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(XCK/TO) PBO ] 1 40 [ PAO (ADCO)
(T1) PB1 O] 2 39 1 PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 [ PA2 (ADC2)
(OCO/AIN1) PB3 ] 4 37 [0 PA3 (ADC3)
(85) PB4 ] 5 36 [ PA4 (ADCA4)
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(0C1B) PD4 ] 18 23 [0 PC1 (SDA)
(oc1A) PD5 ] 19 22 1 PCO (SCL)
(ICP1) PD6 ] 20 21 [7 PD7 (OC2)
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L1=link([0 1 0 0 0]);
L2=link([pi 1 0 0 0]);
L3=link([0 0 0 0 1]);
L4=link([0 0 0 .5 0]);

figure(1)
scara=robot({L1,L2,L3,L4},'SCARA");
s0=[pi/2,pi/2,1,0];

plot(scara,s0);

T=fkine(scara,s0)

q=ikine(scara,T)

Ts0=fkine(scara,s0)

q0



figure(2)
scaral=robot({L1,L2,L3,L4},'SCARAT');
s1=[pi/2,pi/2,0,pi/2];

plot(scaral,s1);

T1=fkine(scara1,s1)
q1=ikine(scaral,T1)
T1_q1=fkine(scara1,s1)
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Private Sub IKEN_Click()
sendcmd.Enabled = False
a2=0.2

a3=0.15

d1=0.15
s=(a2)~2+(a3)"2
q=(a2)"2-(a3)"2

x =0.01 * Val(tx.Text)

y = 0.01 * Val(ty.Text)

z =0.01 * Val(tz.Text)

a1



theta = Val(tt.Text)
r=x"2+y~"2
xy.Text = 10000 * r
If r<0.0025 Orr>0.1225 Then
tx.Text ="

ty. Text =""

tet2.Text ="

tetl.Text ="”

GoTo I1

End If

v=((2*r*s)-(q"2)-(r"2))"(0.5)

vxl=r-s

VX2 =r+q

dd3=dl-z

d3 = Int(100 * dd3)

tt2 = (180 / 3.1416) * Atn(vy / (vx1 + 0.0001))

If vx1 <0 Then tt2 = 180 + tt2

tttl = (180 /3.1416) * Atn(y / (x + 0.0001))

If x<0Andy>0Then tttl = 180 + tttl

If x<0Andy<=0Then tttl = ttt1 - 180

ttl =(180/3.1416) * Atn(vy / (vx2 + 0.0001))

If vx2 <0 Then tt1 =180 + tt1

ttl =tttl - ttl

tet2.Text = Int(tt2)

tetl.Text = Int(ttl)

If Int(tt2) > 135 Or Int(tt2) < -135 Or Int(tt1) > 125 Or Int(tt1) < -125 Then
ty.BackColor = &H8080FF

tx.BackColor = &H8080FF

End If

If d3>150rd3<0Then

td3.Text = d3

v



tz.BackColor = &H8080FF

End If

If theta > 180 Or theta < -180 Then
tet.Text = theta

tt.BackColor = & H8080FF

End If

If Int(tt2) > 135 Or Int(tt2) < -135 Or Int(tt1) > 125 Or Int(tt1) < -125 Or d3 > 15 Or d3 < 0 Or theta >
180 Or theta < -180 Then GoTo |1

t2 = Int(tt2)

td3.Text = d3(t1 = Int(tt1)
tet.Text = theta
tz.BackColor = &HFFFFFF
tt.BackColor = &HFFFFFF
tx.BackColor = &HFFFFFF
ty.BackColor = &HFFFFFF
sendcmd.Enabled = True
11:

End Sub
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"regfile "m32def.dat
crystal = 8000000

Config Spi = Hard , Interrupt = On, Data Order = Lsb , Master = No, Polarity = High , Phase =0,
Clockrate = 128

Config Int0 = Rising

Config Int1 = Rising

Config Timer0 = Counter , Edge = Falling

Config Timerl = Timer, Prescale = 64

Config Timer2 = Pwm , Prescale = 64 , Pwm = On, Compare Pwm = Clear Up

Config Lcdpin = Pin, Db4 = Pinc.2 , Db5 = Pinc.3, Db6 = Pinc.4 , Db7 = Pinc.5, Rs = Pinc.0, E = Pinc.1
Configlcd=16 *2

Config Portd.6 = Qutput

Config Portd.5 = Output

Config Portd.0 = Qutput

Config Portd.1 = Qutput

Dim X As Byte , Ct As Single , Ct1 As Single , A As Word , B As Byte , C As Single , Q As Byte J As Single
Dim P As Integer, P2 As Byte , Pu As Word, Drift As Bit, W As Single , Ts As Single , Pc As Single

Dim Kp As Single , Kd As Single , E As Single , Edot As Single , EI As Single , X0 As Byte , B As Single



Dim Astart As Byte , Astop As Word , Bstart As Single , Bstop As Single , Pwmmax As Byte , StartO As
Bit

Dim Sa As Integer , Sal As Byte , Sa2 As Byte, Sx As Byte , Give As Bit, Pold As Integer, Pnew As
Integer

