
The Raspberry Pi takes over a greenhouse

 Raspberries  
 Out Back
Keeping up with a garden is a lot of work. Luckily, with a Raspberry Pi, 

you can automate your greenhouse. By Martin Mohr

mation project provides additional capabili-
ties and eliminates some of the weaknesses 
observed in the original design.

A number of good reasons for redoing the 
project presented themselves. The first prob-
lem is that the housing for the electrical com-
ponents is too small. This makes it difficult 
to expand the design. Moreover, the compo-
nents are crowded together in the housing, 
so changing out a defective part requires dis-
mantling most of the setup. The Raspberry Pi 
also has reached the limits of its capacity as 
a control center. In particular, it lacks an ana-
log input on the GPIO needed for collecting 
data from the environment.

New Hardware
To compensate for a lack of space in the cur-
rent control box, the control electronics can 
simply be moved to a more generously sized 
box. An electrical control box is a weather-
proof piece of equipment made from metal. 
The box I use is large, at 30x40x21cm 
(~12x16x8 inches), and weighs in at a hefty 
9kg (~20 lb). Therefore, the mounting appa-
ratus has to be suitably robust. 

The apparatus is made from two wooden 
posts, each with a diameter of 80mm (~3 
inches), and a wooden base to which the 
electrical control box can be mounted using 
M8 machine screws. This robust construction 
should make it through both hot summer 
temperatures and the cold of winter without 
suffering damage (Figure 1).

All of the wires run from the interior of the 
housing through watertight cable connec-
tions to the outside; a terminal block makes 
for fast and easy exchange. The box has 
plenty of room inside to lay a wire harness. 
These modifications contribute to a more 

Professional gardening operations 
are known to employ modern 
technology, but you can also put 
technology to work to automate a 

small greenhouse in your backyard. With the 
use of a Raspberry Pi, a variety of sensors, 
and a few actuators, the yields from your 
plants will increase, and you will save time.

The greenhouse project described in Rasp-
berry Pi Geek issue 7 [1] has been in opera-
tion for a year now, which is long enough to 
show its strengths and weaknesses. The up-
date described here for the greenhouse auto-

Le
a

d
 Im

a
g

e 
©

 m
a

cr
ov

ec
to

r, 
12

3R
F.

co
m

PROJECTS

RASPBERRY PI GEEK ISSUE 1446

Rasp Pi Greenhouse – Part 2



flexible design for the entire greenhouse con-
trol apparatus and make it possible to ex-
pand the design.

The Raspberry Pi is still used as the brains 
of the operation, but with several improve-
ments. The most important of these is the 
migration of communication that occurs 
from the Rasp Pi, the actuators, and the sen-
sors to an I2C bus. This project was easy to 
accomplish, and was made inexpensive and 
convenient thanks to the many semiconduc-
tors available on the market.

At this point, all of the limitations im-
posed by the GPIO on the project fall away 
– specifically, the restricted number of I/ O 
ports and the lack of an analog interface. 
All of the control components, including 
the Raspberry Pi, the power supply, and 
I/O and measurement modules, each sit on 
one board connected to the backplane. 
With this flexibility in putting the switches 
together, it is easy to change out compo-
nents that fail.

At first glance, this way of installing com-
ponents might seem more complicated. How-
ever, you will find that the work is worth it 
when it is time to perform maintenance. To 
start, I will take a look at all of the compo-
nents and introduce them in detail. You can 

find all of the circuit diagrams referred to in 
this article online [2].

New CoNstruCtioN
The expression “backplane” might sound 
complicated at first, but it is really just a 
breadboard on which each individual con-
nection for a pluggable connector is linked to 
all other pluggable connectors. This means, 
for example, that a wire on pin 1 of the first 
connector leads to all of the other pin 1s in 
the rest of the connector locations. Figure 2 
shows a finished backplane for the green-
house control that was made from a simple 
160x100mm (~6x4-inch) Eurocard [3].

Another unique feature of the backplane 
used in this project is that all of the pins are 
linked in a row. This means 25 lines are 
available for communication with peripher-
als from the 50 pin connections of each plug. 
The current construction uses just a fraction 
of the pins. Therefore, the project has ample 
room for expansion. Table 1 shows the cur-
rent pin assignments on the bus from top to 
bottom.

The main advantage of the design is price. 
The components are available in any elec-
tronics store for very little money. The two-
row plugin connectors make the entire con-

struction considerably 
more stable than would be 
the case with the one-row 
alternative. Bus systems 
that have been prepared 
with an eye to all possible 
details are expensive by 
comparison and would in-
crease the project cost.

