
Sending your data through the air

The Greatest  
 of Ease
Build a low-powered wireless system for your outdoor weather station 

using inexpensive hardware. By John C. Shovic

Although I’m using this setup to transmit 
weather information, you can use it to send 
any data wirelessly. I’m running at 9600bps, 
but you can get more range with slower bit 
rates or bump up the speed to send data 
faster.

The first prototype of the wireless system 
I built was a proof of concept using Arduino 
Unos, Grove shields, and the Grove Serial 
Pro transmitter. The current for that system 
ran way over 100mA (about 0.5W) and 
would have required a big solar panel. With 
clever software (putting the computer to 

A t SwitchDoc Labs, we like weather 
stuff and are always building more 
weather stations and adding new 
sensors; I have written about these 

in several articles [1]-[3]. This time, I decided 
I didn’t want to run wires from the wind sen-
sors on the weather station into the lab. It was 
a pain because of the way the building is con-
structed. What to do? Build a wireless system, 
christened WXLink, to send the data, make it 
solar powered, and give it a pretty good range 
through walls. My goal was to consume an 
average of less than 5mA.
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sleep between readings 
and turning off the trans-
mitter module), I got the 
average current down to 
about 50mA. This proto-
type worked functionally, 
but still used too much 
power. One point became 
clear: I had way more 
computer and speed than I 
needed using an Arduino 
Uno, so I moved on to pro-
totype 2 (Figure 1).

The second prototype 
was built using an Arduino 
Pro Mini, the Grove Serial 
Pro transmitter, and a 
bunch of wires (Figure 2). 
With this system I got the current down to 
about an average of 15mA, so I was getting 
close. As you can see in Figure 1, it was a rat’s 
nest of wires, but it worked. As I was building 
this prototype, I started thinking about how to 
reduce the average current further, so I looked 
at the Arduino Pro Mini and thought that if I 
redesigned it by removing the power regulator 
(5V to 3.3V), which burned a lot of power, 
made the power LED optional, and cut the fre-
quency down to 8MHz, I should be able to hit 
my goal. It would have been good to go down 
to 3.3V, but the transmitter I am using only 
works at 5V; therefore, I designed the board to 
work at both 3.3V and 5V, although I am only 
using it at 5V for now. The Grove connec-
tors [4] made it easy to build the entire setup 
by reducing the soldering job down to exactly 
one optional pin on the Serial RF Pro (Fig-
ure 3), which is required if you want to dis-
able the Serial RF Pro when you aren’t using 
it, saving about 28mA of current.

After making the design in the EAGLE 
board designer, I called my buddies at Tiny-
Sine [5] and sent the design off to manufac-
turing. When the board came back, it 
worked perfectly. That did it. I was down to 
an average of less than 5mA of current – 
4mA to be exact. Design criteria met.

The hardware
Note that you don’t have to use the same 
hardware I used for this project. I just wanted 
the lowest power I could get while still being 
compatible with the world. The software will 
work with a lot of different Arduinos and 
wireless transmitters. Although the rat’s nest 
prototype 2 worked pretty well, I used the fol-
lowing parts for the final project:
• Grove Serial RF Pro – long-range, low-

power wireless transmitter [6]

Figure 1: WXLink prototype 2.

Figure 2: The block diagram.

Figure 3: The final hardware. The Grove WXLinkWR (top) is hooked up with the Grove Pro Mini LP 

(center) and the Grove Serial RF Pro (right).
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Grove Pro Mini LP
The Arduino Pro Mini is built on an AT-
mega328P, which has 32KB of flash mem-
ory, 1KB of EEPROM, and 2KB of internal 
SRAM. It doesn’t have a ton of memory, but 
it’s enough for what I’m doing. It also con-
tains a four-channel, 10-bit analog-to-digital 
converter (ADC) and has 8-bit PWM capa-
bility. I have 12 digital GPIO pins available 
and a hardware serial port. The unit is pro-
grammed using an FTDI, rather than a USB, 
cable. The USB cable is on the Grove Pro 
Mini LP strictly for a power supply connec-
tion. Figure 4 shows all of the pinouts of the 
Arduino Pro Mini, and Figure 5 shows the 
Grove Pro Mini LP and its connections.

