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Pinscape s t he name of my vi r t wmadilding forraltitideloder ageabnown et , whi
The Pinscape Controller is a device | designefdaas of that project. Its original purpose was to handle

two special types of virtual pinball input, namsdnsinghe plunger position and sensing accelerations

from nudging the cabinet, but the projeexpanded to handle button input wiring and feedback device

control as well This guide explains how to build one of your own.

Overview

The Pinscape Controller isldSBdevice thatyou plug into the PC in your virtual pinball cabindt
emulates a UB joygick, so Windows recognizes it with its builh joystick driver It also works
seamlessly with Visual Pinball, whichhai$i-in support forjoystick input for nudging and plunger
position sensing.

Physically, the main controller runs on a KL2&irocontroller board. This is a credit
card sizedselfcontained singleboard computerthat costs about $13 It hasan onboard
accelerometer that we use for nudge sensing, so it has to be moutgedn the floor of
your cabinetand secured iplace so that it moves with the cabinelt connects to the
PC/motherboard via a USB cable, which also supplies it with power.

The plunger sensor isseparate devicesalled aCCD linear array. Thiss packaged as
small circuit board a b o u t”. Yau mount thisadfacent to the mechanical plunger
and run some wires between it aride KL25Z. Yo u ' | | aihstalba smadl leglsk t o
source to illuminate the sensofThe CCD is essentially a camera; it measures the plungery,
position by rapidly tking pictures of the plunger, which the software analyzes to determine
how far the plunger is pulled back at any given instant.

Alternaively, the software can senglee plunger position using a slide potentiometetich is cheaper

and somewhat simplehtin the CCD. To set this upyou mechanically attach the plunger rod ttwe

pot’s slide | ever, so that chaogestmpgo telebtécalrpsistarteg er mo v
Sinceplunger positiorand resistance vary in sync, thetsgdre canfigure the positiorfrom the

resistance, whichitcan measwei a t he mi @amalgvoliage sampldr.er ' s


http://creativecommons.org/licenses/by/4.0/

Features
The controller has four main functionsThesefeatures work independentlyou can use any subset.

1 Plunger position sensing he software works witha CCD sensoror potentiometer to read the
position of the plunger As you move your mechanical plunger back and forth, theameen
plunger in Visual Pinball tracits motion.

1 Nudge sensing. The controller uses anlorard accelerometer to detect cabinet motion
Visual PinbaHlas buikin support that applies physical acceleration readings to its siio)ao
the ball on screemeacts when you nudge the cabinet. This is traealog nudging, not the
simulated type you rght be used to fronthe VPkeyboard interface. With accelerometer
input, a little nudge yields a little reaction, a bigger nudge yields a bigger reaatiomydges are
fully directional,Thi s i s a huge enhancement tgetimeal i sm a
desktop virtual pinball.

1 Button inpu wiring. You can wire up to 2¢ushbuttonsand switchego the controller for
purposes like flipper buttons and the Start button. The PC sees these as joystick buttaoh,
VP knows how to read foits inpu controls. Wiring buttons is fairly simple; you just wire each
button to a pin on the KL25Z headers.

1 LedWizcompatible outputcontrol for feedba@k devices. This featuteas some significant
' imitations, so you s houlademéntfort feal kedWizmphbutitt he KL 2
comes in hady if you need a few extra ports. Note that some fairly involved soldering vierk
required to use this feature

The competition

There are(at least) threecommercialplungerandnudgesolutionsavailableZ e bDigi&alPunge Kit,

the VirtuaPin Plunger Kiand e Nano-Tech Motlon Cortroller. Ze b ' s ki t useesr a | i nea
the plunger sensorhe other two use IR proximity sensors. All three kits also provide acceleteme

nudgesensors and button input encodind@ h e y ' ptugandpllayl kits thatwork right out of the box

andthey come with waranties and customer supportl’ dtronglyrecommend looking at these options

before consideringPinscape controllerunless you really enjoy challenging DIY projects.

