
Measuring air quality with the Raspberry Pi

 Fresh Air
Monitor your environment with a Raspberry Pi and an air quality sensor. 

By John C. Shovic

plete weather station kit using Grove con-
nectors to minimize soldering and make the 
electronics more accessible to people that 
aren’t crazy about soldering in general.

The kit is based on an ESP8266 WiFi 
computer and can be programmed with the 
Arduino IDE. The product is doing quite 
well, and people are starting to ask for ex-
tender kits to sense more environmental 
variables. The first sensor I want to build is 
an air quality sensor (AQS) based on the 
TP-401A indoor air quality gas sensor (Fig-
ure 1). The components you will need for 
this project are shown in the “Parts List” 
box.

The TP-401A connects to the Raspberry Pi  
(Rasp Pi) using a Grove 4-channel, 16-bit, 
analog-to-digital converter (one of the miss-
ing boards for the Rasp Pi!). The Rasp Pi logs 
data and graphs the results with the new 
Raspberry data logging and graphing soft-
ware. MatPlotLib produces the graphs on the 
Rasp Pi.

As you know from prior columns 
and articles, the folks at Switch-
Doc Labs have always had a pas-
sion for building weather instru-

ments and sensors. Recently, we had a suc-
cessful Kickstarter project for a product 
called “OurWeather.” Basically, it’s a com-

•  Raspberry Pi 2 Model A/ B, RPi3, or RPi Zero

•  Pi2Grover – Grove to Raspberry Pi interface [1]

•  Grove four-channel, 16-bit, analog-to-digital 
converter [2]

•  Grove TP-401A air quality sensor [3]

•  Grove INA3221 three-channel high-side 
current I2C sensor [4]

•  Various Grove cables

• • • • • • • • • • • PARTS LIST
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TP-401A Air QuAliTy 
SenSor Theory
The TP-401A sensor is very sensitive to a 
number of air-contaminating substances at 
low concentrations, including second-hand 
smoke, carbon monoxide (CO), alcohol, 
volatiles of cosmetics (especially hair 
spray, as you will see later), acetone, thin-
ner, insecticides, benzene, formaldehyde, 
and others. Because it is sensitive to alco-
hol and formaldehyde, perhaps one should 
refrain from drinking cocktails with mara-
schino cherries around the sensor.

The sensor is composed of SnO2 materi-
als doped with a catalyst, making it a metal 
oxide semiconductor type of gas sensor. 
The resistance of the sensor decreases 
when contaminating gases are present and 
increases when the gases are removed from 
the environment. To operate, the device 
needs to be heated to about 200-400°C, 
which is what causes a current of about 
50mA. A typical response of the sensor to 
20ppm (parts per million) CO is an in-
crease in voltage up to about 0.25~0.60V 
(Figure 2).

ASSembling
As you can see in Figure 3, the parts go to-
gether easily with the Grove cables. To mea-
sure the current going to the AQS, you need 
to make a special Grove cable (with the 
power line cut) to put the INA3221 in line 
with the Grove connector. For more infor-
mation, take a look at the tutorial on mea-

suring current with the Grove INA3221 [5] 
for details.

Air QuAliTy SenSor Code
The code that reads the sensor is pretty 
straightforward. The AQS produces a volt-
age that needs to be converted to a digital 
form for analysis. Typically, this is accom-
plished with an analog-to-digital converter 
(ADC). One of the enduring issues for the 
Rasp Pi has been the lack of an on-board 
ADC. The Arduino family typically has a 6- 
to 16-channel ADC, usually at 10 bits of 
resolution, which is suitable for many ap-
plications. Even the lowly ESP8266 WiFi 

Figure 1: Block diagram of AQS and DataLogger.

Figure 2: The TP-401A sensor. VH is voltage to the heater (5V), which takes 3-5 minutes to warm 

up; Vc is voltage to the circuit (also 5V). When exposed to a contaminant, the load resistor (RL) 

connected to the circuit decreases resistance, and the measured voltage (VL) increases.
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module has one channel of ADC, but be-
cause it is limited to 1.0V maximum, you 
often need to condition the signal (using 
an amplifier or a voltage divider) to read 
voltages.

