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Brief 
Based on the Winter Wonderland board, construct a new board the folds for easy 
transport and has a PIC controlled system incorporating a game for children. 
 

Components 
Item # Description 
00 Gauge Track AR Enough to make two loops on the board including a siding loop 
00 Gauge Points – 
Left Hand 

1 A single 00 Gauge point, left hand 

00 Gauge Points – 
Right Hand 

1 A single 00 Gauge point, right hand 

Hornby Point Motors 2 R8014 - Point Motor and R8015 - Point Motor Housing (Adaptor Base) 
9-way D-Type Plug 2 Command connector for the Board and extension cable 
9-way D-Type Socket 2 Command connector for the control box and extension cable 
6-way DIN Plug 1 Power connector wired to the Dual Power Controller 
6-way DIN Socket 1 Power connector mounted to the Board 
Black ABS Box 2x3x2 1 Box to contain the four control switches 
Red Push-to-Make 
Switches 

2 Two red control switches for Start-Stop and Loop Isolate 

Black Push-to-Make 
Switches 

2 Two black control switches for Siding-Park and Siding-Release 

9-way D-Type Hood 2 Hood for each end of the extension cable 
25-way D-Type Plug 1 Underside board connector to transfer power and points over the fold 
25-way D-Type 
Socket 

1 Underside board connector to transfer power and points over the fold 

25-way D-Type Hood 2 Hood for each of the underside connectors 
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 
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Part One - Hardware 

Building the board 
The most complicated part of the construction is making the folding base board.  The 
board must be light and flexible to be hinged, but sufficiently sturdy to mount the track 
and control electronics.  The decision was made to design the board to make it easy to 
fold, transport and erect with the electronics being fitted later. 

Laying the track 
Lay the track onto the board so that the following layout is created. 

 
Figure 1: Test Track Layout 

 
Notes 
The red dashed line shows the position of the fold 
The blue rectangles show the position of the stations 
The blue circles show the position of the two points 
The red circles show the position of the power connectors 

Fitting the Electronics 
The electronics can now be fitted to the board in the following order 

1. Control Board and sockets 
2. Point Motors 
3. Power Transfer connector 
4. Control Connectors 
5. Wiring runs 

Control Board and sockets 
The PIC-IO-Board, CDU and point switches (Darlington Pair open collector) were all 
wired to a piece of hardboard sheeting and tested in isolation.  This was done to aid 
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construction and to ensure that testing was made easier.  The figure below shows the 
components mounted. 

 
Figure 2: Control Board on the test bed 

Once tested the Control Board is then inserted into the Folding board.  It was decided to 
place the Control Board in one corner of the board to simplify wiring.  The figure below 
shows the Control Board mounted. 
 

 
Figure 3: Control Board fitted into the Folding Board 

Point Motors 
The holes for the points were made and then wired to the board.  The figure below shows 
one of the points.  The other point is mounted in a similar manner. 
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Figure 4: Points mounted to the board 

Power Transfer connector 
The power Transfer connector was then wired and connected to the board using block 
connectors so as to not tension the wires.  The two figures below shows how the Transfer 
connector is wired. 
 

 
Figure 5: Power Transfer connector (left side) 
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Figure 6: Power transfer connector (right side) 

 

Control connectors 
The connectors to bring power and allow the control box to be connected are then fitted 
to the board.  The figure below shows how the power (6-way DIN) and command (9-way 
D-Type) is mounted.  The Velcro to the right of the D-Type is used to hold the control 
box when not used. 
 

 
Figure 7: Power and control connectors 

 

Wiring runs 
The points, track power, Transfer connectors and control board are then wired together.  
The two figures below show the complete wiring looms. 
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Figure 8: Wiring Runs (Right side) 

 

 
Figure 9: Wiring Runs (Left Side) 
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Part Two - Software 

