
A new way of no-solder prototyping

 Plug and Play
The Grove system’s standardized connector and multitude of devices 

allow quick and easy project prototyping with your favorite small-

board computers. By John C. Shovic

forward enough that I can build boards with-
out much problem, and is flexible enough for 
use with all three of the small-board comput-
ers I use regularly: the Raspberry Pi, Arduino, 
and ESP8266. I’ve now found such a system 
that has some significant support in the in-
dustry: the Grove system.

The Grove SySTem
Grove is a modular prototyping system with 
a standardized connecter that takes a build-
ing block approach to assembling electron-
ics. Compared with jumper- or solder-based 
systems, it is easier to connect modules, ex-
periment, and build projects, and it simpli-
fies the learning system, but not to the point 
of dumbing the process down to playing with 
blocks. The Grove system allows you to build 
real systems and requires some knowledge 
and expertise to hook things up.

The Grove system consists of a base unit 
(stem) and various modules (twigs) with 
standardized connectors. SeeedStudio [1], 
the company originating the Grove system, 
has introduced the use of “stems” and 
“twigs” as part of the Grove lexicon. After 
some consideration, I’m dropping those 
names. They just aren’t needed and can con-
fuse the issue.

The base unit, connected to a microproces-
sor, allows for easy connection of any input 
or output from the Grove modules, and every 
Grove module typically addresses a single 
function, such as a simple button or a more 
complex heart rate sensor. However, you 
don’t need a base unit to connect up to 
Grove modules; you can use a cable (jumper 

At SwitchDoc Labs, I have been 
building prototypes for engineer-
ing projects for many years. Some-
times these prototypes become a 

product, sometimes not. Meanwhile, I have 
been on the lookout for a good pluggable pro-
totyping system that allows me to swap out 
parts and yet has a good mechanical inter-
face. I’ve looked at a variety of systems over 
the years. What did I want? I wanted some-
thing that is supported by a number of manu-
facturers, has no licensing fees, is easy for be-
ginners and younger folks to use, is straight-
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wires to Grove connector) to run from the 
pins on the Raspberry Pi or Arduino to the 
Grove connectors. That is what I do in the 
SunRover project and in the examples here.

ConneCTorS
A Grove connector is a four-pin standardized 
plug used to connect base units and Grove 
modules. Figure 1 shows the male Grove 
connector. These connectors come in flat 90 
degree versions and vertical versions (Figure 
2). SeeedStudio reveals the exact dimensions 
in the specifications [2]. These standardized 
connectors, common to all Grove modules, 
are the means of making this system work. 
They are keyed so they can’t be plugged in 
backwards, and the four types of connectors 
(see below) are all designed so that it’s no 
problem if you plug the wrong type of device 
into the wrong type of base unit. They just 
won’t work.

An exception would be if you plugged in a 
3.3V I2C Grove module that can’t accept 5V 
into a 5V I2C Grove connector; then, you 
could fry the device. The same could happen 
with an output coming back from a Grove 
button or switch, for example, into another 
output. Although you do need to be careful 
and think about what you are doing, it is a 
lot less risky than soldering or using jumpers 
to wire up devices to your Pi or Arduino.

BaSe UniTS
A Grove base unit is a control-
ler or shield to which you at-
tach the Grove modules. The 
base unit provides the connec-
tion to the microprocessor, and 
the modules offer the input 
sensors and output actuators of 
your system.

A number of good base unit 
shields are available for the Ar-
duino that provide a lot of 
Grove connectors. The base 
unit in Figure 3 is designed to 
plug in to an Arduino Uno. 
Units are also available for the 

Arduino Mega, Due, and others. I haven’t 
seen one for the Arduino Yun yet, but no 
doubt it will be be coming.

On the Raspberry Pi side, the pickings are 
much slimmer, mostly because of the Pi’s 
lack of an ADC (analog-to-digital converter). 
The one Raspberry Pi HAT (hardware on top) 
that I have evaluated is the GrovePi+ [3] 
(Figure 4). Although the GrovePi+ HAT fits 
well on the Raspberry Pi, it falls down on 
two huge counts, 
so I do not recom-
mend it for general 
use.

The first problem 
is that the 
GrovePi+ HAT puts 
an Arduino be-
tween the Grove 
connectors and the 
Raspberry Pi. All of 
the I/ O (with the 
exception of the 
Raspberry Pi serial 
connector) goes 
through the Ardu-
ino. Although this 
could be a nice so-
lution to some 
problems, I find 
this architecture 
just gets in the way 
of trying to use the 

Figure 1: Male Grove connector.