The Rasp Pi has no ADC channels. At the 
Lab, we searched various Grove device 
manufacturers for a suitable ADC and 
could find no Grove solution that had mul-
tiple channels, had an Inter-Integrated Cir-
cuit (I2C) interface, would work at 3.3V 
and 5.0V, and had >10-bit resolution. So 
we built one (Figure 4). This Grove board 
is based on the TI ADS1115 ADC chip and 
has four channels of 16-bit resolution and 
can work at 3.3V and 5.0V. Now the Rasp 
Pi has the missing ADC functionality.

The Pi2Grover board provides the physical 
interface between the Grove devices and the 
Rasp Pi, as shown in Figure 5.

The ADS1115 is mostly compatible with the 
ADS1015 ADC, so drivers are readily available. 
The Adafruit Python driver for the ADS1x15 
family will work with this board, but two is-
sues required modification of the driver for 
this project. (The modified code, MADS1x15.
py, is included in the DataLogging code repos-
itory [6].) First, I needed to read the raw data 
(rather than the voltage) from the driver; sec-
ond, I noticed that the ADS1115 requires a bit 
more delay between samples than the stock 
driver, especially at 3.3V.

The code for reading the sensor is pretty 
simple (Listing 1). It sets up the gain and 
samples per second, reads all four chan-
nels into an array – first, the raw digital 
value (16 bits, unsigned) and then the 
value interpreted as a voltage – and stores 

Figure 3: The assembled AQS DataLogger.

Figure 4: The Grove ADS1115 four-channel, 16-bit 

ADC.

Figure 5: The Pi2Grover board sits on the Raspberry Pi 3.
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them all in a MySQL database. The AQS 
sensor is connected to channel 1.

dATAlogging Code
The most complex part of the software logs 
the data and graphs it for analysis. Re-
cently SwitchDoc Labs wrote some code to 
turn the Rasp Pi into a data logger and 
graph generator using MySQL and Matplot-
lib. That project was the subject of an ear-
lier SwitchDoc Labs column [7], and all of 
the code is included in the DataLogger re-
pository on GitHub [6].

Although the code for saving the data to 
a MySQL database is pretty straightfor-

ward, the Matplotlib code is not so obvi-
ous, so you should refer the article men-
tioned earlier [7]. One of the interesting, 
and most useful, pieces of code revolves 
around the Advanced Python Scheduler 
(APScheduler) [8]. This package allows 
you to schedule execution of your Python 
code later, either once or periodically. You 
can add new jobs and remove old jobs on 
the fly as you please. I have used this in 
two other projects (Project Curacao and 
SunRover) and have been very pleased 
with the performance. Because your jobs 
are running in separate threads, some-
times you will see what you think is odd 

01  gain = 6144 # +/‑ 6.144V

02  

03  # Select the sample rate

04  sps = 250 # 250 samples per second

05  

06  

07  print "‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑"

08  rawData = []

09  Voltage = []

10  

11  for x in range (0,4):

12    rawData.append(ads1115.readRAW_ADCSingleEnded(x, gain, sps))

13    Voltage.append(ads1115.readADCSingleEnded(x, gain, sps)/1000)

LISTING 1: Reading the ADS1115 Sensor

01  scheduler = BackgroundScheduler()

02  scheduler.add_job(INA3221Functions.readINA3221Data, 'interval', seconds=SampleTime, args=[password])

03  scheduler.add_job(INA3221Functions.buildINA3221Graph, 'interval', seconds=GraphRefresh, args=[password, GraphSampleCount])

04  scheduler.add_job(ADS1115Functions.readADS1115Data, 'interval', seconds=SampleTime, args=[password])

05  scheduler.add_job(ADS1115Functions.buildADS1115Graph, 'interval', seconds=GraphRefresh+15, args=[password, GraphSampleCount])

06  scheduler.add_job(killLogger, 'interval', seconds=LengthSample)

07  scheduler.add_job(tick, 'interval', seconds=60)

08  scheduler.start()

09  scheduler.print_jobs()

10  

11  print('Press Ctrl+{0} to exit'.format('Break' if os.name == 'nt' else 'C'))

12  

13  try:

14    # This is here to simulate application activity (which keeps the main thread alive).

