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Problem Statement
The JAMZ developers need an emergency beacon that transmits accurate and quick location

information about the drone to the operator in live time by interpreting the data received from the sensors
as well as alerting nearby citizens of the downed drone with flashing lights and a voice system.

Summary of Previous Deliverable
In our previous deliverable, we provided the testing results for prototype 2 of our emergency

beacon for the JAMZ drone. It started out with a recap of the testing done in prototype 1 and the
improvements that were made to prototype 1 for the prototype 2 testing. Included in the prototype 2
testing is an analytical model of the various subsystems, including the location, altitude, light and voice
subsystems, and an analytical model of the entire system with all the subsystems combined. The previous
deliverable also contained the test results for the various subsystems and the circuit designs for each of
them. The deliverable finished off with a 3D model of what the case for the emergency beacon would
roughly look like, and the Wrike update was added in at the end.

Figure 1- The Complete Emergency Beacon System

The figure above shows the complete emergency beacon system, with the light, voice, and
altitude subsystems, all connected to the Arduino, either via a breadboard or directly with jumper cables.
The system is being powered with a USB cable, connected to a computer.
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Testing, Results and Improvements on Prototype II
On the previous deliverable, the initial model for each of the subsystems was built and we were

able to test the code to ensure the wiring on these physical models was correct. This was done for each
subsystem but the location subsystem and for a basic overall beacon to ensure the functionality of the
system. For this deliverable, those results were improved upon by modifying the code, improving the
subsystem layout, completing the location subsystem and making sure the subsystems are capable of
sending data to the Arduino. In this round of testing, the light subsystem code was left the same and the
only change made was that the lights are now activated when the altitude subsystem determines the drone
is too low. Also, the number of LED lights was increased from 4 to 8 in order to increase their visibility
and activate lights in a specific order to warn anyone near the drone. The voice subsystem was only tested
as a component of the overall subsystem however it was modified to increase the volume of the sound
produced by increasing the voltage passed through to 5V and changing the resistors. After multiple tests,
an appropriate volume was reached. Also, the automated message that was added to the code in prototype
2 was modified and completed for this prototype. The final changes made to the code allow for the system
to be activated and the automated message to be played after the altitude sensor determines a threshold
altitude has been crossed. For this prototype, the altitude subsystem was tested only as a part of the
overall beacon and it was able to successfully interpret atmospheric pressure when the beacon altitude is
too low and then activate the voice and light subsystems. The location subsystem was completed for this
prototype after we received the part and we were able to test the subsystem’s ability to interpret GPS data
to provide an accurate location. It was tested multiple times and functioned very well, however we are
still having difficulties connecting this subsystem to the overall beacon in order to send this information
to the JAMZ operator. We will need to modify the code and possibly improve upon the systems wiring in
order to have it functioning as a part of our overall beacon for design day. The final improvement for this
prototype was the addition of a protective case laser cut from acrylic; it was tested by placing all the
components of the case to ensure that it is the proper size. We plan to improve upon this case by
waterproofing the case and making sure that the speakers can still be heard and the LED’s are still highly
visible.

Table 1 - Tasks Plan for Prototype 2.5 and 3

Task Member Responsible Due date

Fixing of
components

1. Location subsystem
2. Altitude subsystem
3. Voice and light subsystem

a. Voice
b. Lights

4. All-around connections

Sandeep
Elsa

Karen
Jacob

Tri

March 15th, 2021

Testing of
the physical
prototype

1. Test each subsystem
2. Location subsystem
3. Altitude subsystem
4. Voice and light subsystem

Elsa and Karen March 17th, 2021
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a. Voice
b. Lights

5. All-around connections

Fixing of
components

5. Location subsystem
6. Altitude subsystem
7. Voice and light subsystem

a. Voice
b. Lights

8. All-around connections

Sandeep
Elsa

Karen
Jacob

Tri

March 22nd, 2021

Testing of
the physical
prototype

1. Test each subsystem
2. Location subsystem
3. Altitude subsystem
4. Voice and light subsystem

a. Voice
b. Lights

5. All-around connections

Elsa and Karen March 24th, 2021

Deliverable
H

1. Analytic model
2. Formatting
3. Summary of previous

deliverable
4. Testing, results and

improvement methods of
the first prototype

5. Testing results
6. Inkscape design
7. Encasing
8. Presentation
9. Wrike update

Jacob, Elsa and Karen
Tri

Sandeep

Jacob

Elsa and Karen
Jacob

Tri
Tri

Karen

March 28th, 2021

Prototype 2.5
The main objective of prototype 2.5 was to test different codes while still satisfying design

criteria. The subsystems tested were the voice and location subsystem.
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Analytical Model