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:- 
 
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. 
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Appendix A: PIC Program Code 
The hex code for the PIC program is shown below:- 
:100000007B2900308A000408840A820700343234D5 
:10001000303430340D340A3400343234393430342E 
:100020000D340A3400343134363431340D340A346A 
:1000300000343234313433340D340A340034323441 
:10004000353433340D340A340034303436343334F8 
:100050000D340A3400343034383434340D340A3436 
:1000600000343334313435340D340A34003431340F 
:10007000393435340D340A340034323431343634C2 
:100080000D340A3400343234373436340D340A3403 
:1000900000343134393436340D340A3400343334D6 
:1000A000323437340D340A3400343134393437348F 
:1000B0000D340A3400343234333439340D340A34D4 
:0E00C0000034912A9C2AA72AB22ABD2AC82AF7 
:1002AE00F00070185B295F298312031386166229EA 
:1002BE008312031386120800F000652983120313BC 
:1002CE000C1E6A296B2965296C2970089900080093 
:1002DE00700883120313BE007108BF00C001C10174 
:1002EE00C6010314C60D0800BE01BF01C001C10145 
:1002FE00C201C301C401C501C601BC01BD01830118 
:10030E00E12C0230F200E730F1000030F000F00B8B 
:10031E008E29F10B8E29F20B8E29640008008316AC 
:10032E0003130611861490308312031398002430A1 
:10033E00831603139800813099000800013057216D 
:10034E00E430F2004430F100F10BAB29F20BAB2993 
:10035E00640000305721E430F2004430F100F10B1C 
:10036E00B629F20BB62964000800F200F301C92980 
:10037E00730872078400012063210130F1007108B7 
:10038E00F307C92973087207840001200038031D82 
:10039E00D129D229BF29D329080083120313AC0116 
:1003AE00AD01D929281CDC29DD29E3292A08AC074F 
:1003BE000318AD0A2B08AD0701300310AA0DAB0DC3 
:1003CE00FF3E031DE42901300310A90CA80CFF3ECB 
:1003DE00031DEB2929082804031DF629F729D9291D 
:1003EE00F8292D08A901A9072C08A801A807FF299B 
:1003FE00080083120313BC120030BC1A0130F40043 
:10040E007408F00001308F22831203133C13003066 
:10041E003C1B0130F4007408F00002308F2283126E 
:10042E000313BC130030BC1B0130F4007408F00041 
:10043E0003308F22831203133D1000303D1801301C 
:10044E00F4007408F00004308F2283120313471057 
:10045E00003047180130F4007408F00005308F2288 
:10046E0083120313BD100030BD180130F400740860 
:10047E00F00006308F221F30BC2108000030FC0037 
:10048E000030FB000030FA000030F9004E2A701CDC 
:10049E00512A522A6A2A7408F9077508031103189B 
:1004AE00013E03195B2AFA07760803110318013E71 
:1004BE000319622AFB07770803110318013E03197B 
:1004CE00692AFC076A2A0130F8000310F40DF50DB5 
:1004DE00F60DF70DF80B6C2A01300310F30CF20C2D 
:1004EE00F10CF00CFF3E031D742A730872047104A4 
:1004FE007004031D832A842A4E2A852A7C08F30061 
:10050E007B08F2007A08F1007908F0008E2A0800C4 
:10051E00F100D42A7018942A982A83120313851591 
:10052E009B2A831203138511E22A70189F2AA32A8D 
:10053E00831203130515A62A831203130511E22A4B 
:10054E007018AA2AAE2A831203138514B12A8312B5 
:10055E0003138510E22A7018B52AB92A83120313E1 
:10056E000514BC2A831203130510E22A7018C02A40 
:10057E00C42A831203130617C72A83120313061302 
:10058E00E22A7018CB2ACF2A831203138617D22A97 
:10059E00831203138613E22AE22A7108FF3E031C1C 
:1005AE00E22A8400063004020318E22A00308A0090 
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:1005BE00613004078200080083120313C608031D6E 
:1005CE00E92AEA2AEF2A0130F0000030F1006F210B 
:1005DE00393083120313B0003030B1000030B20056 
:1005EE000030B3004108F3004008F2003F08F1006C 
:1005FE003E08F0004130F700C630F6004E30F500F0 
:10060E006D30F4004522700883120313B007710891 
:10061E000318710F132B142BB10772080318720FE6 
:10062E00192B1A2BB20773080318730AB307330872 
:10063E00C1003208C0003108BF003008BE003E08BD 
:10064E00B4003F08B5004008B6004108B7001030AE 
:10065E00B800370DB70CB60CB50CB40CB80B302B6C 
