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Background 
A demonstration was given using a PIC Microcontroller simulator that showed how a 

train travelling around a track anti-clockwise could be guided onto an inner track via a set 

of points.  The position of the train was determined by a proximity sensor.  Logic was 

written in the PIC to control the points based on the detected position of the train.  The 

logic worked as follows:- 

 Direct a single train anti-clockwise around an outer track five times. 

 Direct a single train anti-clockwise around an inner track five times. 

Brief 

To prove that the PIC microcontroller demonstration can be realised on a real track, using 

real hardware and trains. 

Components 
Item # Description 

Hardboard 1 SUNDEALA works well for this (Dimensions 3’ x 6’) 

2” x 1” 3m wood AR Make an enclosed HH frame to add strength to the board 

Wood Screws AR Wood screws to fix the support braces to the SUNDEALA 

00 Gauge Track AR Enough to make a double loop 

IR Proximity Sensors 3 http://www.heathcote-electronics.co.uk/DOT2D.htm 

Hornby Point Motors 2 R8014 - Point Motor and R8015 - Point Motor Housing (Adaptor Base) 

CDU 1 http://www.heathcote-electronics.co.uk/CDUpage.htm 

PIC IO Dev Board 1 http://www.coolcomponents.co.uk/catalog/product_info.php?cPath=23_28&products_id=65 

Power Jack (2.1mm) 1 http://www.maplin.co.uk/dc-power-plugs-43084 Order Code: HH60Q 

PIC16F628A 2 http://www.coolcomponents.co.uk/catalog/product_info.php?cPath=30_22&products_id=54 

Red Wire 10m http://www.maplin.co.uk/equipment-wire-16-0.2-6197 Order Code: FA33L 

Blue Wire 10m http://www.maplin.co.uk/equipment-wire-16-0.2-6197 Order Code: FA27E 

Black Wire 10m http://www.maplin.co.uk/equipment-wire-16-0.2-6197 Order Code: FA26D 

12VDC  Regulator 
Board 

1 Item Quantity Maplin Part # 

TS7812CZ Regulator 1 Order Code: QL32K 

100nF Polyester Capacitor 1 Order Code: N43CJ 

100uF Electrolytic Capacitor 1 Order Code: KQ70M 

4700uF Electrolytic Capacitor 1 Order Code: AT24B 

1N4001S Diode 1 Order Code: QL73Q 

1K0 1/8W Resistor 1 Order Code: M1K 

5mm Red LED 1 Order Code: WL27E 

Two terminal PCB mount block 6 Order Code: RH80B 
 

Train controller 1 Hornby R8012 HM 2000 Dual Power Controller 

Table 1: Bill of materials 

http://www.heathcote-electronics.co.uk/DOT2D.htm
http://www.heathcote-electronics.co.uk/CDUpage.htm
http://www.coolcomponents.co.uk/catalog/product_info.php?cPath=23_28&products_id=65
http://www.maplin.co.uk/dc-power-plugs-43084
http://www.coolcomponents.co.uk/catalog/product_info.php?cPath=30_22&products_id=54
http://www.maplin.co.uk/equipment-wire-16-0.2-6197
http://www.maplin.co.uk/equipment-wire-16-0.2-6197
http://www.maplin.co.uk/equipment-wire-16-0.2-6197
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Part One - Hardware 

Building the board (120m) 

Firstly construct an enclosed “H” support brace around the perimeter of the board, with 

two braces that run left to right across the board.  It is important to place the braces such 

that the 1 inch side it screwed to the board and the 2 inch side is at right angles to the 

board.  This both allows strength and provides protection to the control electronics.  Cut 

two holes in each of the braces to allow cables to pass through. 

 

 

Figure 1: Position of braces on Board 

Laying the track (30m) 

Once the braces have been fitted the track can be laid.  The exact position of the track is 

not important, only that there is an inner loop and an outer loop. 

 

 

Figure 2: Test Track Layout 

Fitting the Electronics (180m) 

The electronics can now be fitted to the board in three parts.  The first and most difficult 

part is fitting the IRDOT-2D proximity sensors to the board underneath the tracks. 

 

Proximity Sensors (60m) 

Tools required: 4mm wood drill bit, 4mm circular file, 10mm rectangular file. 