Figure 2 - Detailed Diagram of the Location Subsystem

The figure above is a detailed diagram of the location subsystem which includes the Beitian
BN-880 as well as the Arduino Uno. The Beitian BN-880 is connected through the I2C bus of the
Arduino using the SDA and SCL pins as well as pins 3 and 4. The product is also connected to the
Arduino in the ground and 5V pins.
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Figure 3  -  Detailed Diagram  of the Voice, Altitude and Light Subsystems

The figure above is a detailed diagram of the integrated system including the voice, light and
altitude subsystems. For the voice subsystem, we have the two speakers that are connected to the
breadboard and then the Arduino Uno and they display an automated message. For the light subsystem,
the figure shows four red LED lights that are connected to the breadboard and their function is to light up,
one after the other, in case of an emergency. Lastly, the altitude subsystem, it is made of the BMP-180
Microchip which uses wires to directly connect to the Arduino Uno. Its function is to measure the altitude
and send the data to the operator and the other subsystems. Once the altitude drops below a specified
threshold, the voice and light subsystems are activated.
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Altitude Subsystem
For this prototype, the altitude subsystem was not tested separately, but only in the fully

integrated prototype.

Location Subsystem
This section contains testing done for the location subsystem. The first two tests tested if the

Beitian BN-880 was functioning properly.

Test 1

Table 2 - Test Plan 1 for the Location Subsystem for Prototype 2.5

Test ID Member(s)
Responsible

Test
Objective

Description of
Prototype Used

and of Basic
Test Method

Descriptions of
Results and
How These

Results Will Be
Used

Estimated Test
Duration and
Planned Start

Date

Stopping
criteria

1 Elsa To test the
functioning

of the
Beitian

BN-880.

The prototype
contained the
Arduino,  the

Beitian
BN-880 and
connecting

wires. A code
was used to test

if the Beitian
BN-880 printed
the coordinate

data to the
serial monitor.

The results
were a

coordinate
printed to the
serial monitor.
In the future,
this code can
be used as a
baseline to
check if the
product is
working.

March 15th,
2021

Test Duration:
approximately

2 minutes.

The
prototype

was
deemed

satisfactory
when it
printed

coordinates
to the serial

monitor.

The first test of this subsystem tested if the Beititan BN-880 was functioning properly. The test
was finished once it printed coordinates to the serial monitor. In the future, the test results will be used as
a signal to move onto checking if the product satisfies design criteria and as a baseline for the proper
execution of the location subsystem.



10

Results
Figure 4 -  Code Results for Test 1 of the Location Subsystem

The figure above shows the code results of this test. It was retrieved from here.

https://github.com/mikalhart/TinyGPSPlus
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Figure 5 - The Location Subsystem

The figure above shows the setup used for the location subsystem.

Test 2
Table 3  - Test Plan 2  for the Location Subsystem for Prototype 2.5

Test
ID

Member(s)
Responsible

Test
Objective

Description of
Prototype Used

and of Basic Test
Method

Descriptions of
Results and
How These

Results Will Be
Used

Estimated
Test Duration
and Planned
Start Date

Stopping
criteria

2 Elsa and
Karen

To test if
the  Beitian

BN-880
satisfies the

design
criteria.

The prototype
contained the
Arduino,  the

Beitian BN-880
and connecting
wires. A code

was used to test
if the Beitian

BN-880 printed

The test failed
as the live

coordinates of
the product

were not
printed on the
serial monitor.

March 15th,
2021

Test Duration:
approximately

2 minutes.

The
prototype

was deemed
satisfactory

when it
printed the

live
coordinates
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the coordinate
data to the serial

monitor.

of the
prototype  to

the serial
monitor.

The objective of this test was to test if the Beitian BN-880 could satisfy design criteria. The test
failed as it printed checkmarks to the serial monitor instead of coordinates.

Results

Figure 6 - Code Results for Test 2 of the Location Subsystem

The figure above shows the results of the second test done on the location subsystem. It was
retrieved from this file.

This test had the same setup as test 1 for this subsystem.

https://github.com/mikalhart/TinyGPSPlus
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Voice Subsystem
This section contains testing done for the voice subsystem in prototype III. For this prototype, the

final code modification was done to display the automated message needed for the emergency beacon.
The code for the voice subsystem was taken and later modified from this website. No other modifications
were needed for this prototype, all the wiring was working properly.