Power suPPly
The various plugin mod-
ules created for a board 

Figure 1: A sturdy electrical control box serves as the new home for the 

Raspberry Pi gardener.

Figure 2: The simple and economical backplane built for the greenhouse 

control makes it easy to perform maintenance on the project.

Pin Assignment

1 +5V

2 +3.3V

3 I2C SDA

4 I2C SCL

5-24 Unassigned

25 0V (GND)

TABLE 1: Pin Allocation
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tional cables, the greenhouse talks to the 
Raspberry Pi via a WiFi adapter in the local 
network. (See the box titled “Edimax EW-
7711UAn.”)

The digital I/ O module contains a PCF8574 
from Texas Instruments [7]. The I/ O ex-
pander for the I2C component has eight 8-bit 
digital input or output ports. Four of these 
come ready to assume control of the SRD-
05VDC relay modules [8], which turn devices 
on and off. The remaining four serve as digi-
tal input ports. Optical couplers isolate the 
inputs galvanically, so any damages resulting 

measuring 80x100mm (3x4 inches) can all be 
placed on the backplane. As in the earlier 
version of the project, the sun supplies the 
power for this rebuilt automation project 
using the same charge regulator. The only 
difference is that the module is now located 
inside the electrical control housing.

The power supply module (Figure 3) com-
prises two prefabricated LM2596S step-down 
regulators (Table 2) [4]. The first module 
generates the 5V needed by the Raspberry Pi, 
and the second delivers the 3.3V needed by 
many of the components. The LEDs for the 
voltage indicator are not absolutely neces-
sary; however, you should not do without 
the circuit breaker, because very high volt-
ages can occur if the system shorts out. Be-
fore putting the voltage board on the back-
plane, you should adjust the output voltage 
for the modules with a multimeter in the 10A 
current scale while turning the brass knob on 
the blue potentiometer.

i/ o, i2C, aNd seNsors
The CPU module consists of a first-generation 
Raspberry Pi mounted on a half Eurocard 
(Figure 4). The pins for I2C communication 
lead from the Rasp Pi to 
the bus. If CPU perfor-
mance is not high enough, 
the module can easily be 
taken off and exchanged 
for an RPi2. A simple web 
front end serves as the 
control for the greenhouse. 
To avoid the need for addi-

Figure 4: Even the Rasp Pi gets its own pluggable module.

Figure 3: The power supply module. The circuit breaker prevents potential 

damage.

Size Value

Input voltage 3.2-40V

Output voltage 1.25-35V (adjustable)

Maximum output power <3A

Highest efficiency 92%

Output ripple voltage <30mV

Frequency 65KHz

Temperature range -45 to +85 degrees

Size 43x21mm (~1.5x13/ 16 inch)

TABLE 2: LM2596S Specs

Two versions of the Edimax EW-7711UAn WiFi 
adapter are currently available. Version 1 rec-
ognizes the Raspbian kernel without problem; 
however, version 2 comes with a new chip 
from the manufacturer that is not yet compati-
ble with Raspbian [5], so the adapter won’t 
work properly. Edimax offers source code for 
the corresponding kernel module [6], which 
can be compiled on the Raspberry Pi, but if 
you want to save yourself some time and trou-
ble, you should probably purchase a WiFi 
adapter that comes with a driver in Raspbian.

EDIMAX EW-7711UAN
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from a malfunction are limited with respect 
to the other components.

All I2C devices are assigned a fixed 7-bit ad-
dress by the manufacturer, but you can change 
it using DIP switches. By setting the I2C ad-
dress for the PCF8574, you can operate several 
modules on the bus if necessary (Figure 5).

The output driver of the PCF8574 comes 
with a peculiarity, in that it can have a cur-
rent of up to 20mA to ground. The driver be-
haves this way because the PCF8574 pos-
sesses quasi-bidirectional I/ O ports. Whereas 
a true bi-directional port has an output regis-
ter with two states, 0 and 1, and a data direc-
tion register with two states, input and out-
put. A quasi-bidirectional port, on the other 
hand, just inverts the signals for the green-
house outputs; a pin set to output high, then, 
is used as an input.

The extender board extends the I2C bus for 
connecting external sensors to the outside. In 
the current construction, the communication 
with the two LM75 temperature sensors 
works error free despite wires 3m long (Fig-
ure 6). An additional I2C bus driver on the 

Figure 5: The digital I/ O module simplifies the process of integrating addi-

tional sensors and actuators into the digital greenhouse project. The 

PCF8574 is at top left, to the right of the orange DIP switches.

