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I . Filter  Wheel Introduction and Specifications 
 
1. Introduction 
 
The XOS Filter Wheel is a 12V, DC device for inserting one of up to eight filters into the 
X-ray beam. The Filter Wheel consists of the wheel, motor, and electronics Main 
Module, a 6 conductor Interface Cable, a small Interface Box that converts the Interface 
Cable to a DB25 pinout, and a 6 foot Power Cable with a 2.5mm plug. 
 
The XOS Filter Wheel is controlled via 4 TTL level signals available on the Interface 
Box DB25 connector. This connector is suited to Filter Wheel control with software via a 
PC printer port. 
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Figure 1.1. Filter Wheel Interface Box, Main Module, and Connections 
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2. Specifications 
 
Inputs :  /STEP, DIRECTION, and LOW POWER HOLD – TTL signals 

capable of sourcing 1mA (negative input current) and sinking 50uA 
 
Outputs :  HOME SENSOR – TTL level signal capable of sinking 100mA  
   
Power :  11.75-13VDC @ 0.4A, center  positive plug on str iped lead. 1A, 250V 

fuse and spare in Interface Box 
 
Low Power Hold Current :    12V@85mA 
 
Number of Filters :     8 
 
Total Cable Length from PC to Main Module :  15’  max. 
 
Demonstrated /STEP Frequency : 50Hz (at recommended cable lengths) 
 
Demonstrated /STEP Pulse Width :   10ms min. 
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Figure 1.2. Filter Wheel Electrical Interface 
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Figure. 1.3. Example Filter Wheel Timing Diagram 
 
 
The general control of the XOS Filter Wheel consist of locating the Home Position, and 
moving 29.143 (n -1) steps, where n is the filter to intended for use (1 < n < 8, please see 
Fi l t er Wheel . exe listing at the end of this document). /STEP is a TTL pulse train 
that steps the XOS Filter Wheel on the negative going edge. DIRECTION = 1 turns the 
XOS Filter Wheel CCW when viewed from the top. LOW POWER HOLD = 1 limits 
power dissipation to approximately (12V) (85mA) = 1.02W and stops all stepping 
motion. Low POWER HOLD = 0 allows motion with a maximum dissipation of 
approximately (12V) (400mA) = 4.8W. HOME SENSOR = 1 (deliberately delayed in 
Figure 1.3 to illustrate non zero step time) indicates that n = 1 and the Home Position has 
been located. 
 
NOTE : Circuitry controlling the XOS Filter  Wheel must be able to sink 1mA. This 
nominal current is well within the fan out capabilities of most TTL, CMOS, LS, and 
HC logic families, gates, and microprocessors. 
 
NOTE : Because the actual ratio of Stepper  Motor  steps to each filter  is 
approximately (17/28) (360/7.5) = 29.143 steps/filter , an accumulation error  may 
result when the Home Position is not relocated each time a new filter  is selected. 
 
NOTE : Some operating systems will per iodically query hardware and por ts to see if 
any devices have been recently attached. I f the PC parallel por t is quer ied in this 
manner, a small random dither  in wheel position may occur . I t is recommended that 
the Filter  Wheel be per iodically repositioned when a single filter  is used for  
extended durations, or  at the beginning of important tests. Repositioning will 
minimize the possibility of the wheel becoming marginally positioned over  time due 
to PC parallel por t quer ies. 
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I I . Setup 
 
1. Connect the Interface Box and Main Module as illustrated in Figure 1.1. Only use the 
supplied, 6 conductor Interface Cable or one with the identical (straight through) pinout. 
Using a cable that does not have this straight through pinout may blow the Inter face 
Box fuse or  damage the Main Module. 
 
2. Connect the Power Cable to a 12VDC power supply. Ensure the center  positive, 
str iped lead is connected to the positive terminal. Reverse polar ity may blow the 
Inter face Box fuse. 
 
 

+ -  
Figure 2.1. Center Positive, Striped Lead to +12VDC, Minus to Ground 

 
 
3. Connect the Interface Box to the PC parallel port. Use only a straight through pinout, 
parallel printer cable or equivalent. 
 
4. Plug the 2.5mm, center positive Power Cable plug into the Interface Box. 
 
5. Note that depending on the current state of the PC parallel port and the position of the 
wheel, some (or all) of the Interface Cable jack Diagnostic LEDs 1-4 may light. 
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Figure 2.2. Interface Cable Diagnostic LEDs 1-4 
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I I I . Test and Use 
 
NOTE : To use the Fi l t er Wheel . exe Filter Wheel program on Windows NT, 2000, 
and XP, the GiveIo service must be installed and started to allow port I/O access to the 
PC parallel port. Please refer to Appendix A for instructions on downloading, installing, 
and testing the GiveIo service. 
 