Figure 7 - The Voice Subsystem

https://circuitdigest.com/microcontroller-projects/arduino-based-text-to-speech-converter
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Test 1

Table 4 - Test Plan 1 for the Voice Subsystem for Prototype 2.5

Test
ID

Member(s)
Responsible

Test
Objective

Description of
Prototype Used

and of Basic Test
Method

Descriptions
of Results
and How

These
Results Will

Be Used

Estimated Test
Duration and
Planned Start

Date

Stopping criteria

1 Karen To test the
functioning
of the code
to relay an
automated
message

The prototype
contained the
Arduino, two
speakers, one
resistor and

connecting wires.
A code was

executed through
the Arduino.

The speakers
turned on

using a code
and were

able to play
the

automated
message.

March 15th,
2021

Test Duration:
approximately

2 minutes.

The prototype
was deemed
satisfactory
when the

speakers played
the automated

message.

This test focused on having a functional automated message using the “talkie” library. The words
chosen for the final automated message play: ‘Danger, operator is on alert ’.

Light Subsystem
This subsystem was not tested separately for this prototype. It was only tested in the fully

integrated prototype.

Interconnections
This section contains testing done on the complete prototype. While all the components were

connected to the Arduino, only the speakers were tested in the first prototype.e.

Table 5 - Test Plan 1 for the Voice Subsystem for Prototype 2.5

Test ID Member(s)
Responsible

Test
Objective

Description of
Prototype Used

and of Basic
Test Method

Descriptions of
Results and
How These

Results Will Be
Used

Estimated Test
Duration and
Planned Start

Date

Stopping
criteria

1 Elsa and
Karen

To test the
different
types of

The prototype
contained the

Arduino and all

The automated
message could
be heard from

March 17th,
2021

The
prototype

was
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automated
messages for

the voice
subsystem.

other
subsystems
except the
location

subsystem. A
code was used

to test the
different

outputs of the
speaker.

the speakers. In
the future, it

will be decided
which type of

automated
message best

satisfies design
criteria.

Test Duration:
approximately

2 minutes.

deemed
satisfactory
when the
speakers
executed

the
automated
message.

This test focused on alternate ways to execute an automated message. In this code, the words
executed are included in an Arudino library, contrary to the previous code which was a pre-recorded
message. In the future, the code that best satisfies the design criteria will be chosen in the final product.

Results

Figure 8 - The Complete Prototype
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Prototype III
The main objective of the third prototype was to complete the prototype using various steps of

integration.

Analytical Model
Figure 9 - Detailed Diagram of Complete Prototype

In the figure above, the speakers are connected to the breadboard and are capable of relaying an
automated message that is set in the code. The 8 LED lights are connected to the breadboard and flash one
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after another to warn pedestrians to keep away and also the lights increase drone visibility to help the
JAMZ team find the drone if it has been downed. The BMP180 microchip is able to measure the
atmospheric pressure and when connected to the Arduino, these values can be used to determine the
drone’s altitude. The Arduino controls all the subsystems, all data and commands are interpreted within
the Arduino.

Location Subsystem

This section contains isolated testing done for the location subsystem. The tests were  to
determine if the Beitian BN-880 could satisfy design criteria using two different codes.

Test 1

Table 6 - Test Plan 1 for the Location Subsystem for Prototype III

Test ID Member(s)
Responsible

Test
Objective

Description of
Prototype Used

and of Basic
Test Method

Descriptions of
Results and
How These

Results Will Be
Used

Estimated Test
Duration and
Planned Start

Date

Stopping
criteria

1 Elsa To test if the
Beitian

BN-880 can
satisfy
design
criteria.

The prototype
contained the
Arduino,  the

Beitian
BN-880 and
connecting

wires. A code
was used to test

if the Beitian
BN-880 printed
the coordinate

data to the
serial monitor.

The results
were

coordinate data
that was

printed to the
serial monitor.
The data was

live as it
changed

according to
the movement.
In the future,

either this code
or the one used
in the next cde
will be used in

the final
prototype.

March 25th,
2021

Test Duration:
approximately

4 minutes.

The
prototype

was
deemed

satisfactory
when it

printed live
coordinates
to the serial

monitor.