Figure 6: The bus extender with its 3m-long cable and the two LM75 tem-

perature sensors.

The WiringPi Project [9] offers a library to ac-
cess the Rasp Pi GPIO. The individual pins of 
the interface can be read and written using 
simple commands and a C API. Additionally, 
WiringPi has a driver for the I2C bus used in 
this project. However, this nifty library is not 
yet found in the package sources for Raspbian. 
It is a good idea when starting the project to 
download and compile the software sources 
from GitHub as set forth in Listing 1. After-
ward, you can read all of the ports using a 
command such as gpio readall (Listing 2).

INSTALLING WIRINGPI

$ sudo apt‑get update
$ sudo apt‑get upgrade
$ git clone git://git.drogon.net/wiringPi
$ cd wiringPi
$ ./build

LISTING 1: Installing WiringPi

$ gpio readall

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑Pi 2‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

 | BCM | wPi |   Name  | Mode | V | Physical | V | Mode | Name    | wPi | BCM |

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑‑++‑‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

 |     |     |    3.3v |      |   |  1 || 2  |   |      | 5v      |     |     |

 |   2 |   8 |   SDA.1 |   IN | 1 |  3 || 4  |   |      | 5V      |     |     |

 |   3 |   9 |   SCL.1 |   IN | 1 |  5 || 6  |   |      | 0v      |     |     |

 |   4 |   7 | GPIO. 7 |   IN | 1 |  7 || 8  | 1 | ALT0 | TxD     | 15  | 14  |

 |     |     |      0v |      |   |  9 || 10 | 1 | ALT0 | RxD     | 16  | 15  |

 |  17 |   0 | GPIO. 0 |   IN | 0 | 11 || 12 | 0 | IN   | GPIO. 1 | 1   | 18  |

 |  27 |   2 | GPIO. 2 |   IN | 0 | 13 || 14 |   |      | 0v      |     |     |

 |  22 |   3 | GPIO. 3 |   IN | 0 | 15 || 16 | 0 | IN   | GPIO. 4 | 4   | 23  |

 |     |     |    3.3v |      |   | 17 || 18 | 0 | IN   | GPIO. 5 | 5   | 24  |

 |  10 |  12 |    MOSI |   IN | 0 | 19 || 20 |   |      | 0v      |     |     |

 |   9 |  13 |    MISO |   IN | 0 | 21 || 22 | 0 | IN   | GPIO. 6 | 6   | 25  |

 |  11 |  14 |    SCLK |   IN | 0 | 23 || 24 | 1 | IN   | CE0     | 10  | 8   |

 |     |     |      0v |      |   | 25 || 26 | 1 | IN   | CE1     | 11  | 7   |

 |   0 |  30 |   SDA.0 |   IN | 1 | 27 || 28 | 1 | IN   | SCL.0   | 31  | 1   |

 |   5 |  21 | GPIO.21 |   IN | 1 | 29 || 30 |   |      | 0v      |     |     |

 |   6 |  22 | GPIO.22 |   IN | 1 | 31 || 32 | 0 | IN   | GPIO.26 | 26  | 12  |

 |  13 |  23 | GPIO.23 |   IN | 0 | 33 || 34 |   |      | 0v      |     |     |

 |  19 |  24 | GPIO.24 |   IN | 0 | 35 || 36 | 0 | IN   | GPIO.27 | 27  | 16  |

 |  26 |  25 | GPIO.25 |   IN | 0 | 37 || 38 | 0 | IN   | GPIO.28 | 28  | 20  |

 |     |     |      0v |      |   | 39 || 40 | 0 | IN   | GPIO.29 | 29  | 21  |

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑‑++‑‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

 | BCM | wPi |   Name  | Mode | V | Physical | V | Mode | Name    | wPi | BCM |

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑Pi 2‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

LISTING 2: Reading All Ports
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sors (0x48 and 0x49) respond quickly. To test 
the digital inputs, you can read them every 
two seconds with:

watch i2cget ‑y 1 0x3f

The bit will be set to 1 depending on which 
input has voltage. The inputs correspond to 
the four lower value bits. To test the out-
puts, you should set the higher value bits 
to 0. In this way, you can gradually turn on 
the outputs (Listing 4).

Reading the two LM75 sensors requires a 
little more work and has already been de-
scribed in detail in a previous article [10]. 
That article contains a full description of 
how the LM75 works with the Raspberry 
Pi, as well as tips for control and testing.