NOTE : Some operating systems will per iodically query hardware and por ts to see if 
any devices have been recently attached. I f the PC parallel por t is quer ied in this 
manner, a small random dither  in wheel position may occur . I t is recommended that 
the Filter  Wheel be per iodically repositioned when a single filter  is used for  
extended durations, or  at the beginning of important tests. Repositioning will 
minimize the possibility of the wheel becoming marginally positioned over  time due 
to PC parallel por t quer ies. 
 
 
1. Copy Fi l t er Wheel . exe from the install disk to the desired directory 
 
2. Create a Desktop link to Fi l t er Wheel . exe 
 
3. Double click the Desktop link to start Fi l t er Wheel . exe : 
 
 

 
 

Figure 3.1. Fi l t er Wheel . exe Testing the Filter Wheel 
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Fi l t er Wheel . exe will flash each Diagnostic LED 5 times and then rotate the wheel 
back and forth to locate the Home Position on the wheel. Fi l t er Wheel . exe then 
locates the Home Position in preparation for inserting a filter. If these tests succeed,  
OK … is printed. 
 
The user then enters the desired filter (please reference Figure 1.1 to relate the filter 
number to its location on the wheel). The desired filter is positioned when the 
Fi l t er Wheel - > prompt returns. In normal operation, when a filter is selected the 
Main Module motor will hold the wheel in position electrically with nominal coil current. 
If it is desired to limit this hold current and corresponding I2R heating, the user may press 
l / L to inhibit the coils of the Main Module motor for Low Power Hold. The wheel is 
then held in place only by the intrinsic Main Module motor detent torque. Low Power 
Hold is exited with the next selection of a filter. 
 
To close Fi l t er Wheel . exe, click the upper right ‘X’  or r ight click on the upper left 
console icon in the console window frame. 
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IV. Troubleshooting 
 
LEDs 1-4 provide diagnostics and will give insights during troubleshooting. 
 
 
1. No LEDs light – check potential and polarity of 12VDC supply. If the supply is found 
reversed, open the Interface Box and inspect or replace the fuse. 
 
2. Fi l t er Wheel . exe repor ts seek difficulties dur ing test – Check the rim of the 
wheel for scratches, missing flat finish, or contamination with a reflective substance. 
Check any newly added filters for adhesive contamination on the rim of the wheel and 
verify that any adhesive has not migrated to the top of the wheel or is protruding above 
the plane of the wheel top. Gently wipe the uncoated Home Mark with a clean cloth. 
 
3. Fi l t er Wheel . exe fails to find the Home Position – Examine the wheel for 
reflective spots other than the Home Mark, including the filter adhesive. Gently wipe the 
uncoated Home Mark with a clean cloth. Check any newly added filters for adhesive 
contamination on the rim of the wheel and verify that any adhesive has not migrated to 
the top of the wheel or is protruding above the plane of the wheel top. Enter Low Power 
Hold with l / L and turn the wheel by hand. Verify that LED4 becomes unlit only when 
the wheel is in the position shown in Figure 1. Verify that the attached PC or other 
controlling equipment can observe this LED4 change. 
 
4. Filter  wheel fails to move – Re-run Fi l t er Wheel . exe and check LEDs for 
blinking activity. Check for binding or foreign objects between the Main Module motor 
and the wheel rim teeth. Verify that the Low Power Hold LED is lit. Apply slow /STEP 
pulses and verify LED1 blinks at the same rate. Verify motion in both directions by 
toggling the DIRECTION pin (LED2).
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Appendix A. Installing the GiveIo Service 
 
Gi veI oNT2000XP. zi p and Fi l t er Wheel . exe can be downloaded from : 
 
www.aethermachines.com 
 
Click on Software and scroll down to the Downloads section. Right click and “Save 
Target As ...”  to the desired directory and unzip the archive. An installation example 
follows for Windows XP; installation under Windows 2000 is similar. To install GiveIo 
under Windows NT using the i nst dr v. exe utility, please refer to the r eadme. t xt  
file in the unzipped Gi veI oNT2000XP. zi p archive. 
 
Copy the unzipped Gi veI o. sys file to the …/ Syst em32/ dr i ver s/  directory. 
 
