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What is SkyWeather? 
 
 
This is a perfect project kit for kids with some help from the adults and for adults trying to learn some new 
things.   We have done this before with our successful OurWeather KickStarter so we know what we are talking 
about.   People all over the world have built the OurWeather weather station with great success.   This project 
has no soldering involved and uses Grove connectors to wire everything up!  You can't reverse them and blow 
things up.   Here is our tutorial on the Grove system. 
 
SkyWeather Features 
 
• Barometric	Pressure	
• LIGHTNING!	
• Outside	Temperature		
• Outside	Humidity		
• Altitude		
• Inside	Temperature	(in	box)	
• Inside	Humidity	(in	box)	
• Air	Quality	-	AQI	(your	own	local	Air	Quality	Sensor)	
• Sunlight	
• Wind	Speed	
• Wind	Direction		
• Rain		
• All	your	weather	information	on	the	Cloud	including	history	
 
 
Easy to build.  Easy to learn about the IOT (Internet Of Things) and the Raspberry Pi. 
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Versions of SkyWeather 
 
SkyWeather  
The full SkyWeather kit including the Lightning and Wind Direction, Speed and Rain sensors. Includes: Rain, 
Wind Speed / Direction, Lighting Detection, Outside Temperature and Humidity, Barometric Pressure, Internal 
Temperature/Humidity, Sunlight Strength, and Outside Air Quality. 
SkyWeather Lite 
SkyWeather Lite does not contain the Lightning Detector and the WeatherRack wind and rain sensors.   
Because of that, do not drill the holes for the Lightning Detector Pylon and you do not need to have the RJ11 
box connectors for the WeatherRack 
SkyWeather Solar 
SkyWeather Solar adds a set of solar panels on the top of the SkyWeather Box.   We have a special assembly 
manual for that add on to the SkyWeather kit.   Note that you have to think about where and how to orient your 
solar panels versus the orientation you want for your Sky Camera.   Solar Panels should generally point south 
(in the northern hemisphere) and north (in the southern hemisphere – right Topher?). 
SkyWeather Plus Solar WXLink Remote 
This SkyWeather package places the WeatherRack wind / rain sensors and the outside temperature and 
humidity sensor, along with a solar system in an external box connected by wireless LoRa.   See the 
weatherproofing manual for the WXLink Box.  Basically, you place the WeatherRack and the outside 
temperature / humidity sensors outside and the rest of SkyWeather can either be inside or outside.   There are no 
wires between the WXLink remote box and the SkyWeather system.   You may still want to place the Sky 
Camera and SkyWeather system outside and in that case you do not need to have the RJ11 box connectors for 
the WeatherRack or the hole AM2315 Outside Temperature and Humidity Sensor. 
This manual is for the base SkyWeather kit. 
 

Preparing and Learning your Raspberry Pi 
 
The SkyWeather system requires a working Raspberry Pi.  You can use virtually any not too old Raspberry Pi 
(2, 3, Zero, etc.) but you do need to set it up before starting the process of building SkyWeather. 
 
Initial setting up your Raspberry Pi and connecting to it on your network is well beyond the scope of this 
manual.   There are just too many variables in how you might set up your Raspberry Pi. 
 
SwitchDoc Labs provides an SD Card that has the Raspberry Pi operating system, version Stretch, and all the 
SkyWeather software installed.   https://shop.switchdoc.com/products/16gb-sd-card-with-stretch-smart-garden-
system-groveweatherpi 
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Theory of the Solar System Operation 

 
Sizing Your Solar Power System 
One of the first things that comes up in a solar powered design is how to design the power system. The 
three main questions to be asked and answered are: 

1. How much power do I need? 

2. How many solar panels do I need? 

3. What size battery do I need? 

The first thing you need to do when designing a solar powered system is to determine the power 
requirements for your solar powered design. Our criteria is that we want the GroveWeatherPi Raspberry 
Pi to run all day and during the night. But we want the system to able to shutdown and restart itself when 
power is available. 

The table below contains estimated power consumption for models of the Raspberry Pi, including a 
Wireless USB dongle. We are assuming in each of these that you turn the HDMI port off which saves 
~20ma. 
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All of the above measurements include about 60ma for the USB WiFi Dongle! Parenthetical numbers are 
without the 60ma. 

Based on the above, first we will lay out our assumptions for our Raspberry Pi Model A+ based design. 
The LiPo batteries chosen will store 6600mAh. Why choose the Model A+? It's the lowest current 
consuming raspberry Pi that doesn’t require soldering. 

Raspberry Pi Zero Solar Design 
Assumptions: 

• Four SwitchDoc Labs 2W 6V/330ma Solar Cells (total of 8W)  
• 8 Hours of Sun running the cells at least at 70% of max Delivery of current to Raspberry Pi at 85% 

efficiency (you lose power in the charging and boosting circuitry)  
• Raspberry Pi Model Zero takes 160mA on average (with the Wireless USB Dongle) - Removed OLED 

display.  
• Raspberry Pi Model Zero running 24 hours per day  
• 6600mAh LiPo Batteries 

Given these we can calculate total Raspberry Pi Model Zero runtime during a typical day: PiRunTime = (8 
Hours * 70% * 1320mA) *85% / (160mA) = 39.7 hours.  Since we are above the 24 hours with four panels, 
we are good to go. 

NOTE:   Picking 24 or even 48 hours does not mean your system will not shut off.  Eventually, you will 
have a cloudy enough period that your SkyWeather system will shutdown.  You need to plan with this. 