Thebigr eason | di dn kitsmyselfethablwas not & h o § grdcisionat stability h t h e
of the position sensing of the tRased kits( Ze b’ s kit wasn’t odfdRwhasithe mar ket
only option) | want to emphasize thdt ° m pthac rkost@eople about this. HE IR sensors daork

and do performthe basic job, and most people seeeasonabhhappywith them. But in my testing,

t hey taepreeises | wanted | ' particularlyfond ofsome tables withricky plungerskill shots,

which can’t be r e a lfairlgHigh precision yromsthie plunjeaderessat wi t hou't

Not e tlsatki Ze ldiwhdm startedehis ipreject. It usesdifferent sat of sensorthat looks

like it achievethe precision | was aimingfol haven’t seen it i nondheti on pe.]
Web forums have beeguite positive. | mightnot haveevenstar t ed on t hi kthgdr oj ect i f
been available at the time.


http://www.zebsboards.com/index.php/feedback-control-devices/plunger-detail
http://virtuapin.net/index.php?main_page=product_info&products_id=105
http://nanotechent.com/mot-ionkit.php

No Warranty

Just tobe suret h e r e’ sderstandingj | svannto make clear thiiis whole projecthasNO

WARRANTY of any kind. | m makingall of thisavailableat no charge in the hope that it will be useful,

butl can’t guarantee that i tbuildingyburowovwvelsionbif vehati gdut
make the documentation as complete and accurate as, i might have missed imgant details or

made errors Likewise, the software might (and probably does) contain b&gsceed at your own risk.

THISDOCUMENTATION IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KINEXPRESS
OR IMPLIED, INCLUDIN@GUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE ANONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHOR BE LIABLE FOR ANY CLAIMAMAGES OR OTHER LIABILITY, WHETHER IN AN
ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROBIUT OF OR IN
CONNECTION WITH THE DOCUMENTATION OR THE USE ® OTHER DEALINGS IN THE
DOCUMENTATION.

This work is licensed under @reative Commons Attribution 4.0 International License

Parts List
You' Il |l need tfarpartaia this prajeat,am foi yeur \drtual pinball cabinet build in
general The frst isan electronics distributa I * ve beenouseElectromcggmegy wi t h

DigiKeyalso has goodreputation The second is a pinball parts dealétinball LifendMarco

Specialtieare both great.| also recommend/irtuaPin their prices are usually quite good, and they

have many of the key partor virtualcabines, butt hei r sel ecti on iteen’t as com
distributors. eBaycanalsobe worth a look, althoughusedpinball parts on eBagiwaysseem to beat

leastas expensive as new parts from the distributors and ar enhetw. as shiny and

The specific part numbers and supplier litletow are onlysuggestiongp make shopping easier. Feel
free to substitute similar parts as you see fit.

Electronicsrequired for all variations
Freescale FRDML25Z microcontroller board
USB cald, USBA to Mini-B, 1.8m (orlength as needel*

Electronics for theCCD (optical sensorplunger feature:
TAOS TSE1410RCCD linear array
Blue LED2 each(or similar light source of your choosing)
Molex .062 Scircuit plugt t
Molex .062 5circuit receptaclet
Molex .062 crimp pins5 eacht
Molex .062 crimp sockef$ eacht T

Electronics for the slide potentiometer alternative plunger sensor:
ALPS RSAON11S9A08rBourns PTFOI52A-103B2 orthis part or anyslide potwith linear taper and
80mmt travel



http://creativecommons.org/licenses/by/4.0/
http://www.mouser.com/
http://www.digikey.com/
http://pinballlife.com/
http://www.marcospecialties.com/
http://www.marcospecialties.com/
http://virtuapin.net/
http://www.mouser.com/ProductDetail/Freescale-Semiconductor/FRDM-KL25Z/?qs=sGAEpiMZZMv8qfsbmFratDaJVW2nplde
http://www.mouser.com/Search/ProductDetail.aspx?R=88732-8802virtualkey53810000virtualkey538-88732-8802
http://www.mouser.com/ProductDetail/ams/TSL1410R/?qs=sGAEpiMZZMsn4IaorHFpMBOr5aPYmyj5
http://www.mouser.com/ProductDetail/Cree-Inc/C503B-BCN-CV0Z0461/?qs=sGAEpiMZZMvHYEB9WUp7EhB9pKgyKqOlNcIzkxUZOjk%3d
https://www.mouser.com/Search/ProductDetail.aspx?R=03-06-2055virtualkey53810000virtualkey538-03-06-2055
https://www.mouser.com/Search/ProductDetail.aspx?R=03-06-1056virtualkey53810000virtualkey538-03-06-1056
https://www.mouser.com/Search/ProductDetail.aspx?R=02-06-2103virtualkey53810000virtualkey538-02-06-2103
https://www.mouser.com/Search/ProductDetail.aspx?R=02-06-1103virtualkey53810000virtualkey538-02-06-1103
http://www.mouser.com/Search/ProductDetail.aspx?R=RSA0N11S9A0Kvirtualkey68800000virtualkey688-RSA0N11S9A0K
http://www.mouser.com/ProductDetail/Bourns/PTF01-152A-103B2/?qs=VLbEAbY6DC%252bRFWZf7YL3ug%3D%3D
http://www.aliexpress.com/item/3-3v-5v-10k-Adjustable-Slide-Potentiometer-Analog-Output-For-Arduino-uno-r3-ARM-Microcontroller/1808935824.html

