
Building a Motion Detector using Scratch GPIO server

 In Motion
As of the Raspbian Jessie release, Scratch provides 

easy access to the Raspberry Pi’s GPIO pins. This 

project will incorporate the new GPIO server to build 

a motion detector. By Michael Badger

The Scratch GPIO server – like the Scratch-
GPIO and Mesh features I’ve covered in previ-
ous Raspberry Pi Geek articles – rely on broad-
cast messages to communicate outside of the 
Scratch interface. This puts a special emphasis 
on using carefully constructed commands 
(syntax) to make Scratch do what you expect. 
In a Scratch programming environment, the 
focus on syntax creates a more advanced de-
viation from the drag-and-drop interface that 
makes Scratch so easy to understand.

Upgrading Scratch  
and raSpbian
Before you can build this project, you’ll need 
to install or upgrade to Raspbian Jessie [1]. 
To complete the project, it’s important that 
you are using the September 2015 version of 
Scratch that was introduced in Jessie.

tUrning on the gpio 
Server
When you create a new project, the GPIO 
server is not turned on, but it’s the GPIO 
server feature that will provide the commu-
nication between Scratch, the Pi, and the 
pins. The easiest way to activate the server 
is to click on Scratch’s Edit menu and chose 
Enable GPIO server.

Michael Badger wrote the Scratch 
1.4 and 2.0 Beginner’s Guide 
series from Packt Publishing. 
Learn more at scratchguide.  com

THE AUTHOR

The release of Raspbian 
“Jessie” introduces a 
new version of Scratch 
(September 2015) that 

enables access to the Pi GPIO 
(general purpose input/ out-
put) pins by default. I’ll dem-
onstrate the new built-in fea-
tures by creating a motion 
detector so you can sense 

when something or someone 
moves; it’s perfect for keeping tabs 

on your bedroom or the cookie jar, or 
catching your dog eating off the counter when 
you’re not home. In addition to an updated 
version of Scratch, you will need two LEDs, 
resistors, a passive infrared (PIR) sensor, and 
your breadboard to build a motion detector.

Accessing the Pi’s GPIO pins from within 
Scratch has been possible for several years, 
but it previously required a separate installa-
tion of Scratch called ScratchGPIO, which I’ve 
used in previous Raspberry Pi articles, from 
Simon Walters (aka cymplecy). The Scratch 
GPIO server now enables access from the de-
fault installation of Scratch. In addition to the 
GPIO pins, you gain access to several other 
commands to get the time, IP address, and 
photos from the camera module.
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However, you can also control the state of 
the server by sending the message gpioserve-
ron in a broadcast() block, as seen in Figure 1. 
This ensures that the GPIO server is always en-
abled when the project runs, assuming the per-
son running the project has the appropriate 
version of Scratch.

Scratch will remember the state of the 
GPIO server. If you enable it in a project, the 
next time you open the project, the GPIO 
server will be on. However, it’s always a 
good idea to turn on the server as part of the 
project initialization if the functionality is re-
quired for the project. If you want to turn off 
the server, broadcast a message named 
gpioserveroff.

configUring pinS  
and Lighting LedS
As I work toward the motion detector, I’ll 
first show how to control an LED through the 
GPIO server so that you can see the steps 
necessary to configure and control a pin. For 
the simple circuit, connect an LED to pin 15 
through your breadboard. Make sure to use a 
resistor to protect the LED.

The Scratch GPIO server uses the BCM 
numbering system to address pins, rather 
than the physical pin location. Refer to Fig-
ure 2 to identify the pin numbers. BCM refers 
to the chip maker, which is Broadcom. The 
BCM numbering does not follow a human-
friendly pattern, which is why you should al-
ways reference a pin diagram.

Before you can turn the LED on or off, 
you need to configure it at the start of the 
project with a broadcast message. The 
broad cast(config 15out) block accomplishes 
the goal. The command to configure the pin 
consists of three parts (config+pin num-
ber+configuration option).

For this example, the only configuration op-
tion I’m using is in or out, but there are oth-
ers. Using in or out sets the specified pin 
number as either an input or an output. In-
puts take sensory information from the physi-
cal world and send it to Scratch. An example 
is the PIR sensor that I’ll use later in this proj-
ect. Outputs send information from Scratch to 
the physical world, such as lighting an LED.

Using the GPIO server, a pin can be config-
ured as either input or output, making it crit-
ically important to your project that you 
specify the configuration before you attempt 
to use it.

You can experiment with the commands 
by turning an LED on and off. Figure 1 shows 
a script that turns the LED on and then off, 
which is happening with the gpio15on and 

gpio15off broadcast messages. When you 
control a pin, the message consists of three 
parts (gpio+pin number+setting). My ex-
ample uses on and off as the settings, but 
you can also substitute low and high, re-
spectively.

adding a pir SenSor
The PIR sensor detects movement. The sen-
sor has three labeled pins. Connect the sen-
sor pin labeled GND to the ground on the Pi. 
Connect to pin labeled OUT to pin 21.