Click Performance and Maintenance : 
 

 
 
 
Click Add Hardware : 
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Click Add a new hardware device : 
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Choose manual selection : 
 
 

 
 
 
Select Por ts (COM &  LPT) for port I/O : 
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Browse to the location of the unzipped archive and locate the * . i nf  file : 
 
 

 
 
 
Select GiveIo : 
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Ignore the signing/compatibility warning and click Continue Anyway : 
 



 

FilterWheelUsersManual.doc Rev. D 4/19/2006 

13/26 

 
 
 
Click on Finish : 
 
 

 
 
 
Open Device manager and check for the GiveIo service in the Por ts listing : 
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Navigate to the / TSTI O directory in the unzipped archive and double click 
TSTI O. exe. If you recognize the movie theme that is played, the installation is a 
success ! 
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Appendix B. FilterWheel.exe Source Code 
 
The source code for Fi l t er Wheel . exe is provided to allow customization and 
integration with user applications.
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/ / ============================================================================= 
/ / ============================================================================= 
/ /  
/ /  Rout i nes t o r un t he XOS X- Beam Fi l t er  Wheel  under  Wi ndows.  Requi r es t he Gi veI o  
/ /  devi ce t o be i nst al l ed whi ch al l ows por t  I / O access wi t h _i np( )  and _out p( ) ,   
/ /  and t hus r equi r es NT,  2000,  or  XP.  Gi veI o i s not  r equi r ed f or  Wi ndows 3. 1,  95,  
/ /  or  ME.  The Gi veI o ser vi ce can be downl oaded as Gi veI oNT2000XP. zi p f r om  
/ /  www. aet her machi nes. com under  Sof t war e and Downl oads.  
/ /  
/ /  Copyr i ght  ( c)  2005 Aet her Machi nes I nc.  Thi s sof t war e may be f r eel y modi f i ed 
/ /  and di st r i but ed by t he end user  pr ovi ded Aet her Machi nes I nc.  i s c i t ed as t he 
/ /  sour ce of  t he or i gi nal  code.  For  i nst ance :  
/ /  
/ /  0. 0. 0 Der i ved f r om Aet her Machi nes or i gi nal  sour ce 
/ /  1. 0. 0 Added f eat ur e A 
/ /  2. 0. 0 Added f eat ur e B 
/ /  
/ /  or  
/ /  
/ /  " The f ol l owi ng Aet her Machi nes I nc.  code i s pr ovi ded f r ee of  char ge"  
/ /  
/ /  Revi si ons :  
/ /  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
/ /  
/ /  0. 0. 0 MDM I ni t i al  9/ 7/ 05.  
/ /  1. 0. 0 Changed DB- 25 pi n assi gnment s as per  XOS/ Sei ko 10/ 27/ 05 MDM.  
/ /  1. 1. 0 Added di t her  i n t est  st eps t o avoi d f i ndi ng t he Home Sensor   
/ /  j ust  bef or e movi ng i n t he opposi t e di r ect i on 12/ 12/ 05 MDM.  
/ /  1. 2. 0 Made t he st ep cal cul at i on f l oat i ng poi nt  i nst ead of  i nt eger  1/ 9/ 05 MDM.  
/ /  
/ / ============================================================================= 
/ / ============================================================================= 
 
 
 
#i ncl ude <st di o. h> 
#i ncl ude <wi ndows. h> 
#i ncl ude <mat h. h> 
#i ncl ude <coni o. h> 
#i ncl ude <ct ype. h> 
 
#def i ne PARALLEL_PORT_WRI TE  0x378 
#def i ne PARALLEL_PORT_READ  0x379 
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  New pi n def i ni t i ons . . .  
/ /  
/ /       98765432     PARALLEL PORT PI NS 
/ /       76543210     PARALLEL PORT BI TS 
 
/ /       00000000     CW_FALLI NG_EDGE 
/ /       00000010     CW_RI SI NG_EDGE 
/ /       00000100     CCW_FALLI NG_EDGE 
/ /       00000110     CCW_RI SI NG_EDGE 
 
/ /       00001110     I NHI BI T_MOTOR 
 
 
#def i ne CCW_FALLI NG_EDGE  4 
#def i ne CCW_RI SI NG_EDGE   6 
#def i ne CW_FALLI NG_EDGE   0 
#def i ne CW_RI SI NG_EDGE   2 
 
