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1. Introduction & Objectives 

Introduction: 

This deliverable takes the ideas and advice from the client meeting to create a prototype for 
our task. Additionally, we provided a new detailed design, project task, scheduling, a bill of 
materials, and our prototyping plan 

Design Drawing 

•​ Sampling Mechanism: Extendable blade with vacuum collection (Nolan’s 
contribution) for precise metal scraping. 

 

-​ Fairly straightforward; sharp chisel cuts into pipe wall by extension from a DC 
motor, with the bits collected in a plastic tray that wraps around the neck of 
the pipe. Given that its done by a code ran when a switch on the remote is 
pressed, it allows for a great degree of accuracy.  

 

 

 

 

 

 

 

 

 



 

•​ Feedback & Monitoring: Arduino integration 

 

-​ Allows for operator control of the length of the tube by arduino integration. 
Simple design; labelled buttons indicate direction which the pipe will extend 
with a sound indication when maximum length is achieved. Activation switch 
begins cutting process at the blade end. 

•​ Extension & Retraction:  Telescoping rod with belt mechanism 

 

-​ Connected motor rotates the wheel, in turn spinning the belt which allows for 
the rod to extend in one uniform motion to ensure equal pipe extension. Little 
notch ontop rotates the belt by holding onto the belt so that while the wheels 
turn the belt essentially moves with it. The further pipes are connected 
similarly by being attached to the belt; moving along the belt when the wheels 
rotate. Simple yet reliable design. 



 

3. Project Task Plan & Schedule 

Task List & Responsibilities: 

Task Duration Assigned To Details 

Finalize Detailed 
Design Drawing 

3 days Nolan & Franco Refine schematics; 
confirm component 
placements and 
annotations. 

Update Trello & 
Project Task Board 

1 day Entire Team Reflect updated 
tasks, sub-tasks, 
durations, and 
responsibilities 
based on current 
progress. 

Procure 
Components & 
Materials 

5 days Felipe Identify suppliers, 
obtain cost 
approvals (BOM 
with links), and 
ensure adherence to 
budget. 

Prototype – 
Sampling 
Subsystem 

7 days Nolan Build and test 
extendable blade & 
vacuum system; 
conduct initial 
focused tests for 
scraping efficiency. 

Prototype – 
Retrieval 
Mechanism 

7 days Felipe Assemble 
spring-loaded 
retraction system; 
calibrate tension 



and perform safety 
tests. 

Prototype – 
Feedback 
Integration 

5 days Franco Install sensors, 
integrate protective 
casing, and validate 
video feed quality. 

Prototype – 
Extension 
Subsystem 

5 days Omar Construct and test 
collapsible 
telescopic rod; verify 
smooth operation 
and structural 
integrity. 

System Integration 
& Comprehensive 
Testing 

7 days Entire Team Integrate 
subsystems, 
conduct 
comprehensive 
prototype tests, and 
resolve any 
integration issues. 

Risk Review & 
Contingency 
Planning 

2 days Project Manager 
(PM) 

Identify risks (e.g., 
component delays, 
integration issues) 
and update 
contingency 
measures. 

 

 

 

 

 

 



 

4. Economics: Project Costs and Component/Tool Selection 

Bill of Materials (BOM): 

Component/Tool Estimated Cost Supplier/Link Justification 

Extendable Blade & 
collection platform 

$7 
Extendable Blade 
Vacuum Pump Critical for accurate 

and contained 
sample scraping. 

Rod Motor $13 
Stepper Motor 

Extends and retracts 
the rod when 
needed 

Blade Motor $9 
Micro Servo Motor 

Spins the blade to 
collect the sample 

Collapsible 
Telescopic Rod 

$20 
Telescopic Rod 

Enables required 
reach and maintains 
portability. 