Dim Dc As Single , Pd As Single , Ff As Single , Kv As Single , Xx As Single , Ct1 As Single
J Const = 0.00000146

B Const = 0.0000083

Dirr Alias Portd.6

Brk Alias Portd.5

Sel2 Alias Portd.0

Dil Alias Portd.1

Kp =10
Kd=1

Cls

" Led" SLAVE1
Cursor Off
Sa=0

Reset Brk
Reset Give
Reset Start0
Reset Sel2
Pold=0

Gosub Initialization

Enable Interrupts

Enable Int0

On Int0 Show_start

Enable Intl

On Int1 Backlashl

Y EA



Enable Spi
On Spi S_isr

Spiinit

Enable Timer0O

On Timer0 CO_isr

Do

If Start0 = 1 Then
Disable Interrupts
If P>0Then
Reset Dirr

Elseif P <0 Then
Set Dirr

Else

Reset Start0
Locate 2,1

" " Lcd
Locate2,1
LedP;" ";Pold;" "; Pnew
Goto Ex1

End If

Gosub Startl
Counter0 = 245
Enable Interrupts
A=0:Give=0
Gosub Main_loop
End If

JEx1

Ocr2=0

V€4



Enable Interrupts
Loop

End

JS_isr
Give=0:P=0:Pu=0:Pnew=0:C=0:B=0:X0=0
Sal=0:5a2=0:5a=0:5x=0:P2=0:A=0
Disable Interrupts

SpiinSal,1

Do

Spiin Sx, 1

If Sx = 255 Then Exit Do

Loop

Spiin Sa2, 1

Enable Interrupts

Return

Show_start:
Disable Interrupts
If Sal =0 Then
Pnew = Sa2

Elseif Sal =1 Then

Pnew = -sa2
Else
Locate 2, 10

"Lcd "Error
End If
P = Pnew - Pold

Pold = Pnew

Yo



Cls

Led "p:"; P; "o:"; Pold; "n:" ; Pnew

Counter0 =245
Set Start0
Enable Interrupts

Return

:Main_loop

Do

If Give =0 Then
E=Pu-A

Edot =E - El
Edot = Edot / Ts
Pc=Kp*E

Dc =Kd * Edot
Pd = Pc+ Dc
El=E
'CT=(J"s+b")8"
Ctl=1J*Acc
Ct=B* Vel
Ct=Ct1 +Ct
Ff=0

Kv = Ff + Pd

Kv = Kv + Xx

Xx =Kv - ct

Gosub Dynamic_limiter

(B = Round(c
Ocr2=8B
Else

Goto Exit2

'for point to point control feedforward statement is zero

Vo)



End If

Loop

:Exit2
Give=0:P=0:Pu=0:Pnew=0:C=0:B=0:ResetStart0:X0=0
Sal=0:5a2=0:5a=0:5x=0:P2=0:A=0:Reset Give

Counter0 =245

Return

SStartl

(Pu = Abs(p

Set Drift

Astart = 69

Astop =65

Locate2,1

" " Lcd

Locate 2,1

LedP;" ";Pold;" "; Pnew

Pwmmax = 150
Gosub Limit_pwm
A=0

Return

JT1 isr

Stop Timerl

Cls

"Lcd "t1 ovf occur
Timerl=0

Start Timerl

Return

Yoy



:CO_isr

Stop Timerl
Incr A

If A=PuThen
A=0
Ocr2=0

Set Brk
Waitms 200
Reset Brk

Set Give

If Dirr =1 Then
Reset Dil
Else

Set Dil

End If

Set Sel2
Reset Sel2
End If

Ts=Timerl * 8

Ts =Ts / 1000000

Timerl=0
velO=vel
Vel=1/Ts
Rad = Pi/ 180
Vel = Vel / Rad
Acc = Vel - velO
Acc =Acc/ Ts
Acc = Acc / Rad

Start Timerl

'set intl of joint 2 for overcome the backlash

'degree/sec

'rad/sec

'degree/sec2

'rad/sec2

oY



Toggle Drift

If Drift =1 Then
CounterO = 246
Else

Counter0 = 245
End If

Return

:Dynamic_limiter
ais current position’
If A< P2 Then

C = Bstart * Kv
C=C+ Astart

Else

C = Bstop * Kv
C=C+ Astop

End If

Return

!Initialization
Reset Dirr
Ocr2 =65
Wait 5
Ocr2=0
Wait 1

Set Dirr
Ocr2 =66
Counter0=0

L1

Yot



If Counter0 < 200 Then Goto L1

Incr X0

Counter0=0

If X0 <=5 Then Goto L1
X0=0

Counter0=0

;L2

If Counter0 < 124 Then Goto L2

Ocr2=0
Set Brk
Waitms 200
Reset Brk
Waitms 100

Return

sLimit_pwm

If Pu<5Then
Q=Astart+0
W=0.1*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 10 Then

Q= Astart+2
W=0.4*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 20 Then

Q =Astart+3

W =0.8*Kv

(Pwmmax = Round(w

Yoo



Pwmmax = Q + Pwmmax
Elseif Pu< 30 Then

Q =Astart+4

W = Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 40 Then

Q= Astart +5
W=1.2*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 50 Then

Q =Astart+6
W=1.4%*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 60 Then
Q=Astart+7