Our goal was for 24 hours, so it looks like our system will pretty much work. 16 Hours of running the 
Raspberry Pi Zero on batteries alone will take (160mA/85%)*16 Hours = 3011mAh which is comfortably 
less than our 6600mAh batteries can store. No effort was made to minimize the power consumed by the 
WiFi system. Your results will depend on what other loads you are driving, such as other USB devices, 
GPIO loads, I2C devices, etc. 

Note that during the day, on average, we are putting into the battery about 7392mAh. This means a bigger 
battery than 6600mAh would be useful, but not very much. 

So, on a bright sunny day, we should be able to run 24 hours a day. Looking at the results from 
SkyWeather  being out in the sun for a week, this seems to be correct. However, it will be cloudy and 
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rainy and your system will run out of power. The next most important part of the design is how to handle 
Brownouts!  

Solar System Design 
The four most important parts of verifying your Solar Power Design: 

• Gather real data  
• Gather more real data  
• Gather still more real data  
• Look at your data and what it is telling you about the real system. Rinse and Repeat. 

The power system in SkyWeather consists of four parts: 

• Four Solar Panels  
• Solar Multipanel Connector 
• One 6600Ah LiPo Battery  
• SunControl Solar Power Controller, Pi Power Supply and Data Gathering system  
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We are using 4 4W/330mA Solar Panels from SwitchDoc Labs. You can use virtually any solar panel as 
long as they are 6V solar panels. And if you find that your unit is still not getting enough power during the 
day, then add another 2W panel!. The Voltaic Systems panels will run you about $40 a piece where the 
SwitchDoc Labs Panels will cost about $12 per panel. We have a lot of experienced with the Voltaics 
panels in the tropics and they are good panels. 

NOTE:   You need to look at the VOC (Voltage Open Circuit)  of any other solar panel you have.   If it is 
above 6V, you need to add in a 10W 5.6V Zener diode across the solar panels to protect your SunControl 
board and system.  Here is a link to an example 10W 5.6V Zener diode.  As of the writing of this manual, 
the ebay.com link below is sold out, but check back later.   We have a few of these on our 
shop.switchdoc.com website. 

https://www.ebay.com/itm/1N3997A-5-6v-10w-Zener-Diode-Cathode-to-Stud-Polarity-DO4-DO-203AA-
NAE/261213332106?ssPageName=STRK%3AMEBIDX%3AIT&_trksid=p2057872.m2749.l2649 

https://www.mouser.com/Search/Refine?Keyword=1N3997 
 

https://www.digikey.com/products/en?keywords=1N3997 
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Unfortunately, you can’t just put 10 1W 5.6V Zener diodes in parallel.   They aren’t identical and the one 
that is slightly lower will take all the current.   You can, however, stack them in series to aquire the 
appropriate volltage and power dissipation.  Such as stacking 2 5W 2.8V Zener diodes. 

We selected a 6600mAh battery from Adafruit for this design. See the "Sizing your Solar System" step 
above. We are using a SunControl solar powered controller in this design. 

SunControl combines the USB PowerControl, SunAirPlus and the SwitchDoc Labs Watchdog Timer into 
one board.    The INA3221 allows you to monitor all of the major currents and voltages in the system 
(Battery / Solar Panels / Load - Computer ). You can tell what your solar power project is doing in real 
time, while the USB Powercontrol circuitry shuts down and starts up your Raspberry safely (see brownout 
discussion below) in combination with the onboard watchdog timer. 
 
SunControl Results 
Here are some results from the SunControl board using the onboard INA3221. You can see that the 
battery is almost fully charged and the solar cell voltage (actually a variable power supply on the test 
bench) is 5.19V and it is supplying 735mA.  
LIPO_Battery Bus Voltage: 4.15 V  
LIPO_Battery Shunt Voltage: -9.12 mV  
LIPO_Battery Load Voltage: 4.14 V  
LIPO_Battery Current 1: 91.20 mA 
  
Solar Cell Bus Voltage 2: 5.19 V  
Solar Cell Shunt Voltage 2: -73.52 mV  
Solar Cell Load Voltage 2: 5.12 V  
Solar Cell Current 2: 735.20 mA  
 
Output Bus Voltage 3: 4.88 V  
Output Shunt Voltage 3: 48.68 mV  
Output Load Voltage 3: 4.93 V  
Output Current 3: 486.80 mA  
 
You can use this board to power your projects and add a servo or stepper motor to allow it to track the 
sun using photoresistors to generate even more power. We ran a test on tracking the sun to prove our 
point ( http://www.switchdoc.com/2016/05/sun-tracking-solar-power-part-1/ ). 

Controlling the Raspberry Pi Power 
The SunControl  Board contains  a controlled Solid State Relay to turn the power on and off to the 
Raspberry Pi.. The input to this cirucut was designed to come directly from a LiPo battery so the computer 
won't be turned on until the LiPo battery was charged up above ~ 3.8V. A hysteresis circuit is provided so 
the board won't turn on and then turn immediately off because the power supply is yanked down when the 
computer turns on (putting a load not the battery). This really happens!!!! You kill Raspberry Pi SD Cards 
this way.  

 

Brownouts 
In this important step, we are going to discuss the problem of powering down and up your Raspberry Pi. 
In Solar Powered systems, this is called the "Brownout Problem".  

One of the most important issue in designing a Raspberry Pi Solar Power System is turning on and off. 
The "Brownout Problem" is a real issue. Why worry? If you have a long string of cloudy days, you may run 
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your battery down. You can compensate for this in your design by adding more panels and more 
batteries, but that can get really expensive and your system might still run out of power, just a lot less 
frequently. 