Using the 4mm drill bit, drill a hole from the top of the board between two of the sleepers 

on the track as a guide (Be careful at this stage to make sure that the sleeper is not 

damaged by the drill) 
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Remove the excess wood splinters from the underside of the board and place the circular 

file through the hole to clean and clear it. 

 

Gently drag the circular file left in the circular hole to make it rectangular and large 

enough to put the 10mm rectangular file in. 

 

Using the rectangular file widen the hole so that it is the width of the gap between the 

sleepers and no more than 10mm long (it should look like a letter box). 

 

Remove the excess splinters from the underside of the board. 

 

 

Figure 3: Rectangular letterbox hole in the board 

 

Place the IRDOT-2D below the rectangular letter box hole such that the IR transmitter 

and received slot into the hole but do not stick up above the sleeper (it may be necessary 

to file the hole slights to get a good fit). 

 

Once the PCB is in place measure the distance between it and the underside of the board 

to enable spacers to be selected (and cut if required). 

 

Secure the PCB to the track board using the required spacers ensuring that the holes 

required to hold the spacer to the track board do not foul the track. 

 

 

Figure 4: IRDOT-2D seen from the bottom 
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Repeat for the other two IRDOT-2D sensors. 

 

 

Figure 5: IRDOT-2D seen from the top 

Control Circuits (15m) 

Tools Required: Philips Screw Driver, Pliers, M3 bolts (3cm long), M3 nuts. 

 

The position of the PIC IO-Board, CDU and 12VDC Regulator board is not critical and 

should be mounted close to the Proximity sensors, but avoiding where the Point Motors 

will go. 

 

Note: The PIC-IO Board, CDU and 12VDC Regulator board should be mounted 

directly to the underside of the track board WITHOUT spacers.  This firstly gives 

more clearance of the high capacitor components and secondly ensures the board 

does not flex during wiring. 

 

Note: In order to aid program de-bugging do not obscure the RS232 port on the PIC 

IO Board. 

 

 

Figure 6: PIC-IO Dev Board mounted to the underside of the track 
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Figure 7: Power Regulator Board 

 

 

Figure 8: Capacitor Discharge Unit 

Point Motors (15m) 

Tools Required: Philips Screw Driver, Phillips countersunk screws (supplied). 

 

Fit the two point motors on the top of the track board next to the points ensuring they are 

mounted level and the control levers are not fouled.  Place a three connection terminal 

block next to the point motors to allow them to be easily removed and drill a small hole 

next to the terminal blocks for the wires to route to the underside of the board. 

 

 

Figure 9: Point Motors and terminal blocks seen from the top 

Wiring (90m) 

Tools Required: Philips Screw Driver, Slot Screw driver, terminal blocks. 
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Wire the board as per the schematic (Appendix B), which was created using Eagle Lite 

Edition (http://www.cadsoftusa.com/downloads/freeware/?language=en).  There are no 

specific rules to wiring and what should be connected first, just try to stick to the 

following guides:- 

 Use Red for positive or Point Motor Direction A. 

 Use Black for negative or Point Motor Common. 

 Use Blue for signal or Point Motor Direction B. 

 

Note: Remember to check the wiring before power-up and use duck tape to secure 

loose cables to the underside of the board. 

Power-up (5m) 

Place the programmed PIC16F628A (Appendix A) into the PIC IO Board, and then 

connect the power.  The RB5 Status LED should instantly light for five second and each 

of the IR Proximity sensors LEDs should also light up.  After approximately four seconds 

the sensor lights should begin to switch off followed by RB5.  The board will then pulse 

each relay output in turn to test the Point Motors.  The board is ready for use. 

 

Note: If any of the above does not happen remove power and double check the 

wiring. 

Part Two - Software 

Layout and Design 

The software design was built using Dia (http://live.gnome.org/Dia) and is shown in the 

figure below. 

 

 

Figure 10: Program Flow 

http://www.cadsoftusa.com/downloads/freeware/?language=en
http://live.gnome.org/Dia
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Development 

The control software has been written in Microchip C using the MPLAB IDE 

(http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&

dDocName=en019469&part=SW007002) and is modularised into components:- 

 

 

Figure 11: Project Layout 

 

main.c – This file contains the main track control algorithms. 

track.c – This file contains the routines to control the board. 

usart.c – This file contains the routines to communicate via the RS232 port. 

track.h – This file contains the function headers and constant defines for track.c. 

usart.h – This file contains the function headers and constant defines for usart.c. 

