
Detecting oxygen with an Analog to Digital Converter.

Burning 
Both Ends
We hook up a simple IoT device that detects the concentration of oxygen and push the 

data to online dashboards so anyone can monitor it.. By John C. Shovic

Issue 16  [2] we talked about Grove connectors 
and how to use them with the Raspberry Pi. 
You will be using three Grove devices for this 
great experiment to create a sophisticated Oxy-
gen sensor. We have previously used an ADC 
with the Raspberry Pi in our Air Quality Sensor 
column in Raspberry Pi Geek Issue 18 [3].

Interface Board
The Pi2Grover board (Figure 1) provides 15 
Grove connectors: 10 Grove Digital, 4 Grove 
I2C, and one Grove UART. Fast prototyping 
with many, many Grove devices is supported. 
No software drivers are required, so you are 
right next to the hardware.

The board plugs right into your Raspberry 
Pi with a special connector that supports in-
stalling other boards or HATs on top of the 
Grove board itself.

The Grove 4 Channel 16 Bit ADC Board for 
the Raspberry Pi is based on the industry 
standard ADS1115 (Figure 2). It supports volt-
ages of both 3.3V and 5V and also uses Grove 
connectors. The board has four 16 bit Analog-
to-Digital Channels, which can be pro-
grammed in many different ways.

The O2 Grove Gas Sensor (Figure 3) works 
by outputting voltage values proportional to 
the current oxygen concentration in the air 
around you. You can interpret these numbers 
by referring to the oxygen concentration linear 
characteristic graph.

This sensor value only reflects the approximate 
trend of gas concentration in a permissible error 
range, so it is not exact. Detecting the specific 
makeup components in the air usually requires a 
more expensive device, which is far more precise 

than a simple gas sensor. This sensor also requires 
around half an hour to warm up (Figure 4).

It has been a busy month at SwitchDoc 
Labs. I am on the team designing a new 
Robotics and AI (Artificial Intelligence) 
course at the University of Idaho. Boy, the 

things we are going to be doing! And a number 
of these things are going to make their way to 
this column in the next months.

We promised last time to take a look at Alexa 
and the Raspberry Pi and we did build a proto-
type. However, things are still too raw and com-

plicated for us to do a column on that proj-
ect. Soon, I promise. To see our progress, 

check out this video using the Amazon 
Alexa and the Raspberry Pi [1].

But back to this issue. Today we are 
going to take a look at a simple project 
based on a Rasp- berry Pi, an 
Analog to Digital Converter 

(ADC) and an Ox- ygen sensor. 
In Raspberry Pi Geek 
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All of the connections save one Jumper are 
Grove connections (Figure 5). All Grove con-
nections use the same cable to connect to 
one another.

adc
The ADC board is based on the TI ADS1115 16 
bit 4 channel I2C ADC. Any software that sup-
ports the ADS1116 will work either with Ardu-
ino or the Raspberry Pi. You are going to use 
two examples of Python Software to read the 
ADC devices. The first is a simple test of the 
ADS1115 board, reading all the values, doing a 
little math and then printing the values out to 
the screen. This test program is included in the 
Raspberry Pi DataLogger shown below.

dataLogger
For this experiment, you’ll need a program to 
run on the Raspberry Pi that will gather and 
graph the data. Fortunately SwitchDoc Labs has 
built software that does this very thing. The 
Raspberry Pi DataLogger program periodically 
samples all four channels and then builds 
graphs that can be displayed in a browser.

In order to run the testADS115.py program, 
you need to install the Raspberry Pi DataLog-
ger. This is done in four stages. First, you will 

install the DataLogger from a Github archive. 
Secondly, you will run the testADS1115.py pro-
gram. Next you need to install the rest of the 
DataLogger software, and finally run the Data-
Logger to generate graphs for all four of the 
ADS1115 channels for your test project.