This test focused on printing the live coordinates to the serial monitor. The code also included
extra features that may be used in the final prototype. In the future, this code may be included in the final
prototype. The code was found in the TinyGPS++ library which can be downloaded from here.

https://github.com/mikalhart/TinyGPS
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Results
Figure 10 - Code Results of the Location Subsystem
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The figure above shows the results of this test on the location subsystem.
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Figure 11 - The Location Subsystem

The figure above shows the setup of the location subsystem.
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Test 2
Table 7 - Test Plan 2 for the Location Subsystem for Prototype III

Test ID Member(s)
Responsible

Test
Objective

Description of
Prototype Used

and of Basic
Test Method

Descriptions of
Results and
How These

Results Will Be
Used

Estimated Test
Duration and
Planned Start

Date

Stopping
criteria

2 Elsa To test if the
Beitian

BN-880 can
satisfy
design
criteria.

The prototype
contained the
Arduino,  the

Beitian
BN-880 and
connecting

wires. A code
was used to test

if the Beitian
BN-880 printed
the coordinate

data to the
serial monitor.

The results
were

coordinate data
that was

printed to the
serial monitor.
The data was

live as it
changed

according to
the movement.
In the future,

either this code
or the one used
in the next cde
will be used in

the final
prototype

March 25th,
2021

Test Duration:
approximately

3  minutes.

The
prototype

was
deemed

satisfactory
when it

printed live
coordinates
to the serial

monitor.

The second test tested the same as the previous test for this subsystem. This code had less features
than the previous test but still satisfies design criteria. In the future, this code may be used in the final
prototype. The code was found in the TinyGPS++ library. This library can be downloaded from here.

https://github.com/mikalhart/TinyGPS
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Results
Figure 12 - Code Results of the Location Subsystem

The figure above shows the code results of the second test of the location subsystem.

The setup was the same as the previous test.
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Interconnections
This section contains testing done on the interconnected subsystems. The first two tests tested

only two subsystems while the final test was done on the voice, light and altitude subsystems.

Light and Altitude Subsystem
Table 8 - Test Plan 1 for the Light and Altitude Subsystem for Prototype III

Test ID Member(s)
Responsible

Test
Objective

Description of
Prototype Used

and of Basic
Test Method

Descriptions of
Results and
How These

Results Will Be
Used

Estimated Test
Duration and
Planned Start

Date

Stopping
criteria

2 Elsa The test was
to ensure
that these

two
subsystems
could work
together and
not if they
satisfied

their design
criteria.

The prototype
contained the

LED lights, the
8 resistors, the
BMP180 and

the connecting
wires. An

integrated code
was used using
the codes from

previous
prototypes.

The results
were both

subsystems
working

properly. In the
future, these

results will be
used to form
the complete

prototype.

March 25th,
2021

Test Duration:
approximately

5 minutes.

The code
was

deemed
satisfactory
when the

subsystems
functioned
properly.

In this test, an integrated code created from the two isolated codes for these subsystems were used
to test if these subsystems could work together in one Arduino. When the lights turned on and the
BMP180 printed to the serial monitor, the test was stopped. These results will be used to connect to the
other subsystems at the end.
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Results
Figuru 13 - Code Results of the Light and Altitude Subsystem

The figure above shows the code results of the light and altitude subsystem.
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Figure 14 - The Light and Altitude Subsystem
*

The figure above shows the setup of the light and altitude subsystem.
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Voice and Location Subsystem
Table 9 - Test Plan 1 for the Voice and Location Subsystems for Prototype III

Test ID Member(s)
Responsible

Test
Objective

Description of
Prototype Used

and of Basic
Test Method

Descriptions of
Results and
How These

Results Will Be
Used

Estimated Test
Duration and
Planned Start

Date

Stopping
criteria

2 Elsa This test was
to determine

if the
location and

voice
subsystems
could work

together.

The prototype
included an
Arduino, the
two speakers,

the Beitian
BN-880 and

the connecting
wires. An

integrated code
was used to test

if the
subsystems

worked
properly.

The
subsystems
functioned

properly. These
results will be

used in the
final prototype

to setup and
integrate into

one code.

March 25th,
2021

Test Duration:
approximately

5  minutes.

The results
were

deemed
satisfactory
when the

subsystems
function
properly.