Figure 2: Vertical and horizontal versions of Grove connectors on a 

base unit.

Figure 4: GrovePi+ HAT on a Raspberry Pi 2.

Figure 3: Arduino Uno base unit 

shield.
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yet, a Grove I2C ADC module (Figure 6), you 
can then plug in your analog Grove modules 
to the other end of the ADC module.

You can easily add an I2C ADC to the 
Raspberry Pi (using a Grove connector, no 
less), and then you have all four of the con-
nector types possible. The software for read-
ing the I2C is simple and easily available. 
Check out the latest postings on the Switch-
Doc Labs blog for more information [4] 
about those drivers.

ConneCTor TypeS
Physically, all four Grove connectors are ex-
actly the same. The differences are in the sig-
nal types provided. Generically, all of the 
Grove connectors are wired the same: signal 
1, signal 2, power, ground.

Digital. A digital Grove connector consists 
of the standard four lines coming into the 
Grove plug. The two signal lines are generi-
cally called D0 and D1 (Table 1). Most mod-
ules only use D0, but some (e.g., the LED bar 
Grove display) use both. Often base units 
will have the first connector called D0 and 
the second called D1, and they will be wired 
D0/ D1, then D1/ D2, and so on. Examples of 
Grove digital modules include switches, a 
fan, and LEDs. In Figure 7, you can see what 
the Grove connector looks like on the sche-
matic for the LED module.

Analog. A Grove analog connector also has 
the standard four lines coming into the Grove 
plug. The two signal lines are generically 
called A0 and A1 (Table 2). Most modules 
only use A0. Often, base units will have the 
first connector called A0 and the second 
called A1, and they will be wired A0/ A1, 
then A1/ A2, and so on. Examples of Grove 
analog modules include a potentiometer, a 

Raspberry Pi with 
Grove modules.

This “Arduino in 
between” leads to 
the second prob-
lem. The Raspberry 
Pi already has hun-
dreds of Python 
driver packages for 
a huge variety of 
devices with I2C, 
digital, analog (via 
an external ADC), 
and serial inter-
faces, and these 
have to be rewrit-
ten for use with 
the GrovePi+, add-
ing an additional 
set of complexity to 
using any devices 
that haven’t been 
supported by the 
GrovePi+. Any 
custom solutions 
become a problem 
to implement. A 
better solution for 

the Raspberry Pi, in my opinion, is to create 
a HAT that has the connectors and an exter-
nal ADC without another processor in the 
middle.

Using Grove with a Raspberry Pi or Arduino 
does not require a HAT or shield. All you need 
to do is connect the I2C and digital or analog 
inputs to the Grove devices using Grove-to-
jumper pin connectors, as in Figure 5.

Did I say analog Raspberry Pi pins? As I 
mentioned earlier, it has none. Whereas the 
GrovePi+ uses the Arduino ADC internal sys-
tem, the Raspberry Pi needs an external 
ADC. By attaching one of the many I2C ADC 
units on the market to the Rasp Pi or, better 

Figure 5: Jumper pins to Grove connector cable.

Figure 6: Grove I2C ADC module: I2C on one end, 

analog on the other.

Grove Pin Name Function

1 D0 Primary digital I/ O

2 D1 Secondary digital I/ O

3 VCC Power for Grove module (5V or 3.3V)

4 GND Ground

TABLE 1: Grove Digital Connector

Grove Pin Name Function

1 A0 Primary analog input

2 A1 Secondary analog input

3 VCC Power for Grove module (5V or 3.3V)

4 GND Ground

TABLE 2: Grove Analog Connector

Figure 7: Grove LED module schematic.
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voltage divider, and – my personal favorite – 
the Grove air quality sensor.

UART. The Grove UART module is a spe-
cialized version of a Grove digital module. It 
uses pins 1 and 2 for the serial input and 
transmit (Table 3). The Grove UART plug is 
labeled from the base unit point of view; that 
is, pin 1 is the RX line (which the base unit 
uses to receive data, so it is an input), 
whereas pin 2 is the TX line (which the base 
unit uses to transmit data to the Grove mod-
ule). Examples of Grove UART modules in-
clude XBee wireless sockets and a 125KHz 
RFID reader.