The SofTware
I wrote all the software using the Arduino 
IDE. You can download the software for the 
transmitter, SDL_Arudino_WeatherLink_Tx 
and receiver, SDL_Arduino_WeatherLink_Rx, 
from my GitHub site [8]. I won’t go through 
most of the software because it is pretty 
straightforward, and you can look at the 
source code for the details. The most com-
plicated part of the transmitter software is 
the sleep code, and specifically the code de-
signed to minimize current consumption. I 
will go through the two methods I use to 
put the Pro Mini to sleep.

Overall, the transmitter gathers the data 
from the connected weather instrument (and 
an optional SunAirPlus solar controller [9] if 

• Grove Pro Mini LP – low-power Arduino 
Pro Mini-compatible computer [7]

• Grove WXLinkWR (optional) – converter 
for the WeatherRack or SparkFun Weather 
Sensors; part of the WXLink Kit [7]

• 5V micro-USB power supply

Figure 4: Arduino Pro Mini pinout diagram.

Figure 5: Annotated Grove Pro Mini LP.
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you are building a solar-powered unit), for-
mats it into a 62-byte string, adds a check-
sum, and then transmits it to the receiver. 
The serial debugging output of a transmis-
sion cycle is shown in Listing 1.

Notice the current measurement from 
SunAirPlus in line 22 (27.60 mA). That’s a 
lot higher than 5mA. Why? Because the 
radio is on when transmitting a packet and 
reading the solar data. Then the software 
turns it off and goes back to sleep, and the 
current returns to 5mA.

On the receiver end, I read the data from 
the receiver based on the Pro Mini LP by 
using an I2C interface at 0x08. Listing 2 is an 
example of a packet of data coming from the 
transmitter.

In the receiver, the data is buffered and 
then supplied to the host computer when re-
quested on the I2C bus. The receiver emu-
lates an I2C device, which makes the receiver 
compatible with many different types of de-
velopment computers.

SLeeP Code – SLeePy
The most complex part of the transmitter 
code is the sleep code, in which I use two 
different methods. The first is a software 
sleep mechanism based on the internal 
hardware watchdog timer. I use a class 
called Sleepy from JeeLib [10], which is a 
great wrapper for all the myriad bits that 
need to be set and reset for the Arduino 
ATMega328P to reduce power dramatically 
by sleeping. When the ATMega328P is in 
the sleep state (low-power mode), only the 
watchdog, the two hardware interrupts, or a 
pin change can wake up the processor. In 
this design, I use the two hardware inter-
rupts (INT0/ INT1 connected to pins D2 and 
D3) to count the tips of the rain bucket and 
the number of times the anemometer is 
turning to calculate wind speed.

The function loseSomeTime is called for 
16msec at a time so as not to overflow the 
watchdog timer and, more importantly, to 
allow the processor to go back to sleep im-
mediately after processing an interrupt. The 
processor immediately wakes up on an ane-
mometer interrupt, counts the interrupt, and 
goes right back to sleep because of this loop:

for (long i = 0; U
     i < nextSleepLength / 16; ++i)
  Sleepy::loseSomeTime(16);

After the loop has been exhausted, the pro-
gram transmits a packet to the receiver. Al-
though the timing is not perfect, it does work 

and dramatically reduces power consump-
tion (to <5mA).

Why a loop? You need to put the processor 
back to sleep after an interrupt, but you want 
to send a packet when the full sleep cycle is 

From among the many very inexpensive RF 
transmitters out there, I chose the Serial RF Pro 
because it worked well with minimal hassle. I 
bought a couple of cheaper Grove 433MHz de-
vices and was not able to get them to work past 
about a meter of distance right out of the box. I 
will go back in the near future and figure out 
what is going on with some test equipment. 
My local resident Ham Radio God, Dr. Geoff, 
tells me it should be able to go about 30 meters 
without much problem. He says it likely is a fre-
quency mismatch between the transmitter and 
receiver. Maybe I got a bad batch.

