou​

Client/Sponsor

● Dr. Zhongwang Dou​

Stakeholders

● Summer 2023 Team 3​

● Researchers and Scientists​

● Public Health Organizations​

● Patients and the Public​

● Technology Developers and Manufacturers​
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Consistency of Customer Requirements
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Customer Requirements:

● CR1 - Easy to carry, compact and lightweight(0.04 m^3, 3kg)

● CR2 - Easy to operate

● CR3 - Capture images with high resolution(7 * 7 μm)

● CR4 - A durable design can greatly extend the life and working duration 

of the device(0.5h)

● CR5 - The equipment should work as steadily as possible to ensure a clear 

shot.

● CR6 - Fast collection(9m/s)

● CR7 - Can be used in different environments
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Decomposition Model

Figure 6: Decomposition Model

● Provide insights into the individual components and their interactions within a 
larger system.

● Provide underlying logic for generating models.
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Engineering Requirements
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Engineering Requirements:

● ER1 - Decrease weight and volume of body

● ER2 - Increase flow rate and speed

● ER3 - Increase control system automaticity

● ER4 - Decrease exposure time for shooting

● ER5 - Increase camera sharpness

● ER6 - Increase strength of material

● ER7 - Increase working duration
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QFD
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Table 1: QFD Table
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Concept Generation

Table 2: Morphological Matrix

● Camera - Shoot dust

● Channel - Provide air inlet and 
the platform for shooting 
window

● Fan - Blow the dust up

● Pump - Suck the dust

● Collection Box - Collect the 
dust

Zhiyu Bai
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Concept Selection

● Used to narrow down to 2 
designs from 4

● Thought of 6 different 
criteria

● Had design 2 as Datum

Table 3: Pugh Chart
Zhiyu Bai
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Decision Matrix

Table 4: Decision Matrix
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● Had same criteria and compared them
 

● Advantages/Disadvantages

● Efficiency most important

● Installation least important
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First-generation Prototype
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Advantages：

● Portable design

● Reduction of connecting pipes

● Guarantee the smooth flow

Disadvantages：

● Hard to move dust

● May not be able to block dust particles

● Power supply Figure 7: Design 3
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CAD Iteration
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Figure 8: Previous CAD Models
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Final CAD Model
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Figure 9: Final CAD Model
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Manufacturing Process
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Table 5: Manufacturing Process​
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Manufacturing
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Figure 10: Cutting of aluminum rods​ Figure 11&12: Making conductive channels



PHOTO

Manufacturing

Jie Jin
Soil Characterization

 23S03
16

Figure 13: Device Prototype​ Figure 14: Final Design
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Testing Plan
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Experiment/Test Relevant Components Relevant DRs

EX1-Flow Rate and Speed Test 1.Channel

2.Vacuum

ER2,CR6,CR7

EX2-Control System Test 1.Raspberry Pi

2.Relay

3.Camera

ER3,CR2,CR4,CR5,CR7

EX3-Shooting Resolution Test 1.Camera

2.Channel

ER5,CR3,CR7

EX4-Capture Speed Test 1.Raspberry Pi

2.Fan

3.Camera

ER4,CR3,CR7

EX5-Working Duration Test 1.Battery

2.Fan

3.Raspberry Pi

ER7,CR4,CR7

Table 6: Testing Plan
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1. Flow Rate and Speed Test
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Results: 

Figure 15. Test Flow Speed with Hot 
Wire
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2. Control System Test Results
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Results 

● Successfully set up remote connection for Raspberry Pi using 

RealVNC software.

● Raspberry Pi connected to laptop hotspot for WLAN-based remote 

desktop and file transfer.

● Set the fan speed limit to 50%, with the actual speed around 2100 

rpm.

● The fan speed is approximately 38% of the maximum speed, which 

is within the acceptable range of 30%-40%.
Figure 16:VNC Remote Control
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3.Shooting Resolution Test Results
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Results 

Figure 17 & 18:Shooting area in length and height
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4. Capture Speed Test Results
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Figure 19: Resolution: 640x480 30fps Figure 20: Resolution: 1920x1080 24fps
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4. Capture Speed Demonstration
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http://drive.google.com/file/d/1SkysKw4ciIKDf4IzpSusfB7vTWylMJQ6/view
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5. Duration Test
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Figure 21 : Prototype Weight
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Testing Result
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Table 7 : ER summary table

Engineering Requirement Target Tolerance Measured/Calculated 

Value

ER met?

(Yes or 

No)

Client 

Acceptable

(Yes or No)

ER1-Decrease weight and 

volume of body

0.04 m^3

3 kg

5% 0.038  m^3

2.716 kg

Yes Yes

ER2-increase flow rate and speed 9 m/s 2% 8.671 m/s Yes Yes

ER3-Increase control system 

automaticity

Most parts in the device can 

be controlled by Raspberry 

Pi

Raspberry Pi can 

control the camera 

and fan

Yes Yes

ER4-Decrease exposure time for 

shooting

1.5 μs 5% 20 μs No Yes

ER5-Increase camera sharpness 7 * 7 μm 5% 5.21 * 6.94 μm Yes Yes

ER6-Increase strength of 

material

<65 Mpa 5% 0.503 Mpa Yes Yes

ER7-Increase working duration 0.5 h 10% 0.75h Yes Yes
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Testing Result
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Table 8 : CR summary table

Customer Requirement CR met? (Yes or No) Client Acceptable (Yes or No)

CR1-Easy to carry, compact and 

lightweight

Yes Yes

CR2-Easy to operate Yes Yes

CR3-High resolution NO NO

CR4-durable Yes Yes

CR5-Stable Yes Yes

CR6-Fast collection Yes Yes

CR7-Can be used in different 

environments

Yes Yes
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Purchasing Plan
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Table 9: Bill of Materials
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Purchasing Plan
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Table 10 : Bill of Materials
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Future Work / LED Test
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Objective:
To get 2 microsecond pulses of light to help 
the camera freeze the target within two 
pixels.

Procedure: 
Use an oscilloscope to test pulse 
wavelength.

Result:
Minimum pulse width: 20 μs. PHOTFigure 22: LED light back

O
PHOTFigure 23: LED light front
O
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Future Plan
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● Change the material for the frame

● Change to a new lighting controller with shorter pulse 

● Achieve synchronization of LED light and the camera
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Conclusion
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● The device can actively collect soil dust as well as photograph 

the trajectory of particles.

● Generally meets all customer requirements.

● Future work will focus on improving the ability to freeze particle 

images
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