15    while True:

16      time.sleep(2)

17  except (KeyboardInterrupt, SystemExit):

18    # Not strictly necessary if daemonic mode is enabled but should be done if possible

19    scheduler.shutdown()

LISTING 2: Scheduling Execution of Python Code

SwitchDoc Labs – Air Quality Sensor

75

SKILLS

ISSUE 18 RASPBERRY PI GEEK



inTerPreTing The Air 
QuAliTy SenSor 
QuAnTiTATive reSulTS
Reading the raw values of the AQS from the 
16-bit ADC will yield a value from 0 to 
~32,000. Although I am looking primarily 
at changes in the sensor to see how sensi-
tive it is, the raw data on the results curve 
can be interpreted qualitatively, as shown in 
Table 1.

reSulTS
I took the whole sensing system home for 
testing, because the environment at Switch-

behavior, but you 
can work around 
it.

Listing 2 shows 
how to set up and 
add jobs to the 
scheduler in the 
DataLogging soft-
ware. First, you 
set up the background scheduler, and then 
you schedule the jobs at the times you 
want them to execute. Although there are 
dozens of ways to schedule jobs, I use the 
'interval' method here, which just starts 
a job x number of seconds in the future 

and then repeats. 
The killLogger job 
in line 6 quits the 
sampling at some 
time in the future 
(about 140 hours 
in the example 
sketch).

Figure 6: Two-day test. (A) Dryer door opened, ironing begun. Could 

smell fabric softener. (B) Door opened to outside first for Panther 

The Cat, then door left open for a while. Finally, dinner cooked in 

oven. (C) Door opened for cat. Cat slow to leave. Very slow. (D) First 

hairspray test. Short spurts of hairspray in the bathroom – note air 

conditioner was on. (E) Dinner cooked (fried chicken and spinach 

salad with bacon bits). (F) Night – ripples are probably autofan and 

air conditioning effects. (G) Hairspray in bathroom; this time the 

real thing as the wife got ready for work. Figure 7: The ultimate hairspray test.

One thing about the TP-401A is that it is de-
signed for indoor use. I’m really tempted to take 
it outside, put a rain cover on it, and run it for a 
while. With a 49mA current draw, I’m probably 
not going to use it in a solar power system. You 
have to let it warm up for several minutes be-
fore you get good data, so switching it on and 
off will still consume quite a bit of power.

I was amazed at how sensitive this inexpensive 
sensor was. I could detect all sorts of events in 
the entire house. One thing to point out is that 
virtually all of the time the sensor value was 
less than 3,200 (rated as fresh air), and the aver-
age was 2,727 across the entire period.

I waited for the morning particulate count to 

drop and ran one more test – the ultimate 

hairspray test – using the hairspray near the 

sensor to see how fast it would react and how 

bad it would rate the air (Figure 7).

Test findings? The AQS really does not like 

hairspray. I sprayed the hairspray about 18 

inches above the sensor, but not directly into 

the sensor. It peaked about 11,000 (high pollu-

tion) and quickly trailed down during the next 

15 minutes. When I tested the sensor in a par-

tially enclosed cardboard box with hairspray, it 

took much longer to dissipate.

•  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  SWITCHDOC NOTE

Raw Value from ADC Interpretation

<3,200 Fresh air

3,200-4,799 Low pollution

4,800-6,399 Medium pollution

6,400-11,199 High pollution

11,200+ Very high pollution

TABLE 1: Qualitative Interpretation of AQS Values
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Coming nexT Column
Next up at SwitchDoc Labs is building a 
low-power (key feature!) wireless link be-
tween the WeatherRack anemometer/ wind 
gauge/ rain bucket sensors [9] and a Grove 
AM2315 temperature/ humidity sensor 
using the Rasp Pi and – you guessed it – 
Grove connections and devices [10]. Wire-
less communication is desirable when we 
build weather projects at SwitchDoc Labs 
with displays, so we don’t have to run 
wires from the station to the outdoor 
weather sensors.  ● ● ●

Doc Labs is fairly boring, and set it up for a 
48-hour test. The annotated results are shown 
in Figure 6. I was pretty impressed with how 
sensitive the TP-401A was in a home environ-
ment. I kept a log that allowed me to identify 
each event on the graph. I’m not showing the 
sensor current graph, because it was very flat 
at 49mA and really boring.