Miscellaneous 
(fasteners, wiring, 
adhesives) 

$30 Heat Inserts 

Screws 

Wire  

 

 

 

Necessary for 
secure assembly 
and component 
integration. 

https://www.amazon.ca/Spec-Ops-Folding-Utility-Retractable/dp/B089SQXGHJ?crid=2ZX0IG3HY1T3F&dib=eyJ2IjoiMSJ9.SCZOnD822UNDYd-R1Mk53OgNlDBIbgZve1KAjtQ7rV__QtLVx3RRZr5rlqwGwxP1c4mDfIsSW1geJImP7ZD-Bnm7cBy-Q8SYZ3xtYAW1zIn1C36fA7x8u-Im5BJ9NOe0zm_44X1pTYkaqsHdA5b-wr-z_XAQNGTSpLDzKceVhpKJX6vnivexNohsXPI92TMZ2RqsrUOJ-ZB29Cq5MtS54qF9xdOZIQH-Kb7fJQIvioaI21GooST3wL3CZgWTTGiMXGznRocHNSTxFGC_xG1RBmhVPGkpBVUsCYBsmDMUyOPkw0fdnKf82r1MeftBo6VQvnSLrCrtdeazJ90ZqNPj8BhzDu0YkR8MHHI8zYyjtOorT8UQMr1dObYpKPZMIhLKeT0D-CxVgNhJq7T3-kWkjJaxudWRYGLMdejVuDvf0lZamQhMDGRDjza1w2sI7Kef.noQKFs4PY3AXNx03V4ZhrYhVomIMrBxJUDI49hbaSk4&dib_tag=se&keywords=retractable+blade&qid=1740362831&sprefix=retractable+blade%2Caps%2C111&sr=8-35
https://www.amazon.ca/LT-Easiyl-Appliance-Equipment-Appliances/dp/B0D264T26R?crid=34RIW7JZF2HKH&dib=eyJ2IjoiMSJ9.yufc2FsURqUogaIs5IgTczZpYsSz81qdHcoo_otNjX60zeeH4B4kSDrD2dMkc4GXCqKXYUFOdKEi4gn8qyJvDiPH--zxRplKNJjZP5-aNgtqmLLHfhte3LqQVZ8PdwcfXQwmkW8qf4ws-tTEXTB_nlNU5DQIGgvljN-jGsC2kV5Zbicnghq5JJnKRhZgStw293IcsLzCnCwGYkQxDspfr3xCX5CWojkR4hZU5Ggf3pB4-HudYcOS5tmzlsPE-cBT4qxccFSy1BcQiw_WQhM-55BdKU66AGi3yARSXSooWoT4TNAhoKmR5F5gnqDe899UoYfAVknPwU9XcWTprhrl2t9N6Arr4OU5tsA0mVg0ptOEh3bhk9rQuXrErxmpxbVnwoFshYA1JI3s6n6xdXyIDLo6ZuSdo5IcWXOqQeN2Prs4ETSmhYYy2CX6o9Bp3Txs.9De_1qC5YcuWAbG_l6ilHYJP3C6Siob_EBc-0CN2ST4&dib_tag=se&keywords=mini+vacuum+pump&qid=1740362988&sprefix=mini+vacuum+pump%2Caps%2C114&sr=8-14
https://www.amazon.ca/Twotrees-Nema17-Stepper-Bipolar-Printer/dp/B07TGJSNJB?crid=2QO1N3T564FJ8&dib=eyJ2IjoiMSJ9.T2M5ccOGEqLh6N-_SwU6l6ew-kG17cPKYyHs7wL-tLmKtBR3hYD7Om0BJWYZN3aWWuni241PTj4gLO1Ev1xMl3J1KbP1yt8HWWaab3Ec743q5lazvPVRzatozmHo-yaN0gpn-q9ugW5yqphTkbSoFVH3nZZjapRYuWSpbKfc8fjtp3BPEM8AI3eMvFhcFDoltJ56xXWVUUT45x79QtqDIBH0ovu1-cql9TnL8U4NvgtzwyxNaP77X-ahW0PU2nO_XZZ1nOB-wWnXWosvI5HTUiAAi9kISfC1BlO2r1PY39QT9c-MKOo0V8p5Gx7GbCaLGasTtrd8BpSrlmRYVn2zu8UUizlJ95MCbtqnqcb2aweMOpLSA5BksKZQ2bAJz_6gTjAf8VFKhH7Pj-NawQRL551N8q8RETaUpVLyeAf6YnweHX4agKTP4KTZ9wHjFEkz.IXJkXKfHVdWA_BJsZJg7zfjIMdwiDsogygHVM64gBGc&dib_tag=se&keywords=stepper%2Bmotor&qid=1740363239&sprefix=stepper%2Bmotor%2Caps%2C111&sr=8-16&th=1
https://www.amazon.ca/MMOBIEL-Airplane-Helicopter-Compatible-Raspberry/dp/B097RD8RB7?crid=239MFR8ELGPP3&dib=eyJ2IjoiMSJ9.ImK_XbGNAAhxATvDuUM8z7lepkrGLBl0H8cuciSK96U4y35LK-VZ78w6r83vwmdomBIdqaSPwPtseho61-s-0DRMxvUdWRQltf8RTSvR43hWtb_J2lfXffsIwif3kWD4_hzNTdotoqFT_ZCCEU1DRh8ZvT_rPcNdq-SkKsgsUpnVct-zLmd2-tH71-9vTEVeGqzlsMFjlyyHRfrVf-oRO73IjknVSmjJEbCsILb2L79GJzD28h1ZmMdJTQ1uyYW1Vbrhx7vgeDmcDHCC4Qf8L-mtiNipJ77CMqZDgTCm5limOszEhDxmjZvxvEB158SOcjYFls70mjcGbR_2Girc8MNkuJwhiK95m5Y5C5m5ymaprw_codYSdVbkLq6P8AjcRrd0gQ_HMS4uNG879G9wztGT6fbI3wmM6INwNSM8xBoGfM1v4aDibC8l9ZznX2Fw.9LWS3LoQFbY-khHkNl5-efW2Mq3-l09aSfLGBZJk2jg&dib_tag=se&keywords=servo%2Bmotor&qid=1740363129&sprefix=servo%2Bmotor%2Caps%2C103&sr=8-10&th=1
https://www.amazon.ca/Goture-Fishing-Ultralight-Telescopic-Segments/dp/B07Y4XJL6B?dib=eyJ2IjoiMSJ9.Jd8z7QNiSBRhn1ITt4UgXkbfIJatiMlXT7b-9DTck8nddpSudrpD1i-gEortYXAoN0Pcd_lfef-kt5ixk2ZpMDljmWOE_1jvXa1607JYyjWE2NCfAH4mBHdd_ZcGOcKBhqPdEW5OgrphsO-xLEaur-kO0hXNMSO6Vr8wvIAwpV-XRuSS9RjWnzGjBpXWc1aq5thLiyEoOLHZXK_LtdbYf_YVsLBe6_OdwqNOxMFQaCKTFiwiRV-WGXadmyIyBVZIcWkaB9379UkD1H8pe3MaZ6bTzxiqQhIK_FOrWi8qyFWde8AnvOqUTx-hLd3m3DquWnFkEn1fgo-FFnwNKdwtRgQIpKfpulEYq7ZVbMvKmMI.Ie49MyU1Vb7m1MVWRDHSQ8S603DW-SqOgAJMyLbz-KY&dib_tag=se&qid=1740362669&refinements=p_76%3A3276484011&rps=1&s=sports&sr=1-12&th=1
https://www.mcmaster.com/97163A150/
https://www.mcmaster.com/90037A103/
https://www.mcmaster.com/7394K31/


