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	Send({0})
	Stop the robot (just in case it’s moving), clear the calculator screen and initialize lists, strings and constants for later use.

	ClrHome
	

	{2011,0,4,0,4,0,4,0,4,0,4,0,4,0,4,0,4,0,4,0,4,0,4,0,4,0,4,0,4,0,4,0,4}üáSSOFF
	

	{2011,2,0}üáSLTCH
	

	Send(áSSOFF)
	

	Send(áSLTCH)
	

	Send({0})
	

	12.55üZ
	

	{1999,2000,80,800,40}üáSOUNA
	

	{1999,2000,80,800,40,1200,60,1200,40}üáSOUNB
	

	"JMNWDF"üStr9
	

	Output(1,3,"** SAMTOW **")
	Display welcome screen

	Output(3,1,"PROVIDES WORK ON")
	

	Output(4,1,"REQUEST--RATES")
	

	Output(5,1,"BY THE JOULE.")
	

	Output(7,1,"LABPRO + EDE1200")
	

	Output(8,1,"<ENTER> TO START")
	

	Pause 
	

	ClrHome
	

	
	

	Lbl ME
	Main Menu

	Menu("SAMTOW","ZERO PROBE",ZP,"MEASURE F + P",M1,"SPECIFY A JOB",JB,"GRAPH",G,"QUIT",QU)
	

	
	

	Lbl ZP
	Zero force probe.

	ClrHome
	

	Output(1,1,"ZERO FORCE PROBE")
	

	Output(3,1,"SET ON 10-N")
	

	Output(4,1,"SCALE WITH NO")
	

	Output(5,1,"LOAD.")
	

	Output(8,2,"<ENTER> TO ZERO")
	

	Send(áSOUNA)
	

	Pause 
	

	ClrHome
	

	Send({0})
	

	Send({1,1,14,0,0,0})
	

	Send({3,.001,20,0,0,1,0,0,0,0})
	

	Get(L�)
	

	4.9*mean(L�)üZ
	

	Goto ME
	

	
	

	Lbl M1
	Screen instructions to measure force and position without moving the robot.

	ClrHome
	

	Output(1,1,"MEASURE F + P")
	

	Output(3,1,"POSITION SAM")
	

	Output(4,1,"READY TO START")
	

	Output(8,1,"<ENTER> TO BEGIN")
	

	Send(áSOUNA)
	

	Pause 
	

	ClrHome
	

	Send({0})
	Setup analog channel 1 and dig/sonic port 2 for data collection

	Send({1,1,14,0,0,1})
	

	Send({4,1,1,1,Z,ú4.9,0})
	

	Send({1,12,2,0,0,0})
	

	Output(1,1,"MEASUREMENT")
	Setup screen for data display

	Output(3,1,"FORCE   =      N")
	

	Output(4,1,"POSITION=      M")
	

	Output(8,1,"ANY KEY TO STOP")
	

	1üC
	Initialize cycle count, C, and set K to indicate no key was pressed

	0üK
	

	While K=0
	Collect and display data, averaged for burst of 5 until a key is pressed.

	Send({3,.05,5,0,0,1,0,0,0,0})
	

	Output(1,13,C)
	

	C+1üC
	

	Get(L�)
	

	Output(3,10,"      ")
	

	Output(3,10,round(mean(L�),2)
	

	Get(L�)
	

	Output(4,10,"      ")
	

	Output(4,10,round(mean(L�),3)
	

	getKeyüK
	

	End
	

	Goto ME
	Go back to the main menu

	
	

	Lbl JB
	Menu to select format for job specification

	Menu("SPECIFY JOB BY:","WORK (J)",WJ,"DISPLACMNT (M)",WD,"FORCE (N)",WF,"MAIN MENU",ME,"QUIT",QU
	

	
	

	Lbl WJ
	Setup for a job specified in terms of the desired work.

	ClrHome
	

	1üG
	

	Output(4,1,"SPECIFY JOB AS")
	

	Output(5,1,"WORK IN JOULES")
	

	Input "WORK NEEDED (J)?",B
	

	Input "TOLERANCE (J)  ?",H
	

	ClrHome
	

	Output(5,1,"WORK")
	

	Goto W
	

	
	

	Lbl WD
	Setup for a job specified in terms of the desired displacement.

