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Generate CR Command from Other Common Ways to Define an Arc  
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Introduction 
There are several different ways to describe the path of a circular arc.  This note will cover two 
of these methods.  The first is to define the arc with its start point, end point, origin, and 
direction of travel.  The second method, which is more common, is to define a circular arc with 3 
points: the start point, end point, and center point which is somewhere else along the arc.  
When using a Galil Motion Controller in vector mode, the different parameters need to be 
converted to the arc's radius, starting angle, and degrees to traverse in order to use the Circle 
(CR) command.  In many applications, it is useful to have a host program  that converts these 
other parameters to fit the arguments of the CR command.  This Application note will cover the 
mathematics to do so, therefore the reader can adapt the math and programming logic to the 
desired host application. 
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1. Generate CR with endpoints and origin of arc 

 
Figure 1: Circular arc created by endpoints, origin, and direction 

 
Sometimes the arguments of the CR command need to be generated when given the origin, 
start point, end point, and direction of travel.  This description of an arc is shown in Figure 1.  
These parameters need to be mathematically worked to fit the arguments of Galil's CR 
command described in the DMC Command Reference and referenced below in condensed form. 
 
 CR n0, n1, n2 
Description 
When using the vector mode (VM), the CR command specifies a 2-dimensional arc segment.  
Parameters for radius, starting angle and traverse angle must all be entered for each CR 
command. 
 
 n0 Radius of circle segment 
 n1 Starting angle of circle segment 
 n2 Degrees to traverse for circle segment 
 
The parameters n0, n1 and n2 are added to the previous figure and shown below in Figure 2. 
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Figure 2: Graph of Figure 1 with CR arguments added 

The first argument for the CR command is n0, which is the radius of the arc.  The following 
equation can be used to generate the radius from the coordinates of the origin, (x0, y0),  and the 
start point, (x1, y1).  
 

             
           

  
 
The starting angle, n1, can also be generated with the same two points used above. 
 

          
       

       
 

 
There are two considerations that may have to be taken when using the inverse tangent 
function and they are discussed in the following two Asides. 

Aside 1.1 

Most inverse tangent functions will return an angle in the range of -90 ≤ n1 ≤ 90.  180 
must be added or subtracted if the point lies in quadrants II or III.   
 
The denominator in the inverse tangent function will determine if the angle is in 
quadrants II or III.  If the quantity (xi - x0) is negative then the angle lies in the left hand 
plane and must be adjusted for.  180 can be added or subtracted so that the range 
difference is 360.  The actual range may vary as long as the difference is 360.  The 
function arcTan in the example given at the end of this note adds 180 to every value in 
the left-hand plane so that the range of arcTan is -90 ≤ n1 < 270. 
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Aside 1.2 

In addition to the limitations discussed in Aside 1.1, some inverse tangent functions 
cannot handle the special cases of 90 and -90 degrees.  These special cases will arise 
when the denominator is 0, i.e. when xi = x0.  In these special cases the angle will be 90 
when the numerator, (yi - y0), is positive and -90 when the numerator is negative.  This 
special consideration can be seen in the example given for the function arcTan. 
 

Lastly, n2 can be solved for using the end point, the previous n1 value, and the direction of 
rotation. 
 

         
      

      
     

 
This equation for n2 does not take into consideration the direction of travel.  If the desired 
direction of travel is counter-clockwise and n2 is negative, then 360 must be added.  If the 
desired direction is clockwise and n1 is positive, then 360 must be subtracted.  Nested 'if' 
statements can be used to make sure the correct direction of travel is used.  This is shown in the 
example found in section 4 which is also copied below. 

 
n2 = thetaEnd - thetaStart ' argument 3 is degrees traversed 
If (direction > 0) And (n2 < 0) Then ' make sure that n2 is positive for positive direction and 
negative for negative direction 
    n2 = n2 + 360 
ElseIf (direction < 0) And (n2 > 0) Then 
    n2 = n2 - 360 
End If 
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2. Generate CR with 3 points on arc 

 
Figure 3: Circular arc created by three points 

The more common method for describing an arc is by defining it with three points: the start 
point, the end point, and the center point.  This description of an arc is illustrated above in 
Figure 3.  Note that the second of the three points is commonly referred to as the center point, 
however, this does not mean that the point is positioned on the midpoint of the arc, it is merely 
an additional point somewhere on the arc in-between the start point and the end point. 
 