• • • • • • SWITCHDOC NOTE

Using DS3231 to Wake Up

ALARM_1 Found

16:01:36 4/1/2000

wakeState=5

MessageCount=27

Outside Temperature (C): 25.00

Outside Humidity (%RH): 34.40

Wind Vane Voltage =5.00

Wind Vane Degrees =0

TotalRainClicks=1

windClicks=0

Average Wind Speed=0.00 KPH

shortestWindTime (usec)10000000

LIPO_Battery Load Voltage:  3.91 V

LIPO_Battery Current:       46.40 mA

Solar Panel Voltage:   1.02 V

Solar Panel Current:   0.00 mA

Load Voltage:   4.98 V

Load Current:   27.60 mA

crc = 0xFEB0

‑‑‑‑‑‑‑‑‑‑Sending packet‑‑‑‑‑

LISTING 1: Transmitter Debug Output

block 1

0xab 0x66 0x1 0x4d 0xa0 0xe 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 
0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0

block 2

0x0 0x80 0x6a 0x7c 0x40 0xcc 0xcc 0xbc 0x41 0x32 0x33 0x53 0x41 0x29 0x5c 0x8f 
0x3f 0x0 0x0 0x0 0x80 0x0 0x0 0x0 0x0 0x3e 0x7 0x0 0x0 0xdb 0x7f 0x0

LISTING 2: Transmitter Packet
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ing 3) to make the processor go away for-
ever until it gets an interrupt. By checking 
the source of the interrupt (i.e., from either 
the DS3231 or the rain bucket), I can de-
cide whether to send a packet or go right 
back to sleep. The code in Listing 4 wakes 
up the processor every 30 seconds.

The DS3231 is a very, very nice real-time 
clock chip with lots of good features, and it 
even has a temperature sensor. SwitchDoc 
Labs provides a DS3231 plug-in board with 
each Pro Mini LP. Note that cutting the LED 
on the DS3231 saves about 2mA. The DS3231 
itself only uses 0.4mA.

reSuLTS
The test power results in Figure 6 show cur-
rent consumption with a transmission every 
30 seconds. Note that the current monitoring 
system only reads the current about every 
second, so sometimes it misses the current 
spike. I am probably off on total current con-
sumption by 25% or so. The actual average 
current consumption is probably about 4mA 
rather than 3mA, but that is still well under 
the design goal of 5mA.

whaT abouT  
TranSMiTTer ranGe?
The Serial RF Pro is rated for 600 meters in 
free air (i.e., no obstructions along a line-
of-sight path). Anything in your way re-
duces the received power and the range. To 
test the range, I took the solar-powered 
transmitter system on a walkabout (see 

done at the termination 
of the loop. Note that the 
index variable i is de-
fined long, because I 
want to count beyond 
65,000. Using this Sleepy 
class and the loop 
scheme, you can send 
packets anywhere from 
two or three times a sec-
ond to intervals of hours.

The SLeeP 
Code – 
dS3231
The second way I put 
the processor to sleep 
(or rather, wake a pro-

cessor that’s been powered down) is to use 
the special timer hardware in the optional 
DS3231 clock that can be plugged into the 
Pro Mini LP. I analyzed of the accuracy of 
the DS3231 in a previous column [11], and 
the DS3231 was the clear winner. The 
DS3231 has two sets of alarm registers that 
can be used periodically to interrupt the 
ATMega328P according to the DS3231 
time/ day/ date. You are somewhat limited 
as to how fast you can send packets (one 
per second is the maximum), and you can’t 
send them, for example, every 32 seconds, 
but you can set send every 30 seconds, 1 
minute, 1 hour, and so on. You can even 
send yourself a message on December 21, 
2017, if you like. Whereas, before, I used 
the Sleepy class to put the pro-
cessor to sleep (loseSomeTime), 
in this case I use the Sleepy 
class powerDown function (List-

// choose once per 30 seconds

 RTC.setAlarm(ALM1_MATCH_SECONDS, 30, 0, 0, 0);

 RTC.alarm(ALARM_1);

 RTC.setAlarm(ALM2_EVERY_MINUTE , 0, 0, 0, 0);

 RTC.alarm(ALARM_2);

 RTC.alarmInterrupt(ALARM_1, true);

 RTC.alarmInterrupt(ALARM_2, true);

LISTING 4: Waking Up Processor

Figure 6: Current consumption graph from the Pro Mini LP transmitter. Figure 7: Solar-powered transmitter on a walkabout.