I2C. Long-term readers of this column 
know that my favorite devices are I2C sen-
sors, and Grove has many types of these sen-
sors available. Most are 5V/ 3.3V-capable de-
vices, but a few are only 3.3V or 5V, so you 
need to check the specifications.

The Grove I2C connector has the standard 
layout. Pin 1 is the SCL signal, and pin 2 is 
the SDA signal (Table 4). The Grove I2C also 
is a special version of the Grove digital con-
nector. In fact, the I2C bus on a controller 
(e.g., the ESP8266, Raspberry Pi, and Ardu-
ino) often just uses digital I/ O pins to imple-
ment the I2C bus. The pins on the Raspberry 
Pi and Arduino have hardware support for 
the I2C bus, whereas the ESP8266 is purely a 
software implementation.

DiGiTal exampleS
One simple, yet visually interesting, Grove 
digital device is the fan module (Figure 8). I 
simply connected GPIO17 to D0 and the 5V 
and GND pins using jumper-to-Grove con-
nector cables. (Always have these handy!) 
The software is very simple, as well (List-
ing 1). The only tricky part of the code is 
using the try … except block to make sure 
the GPIOs are turned off (actually floating) 
when the program exits; otherwise, a bug in 
your code could leave the fan running.

Another example of a digital Grove module 
is the Grove-EL driver for powering an EL 
(electroluminescent) wire (Figure 9). I 
wanted to use software PWM (pulse width 
modulation) to brighten and darken the EL 
(Listing 2) to illustrate a point about the 
Raspberry Pi. Because the Raspberry Pi runs 
a complex multitasking operating system 
(called Linux), the software timing for each 
of the pulses can be delayed by other impor-
tant tasks happening inside the operating 
system. Therefore, you will see it flicker a 
bit, and differently each time. Using an Ardu-
ino or hardware PWM would produce a 
much smoother signal. When you are operat-

Grove Pin Name Function

1 RX Serial receive (from base point of view)

2 TX Serial transmit (from base point of view)

3 VCC Power for Grove module (5V or 3.3V)

4 GND Ground

TABLE 3: Grove UART Connector

Grove Pin Name Function

1 SCL I2C clock

2 SDA I2C data

3 VCC Power for Grove module (5V or 3.3V)

4 GND Ground

TABLE 4: Grove I2C Connector

Figure 8: Grove Fan hooked up to the Raspberry Pi.

Figure 9: Grove-EL driver hooked up to the Raspberry Pi.
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Grove connectors, it has status LEDs for all 
four buses and pin headers for non-Grove de-
vices. It also allows me to mix 5V and 3.3V 
Grove devices on different I2C buses.

ConClUSion
The use of Grove connectors really opens up 
the possibilities for rapidly prototyping dif-
ferent systems and different configurations. I 
am using this system in the solar-powered 
SunRover robot to great effectiveness (Figure 
11). It lets me organize components and al-
lows for flexibility in configuration. I will be 
talking about a number of specialized Grove 
modules in future columns.

CominG nexT ColUmn
The debate at SwitchDoc Labs has been: Do 
we do a project with the ZX distance and 
gesture sensor from SparkFun [5], or do we 

ing servomotors with software PWM, you 
will see the same kind of event, with a shak-
ing – almost jittering – servomotor.

One thing to remember about both of the 
digital examples shown here is that they take 
a significant amount of current. Your Rasp-
berry Pi might not be able to support 5V 
from the GPIO header, so you might want to 
put an external 5V power supply on this cir-
cuit. If you are having power issues, the 
Raspberry Pi will reset or the red power LED 
on the Pi will start blinking.

i2C example
To test the new SwitchDoc Labs Grove I2C 
four-channel expander/ extender, I hooked 
up four Grove I2C devices and one non-
Grove I2C device to show all four buses 
working at the same time while connected to 
a Raspberry Pi. This new board not only has 

01  #

02  # Test the Grove Fan

03  #

04  # Digital Grove Connector

05  #

06  # Gnd, 5V, GPIO4, GPIO17

07  # Grove

08  # Gnd VCC D1 D0

09  #

10  

11  import time

12  import RPi.GPIO as GPIO

13  GPIO.setwarnings(False)

14  

15  GPIO.setmode(GPIO.BCM)

16  GPIO.setup(17, GPIO.OUT)

17  

18  try:

LISTING 1: Grove Fan
19      while (1):

20  

21          GPIO.output(17, GPIO.HIGH)

22          time.sleep(2.0)

23          GPIO.output(17, GPIO.LOW)

24          time.sleep(2.0)

