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Summary of  Tests (FT. = Functional Test) 
Below is a summary of tests that have been conducted so far.  
 

Test Number  Objective  ER to address Notes 
FT.1 Camera Test ER.18.1, ER.18.2 Complete 
FT.2 Broadcastable Camera  ER.13.1, ER.18.1, ER.18.2 Complete 
FT.3 Working Relay ER.16.1 Complete 
FT.4 RPi Updating and Transmitting Data 

Properly 
ER.13.1, ER13.2 Complete 

FT.5 Test SMS Alert System ER.5.1, ER.5.2 Complete 
FT.6 Startup Tests and Connecting to a 

Network 
ER.3.1, ER.8.2 Complete 

FT.7 Test the ADC on the Raspberry Pi ER.1.4 Complete 
FT.8 Test that the Light Sensor is Usable 

and Accurate 
ER.1.3 Complete 

 
Table 6 - Functional Tests  

Description of Tests 
 

FT.1: Test that the video from the camera is readable and storable by the Raspberry Pi 
 
Test Setup: 
In order to see if the device could record any footage from the Waveshare Raspberry Pi IR-Cut 
Camera, the team needed to first configure the camera settings on a Raspberry Pi.  A Raspberry 
Pi 3 was used for this test, as the Raspberry Pi Zero had not come in yet.  The configuration and 
setup is the same for both of the Raspberry Pi’s however. 



          
Figure 2  - Camera Test Setup 

 
Configuration: 
The team had to run a command (shown in the figure below) in the terminal on the Raspberry Pi 
in order to configure the ribbon port to read a camera. 

 
Figure 3 - Camera configuration script. 

 
Then, a configuration menu was displayed.  The team followed the menu and enabled the camera 
interface as shown in the following screenshots. 

 
Figure 4 - Main Raspberry Pi configure menu. 



 
Figure 5 -  Interfacing Options menu 

 
Figure 6 - Camera enable screen 

 
After the camera interface was enabled, enable the infrared lights on the camera.  To do that go 
into the ‘config.txt’ file and uncomment the line of code that is highlighted in the figure below. 

 
Figure 7 - IR light configuration 



Once the camera interface and infrared lights were enabled, take test pictures and videos to see if 
the camera was actually readable and that the pictures and videos were storable on the Raspberry 
Pi as well. 
 
Results: 
Run the command shown below to take a picture. 

 
Figure 8 - How to take a single photo 

 
The -t option provides a delay before the picture is taken, and the -o option allows the user to 
name the picture and to save it as whatever type of image file they please. 
 
The image is automatically stored in the home folder of the Raspberry Pi. 

 
Figure 9 - Fish egg size test 

 
Conclusion: The image shown above is a picture that was taken from within the dark conditions 
of the tank.  The Infrared lights on the camera allowed the picture to be clear in the dark 
conditions.  The dot that the arrow is pointing to is a representation of a trout egg.  Trout eggs 
range in size from 3.5 mm to 4.5 mm. A 4 mm dot was drawn on a piece of paper and placed on 
the opposite side of the tank in comparison to where the camera was placed.  This distance is 
about 1.5 ft.  Even in the dark conditions of the tank and with the distance between the mock 
trout egg and camera, the camera took a clear picture for users to observe. 
Requirements Satisfied: ER#18.1,18.2 



 
 

FT. 2: Test that the video from the camera is viewable online. 
 

Test Setup: To test that the video from the raspberry pi camera is broadcastable, an FTP server, 
called aitislab.com, was used. The video file and the html file were both uploaded and written to 
the server.  

           
Figure 10 - Video Test Setup 

Results: 
http://aitislab.com/engineering/Brandon_Barron/plotchart/webtest.html 
 
Conclusion: The Camera is Broadcastable 
Requirements Satisfied:  ER#13.1, 18.1, 18.2 
 
FT. 3: Test which relay will work. 
 
