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Solution Approach
User Interface

(Webapp Server) RPi Device Locator 
Server

Command Video Stream

Device Location

● Web App: 
○ Accessible across all 

platforms
○ 3 command types:

■ Calibration
■ Device Operation
■ Senario Modes

● Device Locator Server: 
○ Customized YoloV3 model
○ Data post-processing

● RPi: 
○ 2 DOF Robot

■ Stepper 
Motor

■ Servo Motor
○ IR sender
○ Camera Send single 

frames to 
device locator
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Solution Approach

http://course.ece.cmu.edu/~ece500/projects/f19-teamb1/


Complete Solution
● Calibration

○ CV Locating 3 devices (AC, TV, Disco Lights) at a distance of 6-9 feet
● Device Operation

○ IRMan rotate to point to the device
○ IRMan sends the correct IR signal

● Senario Modes
○ IRMan working correctly and precisely even after multiple consecutive 

commands
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Component Metrics and Validation
Compon
ent

Requirement Testing Method Result

WebApp 
Latency

Server to RPi 
latency under 
500ms

Timestep, stress tested with a mock 
webapp server sending 100 
messages to 10 concurrent 
simulated raspberry pi clients

Avg latency of 24.41ms
Maximum 26.07ms
Minimum 20.49ms

IR Circuit 
Success 
Rate

success rate of 
90% within 
range of 4-10 
feets

Collect success rate of all types of 
command signals from 3 different 
devices/protocol under distances of 
4 to 10 feet

100% for 4-9 feet
75.2% for 10 feet
96.5% overall
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Component Metrics and Validation
Compon
ent

Requirement Testing Method Result

Motor 
Position 
Accurac
y

± 5 degrees of 
correct pose

Feed in 8 expected positions and 
manually check the result

Accurate for stepper 
motor
Avg error  0.375 degrees 
for servo motor (Max 2, 
min 0)

Motor 
Rotation 
Time

Time to 
specific pose < 
1s

Record time it takes for a full rotation 
and rotations with 5 different layouts 
(no overlap, minimum 10 degrees in 
between)

Takes <3 seconds
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Component Metrics and Validation
Compon
ent

Requirement Testing Method Result

Device 
Locator 
Accuray

Image 
validation 
accuracy > 
75%

Manually set up 140 validation 
images, run through model and 
collect result

83.5% accuray in 
unmonitored 
environment

Device 
Locator 
Latency

RPi to server 
latency < 500ms
Image transfer 
latency < 750 
ms

5 simulated video stream transmission 
to server
Record time for 10 image transfer of 
camera-sized images over 
websocket

Avg 612 ms
Max 635 ms
Min 607 ms

Video transmission latency is not tested because we changed the implementation, which made 
this test non-relevant.
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Component Metrics and Validation
Compon
ent

Requirement Testing Method Result

Device 
Locator 
Output 
Position

± 10 degree of 
the correct 
pose for each 
devices

10 test calibration runs (10 images) 
in different environment with TV, 
Disco lights, AC

Avg 2.74 degrees
Max 6.5 degrees

Calibrati
on  
Latency

Total 
calibration 
time < 3 mins

10 complete calibration  runs in 
different environment with TV, Disco 
lights, AC

Worst case 103 seconds.
Normally avg 33 
seconds. 

Test devices needs to be put into the camera’s field of view

Device locator can always find disco light and AC.

Device locator performs worst on Vizio TV since there are a lot of interference from other monitors
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System Metrics and Validation
Compon
ent

Requirement Testing Method Result

User 
Success 
Rate

Success rate > 
90%

Run 30 IR commands on test devices 
with correct pose information

86.67% (26 out of 30)

User 
Latency

Average 
Latency < 2s

Run 30 IR commands on test devices 
with correct pose information

Average total time: 3.107 
s

IR signal command performs worst on the disco light. We assumed it’s due to the interference from its light.

Total time to send IR signal is 3.107s. 
Average time it takes to raise arm and send IR signal: 2.614s.
Average time to spin to device = 3.107s - 2.614s = 0.493s
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Project Management
Design & 
Implementation
Phase

Integration Phase

Testing Phase

Demo & Feedback
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Lessons Learned
1. Do not ever be unclear in what you are about to do. 
2. When you think Capstone is done, it’s 50% done.
3. Shoot for the moon, and land among the stars.
4. Integration takes more time you think it would.
5. Our project can be widely applied to other applications.

Project Homepage:    http://course.ece.cmu.edu/~ece500/projects/f19-teamb1/
Project Video:             https://youtu.be/TVtRevxk900
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