#def i ne MAX_FI LTER_NUMBER  8 
#def i ne FI LTER_STEP_CONSTANT 29. 143 
 
#def i ne I NHI BI T_MOTOR   14 
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/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  
/ /  I nhi bi t Mot or ( )  t ur ns of f  al l  phases of  t he st epper  wi t h t he I NH pi n.  
/ /  Hol di ng t or que i s t hen j ust  what ever  mechani cal  t or que exi st s i nt r i nsi cal l y 
/ /  i n t he mot or ;  no magnet i c f l ux i s gener at ed.  
/ /  
/ /  
/ /  Copyr i ght  ( c)  2005 Aet her Machi nes I nc.  Thi s sof t war e may be f r eel y modi f i ed 
/ /  and di st r i but ed by t he end user  pr ovi ded Aet her Machi nes I nc.  i s c i t ed as t he 
/ /  sour ce of  t he or i gi nal  code.  For  i nst ance :  
/ /  
/ /  0. 0. 0 Der i ved f r om Aet her Machi nes or i gi nal  sour ce 
/ /  1. 0. 0 Added f eat ur e A 
/ /  2. 0. 0 Added f eat ur e B 
/ /  
/ /  or  
/ /  
/ /  " The f ol l owi ng Aet her Machi nes I nc.  code i s pr ovi ded f r ee of  char ge"  
/ /  
/ /  Revi si ons :  
/ /  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
/ /  
/ /  0. 0. 0 MDM I ni t i al  9/ 7/ 05.  
/ /  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
voi d I nhi bi t Mot or ( voi d)  
{  
 _out p( PARALLEL_PORT_WRI TE,  I NHI BI T_MOTOR) ;  
 
}  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  
/ /  St epCCW( )  t akes a count er  c l ockwi se st ep when l ooki ng down at  t he f i l t er  wheel  
/ /  assembl y.  The negat i ve goi ng / STEP pul se i s hel d hi gh f or  10ms and t hen  
/ /  t r ansi t i ons l ow.  Pul seWai t  mi l l i seconds ar e wai t ed bef or e t he next  st ep 
/ /  of  mul t i pl e st eps or  bef or e a si ngl e st ep cal l  t o St epCCW( )  r et ur ns.  
/ /  
/ /  
/ /  Copyr i ght  ( c)  2005 Aet her Machi nes I nc.  Thi s sof t war e may be f r eel y modi f i ed 
/ /  and di st r i but ed by t he end user  pr ovi ded Aet her Machi nes I nc.  i s c i t ed as t he 
/ /  sour ce of  t he or i gi nal  code.  For  i nst ance :  
/ /  
/ /  0. 0. 0 Der i ved f r om Aet her Machi nes or i gi nal  sour ce 
/ /  1. 0. 0 Added f eat ur e A 
/ /  2. 0. 0 Added f eat ur e B 
/ /  
/ /  or  
/ /  
/ /  " The f ol l owi ng Aet her Machi nes I nc.  code i s pr ovi ded f r ee of  char ge"  
/ /  
/ /  Revi si ons :  
/ /  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
/ /  
/ /  0. 0. 0 MDM I ni t i al  9/ 7/ 05.  
/ /  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
voi d St epCCW( i nt  Number Of St eps,  i nt  Pul seWai t )  
{  
 
i nt  i ;  
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f or  ( i  = 0;  i  < Number Of St eps;  i ++)  {  
 
  _out p( PARALLEL_PORT_WRI TE,  CCW_RI SI NG_EDGE) ;  
 
  Sl eep( 10) ;  
 
  _out p( PARALLEL_PORT_WRI TE,  CCW_FALLI NG_EDGE) ;  
 
  Sl eep( Pul seWai t ) ;  
 
  }  
}  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  
/ /  St epCW( )  t akes a cl ockwi se st ep when l ooki ng down at  t he f i l t er  wheel  
/ /  assembl y.  The negat i ve goi ng / STEP pul se i s hel d hi gh f or  10ms and t hen  
/ /  t r ansi t i ons l ow.  Pul seWai t  mi l l i seconds ar e wai t ed bef or e t he next  st ep 
/ /  of  mul t i pl e st eps or  bef or e a si ngl e st ep cal l  t o St epCW( )  r et ur ns.  
/ /  
/ /  
/ /  Copyr i ght  ( c)  2005 Aet her Machi nes I nc.  Thi s sof t war e may be f r eel y modi f i ed 
/ /  and di st r i but ed by t he end user  pr ovi ded Aet her Machi nes I nc.  i s c i t ed as t he 
/ /  sour ce of  t he or i gi nal  code.  For  i nst ance :  
/ /  
/ /  0. 0. 0 Der i ved f r om Aet her Machi nes or i gi nal  sour ce 
/ /  1. 0. 0 Added f eat ur e A 
/ /  2. 0. 0 Added f eat ur e B 
/ /  
/ /  or  
/ /  
/ /  " The f ol l owi ng Aet her Machi nes I nc.  code i s pr ovi ded f r ee of  char ge"  
/ /  
/ /  Revi si ons :  
/ /  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
/ /  
/ /  0. 0. 0 MDM I ni t i al  9/ 7/ 05.  
/ /  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
voi d St epCW( i nt  Number Of St eps,  i nt  Pul seWai t )  
{  
 
i nt  i ;  
 
f or  ( i  = 0;  i  < Number Of St eps;  i ++)  {  
 
  _out p( PARALLEL_PORT_WRI TE,  CW_RI SI NG_EDGE) ;  
 