CoNClusioN
The RPi-ified greenhouse gets all new hard-
ware with this update. Even though the up-
grade does not bring additional functional-
ity to the first design described in 2014, the 
new project makes it easier to expand the 
hardware. This means there is ample op-
portunity to develop this project further. 
For instance, controlling the greenhouse 
could be addressed in a home automation 
scenario. Look for new greenhouse projects 
in future articles.  ● ● ●

board will improve 
communication when 
longer distances are in-
volved or when distur-
bances occur in trans-
mission. However, the 
I2C bus is actually in-
tended for communica-
tion inside of devices 
and not as a fieldbus.

First test
The first test of the 
trial construction used 
a current version of 

Raspbian plus I2C drivers and I2C tools on 
the Raspberry Pi. The driver comes from the 
WiringPi library. (See the box titled “Install-
ing WiringPi.” You should get the I2C tools 
from the usual package sources for the sys-
tem by entering:

sudo apt‑get install i2c‑tools

For some time now, it has been necessary to 
activate kernel support for the optional I2C 
module with the Raspberry Pi configuration 
tool. You can call this tool via sudo 
raspi‑config and set the option under 8 Ad-
vanced Options | A7 I2C to Yes. Afterward, 
you should close the tool and restart the sys-
tem with the command sudo reboot. To load 
the I2C driver and test whether the devices 
connected to the bus report correctly, enter:

gpio load i2c
i2cdetect ‑y 1

In the example from Listing 3, the PCF8574 
(0x3f) and the two LM75 temperature sen-

$ gpio load i2c

$ i2cdetect ‑y 1

     0  1  2  3  4  5  6  7  8  9  a  b  c  d  e  f

00:          ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

10: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

20: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

30: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ 3f

40: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ 48 49 ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

50: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

60: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

70: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

LISTING 3: I2C Driver Test

[1]  “Raspberry Pi Greenhouse” by Martin Mohr, Raspberry Pi Geek, issue 07, 2014, pg. 44,  
http://  www.  raspberry‑pi‑geek.  com/  Archive/  2014/  07/  Building‑a‑Raspberry‑Pi‑greenhouse

[2]  Circuit diagrams: ftp://  ftp.  linux‑magazine.  com/  pub/  listings/  raspberry‑pi‑geek.  com/  14

[3]  Eurocard: https://  en.  wikipedia.  org/  wiki/  Eurocard_(printed_circuit_board)

[4]  LM2596S voltage regulator: http://  www.  dhgate.  com/  product/ 
 2pcs‑lot‑5‑35v‑lm2596s‑dc‑dc‑step‑down‑adjustable/  151369493.  html

[5]  Edimax EW-7711UAn problems with Rasp Pi:  
https://  www.  raspberrypi.  org/  forums/  viewtopic.  php?  f=28&  t=96076

[6]  Driver for the Edimax EW-7711UAN:  
http://  www.  edimax.  com/  au/  support_detail.  php?  pd_id=277&  pl1_id=1&  pl2_id

[7]  TI PCF8574 datasheet: http://  www.  ti.  com/  lit/  ds/  symlink/  pcf8574.  pdf

[8]  SRD-05VDC relay module: http://  microcontrollershop.  com/  product_info.  php?  products_id=5919

[9]  WiringPi: http://  wiringpi.  com

[10]  “I2C Bus – Temperature Sensor” by Martin Mohr, Raspberry Pi Geek, issue 12, 2015, pg. 34, http:// 
 www.  raspberry‑pi‑geek.  com/  Archive/  2015/  12/  Controlling‑the‑LM75‑temperature‑sensor‑on‑the‑I2C‑bus

INFO

$ i2cset ‑y 1 0x3f 0xef

$ i2cset ‑y 1 0x3f 0xdf

$ i2cset ‑y 1 0x3f 0xbf

$ i2cset ‑y 1 0x3f 0x7f

$ i2cset ‑y 1 0x3f 0xff

LISTING 4: Turning On Outputs

Rasp Pi Greenhouse – Part 2

50

PROJECTS

RASPBERRY PI GEEK ISSUE 14



Download 

a FREE issue of 

each publication 

now!

New age convenience... 
 Our inspired IT insights 
 are only a tap away. 
 Look for us on 
 Apple Newsstand 
 and the iTunes store.

Now Appearing on

APPLE NEWSSTAND

LNM_Apple_Store_1-1.indd   1 10/6/15   9:45 AM