Electronics for the plunger caliltran button (optional even if you install the plunger sensor)
[lluminated momentary pushbutton switch
2N4401 transistor(or equivalent NPN switching transistor)
2.2K 1/4W resistor
82 ohm 1/4W resistor
Molex .062 4circuit plugt
Molex .062 4circuit receptaclet
Molex .062 crimppins 5 each T 7%
Molex .062 crimp sockets 5 each t ¢

Electronicdfor the LedWizoutput feature:
8+8 vertical pin headefor jumper J1t T
8+8 wire housindor J11
10+10 vertical pin headdor jumper J2t T
10+10 wire housindor J21 T
Crimp terminalsfor the wire housings above, 1 for each output you plan to tisgé
ULN2803ADarlington transistor array, one for each 8 outputs you plan to use
PC817optocoupler, one for each output you plan to use
BUK957555A MOSFET, one for each output you plan to use
1N4007diode, one for each output with an inductive load (contactor, motmil, etc)
220 ohm 1/4 watt resistgrone for each output
470 ohm 1/4 watt resistgrtwo for each output
Perforated circuit boargdsized ameeded, for building the output stage circuits

Pinball pad required only for the plunger feature
Ball shooter assemplWilliams part no. BL24451**
Ball shooter mounting plafdVilliams part no. 043535
Mediumlow tension ball shooter sprindstern part no. 26&6001-04t

Miscellaneous:
#1032 x 3/ 4" machine screws, 3 each (for mounting ba
#4 wood or sheet metal screws, 2 each (for mounting KL25Z to cabinet)
6mm nylon spacers (for mounting KL252)
22 AWG wire (stranded or soligsolid is dittle easier to solder to the boards)
Solder

* The KL25Z connects to the PC via a U8B0 Mini-B cable.Choose acablelength based ogourcabh et ' s
internal layout. tthas to be long enough to reach fromsB port on your PC to theort on the KLSZ. 6

should be safe for most cabinet$he KL25Z actually hasvoUSB ports, one for application use (in our casge
joystick interface) and the othdor firmware programming. If you want to keep both ports plugged in all the time
for easy firmware updates in tHature, buy two USB cables.

** You can also order the component panté the plungerindividually if you prefer Thatlets you customizehte

shooter spring and knob style. Several colors and styles of knobs are available from the regular pinball suppliers,

and third parties offer gimmiy themed rods for various tables Search the Web for “custor
some leads. If you wa something truly custom, you can orderkaobless shooter rodrom Pinball Lifeand

epoxy a plastic doaad of your own design to the end. Highly recommended for fellow OCD sufferers