	ClrHome
	

	2üG
	

	Output(4,1,"SPECIFY JOB AS")
	

	Output(5,1,"DISPLACEMENT IN")
	

	Output(6,1,"METERS.")
	

	Input "DISPLACEMNT (M)?",B
	

	Input "TOLERANCE (M)  ?",H
	

	ClrHome
	

	Output(5,1,"DISPLACEMENT")
	

	Goto W
	

	
	

	Lbl WF
	Setup for a job specified in terms of the desired force.

	ClrHome
	

	3üG
	

	Output(4,1,"SPECIFY JOB AS")
	

	Output(5,1,"FORCE IN NEWTONS")
	

	Input "FINAL FORCE (N)?",B
	

	Input "TOLERANCE (N)  ?",H
	

	ClrHome
	

	Output(5,1,"FORCE")
	

	
	

	Lbl W
	Start work screen

	Output(1,1,"USE 10-N SCALE")
	

	Output(2,1,"POSITION SAM")
	

	Output(3,1,"READY TO WORK.")
	

	Output(6,1,B)
	

	Output(6,7,sub(Str9,G,1))
	

	Output(6,9,"ORDERED")
	

	Lbl RS
	

	Output(8,1,"<ENTER> TO START")
	

	Send(áSOUNA)
	

	Pause 
	

	ClrHome
	Activate force probe in analog channel 1 using calibrated offset, Z, and activate sonic probe in Dig/Sonic port 2.

Store initial values for time, displacement, force in the corresponding lists.

Store M as the initial (reference) position for displacement.

	Send({1,1,14,0,0,1})
	

	Send({4,1,1,1,Z,ú4.9,0})
	

	Send({1,12,2,0,0,0})
	

	Send({3,.05,5,0,0,1})
	

	{0}üáT
	

	{0}üáD
	

	Get(L�)
	

	{mean(L�)}üáF
	

	Get(L�)
	

	mean(L�)üM
	

	Send({0})
	

	6üQ
	Set speed at medium high, Q=6, and record this as old speed, O

	QüO
	

	{2011,1,5,0,4,1,5,0,4,1,5,0,4,1,5,0,4,1,5,1,5,1,5,0,4,1,5,0,4,1,5,0,4}üáSSB
	Set EDE1200 control sequence for speed 6

	1üC
	Initialize cycle and data list counter

	ú9999üF
	Be sure the while loop runs at least once

	If G=1
	Determine direction for initial movement. (P=1 forward, P=0 back) Store as old direction, R

	(((B-L)*áF(1))ù0)üP
	

	If G=2
	

	(Bù0)üP
	

	If G=3
	

	1üP
	

	PüR
	

	If P=0
	If the initial direction is backwards, modify the control sequence for the EDE 1200

	Then
	

	1üáSSB(4)
	

	5üáSSB(5)
	

	0üáSSB(20)
	

	4üáSSB(21)
	

	End
	

	
	

	Output(1,1,"ORDERED  =")
	Setup display screen for output during movement

	Output(1,9,sub(Str9,G+3,1))
	

	Output(1,11,B)
	

	Output(1,16,sub(Str9,G,1))
	

	Output(2,1,"MEASUREMENT")
	

	Output(4,1,"FORCE   =      N")
	

	Output(5,1,"DSPLCMNT=      M")
	

	Output(6,1,"WORK    =      J")
	

	Output(7,1,"VELOCITY=")
	

	Output(7,11,((P-.5)*2*Q))
	

	Output(8,1,"ANY KEY TO BREAK")
	

	Send(áSSB)
	Send and latch signal for the robot to move.

	Send(áSLTCH)
	

	0üL
	Initialize L as no work done

	0üK
	Initialize K as no key pressed

	Send({1,1,14,0,0,1})
	Reactivate data ports for force and displacement sensors

	Send({4,1,1,1,Z,ú4.9,0})
	

	Send({1,12,2,0,0,0})
	

	
	

	While (abs(B-F)>H) and (C÷100) and (K=0)
	

	C+1üC
	Increment and display cycle count

	Output(2,13,C)
	

	Lbl RM
	Measure force and displacement 5 times at 0.05 s intervals and store the average values. Keep repeating until the standard deviation shows the displacement data is consistent.

