
Programming velocity and speed in Scratch

 Space Maze
We show you how to program speed and direction 

by guiding a rocket through a maze of alien UFOs.  

By Michael Badger

commons license. Figure 1 shows the game 
with the list of sprites.

After downloading a ZIP file of the space 
sprites [1], you’ll need to get the files onto 
your Raspberry Pi, so you can import them 
into a new project. Alternatively, you can 
download the Space Maze project, which in-
cludes the sprites and code [2]. To add the 
new sprites, click the Choose sprite from file 

W hat’s the difference 
between velocity 
and speed? That’s 
the question at the 

heart of this project. Velocity 
gives speed and direction. For 
example, “I traveled west on the 

Interstate at 73mph” is an exam-
ple of velocity.

In the Space Maze game in this article, a 
rocket will have the ability to fly up, down, 
right, and left at varying speeds. The player 
must navigate the rocket through a field of 
UFOs to land on a big head in space. The 
maze, however, is randomly generated, re-
quiring the player to pick a path carefully 
from the home base to the head.

Every time the rocket collides with a UFO, 
the rocket has to start the journey over. The 
object is to reach the head as quickly as pos-
sible, without being attacked by a UFO.

Gather resources
Scratch has a wonderful, but relatively small, 
library of built-in sprites and backgrounds. 
For this project, I chose to search the web for 
“free space sprites” to see what I could find. 
I found a collection of artwork that includes 
rockets, UFOs, backgrounds, and a big head. 
As a bonus, it is available under a creative 

Michael Badger is the author of 
Scratch 1.4 Beginner’s Guide 
from Packt Publishing. Learn 
more at scratchguide.  com.

The AuThor

Figure 1: The Space Maze game with imported 

sprites and costumes.

SkillS
Scratch Programming: Velocity and Speed

RaSPbeRRy Pi Geek iSSue 0386

Le
a

d
 Im

a
g

e 
©

 k
ud

ry
a

sh
ka

, 1
23

RF
.c

om



icon under the Scratch stage. That’s the icon 
with a file folder on top of a star. Navigate 
your filesystem to find and add the sprites.

To add the background, first click on the 
Stage from the list of sprites and then click 
the Backgrounds tab. Use the Import button 
to browse for and select one of the back-
grounds. Figure 2 shows the Backgrounds 
tab with the Import Background dialog box 
open.

Of course, you are free to use any sprites 
you want for the project. When I first created 
this game, my five-year old wanted to make 
the default cat navigate through a field of 
monsters from the fantasy sprites included 
with Scratch. Our objective was to reach the 
sun, which is also a Scratch sprite, so this 
project is adaptable.

ProGram rocket Velocity
To help you determine how fast the rocket 
should move, you need to know the x veloc-
ity, y velocity, and speed. So, the first step in 
programming the rocket movement is to de-
fine those three variables. From the Data pal-
ette, click the Make a variable button to cre-
ate the variables x velocity, y velocity, and 
speed. Make each For this sprite only, because 
they will only apply to the rocket.

The x velocity variable corresponds to the 
left and right arrow keys, and the y velocity 
variable corresponds to the up and down 
arrow keys. 

The speed variable is a customizable set-
ting that determines how fast the rocket 

should move with one arrow press. The 
higher the value assigned to the speed vari-
able, the faster the rocket accelerates.

The snippet in Listing 1 shows how to use 
variables to calculate the velocity for a left or 
right arrow click. The key () pressed? block 
can be found in the Sensing palette and is 
evaluated by the if block.

As an example, assume the value of speed 
is 2. On the basis of the change () by () 
block, one left arrow click would evaluate to 
-2, which points the rocket left, and one right 
arrow click would be 2, which points the 
rocket right. That’s not enough to move the 
sprite, but it’s an important starting point be-
cause it gives x velocity a value that will be 
used in another calculation at the top of the 
main forever block of this program (see List-
ing 2).

The set () to () block multiplies the x ve‑
locity value, set by a left or right arrow 
press, by 0.9 and assigns the new value to x 
velocity. Finally, the change x by () block 
moves the rocket according to the value as-
signed to x velocity.

Multiplying x velocity by 0.9 simulates 
friction, which provides a way to make the 
rocket slow down and eventually stop unless 
the player keeps pressing arrow keys. A mul-
tiplier of less than one allows the rocket slow 
down. If you use a multiplier greater than 
one, the rocket picks up speed every time a 
new value is calculated in the forever block 
loop.

Figure 2: The import background dialog box for the 

Scratch stage.

liSTing 1: Setting x velocity with an Arrow Key

liSTing 2: x velocity Moves the Rocket

liSTing 3: Setting Rocket Velocity
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Using the rotate and flip tools, I changed the 
image copies to face the appropriate direc-
tions.

As you see in my script, I created a cos-
tume to represent up, down, left, and right. I 
also changed the costume names to corre-
spond to the direction I wanted to make 
them fly so that I can find the right costume 
when I use them in my scripts.

set uFo sPeed
As a starting point, I imported the UFO sprite 
four times to use as my enemy ships. The 
more UFOs you add to the game, the more 
difficult the game will become, because they 
are obstacles the rocket has to avoid on its 
way to the target.

Listing 4 shows the scripts for the first 
UFO. At the start of the game, the go to x: () 
y: () block selects a random starting point. 
The ranges correspond to the (x, y) coordi-
nates on the perimeter of the Scratch stage.