  Sl eep( 10) ;  
 
  _out p( PARALLEL_PORT_WRI TE,  CW_FALLI NG_EDGE) ;  
 
  Sl eep( Pul seWai t ) ;  
 
  }  
}  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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/ /  
/ /  ReadHomeSensor ( )  r et ur ns whet her  t he Home Mar k i s cur r ent l y under  t he Home 
/ /  Sensor  ( 0 not  v i s i bl e,  1 v i s i bl e) .  The Home Mar k i s t ypi cal l y v i s i bl e f or   
/ /  1- 3 7. 5 degr ee st eps.  
/ /  
/ /  Copyr i ght  ( c)  2005 Aet her Machi nes I nc.  Thi s sof t war e may be f r eel y modi f i ed 
/ /  and di st r i but ed by t he end user  pr ovi ded Aet her Machi nes I nc.  i s c i t ed as t he 
/ /  sour ce of  t he or i gi nal  code.  For  i nst ance :  
/ /  
/ /  0. 0. 0 Der i ved f r om Aet her Machi nes or i gi nal  sour ce 
/ /  1. 0. 0 Added f eat ur e A 
/ /  2. 0. 0 Added f eat ur e B 
/ /  
/ /  or  
/ /  
/ /  " The f ol l owi ng Aet her Machi nes I nc.  code i s pr ovi ded f r ee of  char ge"  
/ /  
/ /  Revi si ons :  
/ /  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
/ /  
/ /  0. 0. 0 MDM I ni t i al  9/ 7/ 05.  
/ /  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
i nt  ReadHomeSensor ( voi d)  
{  
 
r et ur n( ( _i np( PARALLEL_PORT_READ)  & 0x08)  >> 3) ;  
 
}  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  
/ /  Fi ndHome( )  st eps t he Fi l t er  Wheel  CCW unt i l  i t  f i nds and passes over  t he  
/ /  Home Mar k.  St eppi ng decel er at es over  t he Home Mar k and 1/ 2 of  t he wi dt h of  
/ /  t he Home Mar k i s st epped i n t he opposi t e di r ect i o t o l ocat e t he exact  cent er  
/ /  of  t he Home Mar k.  I f  t he Home Mar k appear s t oo l ong or  shor t ,  t hr ee t r i es 
/ /  of  backi ng up and r esensi ng ar e al l owed,  at  whi ch poi nt  a f ai l ur e i s decl ar ed.  
/ /   
/ /  
/ /  Copyr i ght  ( c)  2005 Aet her Machi nes I nc.  Thi s sof t war e may be f r eel y modi f i ed 
/ /  and di st r i but ed by t he end user  pr ovi ded Aet her Machi nes I nc.  i s c i t ed as t he 
/ /  sour ce of  t he or i gi nal  code.  For  i nst ance :  
/ /  
/ /  0. 0. 0 Der i ved f r om Aet her Machi nes or i gi nal  sour ce 
/ /  1. 0. 0 Added f eat ur e A 
/ /  2. 0. 0 Added f eat ur e B 
/ /  
/ /  or  
/ /  
/ /  " The f ol l owi ng Aet her Machi nes I nc.  code i s pr ovi ded f r ee of  char ge"  
/ /  
/ /  Revi si ons :  
/ /  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
/ /  
/ /  0. 0. 0 MDM I ni t i al  9/ 7/ 05.  
/ /  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
i nt  Fi ndHome( voi d)  
{  
 
#def i ne FI LTER_OFFSET 0 
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i nt  HomeSensor ;  
i nt  HomeCount s;  
i nt  St eps;  
i nt  Fi ndMi ddl e;  
i nt  Fi ndTr i es;  
 
HomeSensor  = 0;  
St eps = 0;  
Fi ndTr i es = 0;  
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Di t her  t he wheel  CCW away f r om t he home sensor  . . .  
 