Test Setup: The Omron G6B-2214P-US 5DC Relay was tested. According to the datasheet, 
the rated current is 40 mA and the rated voltage is 5 volts for the coil inside of the relay.  To find 
the operating point of the relay, a power supply was hooked up to the relay and voltage was 
applied to it until an LED connected to the other side of the switch turned on. The minimum 
voltage and current for the relay to switch was 3.0 volts and 40 mA.  

A GPIO port from the Raspberry Pi was tested to see if it could supply enough power to 
activate the switch in the relay.  Using a multimeter, while a GPIO pin was set to high, the GPIO 
port was measured with an output of 3.148 V and 12.89 mA across a 220 ohm resistor.  Although 
the output voltage is sufficient to drive the switch, the GPIO port does not supply enough 
current. Instead of using a transistor as a current driver to supply the relay with enough current in 
order to activate the switch, a more cost effective way was to set three GPIO ports to high and 

http://aitislab.com/engineering/Brandon_Barron/plotchart/webtest.html


connect them in parallel as the input of the relay. This would allow 38.68 mA to pass through the 
relay and activate the switch. 
Shown in the figure below is the relay design tested: 

 
Figure 11 - Relay Design 

 
Results: When GPIO 17, GPIO 22, and GPIO 27 were set to high and the button was pressed, 
the switch was activated and resulted in the LED to turn on.  
 
Conclusion: This concludes that the relay works for what was needed. 
Requirements Satisfied: ER#16.1 
 
FT 4: Test that the RPi will update data and transmit it properly. 
 
Test Setup: The most important piece of this project is transmitting data from the RPi to the 
Trout Lab web server. At this time however the team does not have a web server so extra space 
on a teacher web server was used to test the transmission of data over a wifi network to a remote 
server. Because of this the RPi is able to run a test script simulating several fake sensor values. 
The script, given below, creates random values at the push of a button and then uses the a basic 
linux command to send those values. Request library mentioned below sends a get request to the 
website with the variables between the ? and the & symbols. The PHP code on the site given by 
that URL the site takes the url and pulls the variables and inserts the to a CSV document for now. 
Then on another web page the values stored inside the CSV file are able to be read and graphed. 
The web page displays the values and a graph of their outputs for selected variables. 



 
Figure 12 - Data Transmission Test 

 
Results: The code successfully sends the fake data from the RPi to the web server. Where the 
PHP script places it into the proper areas of the CSV and the other PHP script, shown below, 
pulls and displays the values appropriately.  

 
Figure 13 - Data on a webpage with graphs 

 
Conclusion: These values are stored with total accuracy and then graphed appropriately 
underneath the displayed data. 
Requirements Satisfied: ER# 13.1 & 13.2 
 
 
 
 
FT 5: Test SMS alert system 



 
Test Setup: Under a set of given values or RPi or web site will alert the primary user when the 
tank reaches critical values or does not transmit for a selected period of time. To do this employ 
the Twilio API and libraries to send messages over this network as long as there is a connection 
to a strong enough wireless system. Inserting the given script to a python enabled device allows 
it to transmit a text message to the appropriate user in a timely fashion via the Twilio API and 
SMS network. The most basic forms of the utilization scripts are given by the company to any 
user who seeks to test or purchase their services. Below is the most basic form of the twilio 
python script used in this test. Where the twilio library is imported and the account information 
is given under the account sid and the authentication token. And stored as the client information. 
Then the message.create command is run using the users phone number under the to section, the 
company number under the from section and the doby section delineated the message. 

 
Figure 14 - Twilio Test Setup 

 
Results: Using the sample code they provided for Python, SMS texts were able to be sent from 
an RPi to the user’s phone. The messages arrived in under a minute from the time the message 
was sent from the RPi over the internet and cellular network. 