http://www.mouser.com/Search/ProductDetail.aspx?R=WBL2UOABQR05CLRvirtualkey61200000virtualkey612-WBL2UOABQR05CLR
http://www.mouser.com/ProductDetail/Rectron/2N4401-T/?qs=sGAEpiMZZMshyDBzk1%2fWi8oN7VHZ91OkpBwSyGI4i4c%3d
http://www.mouser.com/ProductDetail/KOA-Speer/MF1-4DCT52R2201F/?qs=sGAEpiMZZMu61qfTUdNhG%2fDQawzJ6c7PVYW9ANhvWKQ%3d
http://www.mouser.com/ProductDetail/KOA-Speer/MF1-4DCT52R82R0F/?qs=sGAEpiMZZMu61qfTUdNhG%2fDQawzJ6c7PmHX%252byjmzsH4%3d
http://www.mouser.com/ProductDetail/Molex/03-06-2042/?qs=sGAEpiMZZMuzXLcWrSfMr4X6estlsHz0%2fx9TQ8%2fLiOo%3d
http://www.mouser.com/ProductDetail/Molex/03-06-1042/?qs=sGAEpiMZZMuzXLcWrSfMr4AImWoNFp%252b4CIOU%2fIjB6ms%3d
https://www.mouser.com/Search/ProductDetail.aspx?R=02-06-2103virtualkey53810000virtualkey538-02-06-2103
https://www.mouser.com/Search/ProductDetail.aspx?R=02-06-1103virtualkey53810000virtualkey538-02-06-1103
http://www.mouser.com/Search/ProductDetail.aspx?R=M20-9760846virtualkey57420000virtualkey855-M20-9760846
http://www.mouser.com/Search/ProductDetail.aspx?R=90142-0016virtualkey53810000virtualkey538-90142-0016
http://www.mouser.com/ProductDetail/Harwin/M20-9981046/?qs=sGAEpiMZZMs%252bGHln7q6pmzlZUuX%2f53qji75g7pwOHi0%3d
http://www.mouser.com/ProductDetail/Molex/90142-0020/?qs=FqTglUE30jIMw35t91P8ow%3d%3d
http://www.mouser.com/Search/ProductDetail.aspx?R=90119-2109virtualkey53810000virtualkey538-90119-2109
http://www.mouser.com/ProductDetail/Toshiba/ULN2803APGCNHZN/?qs=sGAEpiMZZMshyDBzk1%2fWi2kpJ77GXAOGLbrCULYUwZjvPR8erCXzOA%3d%3d
http://www.mouser.com/Search/ProductDetail.aspx?R=PC817X0NSZ0Fvirtualkey56850000virtualkey852-PC817X0NSZ0F
http://www.mouser.com/Search/ProductDetail.aspx?R=BUK9575-55A%2c127virtualkey66800000virtualkey771-BUK9575-55A127
http://www.mouser.com/ProductDetail/Rectron/1N4007-B/?qs=sGAEpiMZZMt9EC5K82p3ylQUF%252buG6cB8
http://www.mouser.com/ProductDetail/KOA-Speer/MF1-4DCT52R2200F/?qs=sGAEpiMZZMu61qfTUdNhG%2fDQawzJ6c7Pvwf5CGzltL8%3d
http://www.mouser.com/Search/ProductDetail.aspx?R=MF1%2f4DCT52R4700Fvirtualkey66000000virtualkey660-MF1%2f4DCT52R4700F
https://www.virtuabotix.com/product/9-15-cm-double-sided-prototype-perf-board/
http://www.pinballlife.com/index.php?p=product&id=133
http://www.pinballlife.com/index.php?p=product&id=127
http://www.pinballlife.com/index.php?p=product&id=2954
http://www.pinballlife.com/index.php?p=product&id=1608

T 1 recommend using a mediulow tension spring insteadfdhe standard tension sprireupplied with the full
assembly.Your plunger will neveractugll st ri ke a ball, so it doesgust’t need a
make it bounce moravhen it hits the barrel springl think it alsofeelssmoother with the lighter spring.

T 1All connector specs aréhe gentlest of recommendation® help you make your way throughe

overwhelming number of choices if you shop someplace like mouser.t¢oather likethe Molex .062 series

because it comes in a variety of pin configurations, s
connector types for nearby circutsy ou can’t accidentally plugytiwenwtohgtt
I first came across these plugs because they’'re widely
virtual cabinet builders seem to favor screw terminals for most connections; | much prefer pluggable connectors
because tuchefgsterrtoeconsest amd disconnect when doing work on the machine. They also let you

bundle groups of related wires together into a single connector, eliminating the need to trace wires. But
connectors are just c onn epeeterpdefmitely gofwithtwhae yoeknaw. anot her st yl

Tools
You’'ll just need some basic tool s

Soldering iron(or, better yet, asoldering statiop

Wire cutters

Wire strippers

Screwdrivers

Needlenosepliers

Crimp tool (if desired, for the Molex crimp pins; neeebese pliers are a workable substitute)

Update your KL25Z boot loader

T h er e’ -#me aetup step required when you first take yokit.25Z board out of the box, to update
ittothe latestverssn of t he boot | oader firmware. Once you
Pinscape Controller softwareiseasher e’ s what you need to do:

1 Go to http://www.pemicro.com/opensda/

T Downl oad the “OpenSDA Firmware (MSD & Debug)"”

1 Unzip the file

T Follow the instructions i n toUgdatesbbotloade—ithe OpensS
should have a name like BOOTUPDATEAPP_Pemicro_vxxx.SDA

9 Use thesame procedure to instaMlSDDEBUGFRDMKL25Z Pemicro_vxxx.SDAfrom the

same zip file)

Attention Windows 8 users!  Some versions of the factoifipstalled boot loadecannot

beusedorupdated on a Wi ndows 8 machi ne. | pdatg ou’ re usi |
process aboved o e saer towork, try again on a machine runniag earlier Windows

version (XP, Vista, or Win 7)Once you get thaupdated boot loader installe@verything will

work fineonWindows 8but you won’'t b e 8tohdthatfirstbootuosder Wi ndows
updateif the buggyersion was installed on your KL25Z at the fagt.


http://www.amazon.com/gp/product/B00AWUFVY8
https://www.pololu.com/product/1928
http://www.pemicro.com/opensda/

Download the controller software

The Pinscape Controller software for the KL25Zdmopen sourceprojectt, s o you' re-sisfree to
or to customize ancextend itby modifying the source codeThe softwares available here:

http://mbed.org/users/mjr/code/Pinscape Controller/

To get an installable binary \&on, follow the linkabove, therclick the Build Repository button on the
right side of the pageThat will take you to a build page. Make sure that the Target Platform is set to
FRDMKL25Z, then click the Compile button.

Not e: | tseeythe KL2%Zanrthe Targdist, you migh have to add it to your account

To do this, go to the Platforms page, which you can reach from a navigation button at the top
of the page. Rd the FRDMKL25Z in the list Click on it to bring up the devicpage, then
click thetbuyban WmBdd Compiler”

The compilationprocess will takea minute or twa Once that completes, a Download button will

appear at the bottom of the page. Click it and save the file. This will give you a file ending in .bin that
contains the compiled bary version of the controller softwareThis is the file younstallonto your
KL25Z,using the steps in the next section.

Customize the controller software  (config.h)

Before you install the software, you might want to take a look at the customizaiions. This is an
opensource project, so you're free to custitleghi ze t he
as you Ilike. Even if you don’t know how to code
you can choose with a littleimple text editing. The options are centralized in a single source file with

all of the configuratiomsettings called config.h.

To edit this file and build austomized version of the firmwayéollow these steps. On the mbed project

page, clickonthbut t on “ I mport this program”. You’' I I need
feature, because this step will create a private copy of the project in your own work space on the site.

Once you create your account and import the program, open thes@ape Controller folder in the

source tree and click on config.h. This file is about 95% comments with a few bits of C++ code that

contain the various option settings. The comments explain the available options. Read through the file

and s e e anythingtydu vaneto change. Make your edits, save the file, and click the Compile

button to create your customized version of the installable binddpte that you can always return

here and make additional changes atanytiweo u’ | | | u s Ibad thehéndry again if gom don

Install the controller software onto the KL25Z

Pug the KL25Z into your PC using the programming port (if you hold tt

board with the ports at the bottom and the chip side facing ythe Joystick port
programming ports the one on he right—the same portyou used to

update theboot loade). The KL25Zshouldnow appear in Windows as ~ Programming g
a disk drive In this mode it acts lika memory stickwith 128k of flash. bt



http://mbed.org/users/mjr/code/Pinscape_Controller/

Now simply dragand drop the.binfile you gotfrom mbed.org(see abovepnto the KL25Z drive. The

KL25Z will automatically start running the Pinscape softwanmediately . There’ s no need
it or even reset it—the boot loader will take care of launching the new software as soon as you drop it

onto the board.

Note: d o n\&ée the boot loader update procedure from earlier here. In particudag n hbld the
reset button while plugging in the card. Thabcedureprepares the board foloadinga new boot
loader, which you only need to do once when you first purchése board.

You can repeat tliistep atanytim¢ o update to a newer version or to
software. Note that doing so will eraséhe plunger calibratiomnd anyconfiguration settings you
changed, vetorepeat thdsdtépsahyaime you reinstall the controller software.