25  

26  

27  except KeyboardInterrupt:

28      # here you put any code you want to run before the program

29      # exits when you press Ctrl+C

30      print "Keyboard Interrupt"

31  

32  except:

33  

34      print "Other error"

35  

36  finally:

37      GPIO.cleanup() # this ensures a clean exit

Figure 10: Grove four-channel I2C mux with five I2C devices hooked up. Figure 11: The Grove system in SunRover.
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finish the solar project series first? After 
some back and forth: Solar power fans, start 
your engines. Again. The sunny part of the 
year is coming, so I am now going to build 
two ESP8266 solar-powered units. I will be 
setting up and executing a test on how much 
additional solar power you can get by adding 
sun tracking to your solar-powered Pi or Ar-

duino projects. I am running two computers 
side by side on solar panels, with one track-
ing the sun and the other facing due south. It 
should be interesting to find out the exact 
numbers. A Raspberry Pi will collect all the 
data by reading the JSON from the individual 
solar-powered ESP8266 units. Back to the 
gesture sensor in the near future!  ● ● ●

Q: I have an AM2315 I2C encased temperature 
and humidity sensor (Figure 12) for outside use, 
and I can’t see it on i2cdetect on the Rasp-
berry Pi or the I2C scanner on the Arduino. Is it 
bad?

Best regards, Eavan

A: Naughty sensor. It is very unlikely the sensor 
is dead. Possible? Yes. Likely? No.

Here’s what you need to consider:

1.  Check your wiring. Note that the colors aren’t 
a reliable guide to what wire goes where. 
Make sure you read the label on the wires. 
I’m sure you have done this, but check it 
again. The colors vary from batch to batch.

2.  The AM2315 outdoor temperature sensor is 
at address 0x5C. The manufacturer of the de-
vice puts the sensor into sleep mode, except 
when it is going to be used, to avoid self-
heating. This means you have to go through 
a sequence to make sure the device is awake 
and responding, which is why it doesn’t re-
spond to an Arduino I2C scan or a Raspberry 
Pi i2cdetect.

The best thing to do to determine if it is actually 
there is to run the test software for the Rasp-
berry Pi [6] and the Arduino [7] and see if you 
are getting data. This is how I detect whether it 
is present. I get this question quite often, and I 
have never had a dead sensor yet; however, 
there is always a first time!

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

01  #
02  # Test the Grove EL Interface
03  # Digital Grove Connector
04  #
05  # Gnd, 5V, GPIO4, GPIO17
06  # Grove
07  # Gnd VCC A4 A5
08  #
09  import time
10  import RPi.GPIO as GPIO
11  GPIO.setwarnings(False)
12  
13  GPIO.setmode(GPIO.BCM)
14  GPIO.setup(17, GPIO.OUT)
15  
16  try:
17      while (1):
18  
19  
20          # now do PWM on the line
21          p = GPIO.PWM(17, 50)    # 50 Hz

22          p.start(0.0);

23          for dc in range(0, 101, 5):

24              p.ChangeDutyCycle(dc)

25              time.sleep(0.1)

26          for dc in range(100, ‑1, ‑5):

27              p.ChangeDutyCycle(dc)

28              time.sleep(0.1)

29          p.stop()

30  

31  except KeyboardInterrupt:

32      # here you put any code you want to run before the 
program

33      # exits when you press Ctrl+C

34      print "Keyboard Interrupt"

35  

36  except:

37  

38      print "Other error"

39  

40  finally:

41      GPIO.cleanup() # this ensures a clean exit

LISTING 2: Rasp Pi Software PWM

[1]  SeeedStudio: http://  www. 
 seeedstudio.  com/  depot/

[2]  Male connector specs: http:// 
 www.  seeedstudio.  com/  wiki/ 
 images/  6/  69/  3470130P1.  pdf

[3]  GrovePi+:  
http://  www.  dexterindustries. 
 com/  GrovePi/

[4]  Blog?: www.  switchdoc.  com/
grove-i2c-4-channel-mux-
board-wstatus-leds/

[5]  ZX distance and gesture sen-
sor: https://  www.  sparkfun. 
 com/  products/  12780

[6]  Python test programs for 
AM2315: https://  github.  com/ 
 switchdoclabs/  Pi_AM2315

[7]  C++ test programs for 
Am2315:  
https://  github.  com/ 
 switchdoclabs/  Arduino_
AM2315

INFO

Figure 12: An AM2315 on the side of WeatherPi.
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