In this test, an integrated code created from the two isolated codes for these subsystems were used
to test if these subsystems could work together in one Arduino. When the speakers relayed the message
and the Beitian BN-880 printed to the serial monitor, the test was stopped. These results will be used to
connect to the other subsystems at the end.
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Results

Figure 15 - Code Results of the Voice and Location Subsystem

The figure above shows the code results of this test. As the test was to determine if the Beitian
BN-880 could work with the voice subsystem, it was tested indoors (it is for this reason that it printed
“invalid”).
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Figure 16 - The Voice and Location Subsystem

The figure above shows the setup of these two subsystems.
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Final Prototype

Table 10 - Test Plan for the Complete Prototype (Without the Location Subsystem) for Prototype III

Test ID Member(s)
Responsible

Test
Objective

Description of
Prototype Used

and of Basic
Test Method

Descriptions of
Results and
How These

Results Will Be
Used

Estimated Test
Duration and
Planned Start

Date

Stopping
criteria

1 Elsa This test was
to determine
if the voice
and light

subsystem
could be

dependent
on the

altitude
subsystem.

A code using a
threshold value
was used to test
if the voice and

light
subsystems

would turn on
after the
altitude

subsystem
went below the

threshold
value.

The results
were the voice

and light
subsystem

turning on only
after the
altitude

subsystem
went below the

threshold
value. In the
future, the
location

subsystem will
be integrated in
the prototype.

March 27th,
2021

Test Duration:
approximately
4.5 minutes.

The test
was

complete
after the

voice and
light

subsystem
turned on
after the
altitude

subsystem
went below

the
threshold

value.

This test tested if the voice and light subsystems could be reliant on the altitude subsystem. The
results were the voice subsystem relaying the automated message and the lights turning on after the
altitude subsystem fell below the threshold value. In the future, the location subsystem will be integrated
in this final prototype.
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Results

Figure 17  - Code Results of the Complete Prototype

The figure above shows the code results of the complete prototype.
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Figure 18 - The Complete Prototype

The figure above shows the setup of the complete prototype.
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Encasing

As a part of the overall system, the group has created an acrylic box via laser cutting. The box
plays a role as a protective case for the electronics contained inside the box. Our TAs recommended that
the box have speaker holes on the top surface as well as a separate piece with congruent holes to be
placed on top of the speaker holes. In between, there is plastic that will prevent debris from entering
inside the box.  The holes will allow sound from the speakers to go through so that pedestrians will be
able to hear it. The box has a height of 54.372 mm, a width of 271.920 mm, and a length of 152.585 mm.
The acrylic box can accommodate the prototype while still ensuring that the weight and cost are
minimized.

Prototype I
Figure 19 - The Initial Prototype Encasing
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The figure above demonstrated the initial encasing for the prototype. In this step, we did not laser
cut all the parts for the case because it was unnecessary but was only used to confirm our dimensions.
Luckily, we cut this using MDF before using our acrylic because we found out that our final prototype did
not fit using these dimensions. Consequently, we made the necessary adjustments.

Prototype II
Figure 20 - The Final Prototype Encasing
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The figure above shows the final case design that will be used to protect our final prototype. We
used a laser cutter to get a detailed cut and to ensure that no water gets inside and damages our prototype.
It was made a little bigger than needed to guarantee that all the components of our prototype can fit easily.
The only openings made on the encasing is to ensure the voice from the speakers come out. To prevent
debris from entering our case, we have laser cut an extra acrylic part with congruent holes as the top face
of the box to protect our prototype.
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Future Work
Before Design Day, the location subsystem will be added to the integrated prototype and tested

again. Additionally,  we need to test the prototype again after soldering to ensure that nothing was
damaged in the process. Lastly, we need to ensure that our prototype is waterproof as per client’s request.

Wrike update

Appendices of Prototype 2.5

Appendix I

Code for the Location Subsystem

Test 1
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The code was retrieved from this folder.

Test 2

https://github.com/mikalhart/TinyGPSPlus
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40
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The code was retrieved from this folder.

https://github.com/mikalhart/TinyGPSPlus
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Appendix II

Code for the Voice Subsystem

Appendices of Prototype III

Appendix I

Code for Test 1 of the Location Subsystem
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The code was found in the TinyGPS++ library. This library can be downloaded from here.

Code for Test 2 of the Location Subsystem

https://github.com/mikalhart/TinyGPS
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The code was found in the TinyGPS++ library. This library can be downloaded from here.

Appendix II

https://github.com/mikalhart/TinyGPS
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Code for Light and Altitude Subsystem
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There is no source for this code because it was adjusted based on the codes for the altitude and light
subsystem.

Code for Voice and Location Subsystem
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There is no source for this code because it was adjusted based on the codes for the altitude and light
subsystem.

Code for Final Prototype
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There is no source for this code because it was adjusted based on the codes for the altitude and light
subsystem.