To install the DataLogger software, run the 
following commands:

git clone https://github.com/U
  switchdoclabs/SDL_Pi_DataLogger.git

This installs the DataLogger software which in-
cludes the testADS1115.py program. You will 
come back and install the rest of the DataLogger 
support software later.

adS1115 Setup
Visit the SDL_Pi_DataLogger/  directory:

$ cd SDL_Pi_DataLogger

And type the following command:

sudo python testADS1115.py

If you have hooked up all the hardware cor-
rectly, you should see something very similar to

Figure 1: The Pi2Grover Board.
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sudo pip install setuptools ‑‑upgrade
sudo pip install apscheduler

MatPlotLib is a python library for creating pro-
fessional quality charts using methods similar 
to MATLIB on the Raspberry Pi. You can out-
put data in formats such as PDF, Postscript, 
SVG, and PNG.

Install the following packages to continue. 
Note this will take a long while:

$ sudo apt‑get install libblas‑dev U
liblapack‑dev python‑dev gfortran U
libatlas‑base‑dev python‑setuptools U
easy_install scipy python‑matplotlib

If you have phpMyAdmin, go to the SQL Tab 
and copy the contents of DataLogger.sql into the 
MySQL Box. Hit Go to build the database.

Otherwise, use the following commands:

$ mysql ‑u root ‑p < DataLogger.sql

Change the password to something more complex 
before connecting via port 3306 to the Internet.

pI Software
In order to proceed, you need to install the fol-
lowing three major software packages. 
MySQL, phpMyAdmin, Apache web server, ap-
scheduler, MatPlotLib and then the Data Log-
ging Python software itself.

MySQL is used to store the data from the 
DataLogger software to provide a database 
that can be used for later analysis and graph-
ing. The phpMyAdmin software is used to 
setup and control the MySQL database server 
and finally Apache is used to serve phpMyAd-
min webpages and the DataLogger graphs.

You can install the above software by fol-
lowing the excellent tutorial on the Pi My Life 
Up website [4].

apscheduler is a very good Python package 
used to schedule events from within a main 
Python program running in different threads. 
This is a better way to run tasks as a hang in 
one of the threads does not stop the whole 
system.

Figure 2: Grove 4 Channel 16 Bit ADC Board. Figure 3: Grove Oxygen Sensor.

Figure 4: Grove Oxygen Sensor Curve takes about 30 minutes to reach the correct level.

Figure 5: Project wiring diagram.
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ing it go down as the candle burns. After a 
quick search online, we found that oxygen 
levels should drop about 30% before the 
flame is extinguished. This would mean the 
air inside the jar would go from around 22% 
oxygen to about 15% oxygen.

Next, copy DataLogger.html to /var/ www/ 
html:

$ sudo cp DataLogger.html /var/www/html

Now you are ready to run the full Analog to 
Digital DataLogger and look at some graphs of 
your data.

In a terminal window on the Raspberry Pi, 
type the following:

$ cd SDL_Pi_DataLogger

Now, edit DataLogger.py. Modify the below 
lines to make sure you’re running only the 
ADS1115 (ADC) software:
 what you see in Listing 1. Note that You only 
get data on Channel 1, as the other channels are 
floating and will provide unreliable data.

Next, start the DataLoggerwith

$ sudo python DataLogger.py

and you’ll see something similar to what is 
shown in Figure 6. If you have errors, go back 
through the setup process once again.

Wait a few minutes, then open your browser 
and navigate to http://  <youripaddress>/ 
 DataLogger.  html to view your graphs. You can 
find your IP address by opening Terminal and 
typing the command:

$ ip addr

You can then read your IP number from the ap-
propriate interface.

oxygen BurnIng
For this experiment, we took the Grove Oxy-
gen sensor and placed it inside a sealed glass 
jar with a lit candle. The idea is to measure 
the oxygen in the glass jar (Figure 7), watch-

Figure 6: Output from the DataLogger.py program.

Figure 7: The oxygen project setup.

