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Figure 1.4
A modern 7 degree-of-freedom robot.

Meet 'lceman' and 'Wolverine' —
the 2 coolest robots in Tesla's

factory

Image courtesy KUKA Roboter GmbH.
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https://www.youtube.com/watch?v=WYnOGAvQEgk
https://www.youtube.com/watch?v=WYnOGAvQEgk
https://www.youtube.com/watch?v=WYnOGAvQEgk
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| Xl (position) 2t 2+ 2| (orientation)
A HH =2 Hi(frame)

Figure 1.5

Coordinate systems or “frames” are
attached to the manipulator and to
objects in the environment.
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21 3 (link)

2t & (joint)

o 3|& & E (revolute joint) — 2 & 2 (joint angle)0] # &
o X2|&&E (prismatic joint) —» & 2| (translation) S 2 2t& 2 X Al (joint offset)0| B &t
At 5= = (degree of freedom): oi@ Sxlo AEIE 2ASO2 BAIGH: S2E B4
2ttt & X (end-effector)
HLIZdI0I& o Agsk J| A sk(forward kinematics): (1)01LIZ 2 0/E{2] ZHEt
St X2 AKX &R E Hotole EH01 I e (2)et MES] & 210

A K |
=HAZE M JI=H(base frame)lil Lier = H(tool frame) 2l FIXI 2t =
HitotE A, (3)AE S2H(joint space)Ull A HEAISH XS M AE S22t
(Cartesian space)2 2 HtH= A.



Figure 1.6
Kinematic equations describe the tool frame relative to the base
frame as a function of the joint variables.
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Figure 1.7
For a given position and orientation of the tool frame, values for the
joint variables can be calculated via the inverse kinematics.
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Figure 1.8
The geometrical relationship between joint rates and velocity of the
end-effector can be described in a matrix called the Jacobian.
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S 0|4 (singularity): 1EI O %S P&t £ gl A2(22 3Y)
o S0/40l U= AXUA HLIZHOIH 20 MOt LA 1.9 FX)
=S 8l(dynamics) =2 22J|= 0 Z28 S0l U &2
o MLIZHOIEHE EX HEHOM JtSAIA 2 S0 EX0F e =2 580/,
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Figure 1.9

A World War | biplane with a pilot and a rear gunner. The
rear-gunner mechanism is subject to the problem of singular
positions.
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Figure 1.10
The relationship between the torques applied by the actuators and

the resulting motion of the manipulator is embodied in the dynamic
equations of motion.
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o FIE A E(irajectory generation): 01 LI = 0IE1E SASHH 6IINIIZ2

MOt flol M= AlZt2] S A SE & ==(smooth functlon)% OlZdt= A
o SHIZ | At BFE(via point)S SAGHOF SH01, 01X S IS4 of = Feter e

A Z 0l (spline)0lct) & (08 1.11 &xX)
o HUFHZ HE MY (Cartesian trajectory generation)= 7& 0l A CtE
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Figure 1.11
In order to move the end-effector through space from point A to
point B, we must compute a trajectory for each joint to follow.
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Figure 1.12
The design of a mechanical manipulator must address issues of

actuator choice, location, transmission system, structural stiffness,
sensor location, and more.
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Figure 1.13

In order to cause the manipulator to follow the desired trajectory, a
position-control system must be implemented. Such a system uses
feedback from joint sensors to keep the manipulator on course.
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Figure 1.14

In order for a manipulator to slide across a surface while applying a
constant force, a hybrid position—force control system must be
used.
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Figure 1.15
Desired motions of the manipulator and end-effector, desired

contact forces, and complex manipulation strategies can be
described in a robot programming language.
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Figure 1.16
Off-line programming systems, generally providing a computer
graphics interface, allow robots to be programmed without access

to the robot itself during programming.
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