Plug in the joystick port

Once you've installed the controll er-teorfet ware, pl
labeled Joystick Port in the diagram above. Windows should recognizeetlieedas a USB joystick

call ed “ Pi ns cTheR6B LED ontthe KU23Z shodld start blinking yellow and green at
aboutonesecond intervals to tell you it’s running.

I f you bring up the Wi ndows cont r odpenghe Rimstcapef or “ Se
Controller entry, you should see the x/y axes of the joystick display reacting as you tilt and bump the
KL25Z. This represents the accelerometer readings that the KL25Z is sending to Windows.

Troubleshooting tip: if the softwarei s m@wthni ng correctly at this point (t
yellow gr een, and t hrewléSBjeystiokalevise igWwindavElyountight be experiencing

a problem with Windows Explorer dragnddrop that some people have encountered with the KL25Z.

On some machines, for reasons no one seems to understand, Exploreladddyr op doesn’ t wor k
correctly with the KL25Z boot loader. Fortunatey , t her e’ s an easy workaround.
prompt window and use a manual COPY command to copy the .bin file to the KL25Z drive letter.

Note that iit’'s perfectly fine to | eave both USB p
havetodi sconnect the programming port when using the
disconnect the joystick port when ristalling the controller softwarel personally leave both ports

plugged in all the time because it makes it easiertoupddtee f i r mwar e, which | do
actively workingonitBut t her e’ s al so no ngeoatgluggedin blleghatmé& t he prr
you don’ t haextra cable antthe extralJBB port on the PC.

If you should ever feehie need to do dull power cycle of the KL25Z (because the software appears
unresponsive or stuck, say), be sure to ungbagh of its USB ports for a few moments. Each port
independently provides power to the board, so you have unplug them both to kpbakr and force a
hard reset.



Status LED

The KL25Z has an ehoard RGB LED, which the controller software uses to providexgiance status
information. The color/flash patterns are:

T Off: the device isn’t pl ugtheUbB handshakewiththe n’ t s uc
host.

9 Short red flash, about every 3 seconds: the host computer is powered down or in sleep/suspend
mode.

1 Two short red flashes, about every 3 seconds: the USB connection has been broken. This could
be because the cable has bg#hysically disconnected, or a communications failure occurred.

1 Alternating red/green: the device needs to be reset due to a change to the LedWiz unit number.
Unplug the device for a few seconds and plug it back in, or press and hold the Reset button on
the KL25Z for a few moments.

T Alternating yellow/ green: the device is connec
been calibrated. I f you’'re using the plunger
procedure.

9 Alternating blue/green: theaWice is connected and operating normally.

T Flashing blue: the plunger <calibrationebutton
yet. Keep holding the button to enter calibration mode (or release it to cancel).

9 Solid blue: plunger calibrationode is in progress. Calibration mode lasts for about 15 seconds.
See the section on plunger calibration below.

Software configuration

The KL25Z controller softwareis ready to useas soon as you install it. However, it does have a few
configuraion options that you can set, fou wish. You set these using the configuration tool, which
runs on Windows and sends commands to the controller via the USB connechiarte that the
controller needs to be plugged in to the USB port and operating in jogstiode before you can send it
commands The download link for the tool is on thenbed project home page

Note: several moreconfiguration optiongan be seby editing the config.h soce file in the project and
recompiling. See the section on config.h earlier.

Configuration settingmade through the config todre saved to the nowolatile (flah) memory on
board the KL25Z. The settingsill stick even aftepower cyclingcontroller resets,PC resets, and USB
discomects However, updatingtte controller softwareerases the flasmemory and reseteverything
to factory settings.

Here are the options you can set through the Windows tool


http://mbed.org/users/mjr/code/Pinscape_Controller/

1 Enable or disable the plunger sensor. The sensor is enabled by default. You can leave this
enabl ed even i f vy o-wtheddatwaretwill simpty aee randormhpixel wakies & o r
no sensor is attached, and will otherwise function normally. Eweev, it mightslightlyincrease
the rate of accelerometeand key presseports sentto VP, because it takes a certain amount of
time to read the sensor inpubn each cyclegven if no sensor is actuabiytached.( Thi s won’ t
affect the quality of the aelerometer data, since the firmware samples the accelerometer at a
fixed rate regardless of the USB report rate.)