Shutting Off the Pi 
Shutting a Raspberry Pi off is pretty easy. When the battery voltage falls below some value, you just do a 
“sudo shutdown -h now” and your Raspberry Pi will shutdown cleanly. After doing the test talked about 
here ( http://www.switchdoc.com/2015/04/turning-the-pi-on-and-off-weatherpi-solar-power/ ) , we chose 
3.5V as the voltage to shut down the Raspberry Pi. 

Note that in most solar power systems, you need to monitor the battery voltage and not the 5V power 
supply because with most modern voltage booster systems, the circuitry will work very hard to keep the 
5V going and then just give up crashing to a much lower voltage when it runs out of power. 

 Showing Shutdown Voltage and Startup Voltage on the Raspberry Pi 

That means your computer would have little or no warning when the voltage is about to drop. By 
monitoring the battery voltage, you can tell when the battery is getting low enough and then shut down 
your computer safely. For LiPo batteries, this will be when your voltage gets down to about 3.5V or so. 
This can all be monitored with the SunAirPlus solar charge controller that we are using in 
GroveWeatherPi. 

Starting the Pi  
Enough about shutting down the computer. What about starting it up? 

The Issue 
You can’t just let the controller power up the computer. The problem is that the supply voltage will move 
up and down until there is enough charge in the battery to fully supply the computer. When the computer 
turns on (connecting a full load), you will pull the battery down hard enough to brown out the computer 
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causing the Raspberry Pi to crash. This constant rebooting cycle can corrupt and ruin your SD card and 
cause your computer to never boot at all, even when the power is restored. We had this VERY thing 
happen to us 3500 miles away with Project Curacao. Arduinos are more tolerant of this, but Raspberry 
Pi’s do not like a ill-behaved power supply. You just can’t be sure of what state the computer will power up 
at without a good power supply. 

This issue can be handled in a number of ways. The first is to use another computer (like an Arduino 
made to be very reliable by using a WatchDog - see the Reliable Computer series on switchdoc.com 
- http://www.switchdoc.com/2014/11/reliable-projects-watchdog-timers-raspberry-pi-arduinos/ ) to 
disconnect the Raspberry Pi’s power through a latching relay or MOSFET when there isn’t enough power. 
Project Curacao ( http://www.switchdoc.com/project-curacao-introduction-part-1/) used this approach. 

We didn't want to add an additional computer to SkyWeather, so we chose a second solution. 

Power Your Pi Up and Down with SunControl   
A second (and cheaper!) way of handling the brownout and power up problem is to use a dedicated power 
controller that will shut the power off to the Raspberry Pi and restore the power when the battery voltage 
is high enough to avoid ratcheting the supply voltage up and down because of the load of the Raspberry 
Pi. This is called Hysteresis. We have designed a circuit to do just this (called the USB Power Controller) 
in SunControl to do this.  

The USB Power Controller Circuit in SunControl  
The USB PowerControl board is a USB to USB solid state relay. 

There is a hysteresis circuit so the board won't turn on and then turn immediately off because the power 
supply is yanked down when the computer turns on (putting a load not the battery). 

There is little software for this device. The only software used detects the battery voltage and decides 
when to shut down the computer. The USB Power Control Circuit takes care of shutting the power to the 
Raspberry Pi when the battery voltage gets low enough. Note that a shutdown Raspberry Pi still draws 
current (according to one quick measurement, about 100ma).  You still need to turn off the power, which 
this board will do. 

One More Scenario  
One last point. After thinking about the power down sequence, we came up with one more scenario. What 
if: 

1. The battery voltage reaches 3.5V and the Raspberry Pi is shut down. 
2. The USB PowerController Circuit will turn the power off when the battery reaches about ~3.4V. 

However, what if the sun comes up at this time and the battery starts charging again? 

Then the USB PowerController will never reach ~3.4V and will never turn off. And the Pi will never reboot. 
Not a good scenario! 

We fixed this problem by adding a hardware watchdog timer. 

For a tutorial on hardware watchdog timers, read the SwitchDoc series starting 
here. http://www.switchdoc.com/2014/11/reliable-projects-watchdog-timers-raspberry-pi-arduinos/ 
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We used a onboard SunControl WatchDog Circuit to fix this problem. We set the RaspberryPi python to 
"pat the dog" (preventing the watchdog timer from triggering) every 10 seconds. The timer is set to trigger 
after about 60 seconds if it isn't patted. The timer is connected the USB PowerControl circuitry down to 
ground which shuts off the Raspberry Pi.  

Because of the hysteresis circuit on the USB PowerController circuit the Raspberry Pi will stay off until the 
battery voltage reaches ~3.9V and then the Pi will reboot. Now the above very bad scenario will never 
happen. By the way, there is no real way of using the internal Pi Watchdog to do this. You don't want to 
reboot the Pi, you want to shut off the power in this scenario. 

 Block diagram of SunControl 
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SunControl Circuit Locations 

 

 

 

What do I Do First? 
 
The first thing to do is assemble and test the base SkyWeather Kit.  Test everything and then come back here! 

What is in the SkyWeather Solar Extender Kit 
 
You will need to also purchase a 3.7V LiPo battery.  Because this system is so low power, any size of LiPo 
battery greater than 1000mAh should work fine. The higher the mAh rating of the battery, the longer the streak 
of cloudy days your unit can run without solar power.   Adafruit has a great selection of LiPo batteries.  Make 
sure you buy one with a JST-2 plug. 
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Suggested LiPo batteries: 
 
4400mAh https://www.adafruit.com/product/354 
 
6600mAh https://www.adafruit.com/product/353 
 
Any of these batteries should work.  The trade off is how long your SkyWeather can run with no sun before 
shutting down.  It is designed to automatically restart when your battery is sufficiently recharged.  By the way, 
this is an important design criteria for a solar based Raspberry Pi system.  
 