01  $ sudo python testADS1115.py

02  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

03  Channel 0 =0.171187V raw=914 raw=0x 
392

04  Channel 1 =2.436375V raw=0x32C2 O2 
Percent= 22.05

05  Channel 2 =2.577750V raw=0x35B6

06  Channel 3 =0.484875V raw=0x A1B

07  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

08  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

09  Channel 0 =0.171187V raw=911 raw=0x 
38F

10  Channel 1 =2.436375V raw=0x32C2 O2 
Percent= 22.05

11  Channel 2 =2.570625V raw=0x35B4

12  Channel 3 =0.484125V raw=0x A1A

13  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

14  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

15  Channel 0 =0.170813V raw=908 raw=0x 
38C

16  Channel 1 =2.436375V raw=0x32C1 O2 
Percent= 22.05

17  Channel 2 =2.574000V raw=0x360D

18  Channel 3 =0.483375V raw=0x A20

19  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

20  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

21  Channel 0 =0.171187V raw=908 raw=0x 
38C

22  Channel 1 =2.436375V raw=0x32C2 O2 
Percent= 22.05

23  Channel 2 =2.590500V raw=0x35E3

24  Channel 3 =0.485250V raw=0x A1F

25  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

26  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

27  Channel 0 =0.171750V raw=917 raw=0x 
395

28  Channel 1 =2.436187V raw=0x32C1 O2 
Percent= 22.05

29  Channel 2 =2.573437V raw=0x3611

30  Channel 3 =0.478875V raw=0x A1F

31  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

LISTING 1: Output from testADS1115.py
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right after the candle went out, you can also see 
that the seal wasn’t perfect, as oxygen levels 
started to creep up.

BurnIng out
If when you run the test program, you see nothing 
on any of the 4 channels except for the Mux itself, 
it’s likely you haven’t supplied power to the exter-
nal I2C buses. You need to connect JP6 and JP7 to-
gether as stated in the specifications.

We really need to revisit this issue the next time 
we do a production run on this board. The reason 
we leave these connectors unconnected is so you 
can select 3.3V or 5V on each bus. However, that 
means it doesn’t work right out of the box. We 
have received feedback about this from our cus-
tomers and plan to connect these pins internally 
on the board using pads that can be easily slit with 
an Exacto knife for those people that want to select 
3.3V or 5V on different devices.

As you can see, there is a lot you can do with an 
Analog to Digital Converter and a Raspberry Pi. 
Stay tuned for more on ADC projects in a future 
SwitchDoc Labs Column. lll

We set up the DataLogger system to sample the ox-
ygen every second, store the data in the MySQL data-
base and then generate a graph update every minute.

Next, we lit the candle (Figure 8) and 
watched the data on the browser window con-
nected to the Raspberry Pi.

reSuLtS
The candle stayed lit for about 90 seconds and 
then slowly went out. Next we started looking at 
the data on the webpage. We ran the test twice for 
this graph and our annotated chart is shown in 
Figure 10.

Looking at the numbers, we determined that the 
oxygen levels in the jar started at around 22%. The 
candle went out when the oxygen dropped to 
around 15.8%, an overall reduction of about 25%.

This is lower than the figure 30% we found on-
line. This can be put down to a combination of 
sensor accuracy and the fact we may have used a 
different type of candle. If you look at the graph 

[1]  Amazon Alexa and the Raspberry Pi: 

https://  youtu.  be/  q141lM3S05s

[2]  Plug and Play:  

http://  www.  raspberry‑pi‑geek.  com/  index. 

 php/  Archive/  2016/  16/ 

 A‑new‑way‑of‑no‑solder‑prototyping/

[3]  Measuring air quality with the Raspberry 

Pi: http://  www.  raspberry‑pi‑geek.  com/ 

 index.  php/  Archive/  2016/  18/Measur‑

ing‑air‑quality‑with‑the‑Raspberry‑Pi/

[4]  Raspberry Pi MYSQL & PHPMyAdmin Tu-

torial: http://  pimylifeup.  com/ 

 raspberry‑pi‑mysql‑phpmyadmin/

INFO

Figure 8: The lit candle. Figure 9: The oxygen starts running out.

Figure 10: The graph from the candle experiment.

01  .

02  .

03  .

04  # configuration variables

05  # set to true if present, 
false if not

06  

07  INA3221_Present = False

08  ADS1115_Present = True

09  OURWEATHER_Present = 
False

10  ThreePanelTest_Present = 
False

11  WXLINK_Present = False

12  .

13  .

14  .

LISTING 2: DataLogger.
py modifications
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