W =1.5*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 70 Then

Q= Astart+8
W=1.6*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 80 Then

Q =Astart+9
W=1.7*Kv

(Pwmmax = Round(w

Pwmmax = Q + Pwmmax

Yo



Elseif Pu<90 Then

Q = Astart + 10

W =1.8*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 120 Then

Q = Astart + 12

W=1.9 *Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 150 Then

Q= Astart+14

W =2 *Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 180 Then

Q = Astart + 16

W =2.2%*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu <230 Then

Q = Astart + 18
W=2.4%*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 260 Then

Q = Astart + 20

W =2.6*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax

Else

Yov



Pwmmax = Astart + 10

Cls

"lcd "pwm overlap

End If

If Pwmmax > 120 Then Pwmmax = 120

If Z< .7 Then Pwmmax = 40

C=P/2

(C = Abs(c

(P2 = Round(c

C =Pwmmax - Astart
C=C/P2

Bstart=C

A =2 * Pwmmax
Astop = A - Astop

C = Pwmmax - Astop
C=C/P2

Bstop=C

Return

‘

end of program

"regfile "m32def.dat$
crystal = 8000000$

Config Spi = Hard , Interrupt = On, Data Order = Lsb , Master = No, Polarity = High , Phase =0,
Clockrate =128

Config Int0 = Rising
Config Intl = Rising
Config Timer0 = Counter , Edge = Falling

Config Timerl = Timer, Prescale = 64

VoA



Config Timer2 = Pwm , Prescale =64 , Pwm = On, Compare Pwm = Clear Up

Config Ledpin = Pin, Db4 = Pinc.2 , Db5 = Pinc.3, Db6 = Pinc.4 , Db7 = Pinc.5, Rs = Pinc.0, E = Pinc.1
Configlcd=16 *2

Config Portd.6 = Output

Config Portd.5 = Output

Config Portd.0 = OQutput

Config Portd.1 = Qutput

Dim X As Byte , Ct As Single , Ct1 As Single , A As Word , B As Byte , C As Single , Q As Byte J As Single
Dim P As Integer, P2 As Byte , Pu As Word, Drift As Bit, W As Single , Ts As Single , Pc As Single

Dim Kp As Single , Kd As Single , E As Single , Edot As Single , El As Single , X0 As Byte , B As Single

Dim Astart As Byte , Astop As Word , Bstart As Single , Bstop As Single , Pwmmax As Byte , Start0 As
Bit

Dim Sa As Integer , Sal As Byte , Sa2 As Byte , Sx As Byte , Give As Bit, Pold As Integer , Pnew As
Integer

Dim Dc As Single , Pd As Single , Ff As Single , Kv As Single , Xx As Single , Ct1 As Single
J Const = 0.00000135

B Const = 0.0000031

Dirr Alias Portd.6

Brk Alias Portd.5

Sel2 Alias Portd.0

Dil Alias Portd.1

Kp =10

Kd=1.2

Cls

" Led" SLAVE2
Cursor Off

Sa=0

Reset Brk

Reset Give

Reset Start0

Reset Sel2

Yed



Pold=0

Gosub Initialization

Enable Interrupts
Enable Int0

On Int0 Show_start

Enable Intl

On Int1 Backlashl

Enable Spi
On Spi S_isr

Spiinit

Enable Timer0

On Timer0 CO_isr
Do

If Start0 = 1 Then
Disable Interrupts
If P>0Then
Reset Dirr

Elseif P <0 Then
Set Dirr

Else

Reset Start0
Locate2,1

" " Lcd
Locate2,1
LedP;" ";Pold;" "; Pnew
Goto Ex1

End If

Y.



Gosub Startl
Counter0 = 245
Enable Interrupts
A=0:Give=0
Gosub Main_loop
End If

JExa

Ocr2=0

Enable Interrupts
Loop

End

IS _isr
Give=0:P=0:Pu=0:Pnew=0:C=0:B=0:X0=0
Sal=0:5a2=0:5a=0:5x=0:P2=0:A=0
Disable Interrupts

Spiin Sal,1

Do

Spiin Sx, 1

If Sx = 255 Then Exit Do

Loop

SpiinSa2,1

Enable Interrupts

Return

:Show_start
Disable Interrupts
If Sal =0 Then

Pnew = Sa2

AR R



Elseif Sal =1 Then

Pnew = -sa2
Else
Locate 2,10

"Lcd "Error
End If

P =Pnew - Pold
Pold = Pnew

Cls

Led "p:"; P; "o:"; Pold; "n:" ; Pnew

Counter0 = 245
Set StartO
Enable Interrupts

Return

:Main_loop

Do

If Give =0 Then
E=Pu-A
Edot=E - El
Edot = Edot / Ts
Pc=Kp*E

Dc =Kd * Edot
Pd =Pc+Dc
El=E
'CT=(J"s+b")8’
Ctl=1J* Acc
Ct=B* Vel
Ct=Ctl+Ct

Ff=0

'for point to point control feedforward statement is zero

1y



Kv = Ff + Pd

Kv = Kv + Xx

Xx =Kv -ct

Gosub Dynamic_limiter

(B = Round(c

Ocr2=8B

Else

Goto Exit2

End If

Loop

JExit2
Give=0:P=0:Pu=0:Pnew=0:C=0:B=0:ResetStart0:X0=0
Sal=0:5a2=0:5a=0:5x=0:P2=0:A=0:Reset Give