The key to generating the arguments for the CR command is to use the center point to calculate 
the origin and direction of travel, and that together with the start and end points will match the 
previous case already described in section 1.   
 
To solve for the origin (x0,y0), the three points can be used with the general equation of a circle 
to make three independent equation. 
 

          
          

                         
 
The right hand side of the three equations can be set to equal each other and the squares can 
be factored out and simplified by cancelling common terms. 
 
    

            
            

            
            

            
        

 
Both the first and middle sides of the above equation and the first and third sides of the above 
equation create 2 independent equations with 2 unknowns, x0 and y0.  First, y0 can be solved for 
using substitution and then x0 can be solved. 
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Using substitution to find y0 and x0. 
 

   
                           

      
                    

      
          

      
  

                                
 

 

   
    

      
      

      
            

        
 

 
Now that the origin is found, the radius, starting angle and traverse angle can be found in the 
same method used in the previous section.   
 
The direction of travel can be found by finding the angle of the center point and comparing it to 
the angles of the start and end points.  In the case when the end point angle is greater than the 
starting point angle, the direction of rotation will be in the counter-clockwise direction when the 
center point angle is less than the end point angle and greater than the start point angle.  When 
the end point angle is less than the starting point angle, the direction of rotation will be counter-
clockwise when the arc point angle is greater than the end point angle and less than the starting 
point angle.  This is shown in the example found in section 4 which is also copied below. 

 
If thetaEnd > thetaStart Then ' if end point angle is greater than start point angle 
      If (thetaCen < thetaEnd) And (thetaCen > thetaStart) Then ' if center point is in-between 
the start point and end point 
          direction = 1 
      Else 
          direction = -1 
      End If    
Else ' if start angle is greater than end point angle 
      If (thetaCen < thetaStart) And (thetaCen > thetaEnd) Then ' if center point is in-between 
the end point and start point 
          direction = 1 
      Else 
          direction = -1 
      End If 
End If 

3. Special Considerations 

 tan-1 typically returns an angle in the range -90 to 90 degrees.  The quadrant that the 
point is located in must be taken into account and the angle adjusted for if necessary.  
See Aside 1.1 

 Some programming languages cannot handle the special cases when the angle is 90o or -
90o.  These special cases may need to be checked separately.  See Aside 1.2 

 The exact range used for tan-1 can vary, but it must allow for a full 360o rotation and 
must be consistent in the application. 
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 x and y have been used to describe the axes of the arc.  In DMC code, the command VM 
m0m1 is used to define which motor axes correspond to the axes described in this note, 
where m0 corresponds to the x axis and m1 corresponds to the y axis. 

4. Visual Basic Example 
The following is an example in Visual Basic of a program that takes 3 arc points inputted in 
textboxes and outputs the CR command in the same window. 

 
Figure 4: Visual Basic Program Example 

Public Class Form1 
 
    Private Sub Form1_Load(sender As Object, e As EventArgs) Handles MyBase.Load 
 
    End Sub 
 
    Private Sub Button1_Click(sender As Object, e As EventArgs) Handles Button1.Click 
        Dim P1(1) As Single ' declare start point as 2 element array 
        Dim P2(1) As Single ' declare center point as 2 element array 
        Dim P3(1) As Single ' declare end point as 2 element array 
        Dim origin(1) As Single ' declare origin as 2 element array 
        Dim radius As Single ' radius of arc 
        Dim thetaStart As Single, thetaCen As Single, thetaEnd As Single ' angle in degrees for 
each point 
        Dim direction As Integer ' direction of rotation 
        Dim n0 As Single, n1 As Single, n2 As Single ' 3 arguments for Galil's CR command 
 
