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APPENDIX A.  DRIVE PARAMETER IDENTIFICATION 

 Armature Resistance A.1

Armature resistance was found by 

1) Using a multi-meter: resistance was measured across the ports of the DC 

motor, the value was found to be 10.9 [Ohm] 

2) With the rotor shaft fixed, a constant voltage was applied to the ports of the 

motor, then the current and the voltage were noted down 

Table A.1: Measurements for Armature Resistance 

Voltage  
[v] 0.62 0.72 0.84 0.94 1.06 1.17 1.29 1.39 1.51 1.59 1.73 

Current 
[mA] 35.49 60.6 69.4 76.6 87.9 96.9 106.9 116.1 120.4 129.4 136.5 

 

 

Figure A.7.1: Motor current vs. voltage 

The slope gives the armature resistance, the value being 11.517 [Ohm] 
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y = 11.517*x + 0.084186

data 1

   linear
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 Motor Inductance A.2

Inductance was measured using an LCR meter. Mean value of 17 measurements 

were taken to be the inductance. 

 

Table A.2: Armature Inductance Measurements 

Value [uH] 

14.67 16.18 16.16 14.48 14.43 14.33 14.54 16.99 14.91 

14.55 14.68 14.64 16.42 14.07 14.1 14.55 15.33 
  

Mean value: 15.002 [uH] 

 

 Motor Constant  A.3

The motor constant is equal to the induced voltage in the armature winding divided 

by the angular velocity  

 
( )

input

e

V RI

t
K




   

Where: eK  is the motor constant and ( )t  is the angular velocity.  

Table A.3. Measurements for the Motor Constant 

Voltage Current 
Ang. 

Velocity 

[v] [mA] [rad/s] 

0.61 12.43 213.62 

0.65 12.98 219.19 

0.7 13.28 245.04 

0.73 13.8 251.32 

0.88 13.86 345.57 

0.99 13.99 370.7 

1.05 14.56 389.55 

1.13 14.75 420.97 

1.2 15.07 427.35 

1.27 15.37 452.39 

1.28 15.46 515.22 
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At different input voltages; voltage, current and angular velocity are noted down. 

The slope of the voltage vs. velocity gives the motor constant. 

 

Figure A.7.2: Angular velocity vs. armature voltage 

Mean motor constant: 0.0023056 [V.s] 

 Motor Friction A.4

Motor friction is determined by measuring the armature current and angular velocity, 

measurements from the previous sections were used.  

 ( ) ( ) ( )t m m mdry msticI K B t t t        

Where: mB  is the viscous friction, 
mdry  is the dry friction and mstic  is the stiction of 

the motor. Neglecting stiction, the slope of the plot tK I  vs. ( )t  gives the viscous 

friction of the motor. The intersection point of the y-axis gives the dry friction 

200 250 300 350 400 450 500 550
0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3
Voltage Vb=vi-R*i as a function of angular velocity

Angular velocity  [rad/s]

V
o
lt
g
e
 V

b
 [

v
]

 

 

 

y = 0.0023*x - 0.0076
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   linear
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Figure A.7.3: Motor angular velocity vs. torque 

The resultant viscous friction and dry friction components for the motor are: 

Viscous friction: 2.0895e-008 [Nm.s] 

Dry friction  :  2.4939e-005 [Nm] 

 

 Drive Friction A.5

Similar to motor friction, drive viscous and dry friction can be calculated via current 

and angular velocity measurements.  

As  before : ( ) ( ) ( )t m m mdry msticI K B t t t       

Velocity of the shaft with the gear train is estimated to be :  
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y = 2.1e-008*x + 2.5e-005

data 1

   linear
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Neglecting stiction, the slope of the plot tK I  vs. ( )t  gives the viscous friction of 

the drive. The intersection point of the y-axis gives the dry friction 

 

Table A.4. Measurements for the Drive Friction  

Voltage Current Ang. Velocity Ang. Velocity 

[v] [mA] 
Gear Shaft 

[rad/s] 
Motor shaft 

[rad/s] 

2.44 40 4.5029 878.60 

2.9 42 5.4454 1070.72 

3.25 43 6.0737 1219.39 

3.45 44 6.4926 1302.29 

3.6 46 6.8068 1358.50 

3.7 47 7.1209 1397.56 

 