	Send({3,.05,5,0,0,1})
	

	Get(L�)
	

	mean(L�)üáF(C)
	

	Get(L�)
	

	If stdDev(L�)>.02
	

	Goto RM
	

	M-mean(L�)üáD(C)
	

	(áF(C)+áF(C-1))/2*(áD(C)-áD(C-1))+LüL
	Increment the work done, L

	Output(4,13,"   ")
	Update display screen with current values for force, displacement and work done.

	Output(4,10,round(áF(C),2))
	

	Output(5,10,"      ")
	

	Output(5,10,round(áD(C),3))
	

	Output(6,10,"      ")
	

	Output(6,10,round(L,3))
	

	If G=1
	Select direction, P,  and speed, Q, based on chosen mode

	Then
	

	(((B-L)*áF(C))ù0)üP
	

	int(abs((B-L)/B*20))üQ
	

	LüF
	

	End
	

	If G=2
	

	Then
	

	((B-áD(C))ù0)üP
	

	int(abs((B-áD(C))/2))üQ
	

	áD(C)üF
	

	End
	

	If G=3
	

	Then
	

	If (((B-áF(C))*(áF(C)-áF(C-1)))<0)
	

	(P=0)üP
	

	áF(C)üF
	

	If FøáF(C-1)
	

	Then
	

	int(abs((B-F)/(F-áF(C-1))))üQ
	

	Else
	

	3üQ
	

	End
	

	min(max(Q,1),10)üQ
	

	If (QøO or PøR) and (abs(B-F)>H)
	If speed or direction has changed, change the robot motion and display the new setting.

	Then
	

	If QøO
	

	Then
	

	QüO
	

	(Q>4)üL�(1)
	

	(Q/2=int(Q/2))üL�(2)
	

	(Q-4*int(Q/4-0.1)>2)üL�(3)
	

	(Q>8)üL�(4)
	

	{2011,1,5,(P=0),(P=0)+4,L�(1),L�(1)+4,0,4,L�(2),L�(2)+4,L�(3),L�(3)+4,L�(4),L�(4)+4,0,4,1,5,(P=1),(P=1)+4,L�(1),L�(1)+4,0,4,L�(2),L�(2)+4,L�(3),L�(3)+4,L�(4),L�(4)+4,0,4}üáSSB
	

	End
	

	If PøR
	

	Then
	

	PüR
	

	(P=0)üáSSB(4)
	

	(P=0)+4üáSSB(5)
	

	(P=1)üáSSB(20)
	

	(P=1)+4üáSSB(21)
	

	End
	

	Send(áSSB)
	

	Send(áSLTCH)
	

	Output(7,11,"     ")
	

	Output(7,11,((P-.5)*2*Q))
	

	End
	

	getKeyüK
	Check for a key press and end the while loop.

	End
	

	
	

	Send({0})
	Stop the robot movement

	Send(áSSOFF)
	

	Send(áSLTCH)
	

	C+1üC
	Increment the cycle counter

	Send({1,1,14,0,0,1})
	Collect or calculate and display cycle number, force, displacement and work

	Send({4,1,1,1,Z,ú4.9,0})
	

	Send({1,12,2,0,0,0})
	

	Send({3,.05,5,0,0,1})
	

	Get(L�)
	

	mean(L�)üáF(C)
	

	Get(L�)
	

	M-mean(L�)üáD(C)
	

	(áF(C)+áF(C-1))/2*(áD(C)-áD(C-1))+LüL
	

	Output(2,13,C)
	

	Output(4,10,"      ")
	

	Output(4,10,round(áF(C),2))
	

	Output(5,10,"      ")
	

	Output(5,10,round(áD(C),3))
	

	Output(6,10,"      ")
	

	Output(6,10,round(L,3))
	

	
	

	If abs(B-L)÷H or Kø0
	If stopped manually or in tolerance, skip to MD below.