Networ
k 

reliabili
ty 

Average Poor Low Low Poor Good Good Average 

Time so 
receive 

2.39 s 90.10 s 5.02 s 6.78 s 55.46 s 1.95 s 1.35 s 2.75 s 

 
Table 7 - Twilio Response Time 

 



 
Figure 15 - Twilio Test Messages 

 
Conclusion:  Depending on the equality of the network in an area the team able to get pretty 
quick responses but as expected. When the network quality drops the response time of the 
message does drastically. 
 
Requirements Satisfied: ER#5.1 & 5.2 
  
FT 6: Startup tests and connecting to a network: 
 
Test Setup: A cornerstone in this project is using wireless connectivity to broadcast the data to 
the Trout Lab web server where the user can easily access and view the data. Without this Trout 
Lab does not have the same capabilities as the competitors. First enable the RPi Zero W with 
WiFi, to do this, simply activate the WiFi module inside of the RPI to accept connections. Then 
add credentials to the system and it will validate those credentials and connect to the WiFi. 

 



Figure 16 - Startup Test Setup 
Results: The RPi was powered off and on at various times under various circumstances to check 
its abilities to establish and maintain a connection. The test will be performed at various times 
when traffic varies to help us ensure that the RPi will get connected to the wireless network. 
 

Date and time 11/18/2018 2:15 PM 11/18/2018 5:00PM 11/19/2018 1:13PM 

Time to connect to 
the network 

15 Seconds 18 Seconds 13 Seconds 

Expected network 
traffic 

None Little Medium 

 
Table 8 - Startup to Connection  

  
Conclusion: Regardless of network traffic it is part of the RPi’s startup sequence as long as you 
have credentials you can connect to the local area network so that the device operates  safely. 
Requirements Satisfied: ER# 3.1 & 8.2 
 
FT 7: Test Analog to Digital Converter on Raspberry Pi 
 
Test Setup: In order for the sensors to read data from the Raspberry Pi Zero, the analog data 
transmitted from the sensors needs to be converted into digital data. The ADC Pi addon was 
necessary for this since the Raspberry Pi Zero did not have the capability of converting analog 
data to digital data. The ADC Pi is an 8 channel 17 bit analog to digital converter designed to 
work with the Raspberry Pi. The ADC Pi is based on two Microchip MCP3424 A/D converters 
each containing 4 analog inputs. ABElectronics provided a library of code to help configure the 
ADC Pi addon to the RPi Zero. The library also provided code to test the voltage readings from 
each analog pin. This code was used with some minor adjustments to test the ADC Pi. To set this 
up, the ADC Pi addon was connected to the RPi Zero, and the RPi ran the code to read the 
voltage of each pin of the ADC Pi. Voltage was applied to each pin using a power supply and 
recorded the voltage through each pin from the RPi Zero and a multimeter for accuracy.  

  



Figure 17 - ADC RPi Test Setup 
 

 
Figure 18 - ADC RPi Wiring Schematic 

  
 
The ABElectronics Python library was downloaded and installed on the RPi in the 

terminal using the command:  
git clone https://github.com/abelectronicsuk/ABElectronics_Python_Libraries.git 

After that, the python library was installed by navigating into the ABElectronics library 
and running the command: sudo python3 setup.py install .  The library also required 
python-smbus to be installed using the command: sudo apt-get install python3-smbus.  Then the 
ADC Pi demo code was used to read the voltage to test an Analog to Digital converter. The code 
was modified so that when a button is pushed the data of the voltage from each pin will be 
updated. There was an error at first while running the code because the I2C function needed to be 
enabled on the RPi. To install it, the following command was used: sudo apt-get install -y 
i2c-tools. After testing the ADC Pi was connected through I2C on an RPi. The following shown 
is the test for the I2C. 

 

Figure 19 - RPi I2C Test 

The code to test the voltage going through each analog pin is: demo_readvoltage.py 

https://github.com/abelectronicsuk/ABElectronics_Python_Libraries.git


 

Figure 20 - ADC Read Voltage Code 

Results: After running the code, the voltage of each pin was recorded.  Five different voltages 

were tested for accuracy. The voltage of each pin was tested ten times and recorded to find the 

average of every pin at each voltage applied. 