 

Figure A.7.4: Drive angular velocity vs. torque 

The resultant viscous friction and dry friction components for the drive are: 

Viscous friction: 2.8599e-008[Nm.s] 

Dry friction  :  6.5152e-005 [Nm] 
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y = 2.9e-008*x + 6.5e-005

data 1

   linear
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 Motor Stiction A.6

Stiction torque is the starting friction imposed by the motor. By slowly increasing the 

torque applied to the motor shaft, it is possible to determine at what torque the motor 

begins to rotate. Stiction is calculated by measuring the current, at which the motor 

begins to rotate, and multiply by motor constant to get the torque. 

The current at which the motor begins to turn : 70.5[mA]; 

The resultant stiction torque:  1.3586e-004 [Nm.] 

 

 Drive Stiction A.7

Similar to motor stiction, starting friction of the drive, is calculated by ramping the 

input voltage as to increase input torque via the increasing current.  

The current at which the motor begins to turn: 95.0[mA]; 

The resultant stiction torque:  1.9175e-004 [Nm.] 
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APPENDIX B. USE CASE 

This section describes a simple use-case is described step-by-step. It is assumed that 

the Robotic manipulator and its software is setup, connected and the robotic 

manipulator is in the vicinity of the workspace. 

1. Set to “ready pose” using the software. 

2. In order to register the workspace; in the “Reg.” tab of the “Control Modes 

and Function; load the previously acquired model of the workspace. 

3. Using “Joint/Cart.” Tabs in the Control Modes, move the manipulator to each 

registration point, select the corresponding registration point and its target in 

the “Reg.” tab. Click “Register” once the registration points are selected. 

Once the registration is complete. The device is ready for use.  

4. In the “Path” Tab Paths can be loaded. The manipulator can traverse through 

a path using “Start/Stop” and “Pause” buttons 

 

 

Figure A.7.5: Client software interface 
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APPENDIX C. LIST OF COMMANDS 

 Command line Syntax C.1

G{CODE} a{value}1 b{value}…h{value} ; 

 Commands C.2

1. Help  

G0; 

Command displays help message 

2. Command base joints 

G1 a{theta1} b{ theta2} c{theta2}; 

Commands the first three joints in degrees 

3. Command upper joints 

G2 a{theta1} b{ theta2} c{theta2}; 

Commands the last three joints in degrees 

4. Command all joints 

G3 a{theta1} b{ theta2} c{theta2} d{theta4} e{ theta5} f{theta6}; 

Commands the all joints in degrees 

5. Command specific joint 

G4 a{joint} b{ theta}; 

Command specific joint angle in degrees 

6. Display calibration offsets 

G5; 

Command displays calibration offsets 

7. Calibrate Write 

G6 a{joint} b{value}; 

Writes the specific calibration value to the joint 
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APPENDIX D. LIST OF SIMULATION SCRIPTS 

This is a list of simulation scripts, provided in the CD. The MATLAB files requires 

Robotic Toolbox v9.8 

Model files 

mdl_mbot.m         Model including tool 

mdl_mbot_nt.m        Model without tool 

fGenIK_c1.m         Inverse Kinematics Generator 

fGenFK.m          Forward Kinematics Generator 

 

Control Generation 

My_pos_final_orig.m      Cascaded Controller, continuous, digital 

disMeorig .mdl         Cascaded Controller in Simulink 

disMeorigD.mdl         Cascaded Controller digital in Simulink 

disMe.mdl           Position only with velocity feed forward 

disMeDD.mdl          Position with velocity FF, in digital 

 

Validators 

S_hw_validation_1.m     Hardware validation of link movement 

verify_IK_random 

myBot_dhMod_verif_toolbox Verify Configuration using toolbox 

myBot_dhMod_verif     Verify Manually 

Dynamics.m          Calculate and verify Dynamic parameters 

trajectory_algo_via_points.m   Joint space trajectory generator 

ICP_validation        ICP_validation 

AOQ_validation        AOQ_validation 

 

Library generation 

DoFK.m 

doIK.m 

GoMx.m 

GoMy.m 
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GoMz.m 

GoX.m 

GoY.m 

GoZ.m 

probot.m           mybot model, print 

 

VB files 

Vb project folder 


