
Module 01 [2]
· Precaution
· XY coordinates System [2D]
· Structure of DOBOT [links & joints]
· DOBOT Library
· XYZ coordinates System [3D]
· <J1, J2, J3> <-> (X, Y, Z)

XY Coordinate Plane
A coordinate plane is a two-dimensional surface formed by two number lines. It is formed when a horizontal line called the X-axis and a vertical line called the Y-axis intersect at a point called the origin. The numbers on a coordinate grid are used to locate points.
Coordinates
Coordinates are a set of two values that locate a specific point on a coordinate plane grid, better known as a coordinate plane. A point in a coordinate plane is named by its ordered pair (x, y), written in parentheses, corresponding to the X-coordinate and the Y-coordinate. These coordinates can be positive, zero, or negative, depending on the location of the point in the respective quadrants.
Coordinates system of the DOBOT
The coordinates of the DOBOT are determined by the base.
· The origin is the center of the three motors (Rear Arm, Forearm, base).
· The direction of X-axis is perpendicular to the base forward.
· The direction of Y-axis is perpendicular to the base leftward.
· The direction of Z-axis is vertical upward, which is based on the right hand rule.
Familiar with the XY Coordinate Plane
Activity Session I
· Align the graph paper so that the HOME position is (250, 0)
· Check and align the X axis
· Check and align the Y axis
· Draw X and Y axis on graph paper
· Marking scale
· Draw the accessible area of the DOBOT arm
Activity Session II
· Study the coordinate system of the DOTBOT robotic arm
· Place the base of rectangular block given at (x1, y1, z1), (x2, y2, z2), (x3, y3, z3), (x4, y4, z4)
· Move the arm to touch the vertices of the top side of the rectangular block, Jot down the coordinates
· Complete the table
	Vertex
	x-coordinate
	y-coordinate
	z-coordinate

	A
	
	
	

	B
	
	
	

	C
	
	
	

	D
	
	
	



Activity Session III
Function
A function allow a programmer to divide code into various sections, and each section performs a particular task. The functions are created to perform a task multiple times in a program.
Introduction of the Library
Motion Functions

Command used to move to location (x, y, z)


Write a program to touch the DOBOT robotic arm at the 4 vertices of the top side of the rectangular block

Structure of DOBOT
A robot's structure is described by a set of links (L1, L2, . . .), which are considered to be rigid bodies, and joints (q1, q2, . . .) connecting them.



Activity Session I



Activity Session II
Study the DOBOT carefully, and estimate the length of the 3 links
Methodology
How to find out the length of a link?
The length between 2 successive joints
How to locate the joint?
The movable point
Results
The length of the 3 links
	L1
	?

	L2
	13.5cm

	L3
	14.7cm



Joint mobility is usually limited by mechanical limitations. Such joints will be associated with joint limits, which define an interval of joint values [a, b]
The joint limits of the 3 joints
	q1
	-90∘~ 90∘

	q2
	-10∘~ 95∘

	q3
	0∘~ 95∘










Conversion between joint angle & coordinates
Teaching Session [20 mins]
· What is the value of θ1, θ2, θ3 to reach point (x, y, z) 
· Introduce three-dimensional Cartesian coordinate system
 [image: ]
Activity Session [20 mins]
· Study the coordinate system of the DOTBOT robotic arm
· Place the base of rectangular block given at (x1, y1, z1), (x2, y2, z2), (x3, y3, z3), (x4, y4, z4)
· Move the arm to touch the vertices of the top side of the rectangular block, Jot down the coordinates and the joint variables
· Complete the table (4 points)
	
	x
	y
	z
	θ1
	θ2
	θ3

	A
	
	
	
	
	
	

	B
	
	
	
	
	
	

	C
	
	
	
	
	
	

	D
	
	
	
	
	
	



Teaching Session [10 mins]
· Mathematically, the angle value is related to the coordinate.
Below is the side view of the robotic arm
In trigonometry, we have
d3/L1 = cos(θ2)
d3 = L1 x cos(θ2)
Similarly,
d4/L2 = sin(θ3)
d4 = L2 x sin(θ3)
Hence,
Z = d3 – d4

Below is the top view of the robotic arm

In trigonometry, we have
d5/L1 = sin(θ2)
d5 = L1 x sin(θ2)
Similarly,
d6/L2 = cos(θ3)
d6 = L2 x cos(θ3)
In trigonometry, we have
Hence, the projection of the robotic arm (the shadow) on the XY-plane is
d1 = d5 + d6 + tt
where tt = 60mm
X/d1 = cos(θ1)
X = d1 x cos(θ1)
Similarly,
Y/d1 = sin(θ1)
Y = d1 x sin(θ1)
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· Introduce the DOBOT special library for Arduino
· Special Trigonometry functions ( for degree)
Coding Session I [30 mins]
· Use the above equations, try to complete the Arduino program to find the coordinates (x, y, z) for any set of angle values
· Declare constant
· Declare variables
· Trigonometric functions: 
· Check your answer with the data recorded in your table








image1.png