NoteL  While we don’t recommend it, you can, if you are careful, parallel multiple identical 3.7V LiPo 
batteries.  Use exactly the same batteries and make sure they are fully charged up before you connect them.   
We don’t recommend doing this.  Just buy a bigger battery. 
  
Parts List 
 
 
 
    
Part BA – SunControl Board 
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Part BB – Four (4) 330mA Solar Panels 
 

 
 
 
 
 
Part BC – Two (2) 30cm Grove Cables.  This picture has 5, but there are only 2 included     
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Part BD – USB Cable – Type A USB to Micro USB 

 
 
Part BE – Solar Panel Multi Connect Board 
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Part BF – JST2 Extender Cable 
 
 

 
 
Part BG – One (1) Grove to Female Pin Header adaptor cable 
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Step by Step Assembly 
Make sure you have assembled and tested your SkyWeather Kit before proceeding. 
 
 
 
 
 
Step 1) Plug the JST2 Plug on each of the  of the 330mA Solar Panels (Part BE) into the Solar Panel Plugs on 
the Multiple Solar Panel Connector Board (Part AH). 
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Step 2) Plug the JST2 Extender Cable that comes with the Multiple Solar Panel Connector Board (Part BF) 
from the “To Solar Charger” board port to the Solar JST2 plug on SunControl (Part BA). 
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Step 3) Now plug your 3.7V LiPo battery (not included) into the top right JST2 plug as shown on SunControl 
(Part BA). 
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Step 4) TEST 1! Turn the switch on the middle bottom of the SunControl (Part BA) board to towards the bottom 
(ON) and if your battery has any reasonable charge (and most new LiPo batteries do) then you will be rewarded 
by two blue lights indicating that  the 5V Booster is generating 5V and the USB Power is on.   You can see 
what all the lights on the SunControl (Part BA) board mean by looking two pictures down from here. 
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Step 5) TEST 2! If you have some sun outside or at least a cloud day, take your solar power assembly from the 
above steps and take it outside.  You should see on the SunControl board (Part BA) the Input Power Good light 
and the Battery Charging LEDs turn on if you have any strength to the sun at all.  Putting it right under a bright 
light indoors will do the same thing.   The below picture is an indoor picture with the solar panels right under an 
LED light.   You can clearly see the red and yellow LED illuminated. 
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If Test 1 and Test 2 successfully completed, you are ready to install the system in the SkyWeather kit assembly. 
 
Step 6) Turn the Switch on the SunControl (Part BA) board to OFF (towards the Top of SunControl (Part BA)).  
Please do this to protect your Raspberry Pi!!!! 
 
Step 7) Power down SkyWeather system.  Plug the included USB Type A to USB Micro Cable (Part BD)  from 
the SunControl (Part AB)  board Type A USB plug to the Micro USB Plug on the Raspberry Pi 3.   If you are 
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using a Raspberry Pi Zero, make sure you plug it into the micro USB Plug on the right (marked PWR IN) on the 
PiZero as shown below. 
 

 
 
Step 8) Now take a 30cm Grove Cable (Part BC) and plug one end into the I2C Connector on SunControl (Part 
BA) and the other end into I2C Bus2 on the PiWeather Board (Part R) in the SkyWeather kit. 
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SkyWeather Solar Initial Testing 
 
Step 1) Turn on the switch ON on SunControl (Part AB)  (push it towards the bottom of the board) and if you 
have a decent charge on the battery you should see the blue lights on SunControl (Part AB) and also the lights 
on the Raspberry Pi and other SkyWeather parts.  If you don’t, unplug the Micro USB Cable (Part BD) and go 
back to TEST 1 and TEST2 in the previous section and make sure the solar system passes those tests. 
 
BTW, if your battery needs charging, plug in a Mini USB Cord (not included – Amazon link 
https://amzn.to/2WuORwp ) into the Mini USB Plug on the SunControl Board (Part AB).   And yes, we realize 
it is a Mini and not a Micro Plug.  Our next revision of the SunControl Board will include a Micro rather than a 
Mini USB Plug. 
 
If you do see lights galore, then we are in business to do some SkyWeather Solar Testing. 
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Step 2) Open up a terminal window and cd down into the SkyWeather Directory. 
 
Change directory to SDL_Pi_SkyWeather 
 
cd SDL_Pi_SkyWeather 
 

Step 3) Disable the automatic Bootup if you have done that in the rc.local file.  If you haven’t, then skip this 
step. 
 
In ordinary operation, you will want SkyWeather to restart on bootup of the Raspberry Pi.  This is necessary 
because of the 5 day reboot cycle in SkyWeather as well as unexpected shutdowns or if you have run out of 
solar power and are shutting down the system. 
 
The file /etc/rc.local is executed during the operating system rebooting process and is a good place to put your 
starting code. 
 
Use “sudo nano /etc/rc.local” or your favorite editor to modify the file to disable this if you have already done 
this.. 
 
Change:  
 
pigpiod 
cd /home/pi/SDL_Pi_SkyWeather  
nohup sudo python SkyWeather.py & 
 

To: 
 
#pigpiod 
#cd /home/pi/SDL_Pi_SkyWeather  
#nohup sudo python SkyWeather.py & 
 
Now reboot your computer 
 
sudo reboot 

 
Log back into your Pi and go back into the SDL_Pi_SkyWeather directory as in Step 2). 
 