 St epCCW( 10, 10) ;  
 
ReFi nd:  
 
HomeCount s = 0;  
St eps = 0;  
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Sear ch f or  a st r i ng of  home sensor  det ect i ons . . .  
 
 do {  
 
  St epCCW( 1,  10) ;  
 
  HomeSensor  = ReadHomeSensor ( ) ;  
 
  St eps++;  
 
 }  whi l e ( HomeSensor  == 0 && St eps < 250) ;  
 
 
  HomeSensor  = ReadHomeSensor ( ) ;  
  HomeCount s = HomeCount s + HomeSensor ;  
  St eps = 0;  
 
 
 do {  
 
  St epCCW( 1,  100) ;  
 
  HomeSensor  = ReadHomeSensor ( ) ;  
  HomeCount s = HomeCount s + HomeSensor ;  
 
  St eps++;  
 
 }  whi l e ( HomeSensor  == 1 && St eps < 250) ;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Wai t  a bi t  f or  any ' i nt er t i a'  ef f ect s and pr epar e f or  a f al l i ng edge . . .  
 
  Sl eep( 500) ;  
 
  _out p( PARALLEL_PORT_WRI TE,  CW_RI SI NG_EDGE) ;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Ret ur n CW t o t he cent er  of  t he Home Mar k pl us an of f set  ( i f  desi r ed)  . . .  
 
  Fi ndMi ddl e = HomeCount s /  2;  
 
  i f  ( Fi ndMi ddl e == 0)  {  
 
   Fi ndMi ddl e++;  
   }  
 
 f or  ( St eps = 0;  St eps < ( Fi ndMi ddl e + FI LTER_OFFSET) ;  St eps++)  {  
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  St epCW( 1,  100) ;  
  }  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Er r or / r ef i nd condi t i ons ar e cur r ent l y a gl i t ch or  abnor mal  pr ol onged det ect i on . . .  
 
 
i f  ( Fi ndTr i es > 2)  {  
 
 pr i nt f ( " Fi ndHome( )  f ai l ed . . . \ r \ n" ) ;  
 
 r et ur n( Fi ndTr i es) ;  
 }  
 
/ / pr i nt f ( " H- >%d\ r \ n" ,  HomeCount s) ;  
 
 
i f  ( HomeCount s < 1 | |  HomeCount s > 5 && Fi ndTr i es < 3)  {  
 
 
 f or  ( St eps = 0;  St eps < 10;  St eps++)  {  
 
  St epCW( 1,  100) ;  
  }  
 
 Fi ndTr i es++;  
 
 got o ReFi nd;  
}  
 
 
r et ur n( Fi ndTr i es) ;  
 
}  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  
/ /  I nser t Fi l t er ( )  f i nds t he Home Mar k and t hen r ot at es t o t he desi r ed f i l t er ,   
/ /  speci f i ed vi a an i nt eger  1 <= i  <= 8.  
/ /  
/ /  Copyr i ght  ( c)  2005 Aet her Machi nes I nc.  Thi s sof t war e may be f r eel y modi f i ed 
/ /  and di st r i but ed by t he end user  pr ovi ded Aet her Machi nes I nc.  i s c i t ed as t he 
/ /  sour ce of  t he or i gi nal  code.  For  i nst ance :  
/ /  
/ /  0. 0. 0 Der i ved f r om Aet her Machi nes or i gi nal  sour ce 
/ /  1. 0. 0 Added f eat ur e A 
/ /  2. 0. 0 Added f eat ur e B 
/ /  
/ /  or  
/ /  
/ /  " The f ol l owi ng Aet her Machi nes I nc.  code i s pr ovi ded f r ee of  char ge"  
/ /  
/ /  Revi si ons :  
/ /  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
/ /  
/ /  0. 0. 0 MDM I ni t i al  9/ 7/ 05.  
/ /  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
i nt  I nser t Fi l t er ( i nt  Fi l t er Number )  
{  
 
#def i ne I NSERT_FI LTER_OFFSET 0 
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i nt  Fi ndHomeRet r i es;  
 
doubl e Number Of St eps;  
 
 
Fi ndHomeRet r i es = 0;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Check f or  val i d f i l t er  . . .  
 
i f  ( Fi l t er Number  > 0 && Fi l t er Number  <= MAX_FI LTER_NUMBER)  {  
 
 
Fi ndHomeRet r i es = Fi ndHome( ) ;  
 
Sl eep( 500) ;  
 
 i f  ( Fi ndHomeRet r i es < 2)  {  
 
  Number Of St eps = ( ( ( Fi l t er Number  -  1)  *  FI LTER_STEP_CONSTANT)  + 
I NSERT_FI LTER_OFFSET) ;  
 
  pr i nt f ( " @%f \ r \ n" ,  Number Of St eps) ;  
 