Counter0 =245

Return

sStartl

(Pu = Abs(p

Astart = 100

Astop =95

Locate2,1

" " Lcd

Locate 2,1

LedP;" ";Pold;" "; Pnew

Pwmmax = 200
Gosub Limit_pwm
A=0

Return

Yy



T2 isr

Stop Timerl

Cls

"Lcd "t1 ovf occur
Timerl=0

Start Timerl

Return

2CO_isr

Stop Timerl
Incr A

If A=PuThen
A=0

Ocr2=0

Set Brk
Waitms 200
Reset Brk

Set Give

If Dirr =1 Then
Reset Dil

Else

Set Dil

End If

Set Sel2

Reset Sel2

End If
Ts=Timerl * 8
Ts =Ts / 1000000
Timerl=0

velO=vel

'set intl of joint 2 for overcome the backlash

V¢



Vel=1/Ts
Rad = Pi/ 180
Vel = Vel / Rad
Acc = Vel - velO
Acc=Acc/Ts
Acc = Acc / Rad
Start Timerl
Counter0 = 255
End If

Return

:Dynamic_limiter

ais current position’

If A< P2 Then
C = Bstart * Kv
C=C+ Astart
Else

C = Bstop * Kv
C=C+ Astop
End If

Return

!Initialization
Reset Dirr
Ocr2 =100
Wait 5
Ocr2=0
Wait 1

Set Dirr

'degree/sec

'rad/sec

'degree/sec2

'rad/sec2

\le



Ocr2 =100

Counter0=0

L1

If Counter0 <138 Then Goto L1
Ocr2=0

Set Brk

Waitms 200

Reset Brk

Waitms 100

Return

:Backlash

Disable Interrupts
If Start0 = 0 Then
Dirl = Dil

Blash = Counter0
If Blash > 20 Then Goto Ex5
Counter0=0

If Dirl =0 Then
Set Dirr

Else

Reset Dirr

End If

L4

Blashc =Blash / 1.6

(Blash = Round(blashc

Ocr2 =100

If Counter0Q <> Blash Then Goto L4
Ocr2=0

Set Brk

Y1



Waitms 200
Reset Brk
Wait 1

JEX5

End If

Blash =0

Counter0 = 255

Locate2,1

" " Lcd
Locate 2,1

Lcd Blash ;" " ; Dirl
Enable Interrupts

Return

sLimit_pwm

If Pu<5Then
Q=Astart+0

W =0.1*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 10 Then

Q = Astart +2

W =0.4*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 20 Then

Q =Astart+3

W =0.8*Kv

(Pwmmax = Round(w

Pwmmax = Q + Pwmmax

Yy



Elseif Pu< 30 Then

Q =Astart+4

W = Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 40 Then
Q=Astart+5
W=1.2*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 50 Then

Q= Astart+6
W=1.4*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 60 Then

Q= Astart+7

W =1.5*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 70 Then
Q=Astart+8
W=1.6*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 80 Then
Q=Astart+9
W=1.7*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax

Elseif Pu <90 Then

VA



Q = Astart + 10
W=1.8*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 120 Then

Q = Astart + 12
W=1.9*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 150 Then

Q= Astart+14

W =2*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 180 Then

Q = Astart + 16
W=2.2*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu <230 Then

Q = Astart + 18

W =2.4%*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 260 Then

Q = Astart + 20

W =2.6*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Else

Pwmmax = Astart + 10

14



Cls

"lcd "pwm overlap

End If

If Pwmmax > 120 Then Pwmmax = 120

If Z<.7 Then Pwmmax =40

C=P/2

(C = Abs(c

(P2 = Round(c

C =Pwmmax - Astart
C=C/P2

Bstart=C

A =2 * Pwmmax
Astop = A - Astop

C =Pwmmax - Astop
C=C/P2

Bstop=C

Return

’

end of program

"regfile "m32def.dat$
crystal = 8000000$

Config Spi = Hard , Interrupt = On, Data Order = Lsb , Master = No, Polarity = High , Phase =0,
Clockrate =128

Config Int0 = Rising

Config Int1 = Rising

Config Timer0 = Counter , Edge = Falling
Config Timerl = Timer , Prescale = 64

Config Timer2 = Pwm , Prescale = 64 , Pwm = On, Compare Pwm = Clear Up

YV



Config Lcdpin = Pin, Db4 = Pinc.2, Db5 = Pinc.3, Db6 = Pinc.4 , Db7 = Pinc.5, Rs = Pinc.0, E = Pinc.1
Configlcd =16 *2

Config Portd.6 = OQutput

Config Portd.5 = Output

Config Portd.0 = Output

Config Portd.1 = Qutput

Dim X As Byte, Ct As Single, Ct1 As Single , A As Word , B As Byte , C As Single , Q As Byte J As Single
Dim P As Integer , P2 As Byte , Pu As Word , Drift As Bit, W As Single, Ts As Single , Pc As Single