// use DS3231 Alarm to Wake up

    Serial.println(F("Using DS3231 to Wake Up"));

    delay(100);

    Sleepy::powerDown ();

LISTING 3: powerDown Function

SwitchDoc Labs -- Wireless Weather Station

78

SKILLS

RASPBERRY PI GEEK ISSUE 19



tion on this project, some of which you can 
find at the SwitchDoc Labs website [12] in-
cluding a lot more discussion about the so-
lar-powered version.

nexT TiMe
Next time, I go back into the land of Grove 
connectors, but this time I am going to 
show how to build a simple Internet of 
Things (IoT) sensor quickly using a Rasp-
berry Pi and the new Pi2Grover (Raspberry 
Pi-to-Grove) interface. Grove is not just for 
Arduinos!  ● ● ●

Figure 7) and ran two tests: one with the 
receiver behind three interior walls and a 
single exterior wall and one with the re-
ceiver behind only one interior wall. I spe-
cifically looked for continuous data flow. I 
found that I could walk 5% - 10% further 
than the maximum reliable distance and 
still get a packet now and again. Putting 
my arm up in the air also increased the dis-
tance. Height really helps in this kind of a 
situation.

ConCLuSion
Once again, I am amazed at what can be 
done with inexpensive hardware and, once I 
had the Grove Pro Mini LP built, how easy 
and fast it was to build the WXLink trans-
mission system. I have run out of room in 
this column, but I have a lot more informa-

Q: I’m using one of your Grove INA3221 three-
channel current-measuring devices. I’m getting 
current readings, but the voltage readings on 
each channel are either 0 volts or randomly 
changing somewhat. What is wrong?

Best regards, Demian

A: Ah, I know the answer to this question. Re-
member the SwitchDoc Labs Rule number 2 of 
Electrical Engineering: “You can always trust 
your mother, but you can never trust your 

ground.” You either have no common ground 
between the unit being measured and the 
INA3221 board, or your ground is loose and not 
connecting! Check your grounds and all will be 
well. I have had the exact same problem on 
many occasions.

The real clue to what is going on here is that 
you can read the current but not the voltage. 
Reading the current just requires measuring the 
voltage across the shunt resistor, but reading 
the voltage requires you to have a common 
ground reference.

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

Receiver Condition Maximum Transmitter Distance

Behind 3 interior walls/ 1 exterior wall 220m/ 720ft

Behind 1 exterior wall 438m/ 1,437ft

TABLE 1: Maximum Transmission Distance

[1]  “Connecting a Weather Station to Your Ar-
duino” by John C. Shovic, Raspberry Pi 
Geek, issue 7, 2014, pg. 62,  
http://  www.  raspberry‑pi‑geek.  com/  Archive/ 
 2014/  07/  Connecting‑a‑weather‑ station‑to‑ 
your‑ Arduino

[2]  WeatherArduino erratum:  
http://  www.  raspberry‑pi‑geek.  com/  howto/ 
 Errata/  Erratum‑WeatherArduino

[3]  “Protect Your Electronics from Lightning 
Strikes” by John C. Shovic, Raspberry Pi 
Geek, issue 12, 2015, pg. 78,  
http://  www.  raspberry‑pi‑geek.  com/  Archive/ 
 2015/  12/  Protect‑your‑electronics‑from‑ 
lightning‑strikes

[4]  “A New Way of No-Solder Prototyping” 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/ 
 (language)/  eng‑US

[5]  “Designing and Building Your Own 
Board” by John C. Shovic, Raspberry Pi 
Geek, issue 11, 2015, pg. 64,  

http://  www.  raspberry‑pi‑geek.  com/ 
 Archive/  2015/  11/  Designing‑and‑building‑ 
your‑ own‑ board

[6]  Grove Serial RF Pro: http://  www.  seeed stu‑
dio.  com/  Grove‑‑‑Serial‑RF‑Pro‑p‑794.  html

[7]  SwitchDoc Labs Grove boards:  
http://  store.  switchdoc.  com

[8]  Transmitter and receiver:  
github.  com/  switchdoclabs/

[9]  “Solar Power Management” by John C. 
Shovic, Raspberry Pi Geek, issue 10, 2015, 
pg. 32, http://  www.  raspberry‑pi‑geek.  com/ 
 Archive/  2015/  10/  Managing‑solar‑ power‑ 
systems‑with‑SunAir‑boards

[10]  Sleepy class: jeelabs.  org/  pub/  docs/  jeelib/ 
 classSleepy.  html

[11]  “SwitchDoc Labs: Real-Time Clocks” by 
John C. Shovic, Raspberry Pi Geek, issue 
08, 2014, pg. 80, http://  www.  raspberry‑ pi‑ 
geek.  com/  Archive/  2014/  08/  Comparison‑ of‑ 
four‑real‑time‑clocks

[12]  SwitchDoc Labs weather boards:  
https://  store.  switchdoc.  com/  weather/
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