  St epCCW( ( i nt )  Number Of St eps,  10) ;  
  }  
 }   
 el se {  
 
  Fi ndHomeRet r i es = - 1;  
  }  
 
 
 r et ur n( Fi ndHomeRet r i es) ;  
}  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  
/ /  Test Fi l t er Wheel ( )  f l ashes LEDs 1- 3 5 t i mes each,  r ot at es CCW and CW t o pi ck 
/ /  up t he Home Mar k,  and f i nal l y per f or ms t he i ni t i al  Fi ndHome( )  cal l .  
/ /  
/ /  Copyr i ght  ( c)  2005 Aet her Machi nes I nc.  Thi s sof t war e may be f r eel y modi f i ed 
/ /  and di st r i but ed by t he end user  pr ovi ded Aet her Machi nes I nc.  i s c i t ed as t he 
/ /  sour ce of  t he or i gi nal  code.  For  i nst ance :  
/ /  
/ /  0. 0. 0 Der i ved f r om Aet her Machi nes or i gi nal  sour ce 
/ /  1. 0. 0 Added f eat ur e A 
/ /  2. 0. 0 Added f eat ur e B 
/ /  
/ /  or  
/ /  
/ /  " The f ol l owi ng Aet her Machi nes I nc.  code i s pr ovi ded f r ee of  char ge"  
/ /  
/ /  Revi si ons :  
/ /  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
/ /  
/ /  0. 0. 0 MDM I ni t i al  9/ 7/ 05.  
/ /  1. 0. 0 Added di t her  of  t en st eps away i n t he ot her  di r ect i on when t est i ng 
/ /  CW and CCW 12/ 12/ 05 MDM.  
/ /  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
i nt  Test Fi l t er Wheel ( voi d)  {  
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 i nt  i ;  
 i nt  St eps;  
 i nt  Fi ndHomeTr i es;  
 
 
 St eps = 0;  
 Fi ndHomeTr i es = 0;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Pr i nt  a basi c banner  . . .  
 
 pr i nt f ( " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * \ r \ n" ) ;  
 
 pr i nt f ( " Fi l t er Wheel . exe v1. 2. 0  Copyr i ght  ( c)  2005 Aet her Machi nes 
I nc. \ r \ n\ r \ n\ r \ n" ) ;  
 
 pr i nt f ( "                     * * * * *  TESTI NG FI LTER WHEEL * * * * * \ r \ n\ r \ n" ) ;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Tur n of f  al l  LEDs . . .  
 
 _out p( PARALLEL_PORT_WRI TE,  7) ;  
 
 Sl eep( 500) ;  
 
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Fl ash LED 1 ( / STEP)  . . .  
 
 f or  ( i  = 0;  i  < 5;  i ++)  
 {  
 
 _out p( PARALLEL_PORT_WRI TE,  12) ;  
 
 Sl eep( 250) ;  
 
 pr i nt f ( " . " ) ;  
 
 _out p( PARALLEL_PORT_WRI TE,  14) ;  
 
 Sl eep( 250) ;  
 }  
 
 
 pr i nt f ( " \ r \ n" ) ;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Fl ash LED 2 ( DI RECTI ON)  . . .  
 
 f or  ( i  = 0;  i  < 5;  i ++)  
 {  
 
 _out p( PARALLEL_PORT_WRI TE,  10) ;  
 
 Sl eep( 250) ;  
 
 pr i nt f ( " . " ) ;  
 
 _out p( PARALLEL_PORT_WRI TE,  14) ;  
 
 Sl eep( 250) ;  
 }  
 
 
 pr i nt f ( " \ r \ n" ) ;  
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/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Fl ash LED 3 ( I NHI BI T)  . . .  
 
 f or  ( i  = 0;  i  < 5;  i ++)  
 {  
 
 _out p( PARALLEL_PORT_WRI TE,  6) ;  
 
 Sl eep( 250) ;  
 
 pr i nt f ( " . " ) ;  
 
 _out p( PARALLEL_PORT_WRI TE,  14) ;  
 
 Sl eep( 250) ;  
 }  
 
 
 pr i nt f ( " \ r \ n" ) ;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Rot at e unt i l  t he Home Mar k i s f ound . . .  
 