Dim Kp As Single , Kd As Single , E As Single , Edot As Single , El As Single , X0 As Byte , B As Single

Dim Astart As Byte , Astop As Word , Bstart As Single , Bstop As Single , Pwmmax As Byte , Start0 As
Bit

Dim Sa As Integer , Sal As Byte , Sa2 As Byte, Sx As Byte , Give As Bit, Pold As Integer , Pnew As
Integer

Dim Dc As Single , Pd As Single , Ff As Single , Kv As Single , Xx As Single , Ct1 As Single
J Const = 0.000000372

B Const = 0.00000243

Dirr Alias Portd.6

Brk Alias Portd.5

Sel2 Alias Portd.0

Dil Alias Portd.1

Cls

" Led" SLAVE3
Cursor Off

Sa=0

Reset Brk

Reset Give

Reset Start0

Reset Sel2

Pold=0

ARA



Gosub Initialization

Enable Interrupts
Enable Int0

On Int0 Show_start

Enable Intl

On Int1 Backlash1l

Enable Spi
On Spi S_isr

Spiinit

Enable Timer0

On Timer0 CO_isr

Do

If Start0 = 1 Then
Disable Interrupts
If P>0Then
Reset Dirr

Elseif P <0 Then
Set Dirr

Else

Reset Start0
Locate 2,1

" " Lcd
Locate2,1
LedP;" ";Pold;" "; Pnew

Goto Ex1

ARA



End If

Gosub Startl
Counter0 = 245
Enable Interrupts
A=0:Give=0
Gosub Main_loop
End If

JEx1

Ocr2=0

Enable Interrupts
Loop

End

IS _isr
Give=0:P=0:Pu=0:Pnew=0:C=0:B=0:X0=0
Sal=0:5a2=0:5a=0:5x=0:P2=0:A=0
Disable Interrupts

Spiin Sal,1

Do

Spiin Sx, 1

If Sx = 255 Then Exit Do

Loop

SpiinSa2,1

Enable Interrupts

Return

:Show_start
Disable Interrupts

If Sal =0 Then

VY



Pnew = Sa2

Elseif Sal =1 Then

Pnew = -sa2
Else
Locate 2, 10

"Lcd "Error

End If

P = Pnew - Pold
C=3*P

(P = Round(c
Pold = Pnew

Cls

Led "p:"; P; "o:"; Pold; "n:" ; Pnew
Counter0 = 255
Set StartO

Enable Interrupts

Return$

:Main_loop

Do

If Give =0 Then
E=Pu-A
Edot=E - El
Edot = Edot / Ts
Pc=Kp *E

Dc =Kd * Edot
Pd =Pc+Dc
El=E
'CT=(J"s+b")8’

Ctl=1J* Acc

\ve



Ct=B* Vel

Ct=Ct1+Ct

Ff=0 'for point to point control feedforward statement is zero
Kv = Ff + Pd

Kv = Kv + Xx

Xx =Kv -ct

Gosub Dynamic_limiter

(B = Round(c

Ocr2=8B

Else

Goto Exit2

End If

Loop

JExit2
Give=0:P=0:Pu=0:Pnew=0:C=0:B=0:ResetStart0:X0=0
Sal=0:5a2=0:5a=0:5x=0:P2=0:A=0:Reset Give

Counter0 = 245

Return

sStartl

(Pu = Abs(p

Set Drift

Astart =30

Astop = 20

Locate2,1

" " Lcd
Locate2,1

LedP;" ";Pold;" "; Pnew
Pwmmax = 150

Gosub Limit_pwm

\ve



A=0

Return

T2 isr

Stop Timerl

Cls

"Lcd "t1 ovf occur
Timerl=0

Start Timerl

Return

:CO_isr

Stop Timerl
Incr A

If A=PuThen
A=0
Ocr2=0

Set Brk
Waitms 200
Reset Brk

Set Give

If Dirr =1 Then
Reset Dil
Else

Set Dil1

End If

Set Sel2
Reset Sel2

End If

'set intl of joint 2 for overcome the backlash

yva



Ts=Timerl * 8

Ts =Ts / 1000000

Timerl=0
velO=vel
Vel=1/Ts
Rad = Pi/ 180
Vel = Vel / Rad
Acc = Vel - velO
Acc=Acc/Ts
Acc = Acc / Rad
Start Timerl
Counter0 = 255
End If

Return

:Dynamic_limiter

a is current position”’

If A< P2 Then
C = Bstart * Kv
C=C+ Astart
Else

C = Bstop * Kv
C=C+Astop
End If

Return

Initialization
Reset Dirr

Ocr2 =30

'degree/sec

'rad/sec

'degree/sec2

'rad/sec2
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Wait 5

Ocr2=0

Wait 1

Set Dirr

Ocr2 =30

Counter0=0

L1

If Counter0 < 200 Then Goto L1
Incr X0

Counter0=0

If X0 <=5 Then Goto L1

X0=0

Counter0=0

;L2

If CounterO < 124 Then Goto L2
Ocr2=0

Set Brk

Waitms 200

Reset Brk

Waitms 100

Return

sLimit_pwm

If Pu<5Then

Q =Astart+0

W =0.1*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 10 Then

Q= Astart+2
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W =0.4*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 20 Then