:10066E00FF303405AE007F303505AF003E2B08005D 
:10067E0083120313BC120030BC1A0130F40074084C 
:10068E00F00001308F22831203133C1300303C1B09 
:10069E000130F4007408F00002308F22831203132D 
:1006AE00BC130030BC1B0130F4007408F0000330A2 
:1006BE008F22831203133D1000303D180130F400D9 
:1006CE007408F00004308F22831203134714003095 
:1006DE0047180130F4007408F00005308F2288218D 
:1006EE00831203134710003047180130F4007408CA 
:1006FE00F00005308F22882183120313BD140030C1 
:10070E00BD180130F4007408F00006308F228821E5 
:10071E0083120313BD100030BD180130F4007408AD 
:10072E00F00006308F222530BC21080083120313FF 
:10073E00A501A11FA32BA42BAD2BA009A109A00AD3 
:10074E000319A10AA5010314A50DAD2BA31FB02BF0 
:10075E00B12BBB2BA209A309A20A0319A30A0130CC 
:10076E00FD007D08A506BB2BA601A70121082004CC 
:10077E000319C22BC32B012CA4010314A40DD32BDC 
:10078E0001300310A00DA10DFF3E031DC82B01303B 
:10079E00FD007D08A407D32BA11FD62BD72BC72B6B 
:1007AE00D92BD92B01300310A60DA70DFF3E031D2B 
:1007BE00DA2B21082302031DE62B20082202031C3C 
:1007CE00E92BEA2BF22B2008A2022108031CA3031B 
:1007DE00A3022614F22B01300310A10CA00CFF3E35 
:1007EE00031DF32B0130A402031DFE2BFF2BD92B6F 
:1007FE00012C012C2508031D052C0B2CA609A7097D 
:10080E00A60A0319A70A0B2C2708A101A10726087F 
:10081E00A001A007122C080083120313BD113C1C6B 
:10082E00192CBD15831203133D12BC1C1F2C3D1633 
:10083E0083120313BD123C1D252CBD168312031308 
:10084E003D13BC1D2B2C3D17831203133C10051EAC 
:10085E00312C3C1483120313BC10061C372CBC1411 
:10086E00831203133C11861D3D2C3C15831203137A 
:10087E00BC11061E432CBC1583120313BD19482C44 
:10088E004A2C01304B2C0030F0003C184F2C512CD0 
:10089E000130522C003070060319562C572C6A2C3E 
:1008AE000230F2000430F100BA30F000F00B5D2C93 
:1008BE00F10B5D2CF20B5D2C6400831203133C10C4 
:1008CE00051E6A2C3C14831203133D1A6F2C712CD7 
:1008DE000130722C0030F000BC18762C782C0130D0 
:1008EE00792C0030700603197D2C7E2C912C023051 
:1008FE00F2000430F100BA30F000F00B842CF10B52 
:10090E00842CF20B842C640083120313BC10061C7F 
:10091E00912CBC1483120313BD1A962C982C013003 
:10092E00992C0030F0003C199D2C9F2C0130A02CEE 
:10093E00003070060319A42CA52CB82C0230F2003E 
:10094E000430F100BA30F000F00BAB2CF10BAB2CF5 
:10095E00F20BAB2C6400831203133C11861DB82CD2 
:10096E003C15831203133D1BBD2CBF2C0130C02C34 
:10097E000030F000BC19C42CC62C0130C72C00303E 
:10098E0070060319CB2CCC2CE02C0230F200043074 
:10099E00F100BA30F000F00BD22CF10BD22CF20B8E 
:1009AE00D22C640083120313BC11061EDF2CBC155F 
:1009BE00E02C08008B010730831203139F0083166F 
:1009CE0003139F0186120516061486150616851149 
:1009DE0005118510051006138613F03083120313CC 
:1009EE00B9003908850596213F230D30BC21A5217C 
:1009FE00002D83120313BC1A052D062D0B2D3C1F43 
:100A0E00092D0A2D1D2D0B2D013057210330831278 
:100A1E000313BB008A30BA005630B900B90B152D3E 
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:100A2E00BA0B152DBB0B152D1C2D1E2DA521132418 
:100A3E00831203133C18242D262D0130272D003050 
:100A4E00B900BD192B2D2D2D01302E2D003039065C 
:100A5E000319322D332DA02D3C18362D372DA02DF8 
:100A6E00BC1A3A2D3B2D942D3C1B3E2D3F2D942D23 
:100A7E00A5213F23FF3083120313A0007F30A10076 
:100A8E00E322831203132F08A301A3072E08A2014A 
:100A9E00A2079D23831203132108A901A907200889 
:100AAE00A801A807C830AA000030AB00D4218312D9 
:100ABE00031328082C3EC20029080318013E013EEC 
:100ACE00C3004308C501C5074208C401C407BC16CC 
:100ADE000030BC1A0130B9003908F00001308F2205 
:100AEE00831203133C1700303C1B0130B900390848 
:100AFE00F00002308F2283120313BC170030BC1B90 
:100B0E000130B9003908F00003308F223130BC219A 
:100B1E004330BC214F30BC21A02D0130BC2100221E 
:100B2E0083120313C201C301C401C501A02DA02D60 
:100B3E00A02D83120313BC18A52DA72D0130A82DAF 
:100B4E000030B9003D1AAC2DAE2D0130AF2D003066 