 St epCCW( 10, 10) ;  
 
 do {  
 
 St epCCW( 1, 10) ;  
 
 St eps++;  
 
 }  whi l e ( St eps < 260 && ReadHomeSensor ( )  == 0) ;  
 
 
 i f  ( St eps > 250)  {  
 
  pr i nt f ( " CCW seek pr obl em . . . \ r \ n" ) ;  
  }   
  el se {  
 
   pr i nt f ( " . \ r \ n" ) ;  
   }  
 
 
 St eps = 0;  
 
 
 Sl eep( 1000) ;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Rot at e unt i l  t he Home Mar k i s f ound . . .  
 
 St epCW( 10, 10) ;  
 
 do {  
 
 St epCW( 1, 10) ;  
 
 St eps++;  
 
 }  whi l e ( St eps < 260 && ReadHomeSensor ( )  == 0) ;  
 
 
 i f  ( St eps > 250)  {  
 
  pr i nt f ( " CW seek pr obl em . . . \ r \ n" ) ;  
  }   
  el se {  
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   pr i nt f ( " . \ r \ n" ) ;  
   }  
 
 
 Sl eep( 1000) ;  
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Fi nd Home and pr i nt  user  i nst r uct i ons . . .  
 
 Fi ndHomeTr i es = Fi ndHome( ) ;  
 
 
 i f  ( Fi ndHomeTr i es < 2)  {  
 
  pr i nt f ( " \ r \ nOK . . . \ r \ n" ) ;  
 
  pr i nt f ( " \ r \ nEnt er  1, 2,  . . .  8 f or  desi r ed f i l t er \ r \ n" ) ;  
  pr i nt f ( " Ent er  l / L f or  l ow power  hol d\ r \ n" ) ;  
 
  }  
 
  
 pr i nt f ( " \ r \ n\ r \ n\ r \ n" ) ;  
 
 
 r et ur n( Fi ndHomeTr i es) ;  
 
}  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
 
 
/ / ============================================================================= 
/ / ============================================================================= 
/ /  
/ /  mai n( )  at t aches t o t he Gi veI o devi ce ( ser vi ce) ,  r uns Test Fi l t er Wheel ( )  and 
/ /  ent er s t he mai n l oop wher e t he user  speci f i es whi ch f i l t er s t o use.  
/ /  
/ /  Copyr i ght  ( c)  2005 Aet her Machi nes I nc.  Thi s sof t war e may be f r eel y modi f i ed 
/ /  and di st r i but ed by t he end user  pr ovi ded Aet her Machi nes I nc.  i s c i t ed as t he 
/ /  sour ce of  t he or i gi nal  code.  For  i nst ance :  
/ /  
/ /  0. 0. 0 Der i ved f r om Aet her Machi nes or i gi nal  sour ce 
/ /  1. 0. 0 Added f eat ur e A 
/ /  2. 0. 0 Added f eat ur e B 
/ /  
/ /  or  
/ /  
/ /  " The f ol l owi ng Aet her Machi nes I nc.  code i s pr ovi ded f r ee of  char ge"  
/ /  
/ /  Revi si ons :  
/ /  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
/ /  
/ /  0. 0. 0 MDM I ni t i al  9/ 7/ 05.  
/ /  
/ / ============================================================================= 
/ / ============================================================================= 
 
i nt  mai n( )  
{  
 i nt  ch;  
 
 HANDLE hGi veI o;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  At t ach t o t he Gi veI o devi ce . . .  
 
    hGi veI o = Cr eat eFi l e( " \ \ \ \ . \ \ gi vei o" ,  GENERI C_READ,  0,  NULL,  
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     OPEN_EXI STI NG,  FI LE_ATTRI BUTE_NORMAL,  NULL) ;  
    i f ( hGi veI o == I NVALI D_HANDLE_VALUE)  {  
        pr i nt f ( " Gi veI o devi ce unavai l abl e . . . \ r \ n" ) ;  
        r et ur n - 1;  
    }  
 Cl oseHandl e( hGi veI o) ;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Test  Fi l t er  Wheel  oper at i on . . .  
 
 Test Fi l t er Wheel ( ) ;  
 
 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  Ent er  t he mai n l oop . . .  
 
 do {  
 
  pr i nt f ( " Fi l t er Wheel - > " ) ;  
 
  ch = t oupper ( get che( ) ) ;  
 
  pr i nt f ( " \ r \ n" ) ;  
 
 
  i f  ( ch == ' l '  | |  ch == ' L' )  {  
 
   I nhi bi t Mot or ( ) ;  
   }  
   el se {  
 
    I nser t Fi l t er ( ch -  48) ;  
    }  
 
 }  whi l e( 1) ;  
 
r et ur n ( 0) ;  
}  
/ / ============================================================================= 
/ / ============================================================================= 
 
 
 
 