        P1(0) = Val(TextBox1.Text) ' reads X value for start point 
        P1(1) = Val(TextBox2.Text) ' reads Y value for start point 
        P2(0) = Val(TextBox3.Text) ' reads X value for center point 
        P2(1) = Val(TextBox4.Text) ' reads Y value for center point 
        P3(0) = Val(TextBox5.Text) ' reads X value for end point 
        P3(1) = Val(TextBox6.Text) ' reads Y value for end point 
 
        ' Calculate the origin of the arc 
        origin(1) = (P1(0) * (P2(0) * (P1(0) - P2(0)) + P3(0) * (P3(0) - P1(0)) + P3(1) ^ 2 - 
P2(1) ^ 2) + P2(0) * (P3(0) * (P2(0) - P3(0)) + P1(1) ^ 2 - P3(1) ^ 2) + P3(0) * (P2(1) ^ 2 - 
P1(1) ^ 2)) / (2 * (P1(1) * (P2(0) - P3(0)) + P2(1) * (P3(0) - P1(0)) + P3(1) * (P1(0) - P2(0)))) 
        origin(0) = (P2(0) ^ 2 + P2(1) ^ 2 - P1(0) ^ 2 - P1(1) ^ 2 + 2 * origin(1) * (P1(1) - 
P2(1))) / (2 * (P2(0) - P1(0))) 
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        radius = ((P1(0) - origin(0)) ^ 2 + (P1(1) - origin(1)) ^ 2) ^ (1 / 2) ' calculate radius 
of the arc 
        thetaStart = arcTan(origin(0), origin(1), P1(0), P1(1)) ' calculate angle of start point 
        thetaCen = arcTan(origin(0), origin(1), P2(0), P2(1)) ' calculate angle of center point 
        thetaEnd = arcTan(origin(0), origin(1), P3(0), P3(1)) ' calculate angle of end point 
 
        If thetaEnd > thetaStart Then ' if end point angle is greater than start point angle 
            If (thetaCen < thetaEnd) And (thetaCen > thetaStart) Then ' if center point is in-
between the start point and end point 
                direction = 1 
            Else 
                direction = -1 
            End If 
        Else ' if start angle is greater than end point angle 
            If (thetaCen < thetaStart) And (thetaCen > thetaEnd) Then ' if center point is in-
between the end point and start point 
                direction = 1 
            Else 
                direction = -1 
            End If 
        End If 
 
        n0 = radius ' argument 1 is radius 
        n1 = thetaStart ' argument 2 is start angle 
        n2 = thetaEnd - thetaStart ' argument 3 is degrees traversed 
        If (direction > 0) And (n2 < 0) Then ' make sure that n2 is positive for positive 
direction and negative for negative direction 
            n2 = n2 + 360 
        ElseIf (direction < 0) And (n2 > 0) Then 
            n2 = n2 - 360 
        End If 
 
        Label6.Text = "CR " & CStr(n0) & ", " & CStr(n1) & ", " & CStr(n2) ' print out Galil's CR 
command 
    End Sub 
 
    Private Function arcTan(x0 As Single, y0 As Single, x1 As Single, y1 As Single) As Single ' 
function returns inverse tangent with range -90 to 270 
        ' Note: Visual Basic's Atan will return 90 or -90 if denominator is 0, but this example 
treats it otherwise 
        If (x1 - x0) = 0 Then ' checks if denominator is 0 (special cases discussed in Aside 1.2) 
            If (y1 - y0) > 0 Then ' checks if numerator is positive 
                arcTan = 90 ' set arcTan for one of the 2 special cases discussed in Aside 1.2 
            Else ' if numerator is negative 
                arcTan = -90 ' set arcTan for the second special case discussed in Aside 1.2 
            End If 
        Else ' not special case 
            arcTan = Math.Atan((y1 - y0) / (x1 - x0)) * 180 / Math.PI ' take the inverse tangent 
and convert to degrees 
            If (x1 - x0) < 0 Then ' if point is in quadrants 2 or 3 
                arcTan = arcTan + 180 ' add 180 so that the range includes a full 360 rotation 
(see Aside 1.1) 
            End If 
        End If 
    End Function 
End Class 

 