The point in direction block provides a 
starting direction. Although the direction de-
scribes 360 degrees, in Scratch, a circle has 
values between -180 and 180, instead of 0 
and 360. Therefore, 270 degrees would be -90 
in Scratch’s point in direction () block.

After your scripts are set up for one UFO, 
you can copy them to the remaining UFOs by 
right-clicking on the script and selecting du-
plicate. The script will attach to your mouse 
pointer, so you can just drag and drop it onto 
another UFO icon in the sprites list. Repeat 
until all the UFO sprites have the same 
scripts, then you can customize each UFO.

For example, all my UFOs point in different 
directions. For one UFO, I replaced the point 
in direction () block with the point toward 
(rocket) block, which ensures the game al-
ways starts with a UFO aimed at the rocket, 
and I increased the move block value to 20. 
The player better not sit idle for long.

The move block specifies the number of 
steps (pixels, really) to move across the 

Listings 1 and 2 show how x velocity 
changes; the up/ down arrow keys will have 
corresponding y velocity calculations. The 
full script to set the rocket’s velocity can be 
seen in Listing 3 and starts when the green 
flag is clicked.

All the work happens in the forever block, 
which runs until the game stops. The set () 
to () blocks and the change blocks run with 
each pass through the forever block, contin-
ually evaluating new values for x velocity 
and y velocity. Each of the four arrow keys 
has its own conditional statement defined by 
the if key () pressed? block.

The values calculated for x velocity and y 
velocity from arrow presses are used by the 
set () to () blocks. At the start of the game, 
x velocity and y velocity are set to 0, which 
means the rocket will not move until an 
arrow key is pressed. Speed is set to 2.5.

The starting variable values can be seen in 
Listing 3. The when I receive () block is sig-
naled by the velocity script via the start over 
broadcast, and it’s critical in setting the start-
ing values for the rocket.

examPle Velocity 
calculations
To begin, I’ll run through a calculation with a 
starting speed of 2.5. A down arrow key 
press will set y velocity to ‑2.5, which is 
multiplied by 0.9 in the set y velocity block; 
the new y velocity becomes ‑2.25, which is 
used in the change y by block. The rocket 
moves by -2.25.

To make the rocket accelerate, the player 
needs to press the arrow keys continually. If 
the player does not press another arrow, the 
value of y velocity gradually decreases to 
zero. Beginning with a value of -2.25, a sec-
ond pass through the forever block would 
yield a y velocity of -2.025 (-2.25x0.9), a 
third pass would yield -1.8225, and so on.

In another example, if the rocket is chang-
ing its x position by five and the player 
presses the left arrow key one time, then the 
new x velocity is 2.75, which means the 
rocket is still traveling to the right. Remem-
ber, in Scratch, positive numbers move up or 
right. Negative numbers move down or left.

chanGe costume 
direction
Each arrow key press also sets the orienta-
tion of the rocket, as seen in the switch to 
costume () block. I made the additional cos-
tumes by copying the original costume. From 
the Costumes tab, I clicked the Edit button on 
each costume to open it in the image editor. liSTing 4: UFO Speed and Collisions
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stage. A higher value will increase the speed 
of the UFO. Adjusting the value in the move 
block is another point of customization you 
can make to the UFOs.

Notice with the UFOs that I am not calcu-
lating any directions, except at the start of 
the game. The sprite does bounce off edges, 
but that just kicks the UFO back in the oppo-
site direction at the same speed. The scripts 
for the UFOs and rocket illustrate the differ-
ence between speed and velocity in Scratch 
programming.

sense a collision
The second stack of blocks in Listing 4 
senses whether a UFO touches the rocket; if 
the two sprites touch, the UFO sends the 
broadcast message rocket hit. Hitting a UFO 
will cause the rocket to explode into flames 
and go back to its starting position.

The rocket hit broadcast message is re-
ceived by the rocket, as seen in Listing 5. To 
give the illusion of exploding, the switch 
costume by block displays the explosion cos-
tume, which I created by copying and editing 

one of the existing rocket costumes. If work-
ing with the image editor is not your thing, 
you can download my sample project or 
hack out something that looks like flames. 
The change () effect by () in the Looks pal-
ette could provide an alternative block and 
includes options to pixelate or to create a 
mosaic of the sprite.

After exploding the rocket, the script sends 
a broadcast message start over. When the 
rocket receives this message, the script resets 
the sprite to the starting position, which 
you’ve already seen in the velocity script in 
Listing 3.

By using the start over broadcast both to 
start the game and when the rocket collides 
with a UFO, I can avoid duplicating scripts. 
In Scratch 2.0, I could use a custom block to 
create a procedure and accomplish the same 
thing. However, I’m working with Scratch 
1.4 on the Pi, so the creative use of broadcast 
blocks can give some of the same functional-
ity as custom blocks.

What haPPens next?
The Space Maze game showcases the differ-
ence between velocity and speed that can be 
applied to future projects. Even though I 
didn’t discuss it, my version of the game 
ends when the rocket touches the head. It’s 
anti-climatic, for sure.

If you want to extend the current game, 
you could make the UFOs shoot at the 
rocket, make the head float around the stage, 
or add another level.

Happy scratchin’.  ● ● ●

[1]  Space sprites:  
www.  scratchguide.  com/ 
 free‑spaceship‑sprites/

[2]  Space Maze project:  
www.  scratchguide.  com/  ? 
 attachment_id=413
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liSTing 5: Coding the Rocket Hit
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