 
Step 4)  TEST 3 – Verify I2C devices. 
 
Type: 
 
sudo python testSDL_Pi_TCA9545.py 
 
Here is what you should see: 
 
pi@switchdoclabs:~/SDL_Pi_SkyWeather $ sudo python testSDL_Pi_TCA9545.py 
Test SDL_Pi_TCA9545 Version 1.0 - SwitchDoc Labs 
 
Sample uses 0x73 
Program Started at:2019-05-27 16:15:15 
 
-----------BUS 0------------------- 
tca9545 control register B3-B0 = 0x1 
ignore Interrupts if INT3' - INT0' not connected 
tca9545 control register Interrupts = 0x0 
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     0  1  2  3  4  5  6  7  8  9  a  b  c  d  e  f 
00:          -- -- -- -- -- -- -- -- -- -- -- -- --  
10: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
20: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
30: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
40: -- -- -- -- -- -- -- -- 48 -- -- -- -- -- -- --  
50: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
60: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
70: -- -- -- 73 -- -- -- 77                          
 
----------------------------------- 
 
-----------BUS 1------------------- 
tca9545 control register B3-B0 = 0x2 
ignore Interrupts if INT3' - INT0' not connected 
tca9545 control register Interrupts = 0x0 
     0  1  2  3  4  5  6  7  8  9  a  b  c  d  e  f 
00:          -- -- -- -- -- -- -- -- -- -- -- -- --  
10: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
20: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
30: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
40: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
50: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
60: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
70: -- -- -- 73 -- -- -- --                          
 
----------------------------------- 
 
-----------BUS 2------------------- 
tca9545 control register B3-B0 = 0x4 
ignore Interrupts if INT3' - INT0' not connected 
tca9545 control register Interrupts = 0x0 
     0  1  2  3  4  5  6  7  8  9  a  b  c  d  e  f 
00:          -- -- -- -- -- -- -- -- -- -- -- -- --  
10: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
20: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
30: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
40: 40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
50: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
60: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
70: -- -- -- 73 -- -- -- --                          
 
----------------------------------- 
 
-----------BUS 3------------------- 
tca9545 control register B3-B0 = 0x8 
ignore Interrupts if INT3' - INT0' not connected 
tca9545 control register Interrupts = 0x0 
     0  1  2  3  4  5  6  7  8  9  a  b  c  d  e  f 
00:          -- -- -- -- -- -- -- -- -- -- -- -- --  
10: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
20: -- -- -- -- -- -- -- -- -- 29 -- -- -- -- -- --  
30: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
40: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
50: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
60: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  
70: -- -- -- 73 -- -- -- --                          
 
----------------------------------- 

 
If you see a 0x40 on BUS2 as above, you have wired up the Solar subsystem correctly. 
 
Step 5) Turn Debugging on in SkyWeather 
 
Open up your conflocal.py file in your favorite editor and change: 
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SWDEBUG = False 
 
To: 
 
SWDEBUG = True 
 
Step 6) TEST 4 – System Test 
 
Start the SkyWeather Software by typing: 
   
sudo pigpiod 
sudo python SkyWeather.py 
 

You will get a display similar to what follows.   Interrupt the program with “control-c” or ”control-|” after the  
jobs are listed. 
 
(11.097600000000002, 6, 2) 
() 
('Pi Camera Revision', u'ov5647') 
('HW-Version: ', 18) 
('after bme680', True) 
as3935 start 
as3935 present at 0x02 
Fast Read AM2315temperature= 22.6 
Fast Read AM2315humdity= 99.9 
Fast Read AM2315crc= 53953 
Fast Read AM2315c= 53953 
outsideTemperature: 22.6 C 
outsideHumidity: 99.9 % 
crc: 0xd2c1 
 
SkyWeather Weather Station Version 037 - SwitchDoc Labs 
 
 
Program Started at:2019-05-27 16:27:24 
 
---------------------- 
I2C Mux - TCA9545:     Present 
BME680:     Present 
BMP280:     Not Present 
SkyCam:     Present 
DS3231:     Not Present 
HDC1080:     Not Present 
AM2315:     Present 
ADS1015:     Not Present 
ADS1115:     Present 
AS3935:     Present 
OLED:     Not Present 
SunAirPlus:     Present 
SI1145 Sun Sensor:     Not Present 
TSL2591 Sun Sensor:     Present 
DustSensor:     Present 
WXLink:     Present 
 