Arduino + feedback 
sensors 

$17 
Arduino Uno 

Necessary for 
constant feedback 
and determining 
collected sample 
size 

Total cost: $108.48 w tax 

Equipment List: 

​ •​ Permanent: Feedback sensors, power supplies for motors. 

​ •​ Temporary: Breadboards, test fixtures for initial prototype evaluation. 

Budget Management: 

​ •​ Total estimated cost is approximately $110. 

•​ Justifications are based on cost-effectiveness while ensuring reliability and 
quality. 

This section follows the rubric by providing realistic cost estimates and well-supported 
component selections. 

5. Prototyping Test Plan (Prototype 1) 

Test Plan Overview 

Purpose: 

•​ Assess performance metrics (precision, retrieval speed, feedback quality) and 
identify any design flaws early. 

Test Objectives: 

•​ Sampling Efficiency: Measure if the extendable blade and vacuum system 
collect the target sample size (30–80mg). 

•​ Retrieval Functionality: Confirm the spring-loaded mechanism retracts the tool 
within a defined timeframe (e.g., <5 seconds). 

​ •​ Feedback Quality: Ensure the feedback sensors are returning good data. 

•​ Extension Integrity: Verify the telescopic rod extends/retracts smoothly and 
maintains structural integrity. 

Prototype Attributes and Fidelity 

https://www.pishop.ca/product/arduino-compatible-uno-r3-rev3-development-board/


​ Fidelity: 

•​ Start with low/medium fidelity focused prototypes to test individual 
subsystems before integration. 

​ •​ Increase fidelity iteratively as each subsystem meets performance metrics. 

​ Cost & Iteration Time: 

​ •​ Minimize costs by using cost-effective materials for initial prototypes. 

​ •​ Rapid iteration cycles will be employed to optimize design parameters. 

 

Test Plan Structure (Following Lecture Template) 

Test 
Number 

Critical 
Issue/As
sumptio

n 

Test 
Objectiv
e (Why) 

Test 
Descript

ion 
(What) 

Analysis 
Method 
(How & 
When) 

Measura
bles/Met

rics 

Prototyp
e 

Fidelity 
& Type 

Results 
& 

Interpret
ation 

1 Samplin
g 
Efficienc
y 

Validate 
sample 
collectio
n 
capabilit
y 

Bench 
test 
using a 
metal 
pipe 
mock-up; 
operate 
extendab
le blade 
with 
vacuum 
system. 

Time-bas
ed tests 
over 2 
hours; 
record 
sample 
mass per 
cycle 
using a 
precision 
scale 

Sample 
mass in 
mg; 
target: 
30–80m
g per 
cycle 

Low 
Fidelity 
Focused 
Physical 
Prototyp
e 

Record 
pass/fail 
and 
collect 
qualitativ
e 
feedback 

2 Retrieval 
Mechani
sm 
Function
ality 

Confirm 
safe and 
rapid tool 
retractio
n 

Activate 
spring-lo
aded 
retractio
n; 
measure 
time 
from 
activatio

Use 
sensor to 
measure 
retractio
n time; 
conduct 
5 
repeated 
trials 

Retractio
n time 
(seconds
); target: 
<5 
seconds 

Low/Med
ium 
Fidelity 
Focused 
Physical 
Prototyp
e 

Note any 
delays or 
failures, 
adjust 
tension 
calibratio
n 
accordin
gly 



n to 
complete 
retrieval. 

3 Feedbac
k Quality 

Ensure 
real-time 
monitorin
g is 
effective 

Operate 
under 
simulate
d 
operatin
g 
condition
s; 
assess 
clarity 
and 
responsi
veness. 

Compare 
recorded 
video 
resolutio
n and 
clarity 
under 
different 
lighting 
condition
s 

Resoluti
on (p) 
and 
clarity 
score 
from 
user 
feedback
; target: 
720p+ 

Low 
Fidelity 
Focused 
Visual/P
hysical 
Prototyp
e 

Collect 
quantitati
ve data 
and 
qualitativ
e 
feedback 

4 Extensio
n 
System 
Structura
l Integrity 

Test 
smooth 
operatio
n and 
rigidity 

Extend 
and 
retract 
the 
telescopi
c rod 
repeated
ly; apply 
minimal 
loads to 
test 
stability. 

Measure 
extensio
n/retracti
on 
speed; 
observe 
any 
mechani
cal 
issues 
during 
10 
cycles 

Extensio
n 
uniformit
y and 
mechani
cal 
integrity 
under 
repeated 
use 

Low/Med
ium 
Fidelity 
Focused 
Physical 
Prototyp
e 

Record 
and 
interpret 
any 
deviation
s from 
expected 
performa
nce 

Stopping Criteria: 

•​ Testing will conclude once the prototype meets all specified metrics 
consistently over three consecutive test cycles. 

​ •​ If significant failures occur, testing pauses to reassess and refine the design. 

 

 

 



6. Conclusion 

 

This deliverable has presented a comprehensive plan for Concept 1 – “High Precision & Full 
Monitoring.” It includes a detailed design drawing with subsystem integration, a meticulously 
planned project schedule with task responsibilities, a cost and component justification, and a 
thorough prototyping test plan based on the latest prototyping methodologies. These 
combined efforts aim to meet client expectations and rigorously validate the design. 