ConCluSion
The TP-401A sensor is a pretty sensitive de-
vice. Although it is not very discriminating 
(with the possible exception of hairspray), it 
is sensitive to a wide range of different air 
contaminants. The system was very easy to 
build using Grove devices and was a piece of 
cake to set up for logging data with the Data-
Logger software. I believe this is the first 
Rasp Pi Hairspray detector ever built.

Q: In your last column on SunTracking, you got 
28% more power from tracking the cell. How 
much of that was used by the stepper motor 
and motor circuitry?

Best regards, Sarah

A: That is a good question, and I should have 
answered it before I printed the last column. In 
answer, I took the SunTracker system and 
hooked up the Grove INA3221 current measur-
ing device between the Rasp Pi and the stepper 
motor driver/ controller.

Based on the resistance measurement of the 
wiring in the motors (55 ohms per winding – 
the specification said 42 ohms), I expected an 
idle current draw of about 180mA. I measured 
about 170mA with the windings energized 
(using the Grove INA3221). If I used the motor 
this way all day, it would burn up ~11Wh, which 

would be far more than the ~4Wh improvement 
I got from tracking the sun.

However, that is not how I am using the stepper 
motor, which turns two steps every six minutes. 
With no real torque on the motors from the 
panel just sitting on top of it (ignoring wind!), I 
can turn the windings off, for a huge power sav-
ings. Assuming I turn the motor on for 2 out of 
360 seconds, instead of burning 11Wh, it burns 
0.061mWh, which is less than 2% of the sav-
ings. So, in this system, it looks like a good 
trade-off. The I2C motor control itself only takes 
about ~0.6mA.

I could tie down more of my assumptions (e.g., 
measuring the maximum wind torque on the 
solar panels), but after just feeling how hard it 
is to turn the motor when it is off, I think with 
this system I am covered.

QUESTIONS & ANSWERS •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •

[1]  Pi2Grover: store.  switchdoc.  com/ 
 pi2grover‑raspberry‑ pi‑to‑grove‑connec‑
tor‑interface‑board/

[2]  Grove ADC: store.  switchdoc.  com/  grove‑4‑ 
channel‑16‑bit‑analog‑to‑digital‑converter/

[3]  Grove air quality sensor: www.  seeedstudio. 
 com/  item_detail.  html?  p_id=1065

[4]  Grove INA3221 breakout board: http://  store. 
 switchdoc.  com/  ina3221‑breakout‑board‑3‑ 
channel‑current‑voltage‑monitor‑grove‑ 
headers‑compare‑to‑ina219‑grove‑headers/

[5]  Tutorial: Measuring current: www. 
 switchdoc.  com/  2016/  05/  tutorial‑ measuring‑ 
current‑using‑ina3221‑grove‑devices/

[6]  DataLogger repository on GitHub: github. 
 com/  switchdoclabs/  SDL_Pi_DataLogger

[7]  “SwitchDoc Labs – Matplotlib on the Rasp 
Pi” by John C. Shovic, Raspberry Pi Geek, 
issue 13, 2015, pg. 76,  
http://  www.  raspberry‑pi‑geek.  com/  Archive/ 
 2015/  13/  Understanding‑your‑data‑  with‑ 
 graphs

[8]  Advanced Python scheduler:  
apscheduler.  readthedocs.  io/  en/  latest/

[9]  WeatherRack weather sensors:  
www.  switchdoc.  com/ 
 weatherrack‑weather‑sensors/

[10]  “SwitchDoc Labs – Grove Devices” by John 
C. Shovic, Raspberry Pi Geek, issue 16, 
2016, pg. 76,  
http://  www.  raspberry‑pi‑geek.  com/  Archive/ 
 2016/  16/  A‑new‑way‑of‑no‑ solder‑ 
 prototyping#

INFO

Find us on 
Facebook

http://www.facebook.com/RasPiGeek
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