The sensor pin labeled VCC can be con-
nected to a 5V or 3.3V pin on the Raspberry 
Pi, depending on the power requirements of 
your sensor (Figure 3). My sensor happens to 
work with either. Refer to the pin diagram in 
Figure 2 to find the power pins. The 5V and 
3.3V power pins supply power to the sensor 
continuously.

To detect movement, you need to monitor 
the OUT pin of the sensor, which should be 
connected to pin 21 on the Raspberry Pi. As 
part of the project initialization, set pin 21 
as an input. Figure 4 shows the initial con-
figuration for all the pins in the project. 

Figure 1: A script to turn an LED on 

and off using the Scratch GPIO 

server.

Figure 2: BCM pin numbers are labeled “GPIO” here.
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detecting Motion
The PIR sensor reports a value of 0 (no mo-
tion is detected) or 1 (motion detected). The 
script checks for movement by evaluating the 
sensor value of GPIO21, and when it’s equal 
to 1, it turns on the red LED and records an 
entry in the motion log list (Figure 5).

If the sensor value is not 1, then turn on the 
green LED to signify there is no motion. You’ll 
also notice that when the green LED is lit – that 
is, broadcast(gpio14on) – the script turns off 
the red LED – broad cast(gpio15off) – and 
vice versa. This ensures that both LEDs are 
never lit simultaneously.

GPIO input pins will display as variables in 
the ()sensor value block located in the Sens-
ing palette. Before the pin will show as a sen-
sor value, you first need to run the broadcast 
block that configures the pin as an input. For 
example, create the broadcast(config21in) 
block and then run it. After you run the 
block (e.g., by double-clicking the block), the 
pin will show in the list of sensor values.

Before I move on to the new non-GPIO 
commands you see in the script, I want to 
draw your attention to the wait until() 

block that runs when the sensor 
detects motion. This block pro-
vides some additional control by 
waiting until there is no more 
movement (the GPIO21 value is 
not 1). That keeps the script 
from continually evaluating to 
true and writing consecutive en-
tries in the motion log for the 
same motion event.

non-gpio 
coMMandS in 
Scratch Server
The Scratch GPIO server intro-
duces three new commands that 
interact with other parts of the 
Pi but are not connected to the 
GPIO. Those new broadcast 
commands are getip, gettime, 
and photo. In the script, I use 
photo and gettime; getip re-
turns the IP address of the Pi. 
The photo command integrates 
with the Raspberry Pi camera. 
When you use the photo com-
mand, the camera takes a pic-
ture and adds the image as a 
costume to the sprite.

The gettime command creates 
the following sensor variables: 
fulldatetime, hours, and min-
utes. The script in Figure 4 ini-

Pins 14 and 15 are configured as outputs. 
Connect pin 14 to a green LED via a resistor 
and connect pin 15 to a red LED through a 
resistor. The LEDs provide a visual indica-
tor to help you see if motion is detected; 
red will signal motion, and green will signal 
no motion.

Figure 4: Script to configure the initial values for the motion 

detector project

Figure 5: Script to monitor the PIR sensor value and detect movement.

Figure 3: Diagram of the wiring between the PIR sensor, the Rasp Pi, and the LEDs. (Fritzing)
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via the sensor values, but the time values are 
not continuously updated after you send the 
gettime broadcast one time. Each time you 
want to use the date and time, you need to 
run broadcast(gettime) to ensure you get 
the current values.

If your time values are not correct, you can 
set your time zone by using the raspi-config 
utility. Run it from a terminal window with 
the command sudo raspi-config. The Rasp-
berry Pi defaults to the UTC (Coordinated 
Universal Time).

getting More inforMation
For additional Scratch GPIO server options 
and configurations, check out the Scratch 
GPIO documentation [2]. The project files for 
this article can be found at my website [3]. 
Happy Scratchin’.  ● ● ●

tializes the motion log list with a beginning 
timestamp using the fulldatetime value. 
Then, each time the script (Figure 5) detects 
motion, it records the event by adding the 
hours, minutes, and seconds to the motion 
log. Whereas hours and minutes variables are 
default sensor values, seconds is a variable 
created by me from the fulldatetime value 
in the set() line.

When you examine the fulldatetime 
value, you will note a 12-digit number in the 
format year+month+day+hour+minute+
second, which can also be represented as 
YYMMDDHHMMSS. As you see in the script, 
you can extract the 11th and 12th values of 
fulldatetime and join them together to cre-
ate a standalone seconds value.

If you are fortunate enough to have a 
camera board attached to your Pi, then this 
script will correlate the entry in the motion 
log to the costume number. For example, 
the first detected motion will be in list posi-
tion two and the first photo would be cos-
tume two (assuming you start with a one-
costume sprite).

The broadcast(gettime) block retrieves 
the date information and makes it available 

[1]  Raspian Jessie: https://  www.  raspberrypi.  org/  documentation/  installation/ 
 installing‑images/  README.  md

[2]  Documentation:  
https://  www.  raspberrypi.  org/  documentation/  usage/  scratch/  gpio/  README.  md

[3]  Scratch Guide:  
http://  www.  scratchguide.  com
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