UseBlynk:     Not Present 
UseMySQL:     Not Present 
Check WLAN:     Not Present 
WeatherUnderground:     Not Present 
UseWeatherStem:     Not Present 
---------------------- 
-----------------  
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 SunAirPlus Sampling 
-----------------  
sendmail exception raised 
-----------------  
 Sample and Display  
-----------------  
-----------------  
 Weather Sampling 
-----------------  
Bad data from WXLink, discarded new data.  Kept old 
-----------------  
-----------------  
 SunAirPlus Sampling 
-----------------  
-----------------  
-----------------  
-----------------  
 AS3935 Lightning Detector  
-----------------  
Last result from AS3935: 
----No Lightning detected--- 
Lightning Count =  0 
-----------------  
------------- 
Current State 
------------- 
currentOutsideTemperature =  0.0 
currentOutsideHumidity =  0.0 
currentInsideTemperature =  22.66 
currentInsideHumidity =  34.728 
currentRain60Minutes =  0.0 
currentSunlightVisible =  11.0976 
currentSunlightIR =  2 
currentSunlightUV =  0 
currentSunlightUVIndex  =  0.0 
ScurrentWindSpeed =  0.0 
ScurrentWindGust  =  0.0 
ScurrentWindDirection  =  0 
currentTotalRain  =  0.0 
currentBarometricPressure =  940.22 
currentAltitude =  328.0 
currentSeaLevel =  977.638989211 
barometricTrend = True 
pastBarometricReading =  940.22 
Outdoor_AirQuality_Sensor_Value =  0 
Hour24_Outdoor_AirQuality_Sensor_Value =  0 
Indoor_AirQuality_Sensor_Value =  0 
------------- 
currentAs3935Interrupt =  0 
currentAs3935LastInterrupt =  0 
currentAs3935LastDistance =  0 
currentAs3935LastStatus =  0 
currentAs3935LastLightningTimeStamp =  0 
------------- 
runRainbow =  False 
flashStrip =  False 
runOLED = True 
------------- 
Last_Event =  My Last Event 
EnglishMetric =  0 
------------- 
batteryVoltage 4.04672 
batteryCurrent 707.2 
solarVoltage 0.0 
solarCurrent -0.0 
loadVoltage 5.104 
loadCurrent 513.2 
batteryPower 2.861840384 
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solarPower -0.0 
loadPower 2.6193728 
batteryCharge 89.1039410073 
------------- 
------------- 
WXbatteryVoltage 0 
WXbatteryCurrent 0 
WXsolarVoltage 0 
WXsolarCurrent 0 
WXloadVoltage 5.0 
WXloadCurrent 0 
WXbatteryPower 0 
WXsolarPower 0 
WXloadPower 0 
WXbatteryCharge 0 
------------- 
fanState =  False 
------------- 
WXLink Blocks 
Block1 Length=  0 
Block2 Length=  0 
-----------------  
 Sample and Display Done 
-----------------  
----------------- 
Scheduled Jobs 
----------------- 
Jobstore default: 
    patTheDog (trigger: interval[0:00:10], next run at: 2019-05-27 16:27:36 PDT) 
    checkForButtons (trigger: interval[0:00:10], next run at: 2019-05-27 16:27:36 PDT) 
    readRawWXLink (trigger: interval[0:00:15], next run at: 2019-05-27 16:27:41 PDT) 
    sampleAndDisplay (trigger: interval[0:00:30], next run at: 2019-05-27 16:27:56 PDT) 
    tick (trigger: interval[0:01:00], next run at: 2019-05-27 16:28:26 PDT) 
    takeSkyPicture (trigger: interval[0:01:00], next run at: 2019-05-27 16:28:26 PDT) 
    updateRain (trigger: interval[0:05:00], next run at: 2019-05-27 16:32:26 PDT) 
    checkForShutdown (trigger: interval[0:05:00], next run at: 2019-05-27 16:32:26 PDT) 
    statusAM2315 (trigger: interval[0:15:00], next run at: 2019-05-27 16:42:26 PDT) 
    doAllGraphs (trigger: interval[0:15:00], next run at: 2019-05-27 16:42:26 PDT) 
    barometricTrend (trigger: interval[0:15:00], next run at: 2019-05-27 16:42:26 PDT) 
    read_AQI (trigger: interval[0:15:00], next run at: 2019-05-27 16:42:26 PDT) 
    WLAN_check (trigger: interval[0:30:00], next run at: 2019-05-27 16:57:26 PDT) 
    statusRain (trigger: interval[1:00:00], next run at: 2019-05-27 17:27:26 PDT) 
    rebootPi (trigger: cron[day='5-30/5', hour='0', minute='4'], next run at: 2019-05-30 00:04:00 
PDT) 
----------------- 
------Patting The Dog-------  
^CTraceback (most recent call last): 
  File "SkyWeather.py", line 1780, in <module> 
    time.sleep(1.0) 
KeyboardInterrupt 
 
Two things to check now.  First look for  
 
SunAirPlus:     Present 

 
SunControl identifies as a SunAirPlus board. 
 
Secondly, look for the readings from SunControl in the state display given.  You will find something like this: 
 
------------- 
batteryVoltage 4.0072 
batteryCurrent 712.0 
solarVoltage 0.0 
solarCurrent -0.0 
loadVoltage 5.104 



Page 36 
Version 1.2 June 2019 
 

loadCurrent 504.4 
batteryPower 2.8531264 
solarPower -0.0 
loadPower 2.5744576 
batteryCharge 86.0808702038 
-------------------------- 
 
If you see something like the above, you are in business. 
 
Here is what each of these lines mean: 
 
Parameter Name Value Description Interpretation 
batteryVoltage 4.0072 Voltage (V) on LiPo 

Battery 
About 4.2V is a fully 
charged battery, ~3.3V is 
a fully discharged 
battery.  SunControl will 
shut off the system 
around 3.3V. 

batteryCurrent 712.0 Current (mA) coming 
FROM the LiPo Battery 
(negative when charging) 

712 mA coming from the 
battery. 

solarVoltage 0.0 Voltage (V) on the Solar 
Panels 

No significant light on 
the solar panels. 

solarCurrent -0.0 
 

Current (mA) coming 
from the Solar Panels. + 
means from the panel 
into SunControl, - means 
nothing. 

