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(1) Cool blue LED

(2) 3.7V LiPo battery charging circuit. Important note: jumper should only be in place when using a LiPo
battery connected to (38), otherwise remove. Do NOT use jumper if you are using the 4xAA pack.

(3) USB connector

(4) FTDI Chip (USB to serial) shown but replaced with ATMega8 for USB to serial

(5) Reset headers (normally unused)

(6) LEDs associated with pin 13, Tx / Rx activity, Power indicator

(7) Arduino stacking headers

(8) Encoder analog select (use jJumper to connect the encoder to Al)

{9) Encoder input (one on each side)

(10) Motor 2 input terminals

(11) Cool blue LED

(12) L298P Dual Motor driver

(13) XBee select switch (see XBee headers section below)

(14) XBee 1 slot (see XBee headers section below)

(15) XBee 1 pinout (see XBee headers section below)

(16) 5V row

(17) GND row

(18) Solder prototyping area

(19) Cool blue LED

(20) Universal connection point
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(21) 2x slots for additional mounting of sensors

(22) Cool blue LED

(23) Mounting holes for 2™ motor (Mecanum and 4WD versions)
(24) 5V row

(25) GND row

(26) XBee 2 slot (XBee faces the front of the board, towards #20)
(27) XBee 2 pinout (for possible use with the prototyping area)
(28) Cool blue LED

(29) Motor 1 screw terminals

(30) DFRobot Bluetooth / APC220 (RF) input

(31) ICSP headers

(32) Reset button

(33) ATMega329 microchip

(34) Voltage regulator (circuit)

(35) Barrel connector

(36)On / Off switch (On towards the center of the board)

(37) Cool blue LED and main LED jumper (jumper on = 6x LEDs powered at all times)
(38) Mini I5T connector for 4xAA battery pack or 3.7V LiPo pack
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Abstract: This dissertation deals with uncertainty estimation in robust tracking control of robot
manipulators using voltage control strategy (VCS). In comparison with torque control strategy
(TCS), VCS is simpler and less computational, since it does not need the robot dynamical mode|.
According to the universal approximation theorem, neural networks and fuzzy systems can
approximate nonlinear systems with arbitrary small approximation error. However, there are also
other approximators such as Fourier series and Legendre polynomials. In this dissertation, these
approximators are used in robust tracking control of robot manipulators. The most important
advantage of these approximators in comparison with adaptive neuro-fuzzy systems is reducing
the number of sensors. Fourier series expansion has been used in some previous related works.
However, the suitable value for the fundamental period duration of Fourier series expansion has
not been determined. This thesis addresses this issue and intuitively shows that in order to
perform repetitive tasks, the least common multiple (LCM) of fundamental period durations of
the desired trajectories of the joints is a proper value for the fundamental period duration of the
Fourier series expansion. Selecting the LCM results in the least tracking error. Moreover, the
truncation error is compensated by the proposed control law to make the tracking error as small
as possible. Adaptation laws for determining the Fourier series coefficients are derived according
to the stability analysis. Robust control in the task-space is more complicated due to the
uncertainties in the Jacobian matrix. In this thesis, based on the VCS, a conventional robust task-
space controller is presented. Then, it is modified using Legendre polynomials for uncertainty
estimation to reduce the number of sensors. Another novelty of this thesis is presenting a rigorous
stability analysis for brain emotional learning control of uncertain nonlinear systems. The
proposed controllers based on the VCS in this thesis are expesimentally tested on a real SCARA
robot driven by permanent magnet DC motors for the first time.

Keywords: Voltage control strategy, Fourier series expansion, Legendre polynomials, Emotinal
control, permanent magnet DC motors, Robot manipulator.



3 A A/
%‘/a (B

Faculty of Electrical and Robotic Engineering

Uncertainty Estimation in Robust Control of Robot Manipulators

Saeed Khorashadizadeh

Supervisor:
Prof. Mohammad Mehdi Fateh

June 2015



	(3-9)
	(3-8)
	(3-7)
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	3-2- معادلات حرکت سیستم رباتیک ....................................................................................................37
	3-3-قانون کنترل در راهبرد کنترل ولتاژ................................................................................................39
	3-4- شبیهسازی سیستم کنترل................................................................................................................41
	3-5- نتیجهگیری.....................................................................................................................................44
	3-1- مقدمه
	3-2- معادلات حرکت سیستم رباتیک
	همانطور که مشاهده میشود معادلات حرکت سیستم رباتیک با در نظر گرفتن دینامیک موتورها نشاندهنده یک سیستم مرتبه 3 غیرخطی چندمتغیره بسیار پیچیده خواهد بود.
	3-3- قانون کنترل در راهبرد کنترل ولتاژ
	3-4- شبیهسازی سیستم کنترل
	3-5- نتیجهگیری