	Goto MD
	

	
	

	While abs(B-F)>H and Kø0
	If not yet within tolerance, use separate, semi-random movements to search for the correct value, stopping the robot and updating the display after each movement.

(This helps overcome problems caused by the robot overshooting its target, particularly with very low tolerances or with nonconservative forces.

	5üV
	

	If G=1
	

	((B-L)/áF(C))*(.75*rand+.25)üD
	

	If G=2
	

	(B-áD(C))+(rand-.5)/100üD
	

	If G=3
	

	If FøáF(C-1)
	

	Then
	

	(F-áF(C))/(áF(C)-áF(C-1))*(áD(C)-áD(C-1))+(rand-.5)/100üD
	

	Else
	

	5*randüD
	

	End
	

	prgmSAMGO
	

	C+1üC
	

	Output(1,13,C)
	

	Lbl RN
	

	Send({3,.05,5,0,0,1})
	

	Get(L�)
	

	mean(L�)üáF(C)
	

	Get(L�)
	

	If stdDev(L�)>.02
	

	Goto RN
	

	M-mean(L�)üáD(C)
	

	(áF(C)+áF(C-1))/2*(áD(C)-áD(C-1))+LüL
	

	Output(4,10,"      ")
	

	Output(4,10,round(áF(C),2))
	

	Output(5,10,"      ")
	

	Output(5,10,round(áD(C),3))
	

	Output(6,10,"      ")
	

	Output(6,10,round(L,3))
	

	End
	

	
	

	Lbl MD
	Sound alert tone and wait for ENTER key, then return to main menu.

	Output(8,1,"<ENTER> TO CONT.")
	

	Send(áSOUNA)
	

	Pause 
	

	Goto ME
	

	
	

	Lbl G
	Graph Force as a function of D

	FnOff 
	Turn off any plots that might be on.

	PlotsOff 
	

	Plot1(xyLine,áD,áF,Ò)
	Set up the graph window and activate in trace mode.

	If min(áD)<0
	

	Then
	

	min(áD)üXmin
	

	Else
	

	0üXmin
	

	End
	

	max(áD)üXmax
	

	If min(áF)<0
	

	Then
	

	min(áF)üYmin
	

	Else
	

	0üYmin
	

	End
	

	max(áF)üYmax
	

	.1üXscl
	

	1üYscl
	

	PlotsOn 1
	

	Trace
	

	Goto ME
	Return to main menu

	
	

	Lbl QU
	Be sure the robot and LabPro are shut down.

Clear or zero all variables, strings and lists, except LD and LF.

	Send(áSSOFF)
	

	Send(áSLTCH)
	

	ClrHome
	

	0üB
	

	0üC
	

	0üG
	

	0üH
	

	0üK
	

	0üL
	

	0üM
	

	0üO
	

	0üP
	

	0üQ
	

	0üR
	

	0üZ
	

	Send({2001,0,0})
	

	DelVar áSSOFF
	

	DelVar áSLTCH
	

	DelVar áSSB
	

	DelVar áSOUNA
	

	DelVar áSOUNB
	

	""üStr9
	

	ClrList L�
	

	Send({0})
	


Variables:

	B
	Target level (work, displacement or force)

	C
	Cycle count while moving

	G
	Mode specified (1=work, 2=displacement, 3=force)

	F
	Current level (same type and units as B)

	H
	Tolerance for target level

	K
	Last key pressed

	L
	Actual work done (numerical integral of force and displacement)

	M
	Initial position as recorded by sonic ranger

	O
	Old speed (compare to Q)

	P
	Direction (1=forward, 0=back)

	Q
	Speed setting (integer from 1 to 10)

	R
	Old direction (compare to P)

	Z
	zero offset for force probe.


Strings and Lists:

	Str9
	"JMNWDF" for selecting display units and symbol based on mode

	áSSOFF
	Stop robot

	áSSB
	Move robot

	áSLTCH
	Activate (latch) stop or move command

	áSOUNA
	Alert tone

	áSOUNB
	Warning tone

	L1
	Data collection and other temporary use

	áD
	Displacement values (not deleted at end of program)

	áF
	Force values (not deleted at end of program)