:100B5E0039060319B32DB42DDD2DBC18B72DB82DC4 
:100B6E00DD2DA52183120313BC1FBE2DBF2DCD2D50 
:100B7E001330BC2183120313BC130030BC1B013095 
:100B8E00B9003908F00003308F22DD2D3730BC213B 
:100B9E0083120313BC170030BC1B0130B900390897 
:100BAE00F00003308F22DD2DDD2DDD2D831203139A 
:100BBE003C19E22DE42D0130E52D0030B900BD1AAF 
:100BCE00E92DEB2D0130EC2D003039060319F02DF7 
:100BDE00F12DAA2E3C19F42DF52DAA2EA521FF30AC 
:100BEE0083120313C200FF30C300FF30C400FF3076 
:100BFE00C5003C1A032E042E562EBC160030BC1A0D 
:100C0E000130B9003908F00001308F22831203132E 
:100C1E003C1300303C1B0130B9003908F0000230A3 
:100C2E008F2283120313BC170030BC1B0130B90096 
:100C3E003908F00003308F22831203133D14003065 
:100C4E003D180130B9003908F00004308F228312AC 
:100C5E000313BD100030BD180130B9003908F00083 
:100C6E0006308F22831203134714003047180130C9 
:100C7E00B9003908F00005308F2288218312031342 
:100C8E004710003047180130B9003908F000053020 
:100C9E008F225530BC21831203133C16AA2EBC168C 
:100CAE000030BC1A0130B9003908F00001308F2233 
:100CBE00831203133C1300303C1B0130B90039087A 
:100CCE00F00002308F2283120313BC170030BC1BBE 
:100CDE000130B9003908F00003308F22831203135C 
:100CEE003D1000303D180130B9003908F0000430D5 
:100CFE008F2283120313BD100030BD180130B900CE 
:100D0E003908F00006308F22831203134714003087 
:100D1E0047180130B9003908F00005308F228821BC 
:100D2E00831203134710003047180130B9003908F9 
:100D3E00F00005308F221930BC21831203133C12B0 
:100D4E00AA2EAA2EAA2EBC19AD2EAF2E0130B02E71 
:100D5E000030B9003D1BB42EB62E0130B72E003038 
:100D6E0039060319BB2EBC2E752FBC19BF2EC02EF3 
:100D7E00752FA521FF3083120313C200FF30C3006D 
:100D8E00FF30C400FF30C5003D19CE2ECF2E212FCF 
:100D9E00BC160030BC1A0130B9003908F000013021 
:100DAE008F22831203133C1300303C1B0130B90019 
:100DBE003908F00002308F2283120313BC17003063 
:100DCE00BC1B0130B9003908F00003308F228312AA 
:100DDE0003133D1400303D180130B9003908F000FE 
:100DEE0004308F228312031347100030471801304E 
:100DFE00B9003908F00005308F2283120313BD1499 
:100E0E000030BD180130B9003908F00006308F22CD 
:100E1E00882183120313BD100030BD180130B900B4 
:100E2E003908F00006308F223D30BC2183120313A7 
:100E3E003D15752FBC160030BC1A0130B9003908AB 
:100E4E00F00001308F22831203133C1300303C1B41 
:100E5E000130B9003908F00002308F2283120313DB 
:100E6E00BC170030BC1B0130B9003908F00003304C 
:100E7E008F22831203133D1000303D180130B9004C 
:100E8E003908F00004308F2283120313471000300C 
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:100E9E0047180130B9003908F00005308F2283124F 
:100EAE000313BD140030BD180130B9003908F0002D 
:100EBE0006308F22882183120313BD100030BD1817 
:100ECE000130B9003908F00006308F220730BC21FE 
:100EDE00831203133D11752F752F752F4308803A1A 
:100EEE00FF0080307F02031D7E2F01304202031C63 
:100EFE00812F822F8D2F831203134208FF3EC200D3 
:100F0E0043080318013EFF3EC3008D2F83120313C7 
:100F1E004508803AFF0080307F02031D982F013074 
:100F2E004402031C9B2F9C2FA72F831203134408EC 
:100F3E00FF3EC40045080318013EFF3EC500A72F23 
:100F4E0083120313BC1EAC2FAD2FD22F43084204C5 
:100F5E00031DB22FB32FD22F2B30BC2183120313BC 
:100F6E00BC120030BC1A0130B9003908F000013053 
:100F7E008F22831203133C1BC52FC62FD22FBC13F7 
:100F8E000030BC1B0130B9003908F00003308F224D 
:100F9E00D22FD22FD22F831203133C1FD72FD82F2D 
:100FAE00002D45084404031DDD2FDE2F002D493092 
:100FBE00BC21831203133C1300303C1B0130B900DB 
:100FCE003908F00002308F2283120313BC1AF02F5F 
:100FDE00F12F002DBC130030BC1B0130B9003908B5 
:100FEE00F00003308F22002D002D002D002D002D3E 
:020FFE000028C9 
:02400E002AFF87 
:00000001FF 
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Appendix B: Board Wiring Diagram 
The Wiring diagram for the board is shown below:- 
 

 
 

Figure 10: Board Wiring Diagram 


