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Exercise U2-2.2a Change it up: Teach Edison to count to 9 on page 54 of your workbook 
asks you to select a number from the activity sheets and program Edison to trace out the 
number.  This exercise is similar to making Edison run through a maze.  You can solve the 
problem by trial and error or by estimating the distances that Edison must travel to trace out a 
number.  In this paper I will show you how an engineer might solve the problem by making 
careful measurements of the distances that Edison must travel.  Then you will try this method.

Printing the Activity Sheet

When you print the number in the workbook, the Page Sizing setting will affect the size of the
number.  I suggest Fit or Shrink oversized pages as these will print large but not too large.
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Making some preliminary measurements

First we need to make some measurements of the Edison robot.  We need to know the axle 
track, which is the distance between the centers of the wheels of the robot.  You can learn 
more about axle track here: https://en.wikipedia.org/wiki/Axle_track   .  We also need to know 
the distance from the axle to the front of the robot.  Both of these measurements are given in 
Figure 1 below.

Let’s review the kinds of turns Edison makes

In tracing out a number, Edison must make turns.  There are two kinds of turns that Edison 
can make and we should review these turns. The kinds of turns are: 

1)  zero-radius turn  
2)  pivot turn. 

 In EdScratch, the turns have different names:  Spin and Turn.  We must understand the 
difference in these turns in order to make an accurate plan for solving the number-tracing.  
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Figure 1: Dimensions of Edison Robot

https://en.wikipedia.org/wiki/Axle_track
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Figure 2 above is a diagram of a zero-radius turn.  In the EdScratch programming language 
this kind of turn is named Spin.  In a Spin turn, the two wheels of the robot rotate in different 
directions at the same rate.  When this happens, the robot turns around a center point that is 
midway between the two wheels.  The robot turns but it does not move away from the location
of the center of the turn.  This type of turn is common in lawn mowing tractors used by 
professional landscapers.  It provides the sharpest possible turn of a vehicle.  

The pivot turn is illustrated in Figure 3 above.  This kind of turn is named just Turn in 
EdScratch.  In a pivot turn, one wheel of the robot rotates while the other remains stationary 
(does not rotate).  The spot on the floor where the stationary wheel sits becomes the center of
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Figure 2: Zero-radius turn (Spin)

Figure 3: Pivot turn (Turn)
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the turn.  Once the turn is completed, the center of the stationary wheel is located in the same
place where it was before the turn began, but the direction the robot points is different.  

In Figure 4 we can see the kinds of programming blocks available for making turns in 
EdScratch.  I have only included those for a right turn but of course the left turn blocks are 
also available.  You can change the type of turn in the block just by clicking on the down arrow
and selecting one of three types.  There is only one kind of Spin turn.  However, there are two
kinds of the Turn type.  They are forwards and backwards.  There may be times when you 
want the robot to make a turn while moving backwards, but in the case of the number-tracing, 
we want the forward turn.  Therefore, we have two turns to select if we elect to use Turn: 1) 
turn forwards right  and 2) turn forwards left.  

Let us suppose we decide to make Edison trace out the number 7.  First we need to draw a 
road map for the number 7.  A road map is on the next page.

(continued on next page)
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Figure 4: programming turns in EdScratch
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Print the number 7 (Activity sheet U2-6) in your lesson book (see page one for printing 
advice).  It is best if the number prints at a large size but with adequate margins on the paper. 
For example, my print of the number 7 was 27 cm high and 15.5 cm wide.  

Draw center lines through all segments of the number as seen above.  Then draw the lane 
lines, each is 3.5 cm from the center line (the robot axle track is 7.1 cm and half of that is 3.55
cm, but we round to 3.5 cm).  Each wheel will travel along a lane line.  
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Figure 5: road map with lanes drawn
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Now that we have a road map, we can place the robot at the start position and at the turn 
positions and make measurements of the distances to travel.  My finished road map is in 
Figure 6 above.  When you make your measurements, you may find different numbers, 
depending on the size of your printed number 7.  After you have drawn the road map on your 
number 7, then make the measurements of distances to travel.
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Figure 6: distances to travel with zero-radius turns
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For the road map in Figure 6 we have decided to use the zero-radius turn.  There is a red 
dot placed at the center of the robot axle, which is the center of the turn.  The front of the 
robot should align with the bottom of the number at the start as seen in Figure 6.  That means
that the center-of-turn red dot must be 6.3 cm below the bottom edge of the number.  As the 
robot drives forward, its center-of-turn red dot moves up along the center line to the place 
where the center lines of the lanes intersect, where we find the second red dot. I measured 
the distance between the two red dots on my map and found it to be 30.3 cm.  Therefore, the 
first block in my program should specify that the robot move forward for a distance of 30.3 cm.
Then the robot should Spin left 90 degrees.  Now the robot moves forward along the top part 
of the number 7.  We can see from my map that the distance to travel forward should be 12.3 
cm. Then the robot should Spin left 90 degrees. After this second turn, the front of the robot 
will be 6.0 cm above the bottom of this segment of the number on my map.  The robot must 
travel down a distance of 6.0 cm to position the front of the robot at the bottom edge of this 
segment of the number 7.

Figure 7 above is my program for tracing the number 7 with Spin turns according to the 
measurements from my road map in Figure 6.  When I tried the above program, Edison 
traveled along the number 7 accurately.  Now you program your Edison robot with your 
map measurements and test it out.  

Question 1.  Did the robot trace the number accurately? _________________________

Question 2: What are the three distances you used? _____________________________
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Figure 7: my program for number 7 with spin turns
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Now we should do this exercise again, but this time using pivot turns instead of zero-radius 
turns.  You will discover that the distances traveled will be different.  Below you will find my 
completed road map for the number 7 using pivot turns.
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Figure 8: distances to travel with pivot turns
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For pivot turns I added a red dot in the center of the wheel because this is the center of the 
turn for a pivot turn.  If we measure the distances between the red dots then we have the 
distances to travel forward.  Notice that the distances traveled are less than when we used 
the zero-radius turns.  Why is that?  That is because when the robot does a pivot turn of 90 
degrees, the robot actually moves forward half of the axle track distance during the turn. 
Half the axle track distance is 3.5 cm.  If we add the distance traveled forward during the turn 
to the forward distance (3.5 cm + 27.0 cm for my map), we get 30.5 cm.  This is nearly the 
same as the 30.3 cm my robot traveled forward in the first segment using a zero-radius turn.  
In a zero-radius turn, the robot does not move forward.  That is why we must use different 
forward distances, depending on the type of turn we decide to use.

Figure 9 above is my program for tracing the number 7 with Turn forwards according to the 
measurements from my road map in Figure 8.  When I tried the above program, Edison 
traveled along the number 7 accurately.  Now you program your Edison robot with your 
map measurements and test it out.  

Question 3.  Did the robot trace the number accurately? _________________________

Question 4: What are the three distances you used? _____________________________
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Figure 9: my program for number 7 using turns