 

The compile source code from the above five files is included in Appendix A as hex code 

ready for programming into a PIC16F628A using an appropriate programmer. 

 

The software was programmed to the PIC16F628A using the Microchip PIC Start Plus 

(http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&

dDocName=en010020) as this is what the Author already had. 

 

This is however a legacy product and Microchip recommend using the PICkit 2 Starter 

Kit 

(http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&

dDocName=en023805&part=DV164120) instead. 

Testing 

The software has been tested using a PIC16 Simulator 

(http://www.oshonsoft.com/pic.html) prior to being installed in the test track.  The 

majority of the testing has been done on the Test Track board with the RS232 debug 

output connected to a laptop via an RS232 to USB converter running HyperTerminal 

under Windows XP Home SP3. 

http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en019469&part=SW007002
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en019469&part=SW007002
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en010020
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en010020
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en023805&part=DV164120
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en023805&part=DV164120
http://www.oshonsoft.com/pic.html
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Part Three – Future Ideas 

Diode Point switching 

By using diodes connected to the drive relays and re-wiring the common from the Point 

Motors it would be possible to use three relays to drive two points rather than four relays 

to drive two points.  This would then free up the fourth relay to control something else. 

 

 

Figure 12: Diode point switching 

Auxiliary control 

Once Diode point switching has been put in place, the fourth relay could be used to 

switch signals, power to track sidings, turn table motors, special effects units, etc to 

enhance realism of the layout. 
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Appendix A: PIC Program Code 
The hex code for the PIC program is shown below:- 