 

Figure 21 - ADC Voltage Output 

 

Voltage Pin 
1(V) 

Pin 
2(V) 

Pin 
3(V) 

Pin 
4(V) 

Pin 
5(V) 

Pin 
6(V) 

Pin 
7(V) 

Pin 
8(V) 

1V 0.98 0.993 0.99 0.993 0.991 0.993 0.993 0.995 

2V 1.92 1.92 1.91 1.91 1.91 1.91 1.91 1.91 

3V 2.98 2.89 2.87 2.89 2.88 2.883 2.883 2.881 

4V 3.82 3.815 3.81 3.815 3.805 3.813 3.815 3.82 

5V 4.75 4.752 4.74 4.75 4.739 4.747 4.749 4.749 

Table 9 - ADC Voltage Data 



 

Figure 22 - Voltage Applied vs Voltage Read 

Conclusion: As shown in the graph, as the voltage increases when applied to each pin, the less 
accurate the reading is. There is a -0.9% error of the average voltage of every pin at 1V and a 
-5% error of the average voltage of every pin at 5V.  
 Requirements Satisfied: ER# 1.4 

 

FT 8: Test that an light sensor is usable and accurate 
 
Test Setup: The chosen light sensor for the device is one made by Sunfounder. The brightness 
of the light detected determines what voltage is being transmitted.  Using the ADC Pi 
demo_readvoltage.py code, the light sensor will be tested by shining different types of light 
towards the light sensor which will change the amount of voltage being transmitted through each 
pin. Attach the ADC Pi to the RPi Zero and assemble the light sensor and the button circuit to the 
board. Using the same steps as the test for ADC Pi, access the ADC Pi library and run the 
demo_readvoltage.py code. Record the luminous flux by using a Lux meter to record the lux, use 
the Luminous Flux equation by multiplying the lux by the surface area of the tank.  



 
Figure 23 - Light Sensor Test Setup 

 
Results: 

 
Figure 24 - Lumens vs. Voltage Graphs 

This is a graph of the lumens vs the voltage of each condition.  
 
 
 

Light/L
umens 

Pin 
1(V) 

Pin 
2(V) 

Pin 
3(V) 

Pin 
4(V) 

Pin 
5(V) 

Pin 
6(V) 

Pin 
7(V) 

Pin 
8(V) 

Dark:
0 lm 

2.02 1.947 2.13 2.15 2.07 2.00 2.273 2.125 

Fluores
cent: 

444 lm 

0.642 0.647 0.63 0.67 0.655 0.625 0.644 0.66 

LED: 
1157 lm 

0.294 0.35 0.338 0.343 0.343 0.343 0.343 0.365 



Infrared 
(1mm): 
14.5 lm 

0.714 0.602 0.657 0.696 0.775 0.753 0.835 0.86 

Infrared 
(8cm): 
6.5 lm 

1.1 0.98 1.2 1.0 1.1 1.0 1.0 0.99 

 
Table 10 - Light Sensor Voltage Data 

 
Figure 25- Light Sensor Voltage Data 

Conclusion: It is clear that when the light sensor is exposed to darkness (lower lumens) the 
voltage applied through the pins is at an average of about 2V. The brighter the light and the more 
lumens, the less voltage is being applied through the sensor. When the light sensor is exposed to 
an LED, the voltage applied through the pins is at average of about 0.346V. The fluorescent and 
the Infrared exposure had a close average voltage with the fluorescent being at 0.646V and 
Infrared at 1mm away from the sensor being at 0.736V. The Infrared light about 8 cm away from 
the light sensor has an average voltage of about 1V. In conclusion, this data will be used to set a 
threshold of voltage applied determined by the amount of lumens absorbed by the light sensor.  



Requirements Satisfied: ER#1.3 & 1.4 