No power coming from 
the solar panels 

loadVoltage 5.104 
 

Voltage (V) on the output 
of the USB Power Plug 

Voltage should be 
between 5.05 and 5.2V. 

loadCurrent 504.4 Current (mA) into 
SkyWeather 

How much current is 
going into the 
SkyWeather system. 

batteryPower 2.8531264 Power (W) from the 
battery, into the battery if 
negative 

Power coming from the 
battery or going into the 
battery.  2.8W here 

solarPower -0.0 Power (W) from Solar 
Panels.  + means power 
from solar panel, - means 
nothing. 

Power coming from the 
Solar panels.  0W here. 

loadPower 2.5744576 Power (W) being 
delivered to SkyWeather  

How many Watts are 
consumed by the 
SkyWeather System 

batteryCharge 86.0808702038 Approximate battery 
charge remaining in % 

86% of the battery is left. 

 
If you want to calculate efficiencies and compare power, you need to use the Power (Watt) values to 
compensate for different voltages and currents.   For example, in the data above, you are achieving a 90.1% 
efficiency, with the charger and power boost circuit wasting 9.9% of the power in the system. 
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This is an interesting number and will vary depending on how much is coming from the Solar panels and how 
much is coming from the battery.  It also varies according to what voltage is left on the battery. 
 
This sounds like a great science project and article to characterize these efficiencies under different 
conditions! 
 
Step 7) turn debugging back off (this is optional, but you will generate a lot more text if you don’t!) 
 
Open up your conflocal.py file in your favorite editor and change: 
 
 
SWDEBUG = True 

 
To: 
 
SWDEBUG = False 

 
OK, we have a fully working system.  Woohoo! 

Final Assembly 
 
There is one thing we have left unconnected.  That is the WatchDog timer.  Check out the reason for the 
watchdog timer in the “Brownout chapter” above.   If you don’t “pat the dog” with the SkyWeather software, 
your Raspberry Pi will be rebooted every 64 seconds.  Not a good thing! 
 
Step 8) Reinsert the boot up statements in rc.local that you commented out in step 5) 
 
Use “sudo nano /etc/rc.local” or your favorite editor to modify the file to disable this if you have already done 
this.. 
 
Change:  
 
#pigpiod 
#cd /home/pi/SDL_Pi_SkyWeather  
#nohup sudo python SkyWeather.py & 
 
To: 
 
pigpiod 
cd /home/pi/SDL_Pi_SkyWeather  
nohup sudo python SkyWeather.py & 
 
Now shut down your computer and remove power. 
 
sudo halt 

 
Step 9) Take a 20cm Grove Cable to Pin Headers Connector (Part BG. and connect it from J2 USB Control 
Grove Connector on SunControl (Part BA) to JP7/1 RESETN with the Yellow Wire and to JP7/2 PULSEHIGH 
with the White Wire.   The Red and Black Wires are not connected. 
 
What Does this WatchDog Timer Do? 
 



Page 38 
Version 1.2 June 2019 
 

This connection allows the WatchDog timer to shut off the power to the Raspberry Pi if the Pi has shut down (in 
the case of Brownout) or needs to be rebooted in the case of the OS or program bombing.  The thing to 
remember is that when SkyWeather stops “patting the dog” the Pi will be shut off or rebooted 64 seconds later.   
This accomplishes two functions, one is the Brownout condition, where the voltage to the USB control cable is 
lower than the turn on threshold of the USB control and then the secondary function to reset the Pi if the OS or 
the SkyWeather software crashes. 
 
If you want to work on the SkyWeather software and have stopped it running, you must have another program 
“patting the dog” or else the WatchDog will reset your Pi every 64 seconds. 
 
We have provided a program to do just that “doWatchdogPat.py”.   Enter this in your terminal window: 
 
sudo python doWatchdogPat.py 
 
Then open a second terminal window and do your work in that window.   doWatchdogPat.py will pat the dog 
every 15 seconds. 
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Step 10) WatchDog Pat Cable – Take a 30cm Grove Cable (BC) and cut the white wire.   Then plug one end 
into the Pi2Grover Board (Part A) D4/D5 Plug and the other end into the SunControl Grove J4 connector 
(labeled Grove WatchDog Done Wait) Plug.   The reason you cut the white wire is to allow the use of D5/D6.  
Tape up the ends of the White Wire with Tape to avoid any shorts. 
 
 

 
 
 

 
 
 



Page 40 
Version 1.2 June 2019 
 

Step 11) Make sure you have set up your rc.local file to start SkyWeather before you turn on the SkyWeather 
system.   Just remember unplugging the Grove cable in the USB Grove Control connector will disable the 
WatchDog timer results. 
 
 

 
This completes the SkyWeather Solar Assembly. 
 

Wiring Lists for SkyWeather and SkyWeather Solar 
For those who prefer wiring lists to following step-by-step, here are the two charts.  One is for I2C connections 
and one is for the GPIO connections.  Note that you still have to hook up the camera cables! 
 