 
:10000000242D00308A000408840A82070034543406 

:1000100052344E3431343D343D3449344E344E3410 

:10002000453452340D340A340034543452344E348E 

:1000300031342D343E3449344E344E344534523408 

:100040000D340A340034543452344E3431343D3497 

:100050003D344F3455345434453452340D340A341D 

:100060000034543452344E3431342D343E344F3411 

:1000700055345434453452340D340A340034543435 

:1000800052344E3431343D343D345334543441349D 

:10009000523454340D340A3400344D346F346434E3 

:1000A00065343D343D34533449344F344C340D348D 

:1000B0000A340034543452344E3431343D343D34F7 

:1000C000533454344F3450340D340A3400345434DF 

:1000D00052344E3432343D343D3450344134533450 

:1000E00053340D340A3400344D346F346434653481 

:1000F0003D343D345434503453340D340A340034D8 

:0E01000050344F34533454340D340A34003428 

:100A4800F001F101FB018301802DF2002B2D8312AF 

:100A580003130C1E302D312D2B2D322D72089900C9 

:100A680008008316031306118614903083120313AB 

:100A780098002430831603139800813099000800E9 

:100A8800F400F501512D750874078400012029250B 

:100A98000130F3007308F507512D750874078400B9 

:100AA80001200038031D592D5A2D472D5B2D0800B4 

:100AB8008312031386167F30F900D430F800AE3065 

:100AC800F700F70B652DF80B652DF90B652D6C2DCF 

:100AD800831203138612F2010030BD26F2010314BB 

:100AE800F20D0030BD26F2010130BD26F2010314DB 

:100AF800F20D0130BD2608008B0107308312031365 

:100B08009F00831603139F01861205160614861587 

:100B180006168511051185100510F030FA007A08BF 

:100B280083120313850535257A3044255C25701416 

:100B3800F1107111FB0147304425A22D4227701A8C 

:100B4800A62DA82D0130A92D0030FA007118AD2D61 

:100B5800AF2D0130B02D00307A060319B42DB52D14 

:100B6800C92D701AB82DB92DBF2D7010F110711143 

:100B78006E304425BF2D701EC22DC32DC92D701493 

:100B8800FB0147304425C92DC92D7018CC2DCD2D1A 

:100B9800CF2DD425A22D4826A22DA22DA22D002886 

:100BA800F019D72DD92D0130DA2D0030F700F01BC0 

:100BB800DE2DE02D0130E12D003077060319E52DFB 

:100BC800E62DFC2DF019E92DEA2DFC2DF118ED2D5F 

:100BD800EE2DFC2D0F304425F114F2010314F20D13 

:100BE8000130BD26F2010030BD26FC2DFC2DFC2D68 

:100BF8007019FF2D012E0130022E0030F700701BF6 

:100C0800062E082E0130092E0030770603190D2E06 

:100C18000E2E192E7019112E122E192E543044250D 

:100C2800F2010130BD26192E192EF0181C2E1E2E89 

:100C380001301F2E0030F700F01A232E252E013028 

:100C4800262E0030770603192A2E2B2E472EF01851 

:100C58002E2E2F2E332E613044257115332EF01C85 

:100C6800362E372E472E711D3A2E3B2E472E393001 

:100C78004425F2010314F20D0030BD267111F11064 

:100C8800472E472E472E0800F0184B2E4D2E0130C8 

:100C98004E2E0030F700F01A522E542E0130552EE9 

:100CA800003077060319592E5A2E652EF0185D2E3E 

:100CB8005E2E652E1D304425F2010030BD26652EBE 

:100CC800652E7019682E6A2E01306B2E0030F700E1 

:100CD800701B6F2E712E0130722E003077060319AB 

:100CE800762E772E842E70197A2E7B2E842E013044 

:100CF8004425F2010314F20D0030BD26842E842E03 

:100D0800F019872E892E01308A2E0030F700F01B4B 

:100D18008E2E902E0130912E003077060319952ED5 

:100D2800962EBC2EF019992E9A2EBC2E0130F70063 
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:100D38007708FB0706307B020318A32EA42EAA2EE1 

:100D48002B304425F2010130BD26B22E0F30442548 

:100D5800F2010314F20D0130BD26B22E0A307B02D7 

:100D6800031CB72EB82EBC2EFB01BC2EBC2EBC2EED 

:100D78000800F600831203138616292FEC2E83121F 

:100D8800031305150330F5008A30F4005630F300DC 

:100D9800F30BCC2EF40BCC2EF50BCC2ED32E8312CA 

:100DA80003130511312F8312031385150330F50042 

:100DB8008A30F4005630F300F30BE02EF40BE02EEB 

:100DC800F50BE02EE72E831203138511312F312FF7 

:100DD8007208003A0319D72E013A0319C32E312F8E 

:100DE800312F1F2F8312031305140330F5008A30A7 

:100DF800F4005630F300F30BFF2EF40BFF2EF50B27 

:100E0800FF2E062F831203130510312F83120313AD 

:100E180085140330F5008A30F4005630F300F30BE4 

:100E2800132FF40B132FF50B132F1A2F8312031301 

:100E38008510312F312F7208003A03190A2F013A11 

:100E48000319F62E312F312F312F7608003A031966 

:100E5800EC2E013A03191F2F312F0330F5008A3089 

:100E6800F4005630F300F30B372FF40B372FF50B44 

:100E7800372F3E2F8312031386120800F012F01C3E 

:100E8800462FF0167013701D4A2F7017F013F01DBF 

:100E98004E2FF0177110701E522F7114F01083121C 

:100EA8000313051E582FF014701183120313061C28 

:100EB8005E2F7015F01183120313861D642FF01531 

:100EC800701283120313061E6A2F7016F01A6D2F04 

:100ED8006F2F0130702F0030F200F018742F762F2A 

:100EE8000130772F0030720603197B2F7C2F8F2F4C 

:100EF8000330F4008A30F3005630F200F20B822FF0 

:100F0800F30B822FF40B822F892FF0108312031317 

:100F1800051E8F2FF014701B922F942F0130952FE0 

:100F28000030F2007019992F9B2F01309C2F003050 

:100F380072060319A02FA12FB42F0330F4008A30B2 

:100F4800F3005630F200F20BA72FF30BA72FF40B88 

:100F5800A72FAE2F701183120313061CB42F701520 

:100F6800F01BB72FB92F0130BA2F0030F200F0195B 

:100F7800BE2FC02F0130C12F003072060319C52FB4 

:100F8800C62FD92F0330F4008A30F3005630F20010 

:100F9800F20BCC2FF30BCC2FF40BCC2FD32FF0115B 

:100FA80083120313861DD92FF0157118DC2FDE2F3D 

:100FB8000130DF2F0030F200701AE32FE52F0130E7 

:100FC800E62F003072060319EA2FEB2FFF2F0330AC 

:100FD800F4008A30F3005630F200F20BF12FF30BD5 

:100FE800F12FF40BF12FF82F701283120313061E42 

:080FF800FE2F7016FF2F080008 

:00000001FF 
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Appendix B: Board Wiring Diagram 
The Wiring diagram for the board is shown below:- 

 

 

Figure 13: Board Wiring Diagram 