Q= Astart +3

W =0.8*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu <30 Then
Q=Astart+4

W = Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 40 Then

Q= Astart +5
W=1.2%*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu <50 Then
Q=Astart+6
W=1.4%*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 60 Then

Q = Astart+7

W =1.5*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu< 70 Then

Q= Astart+8

W=1.6*Kv
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(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 80 Then
Q=Astart+9
W=1.7*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu <90 Then

Q = Astart+ 10
W=1.8*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 120 Then

Q = Astart + 12

W=1.9 *Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 150 Then

Q = Astart + 14

W =2 *Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 180 Then

Q = Astart + 16

W =2.2*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Elseif Pu < 230 Then

Q = Astart + 18
W=2.4%*Kv

(Pwmmax = Round(w
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Pwmmax = Q + Pwmmax
Elseif Pu < 260 Then

Q = Astart + 20

W =2.6*Kv

(Pwmmax = Round(w
Pwmmax = Q + Pwmmax
Else

Pwmmax = Astart + 10
Cls

"lcd "pwm overlap

End If

If Pwmmax > 60 Then Pwmmax = 60

If Z< .7 Then Pwmmax = 40

C=P/2

(C = Abs(c

(P2 = Round(c

C =Pwmmax - Astart
C=C/P2

Bstart=C

A =2 * Pwmmax
Astop = A - Astop

C = Pwmmax - Astop
C=C/P2

Bstop=C

Return

‘{

end of program
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"regfile "m32def.dat$
crystal = 8000000$

Config Spi = Hard , Interrupt = On, Data Order = Lsb , Master = No, Polarity = High , Phase =0,
Clockrate = 128

Config Int0 = Rising

Config Timer2 = Pwm , Prescale = 64 , Pwm = On, Compare Pwm = Clear Up

Config Timer0 = Counter , Edge = Falling

Config Timerl = Timer , Prescale = 64

Config Lcdpin = Pin, Db4 = Pinc.2, Db5 = Pinc.3 , Db6 = Pinc.4 , Db7 = Pinc.5, Rs = Pinc.0, E = Pinc.1
Configlcd =16 *2

Config Portd.6 = OQutput

Config Portd.5 = Output

Dim X As Byte , A As Word , B As Byte , C As Single , P As Integer, P2 As Byte, Pu As Word

Dim Astart As Byte , Astop As Word , Bstart As Single , Bstop As Single , Pwmmax As Byte , StartO As
Bit

Dim Sa As Integer , Sal As Byte , Sa2 As Byte, Sx As Byte , Give As Bit, Pold As Integer , Pnew As
Integer

Dirr Alias Portd.6

Brk Alias Portd.5

Cls

" Led" SLAVE3
Cursor Off

Sa=0

Reset Brk

Reset Give

Reset Start0
Pold=0

Gosub Goto_home
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Enable Interrupts
Enable Int0

On Int0 Show_start

Enable Spi
On Spi S_isr

Spiinit

Enable Timer0O

On Timer0 CO_isr

Do

If Start0 = 1 Then
Disable Interrupts
If P>0Then
Reset Dirr

Elseif P <0 Then
Set Dirr

Else

Reset Start0
Locate2,1

" " Lcd
Locate 2,1
LedP;" ";Pold;" "; Pnew
Goto Ex1

End If

Gosub Startl
Counter0 = 255
Enable Interrupts

A=0:Give=0
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Gosub Main_loop

End If

JEx1

Ocr2=0

Enable Interrupts
Loop

End

JS_isr
Give=0:P=0:Pu=0:Pnew=0:C=0:B=0
Sal=0:5%32=0:5a=0:5%x=0:P2=0:A=0
Disable Interrupts

Spiin Sal,1

Do

Spiin Sx, 1

If Sx = 255 Then Exit Do

Loop

Spiin Sa2, 1

Enable Interrupts

Return

:Show_start
Disable Interrupts
If Sal =0 Then
Pnew = Sa2

Elseif Sal =1 Then

Pnew = -sa2
Else
Locate 2, 10

"Lcd "Error

VAL



End If

P =Pnew - Pold
C=P/5.625

(P = Round(c
Pold = Pnew

Cls

Led "p:"; P; "o:"; Pold; "n:" ; Pnew

Counter0 = 255
Set StartO
Enable Interrupts

Return

Main_loop
Do

If Give =0 Then
If A<P2Then
C=Bstart * A
C=C+ Astart
Else
C=Bstop * A
C=C+ Astop
End If

(B = Round(c
Ocr2=8B

Else

Goto Exit2
End If

Loop

JExit2

VAo



Give=0:P=0:Pu=0:Pnew=0:C=0:B=0:Reset Start0
Sal=0:5a2=0:Sa=0:5x=0:P2=0:A=0:Reset Give