SkyWeather I2C Chart 
Device Address PiWeather Bus I2C Plug 

Location 
Description Board 

TCA9545 0x73 All Buses Built Into 
PiWeather 

I2C 4 Channel 
Mux 

PiWeather 

BME680 0x77 Bus 0 Built into 
PiWeather 

Barometric 
Pressure, AQI, 
Temp/Humidity 

PiWeather 

ADS1115 0x48 Bus 0 Built into 
PiWeather 

ADC for Wind 
Vane 

PiWeather 

ThunderBoard 0x02 Base ThunderBoard 
I2C to Pi2Grover 
I2C 

Lightning 
Detection 

ThunderBoard - AS3935 

I2C Hub  
Bus 0 PiWeather 

I2CBus 0 to I2C 
hub 

  

AM2315 Grove Power 
Save 

0x5C Bus 0 I2C Hub to 
AM2315 Grove 
Power Save In 

Outside 
Temp/Humidity 

AM2315 
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AM2315 0x5C Bus 0 AM2315 to 
AM2315 Grove 
Power Save Out 

  

TSL2591 Sunlight 0x29 Bus 3  
Visible / IR Grove TSL2591 

PiWeather Board   
PiWeather 
Computer I2C to 
Pi2Grover I2C 

  

      

Optional Devices      

SunAirPlus/SunControl 0x48 Bus 2  
Solar Controller SunAirPlus/SunControl 

OLED 0x3C Bus 0  
OLED Display Grove OLED 

Real Time Clock 0x68 Bus 0  
Real Time Clock DS3231 RTC 

 
Table 1 – I2C Connections 

 
 
SkyWeather GPIO Connections Chart 
Device From Port To Port Description Board Notes   

Anemometer/Vane WeatherRack Anem Vane / 
RJ11 

Anemometer/Wind 
Vane 

PiWeather Board    

Rain Bucket WeatherRack Rain Bucket / 
RJ11 

Rain Bucket PiWeather Board    

Anemometer PiWeather/J5 Pi2Grover / 
D20/21 

Anemometer to 
Computer 

PiWeather Board    

Rain Bucket PiWeather/J6 Pi2Grover/ 
D13/D16 

Rain Bucket to 
Computer 

PiWeather Board    

AM2315 Grove 
PowerSave 

Pi2Grover / 
D6/12 

Grove 
PowerSave/ 
Control 

Control for 
AM2315 Power 

Grove Power 
Save 

   

        

AQI Grove Power 
Save 

Pi2Grover 
/  D19/20 

AQI Grove 
PowerSave / IN 

Input for AQI 
Grove Power 

Grove Power 
Save 

   

AQI Grove Power 
Save 

Pi2Grover / D26 AQI Grove 
PowerSave/ 
CONTROL 

Control for AQI 
Grove Power 

Grove Power 
Save 

   

AQI Dust Detector AQI Grove 
PowerSave OUT 

Dust Detector Out for AQI Grove 
Power Save 

Grove Dust 
Detector 

   

        

ThunderBoard  Pi2Grover / 
D16/19 

ThunderBoard 
IRQ 

Interrupt for the 
ThunderBoard 

ThunderBoard    

        

WXLink Pi2Grover / 
Serial 

On Grove LoRa 
Board 

connection to 
WXLink 

 
Only used in 
SkyWeather 
WXLink Kit 

  

        

Optional Devices        

Fan Power Pi2Grover / D5/6 5V Fan Fan Control  - 
NOTE:  Cut the 
White wire of this 
Grove Cable 

Input Grove 
PowerDrive 

Only if you are 
using an 
optional 5V Fan 
for thermal 
control 
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PixelStrips Pi2Grover / 
D21/26 

Pixel Sticks In   
If you are using 
the optional 
Pixel Sticks with 
SkyWeather 

  

WatchDog Wiring        

USB Control SunControl USB 
Control - J2/1 
(Yellow) 

SunControl - JP7 
- WatchDog Out - 
JP7/1 RESETN 

  
Only Used in 
SkyWeather 
Solar Kits 

  

USB Enable SunControl USB 
Enable - J2/2 
(White) 

SunControl - JP7 
- WatchDog Out - 
JP7/2 
PULSEHIGH 

  
Only Used in 
SkyWeather 
Solar Kits 

  

WatchDog Pat Pi2Grover / D4/5 SunControl - 
Grove J4 - 
WatchDog Done / 
Wake Plug 

NOTE:  Cut the 
White wire of this 
Grove Cable 

 
Only Used in 
SkyWeather 
Solar Kits 

  

 
Table 2 – GPIO Connections 

 

The Science and Education Goals Behind SkyWeather 
 
Everything we build for the Maker market is designed for education and learning.   Making is education.  
Making is learning.    Building your own projects allows you to innovate around a framework and do wonderful 
things that of which we have never thought. 
 
The educational goals for SkyWeather are: 
• Learn about the Raspberry Pi and installing software on the Pi 
• Connecting up sensors to the Raspberry Pi 
• Learning about Feedback loops 
• Understand your indoor environment and what affects it 
• Learn about the new technology called the Internet of Things 
SkyWeather designed to be the hub to which you connect everything to turn your Raspberry Pi into a complete 
Weather Station that talks to the Cloud.   Just ready to be customized to your project and usage.   It is designed 
to be a great way of learning to hook up hardware to the Raspberry Pi.  And you have all the source code to 
modify to work the way you want it to do. 
 
Our partnership with WeatherSTEM brings this kickstarter into the realm of cloud based data mining, great 
graphics displays and even time lapse photography.    SkyWeather and WeatherSTEM together rock. 
This is a great kit in which to learn about weather sensing, data sharing in the cloud and the Raspberry Pi. 
 
 
 

 

Support 
 
As with all SwitchDoc Labs products, technical support is given through the forums on Forum.switchdoc.com 
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If you have issues that can be solved by our fabulous customer service department, please go to 
www.switchdoc.com and send your issues through our Contact page on the top menu. 
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Disclaimer 
 
SwitchDoc Labs, LLC takes no responsibility for any physical injuries and possession loss caused by those 
reasons which are not related to product quality, such as operating without following the operating manual and 
cautions, natural disasters or force majeure. 
SwitchDoc Labs, LLC has compiled and published this manual which covers the latest product description and 
specification.   The contents of this manual are subject to change without notice. 


