Revolute/Rotational Joints
Revolute joints have one DoF and are used to describe rotational movements between objects. Their configuration is defined by one value that represents the amount of rotation (θ) about their reference frame's z-axis.
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Study the structure and movement of the DOBOT
How the 3 joints move to reach a location?
· Move joint 1 to select a vertical plane
· Move joints 2 and 3 to select a point in this particular plane
An extension with end-effector is so designed to move with the same Z value
[image: ].
Inverse Kinematics
A classic problem with robotic arms is getting the end-effector to where you need it to be. You have to determine the joint angles that get the end-effector to where you want it to be. This problem is known as inverse kinematics.
Given a desired location for the tip of the robotic arm (say 137, 237, 117 ), what should the angles of the joints be so as to locate the tip of the arm at the desired location?
Mathematically, the angle value is related to the coordinate.
Discussion
Using Pythagoras theorem, we have
The projection of the robotic arm (the shadow) on the XY-plane (r0) is
______________________________________________________
The length between the origin and the farthest point of arm2 (r) is
______________________________________________________
Study the following python code to familiar with the use of the built-in functions pow() to calculate the square of the square root of some numerical expression
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Coding Session I
Write a program to calculate and output the values R0 and R1
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Coding Session II
A student Peter claim he can find out joint angle 2 by using trigonometric functions and Pythagoras theorem. His calculation is shown below.
[image: ]
Python has a built-in module called math, which extends the list of mathematical functions. To use it, you must import the math module:
Study the following Python code
[image: ]
Conversion between degrees and radians
· [bookmark: _GoBack]math.degrees()		Converts an angle from radians to degrees
· math.radians()		Converts a degree value into radians
Modify the program above to include the finding of the joint angle 2
[image: ]
Coding Session III
Using similar method, find out the joint angle 3
[image: ]
Coding Session IV
Find out the joint angle 1
[image: ]
Test program
bot.setPTPCmd(230,50,30,bot.MOVJ_XYZ)
pose=bot.getPose()
print("Pose x={:.2f} y={:.2f} z={:.2f} j1={:.2f} j2={:.2f} j3={:.2f}".format(pose[0],pose[1],pose[2],pose[4],pose[5],pose[6]))
Test Data
Pose x=220.00 y=60.00 z=10.00
j1=15.26 j2=29.98 j3=46.67
Pose x=230.00 y=50.00 z=30.00
j1=12.26 j2=26.45 j3=38.18
Coding Session V
Challenge problem
Given the limitation of the joint angles
What are the reachable points in the particular plane?

Write a program to determine whether the point is reachable
[image: ]
Confirm by trying to move to that point
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#the coordinates of the target location
*Coordinate=137
Coordinate=237
zCoordinate=117

#istance betwsen the farthest point of am2 and end-effector
AEndEf fector=60
sl=pow(pow( xCoordinate, 2 )4pov(yCoordinate,2),0.5)
print(x0)
- dEndE{ fector
ow( powl zCoordinate, 2)+pou 11,2),0.5)
PTRN( Ty
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# Import math Library
aport math

# Return the sine value of 30 degrees
print (math.sin(nath. radians(30)))

# Retumn the cosine value of 00 degrees
print (math.cos(nath. radians(60)))

# Retum the tangent of different munbers
print (math, tan(nath. radians(45)))

# Return the arc sine of nunbers
print (math.asin(3/5))

# Return the arc cosine of nunbers
print (nath.aces(4/5))

# Retumn the arc_tangent of y/x in radians
print (math.atan2(3, 4))




image7.jpg
lmport math

#the coordinates of the target location
*Coordinat

yCoordinat
zCoordinat,

#the lengths of the two am links
amlengthl=135
amlength2=147

#istance between the farthest point of am2 and end-effector
AEndEf fector=60

sli=pow(pov( xCoordinate, 2 )4pov(yCoordinate,2),0.5)

print(x0)

0-dEndEf fector
s=pov(pow( ZCoordinate,2)4pov(:1,2),0.5)
print(r)
#angle a
angleAinRadian=nath.atand(zCoordinate, 1)

anglehinDeg ree=nath. degrees(angleainRad1an)
print(angledinDegres)

#angle b
angleBinRadian=nath.acos((pow( armLeng thl,2)+pow( r, 2)-pow( armLeng th2,2))/( 2*r*armLeng thl )
angleBinDeg ree=nath. degrees(angleBinkadian)

print(angleBinDegres)

#ioint angle #2
Jhngle2=00-angleinDegree-angleBinDegree
prla\ jAnglal)
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lmport math

#the coordinates of the target location
*Coordinat

yCoordinat
zCoordinat,
#the lengths of the two am links
amlengthi=135

amlength2=147

dEndEffector=60

#istance between the farthest point of am2 and end-effector
ow( pow xCoordinate, 2 )+pov(yCoordinate,2),0.5)

0-dEndEffector
pow(pow( zCoordinate,2)4pon( 11,2),0.5)

#angle a

angleAinRadian=nath.atand(zCoordinate, 1)

anglehinDeg ree=nath. degrees(angleainRad1an)

#angle b

angleBinRadian=nath.acos((pov( amLeng thl,2)+pov( r,2) -pov( amLeng th2,2))/ (2*r*amLeng thl))
angleBinDeg ree=nath. degrees(angleBinkadian)

#oint angle #2

ihngle2=00-angl eAinDegree-angleBinDegree

print(jAngled)

#angle 4
angleDinDegree=00-jangle2

#angle g

angleGinRadian=nath. acos( (pow(armLengthl,2)+pou( armLength2,2) -pow( r,2))/ (2¥amleng thi *amLeng th2))
angleGinDeg ree=nath. degrees(angleGinkadian)

#oint angle 43

ihngle3=180-angleainDegree-angleGinDegree

DPrint(jAngle3)
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lmport math

#the coordinates of the target location
*Coordinat

yCoordinat
zCoordinat,
#the lengths of the two am links
amlengthi=135

amlength2=147

dEndEffector=60

#istance between the farthest point of am2 and end-effector
ow( pow xCoordinate, 2 )+pov(yCoordinate,2),0.5)

0-dEndEffector

pow(pow( zCoordinate,2)4pon( 11,2),0.5)

#oint angle #1

IhnglelinRadian=nath,atand(yCoordinate, xCoordinate)
JAnglel-nath, degrees(jAnglel inRadian)
print(janglel)

#angle a

angleAinRadian=nath.atand(zCoordinate, 1)

anglehinDeg ree=nath. degrees(angleainRad1an)

#angle b

angleBinRadian=nath.acos((pov( amLeng thl,2)+pov( r,2) -pov( amLeng th2,2))/ (2¥*r*amLeng thl))
angleBinDeg ree=nath. degrees(angleBinkadian)

#oint angle #2

Jhng12=00-angl eAinDegree-angleBinDegree

print(jAngled)

#angle 4
angleDinDegree=00-jangle2

#angle g

angleGinRadian=nath. acos( (pow(armLengthl,2)+pou( armLength2,2) -pow( r,2))/ (2¥amleng thi*amLeng th2))
angleGinDeg ree=nath. degrees(angleGinkadian)

#oint angle #3

ihngle3=180-angleAinDegree-angleGinDegree

print(jAngle3)




image10.png
Q

Top





image1.png




image2.png




image3.jpg
1| xCoordinat
2| yCoordinat
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