Counter0 = 255

Return

sStartl

(Pu = Abs(p

Astart = 20

Astop =17

Locate2,1

" " Lcd

Locate 2,1

LedP;" ";Pold;" "; Pnew

Pwmmax = 60
Gosub Pass
A=0

Return

:CO_isr

Incr A

If A=PuThen
A=0
Ocr2=0

Set Brk
Waitms 200
Reset Brk

Set Give

End If
Counter0 = 255

Return

YA



!Goto_home
Set Dirr

Ocr2 =20
Counter0=0
HN

If CounterO < 16 Then Goto L1
Counter0 = 255
Ocr2=0

Set Brk
Waitms 200
Reset Brk

Return

IPass

If Pu<5Then
Pwmmax = Astart + 0
Elseif Pu< 10 Then
Pwmmax = Astart + 2
Elseif Pu <20 Then
Pwmmax = Astart + 4
Elseif Pu< 30 Then
Pwmmax = Astart + 6
Elseif Pu <40 Then
Pwmmax = Astart + 8
Elseif Pu < 50 Then
Pwmmax = Astart + 10
Elseif Pu < 60 Then
Pwmmax = Astart + 12
Elseif Pu< 70 Then
Pwmmax = Astart + 14

Elseif Pu < 80 Then
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Pwmmax = Astart + 16
Elseif Pu<90 Then
Pwmmax = Astart + 20
Elseif Pu < 120 Then
Pwmmax = Astart + 25
Elseif Pu < 150 Then
Pwmmax = Astart + 30
Elseif Pu <= 180 Then
Pwmmax = Astart + 35
Else

Pu =60

End If

C=P/2

(C = Abs(c

(P2 = Round(c

C = Pwmmax - Astart
c=C/P2

Bstart=C

A =2 * Pwmmax
Astop = A - Astop

C =Pwmmax - Astop
C=C/P2

Bstop=C

Return

end of program
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: Visual Basic Interface 4l ,,

Option Explicit

Dim x As Single, y As Single, z As Single, theta As Integer, d3 As Integer

Dim dd3 As Single, t1 As Single, tt2 As Double, t2 As Single, tt1 As Double, tttl As Double
Dim a2 As Single, a3 As Single, d1 As Single, r As Single, s As Single, g As Single

Dim vx1 As Single, vx2 As Single, vy As Double

Dim signl As Byte, sign2 As Byte, stl As Byte, st2 As Byte

Dim sign4 As Byte, st3 As Byte, st4 As Byte

()Private Sub ang_Click
sendcmd.Enabled = False
((t1 = Int(Val(t1j.Text

((t2 = Int(Val(t2j.Text
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((d3 = Int(Val(d3j.Text

((theta = Int(Val(wj.Text

Ift2>1300Ort2<-130 Or t1 >125Or t1 <-125 Then
t1j.BackColor = & H8080FF

t2j.BackColor = & H8080FF

End If

If d3>150rd3<0Then

d3j.BackColor = &H8080FF

End If

If theta > 180 Or theta < -180 Then

wj.BackColor = &H8080FF

End If

Ift2>1300rt2<-1300rtl1>1250rtl1<-1250r d3 > 15 Or d3 <0 Or theta > 180 Or theta < -180
Then GoTo I1

tlj.BackColor = & HFFFFFF
t2j.BackColor = & HFFFFFF
d3j.BackColor = &HFFFFFF
wj.BackColor = &HFFFFFF

sendcmd.Enabled = True

Ift1 <0 Then
signl=1
(st1 = Abs(tl
Else
sighl=0
stl=tl

End If
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If t2< 0 Then
sign2 =1
(st2 = Abs(t2
Else

sign2 =0

st2 =t2

End If

st3=d3

If theta < 0 Then
signd =1

(st4 = Abs(theta
Else

signd =0

st4 = theta

End If

(MSComm1.0utput = ChrS$(signl
Timerl.Interval = 10
Timer2.Interval = 20
Timer3.Interval = 30
Timer4.Interval = 40
Timer5.Interval = 50
Timer6.Interval = 60
Timerl.Enabled = True
Timer2.Enabled = True
Timer3.Enabled = True
Timer4.Enabled = True
Timer5.Enabled = True

Timer6.Enabled = True
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End Sub

()Private Sub Form_Load
MSComm1.CommPort =1
"MSComm1.Settings = "9600,n,8,1
MSComm1.InputMode = comInputModeText
MSComm1.PortOpen = True

reccmd.Enabled = False

End Sub

(Private Sub Form_Unload(Cancel As Integer
MSComm1.PortOpen = False

End Sub

()Private Sub clear_Click
"" = tx.Text

"" = ty.Text
"" = tz.Text
"" = tt.Text
"" = tet2.Text
"" = tetl.Text
"" = td3.Text
"" = tet.Text

= xy.Text

End Sub

(Private Sub end_Click(Index As Integer
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sign1=0

st1=0

sign2 =0

st2=0

st3=0

sign4 =0

st4=0
(MSComm1.0utput = Chr$(signl
Timerl.Interval = 10
Timer2.Interval = 20
Timer3.Interval = 30
Timer4.Interval = 40
Timer5.Interval = 50
Timer6.Interval = 60
Timer7.Interval = 70
Timer8.Interval = 200
Timerl.Enabled = True
Timer2.Enabled = True
Timer3.Enabled = True
Timer4.Enabled = True
Timer5.Enabled = True
Timer6.Enabled = True
Timer7.Enabled = True
Timer8.Interval = True

End Sub

(Private Sub Image2_Click(Index As Integer

End Sub

()Private Sub sendcmd_Click
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Ift1 <0 Then
signl=1
(st1 = Abs(tl
Else
sign1=0
stl=tl

End If

Ift2 <0 Then
sign2=1
(st2 = Abs(t2
Else

sign2 =0

st2 =t2

End If

st3=d3

If theta < 0 Then
sign4 =1

(st4 = Abs(theta
Else

sign4 =0

st4 = theta

End If

(MSComm1.0utput = Chr$(signl
Timerl.Interval = 10
Timer2.Interval = 20

Timer3.Interval = 30
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Timer4.Interval = 40
Timer5.Interval = 50
Timer6.Interval = 60
Timer7.Interval = 70
Timer8.Interval = 200
Timerl.Enabled = True
Timer2.Enabled = True
Timer3.Enabled = True
Timer4.Enabled = True
Timer5.Enabled = True
Timer6.Enabled = True
Timer7.Enabled = True
Timer8.Enabled = True

End Sub

()Private Sub Text4_Change

End Sub

()Private Sub Timerl_Timer
Timerl.Enabled = False
(MSComm1.0utput = ChrS(stl
End Sub

()Private Sub Timer2_Timer
Timer2.Enabled = False
(MSComm1.0utput = ChrS$(sign2
End Sub

()Private Sub Timer3_Timer
Timer3.Enabled = False
(MSComm1.0utput = Chr$(st2

End Sub
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()Private Sub Timer4_Timer
Timer4.Enabled = False
(MSComm1.0utput = Chr$(signl
End Sub

()Private Sub Timer5_Timer
Timer5.Enabled = False
(MSComm1.0utput = Chr$(st3
End Sub

()Private Sub Timer6_Timer
Timer6.Enabled = False
(MSComm1.0utput = Chr$(sign4
End Sub

()Private Sub Timer7_Timer
Timer7.Enabled = False
(MSComm1.0utput = Chr$(st4
End Sub

()Private Sub Timer8_Timer
Timer8.Enabled = False
MSComm1.PortOpen = False
SCARA.Hide

End

End Sub

()Private Sub trans_Click
sendcmd.Enabled = False
a2=0.2

a3=0.15

d1=0.15
s=(a2)r2+(a3)"2
q=(a2)"2-(a3)"2

(x =0.01 * Val(tx.Text
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(v = 0.01 * Val(ty.Text

(z=0.01 * Val(tz.Text

(theta = Val(tt.Text
r=x"2+y~n2

xy.Text = 10000 * r

If r <0.0025 Or r >0.1225 Then
"" = tx.Text

"" = ty.Text
"" = tet2.Text
"" = tetl.Text

GoTo I1

End If

(vww=((2*r*s)-(a"2)-(r"2))~ (0.5
vxl=r-s

VX2 =r+q

dd3=dl-z

(d3 = Int(100 * dd3

((tt2 = (180 / 3.1416) * Atn(vy / (vx1 + 0.0001

If vx1 <0 Then tt2 = 180 + tt2

((tttl = (180 / 3.1416) * Atn(y / (x + 0.0001
If x<0Andy>0Then tttl = 180 + tttl

If x<0Andy<=0Then tttl = ttt1 - 180

((tt1=(180/3.1416) * Atn(vy / (vx2 + 0.0001

If vx2 < 0 Then tt1 =180 + tt1

ttl = tttl - ttl
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(tet2.Text = Int(tt2

(tetl.Text = Int(ttl

If Int(tt2) > 130 Or Int(tt2) < -130 Or Int(tt1) > 125 Or Int(tt1l) < -125 Then
ty.BackColor = &H8080FF
tx.BackColor = & H8080FF

End If

If d3>150rd3<0Then

td3.Text =d3

tz.BackColor = &HH8080FF

End If

If theta > 180 Or theta < -180 Then
tet.Text = theta

tt.BackColor = &H8080FF

End If

If Int(tt2) > 130 Or Int(tt2) < -130 Or Int(tt1) > 125 Or Int(tt1) < -125 Or d3 > 15 Or d3 < 0 Or theta >
180 Or theta < -180 Then GoTo I1

(t2 = Int(tt2
(t1 = Int(tt1
td3.Text = d3

tet.Text = theta
tz.BackColor = &HFFFFFF
tt.BackColor = &HFFFFFF
tx.BackColor = &HFFFFFF
ty.BackColor = &HFFFFFF
sendcmd.Enabled = True
21
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Abstract

Now a day the most scientific papers that published in authenic journals based
on practical experiment of control theories on mechanical systems. In order to
one of the current nonlinear mechanical system that we can impelement control
theory on it, is robot manipulator, furthermore accomplishment of this project
has been necessary in Shahrood University of Technology to stablish a good
headstock for student of electronics, robotics and control to designing,
constructing and control of same robots, so we decided to manufacture the
SCARA robot and after built of its frame, design of electronic circuit and getting
in touch with computer, applying our computed torquecontrol method on
it.

We hope to impelement of this project could called every one “we can do”

Key words: SCARA robot, Design and manufacture of robot, PC interfacing,

Position control, Computed torque control, Adaptive control
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