1 Change the LedWiz unit number.aéh LedWiz devicéas a unit number, set in the firmware.
The unit number lets the PC direct commands taethight device if you have more than one
LedWiz installed in your cabinet. On a real Mg, the unit number iset at the factorythe

default, if you didn’t sipunit#l.f The Rinschpe Controkee wh e n
presents itself by defét as unit #8, but you can change this at any time usingtméiguration

tool.

I f you change the unit number, you'll have to

takes effect.The diagnostic LED will flash red/green to indicate that a reseeeded.Hold
down the Reset button on the KL25Z for a few moments, or unplug the USB cable for a few
seconds and then plug it back in.

Mount the controller board in your cabinet

The KL25Z should bénstalledflat on the floor of your cabinet with the chip side facing up. Teéault
orientation is with the USB connectors towardse front of the cabinet.If this orientationi s n ' t
convenient i t’' s okay t o0degree mdrementsh you do ahamge the dinectidn,
you must edit config.h (see aboveandsetthe ORIENTATION_PORTS_AT_xxx option that
matches the mounting direction.

6mm nylon
spacers

Note that it’'s okay if your cabinet floor is sli
cabinets, so the firmware expects that there will be g alhdcompensates by calibrating its idea of



“down” whenever the accel er Gmpytmeuntthe BSoardftatonteest f or
floor of your cabinet, and the software wilgureout the slight tilt of the cabinet floor and subtract it
out from its reports.

I t ' s i tnixehe KLASZfirmlyin place The accelerometehasto movein lock stepwith the
cabinet in order toexperiencethe same accelerations as the cabin€heKL25Z has rubber feet pre
installed, and two holes (on the outside corners on either side of the USB connectors) for screws.
Attach it with#4 x  4ctews for wood or sheet metal) through the holeend6mm-tall nylon spaces
between the board and the cata floor. It should feeldcked n place without any wiggle room.

Configure Visual Pinball

Visual Pinball has builtn  support for accelerometer and plunger
off by default. To etivate it:

Open VPR(in desigh mode; no table needs to be loaded)

Select Preferences > Keys on the menu

Check the box for “Enable Anal og Nudge”’
Check the box for,ifprécsena(éeétlomyudge Fil ter”
Under “Axis Alignment " :

SetXAxi s (L-AR)stoofnrddwnhe dr op

Set¥YAxi s ( U/AR) st o “ Y

St X-Gain and YGain to 1000

Set Pl upAgxers"t o “Z

Set Dead Zone to O

Unr-check the “Reverse axis” boxes for X, Y,

= =4 —a —a A

O OO0 o oo

The settings above assumetlyau selected the appropriat®RIENTATION _PORTS_AT_xxx option

in config.h. That will ensure that the accelerometer readings reported to VP are oriented correctly for

VP’ s X and .YNojethgt previous kersmns efghis guide said to adjust the axis directions

in Visual Riball to match the orientation. You no longer need to do this. Starting with the August 2015
version, you should set the orientation with config.h, and use the default VP settings shown above in all
cases. This new approach has the advantage thatutidladso work with other pinball player software,

such as Future Pinball, t hat doesn’t have the fl e

The “Enabl e Nudgisin\Wi9.B.1 and VE (and latar) Mthenxenabled, thdilter

applies some speciptocessng to the accelerometer inpub makethe effect in VAnore realistic. The

filteri s nhé standardPhysmodb version, but | created a custom version of Physmod 5 that has it.

You can download it (plus a similarly tweaked build of VP @0y the Pinscapproject page on

mbed.org Not e t hat my custom buil ds dgnplyawaysttrave t he cche



Choose a plunger sensor

The Pinscape software can currently work with two different types of plunger position senbkers: t
TAOS Inear CCD, and dinear slide potentiometer.

The softwarealso works without anyplungersensoratalll p er s o n adrdam oftwilmingh d n ’
virtual cabinewithout a plunger s i n c e efinitive €lensent of pinbalbutdhe softwared o e s n* t
requireone.l f you don’'t attach any plunger sensor, the

for the plunger position. VP will still let you usd.aunch Ball button to control the plunger as always.

Assuming that you want eeal plunger, though,l e ok at thé sensor options and their pros and cons.

The CCD is my preferred sensor, ;fitoresoluianisses goad reasao
as what you can see happeningsumeen Second, ibrationdrift, becawse ésenses ¢ al i
position relativetopi xel s t hat are fixed in space. Third, t

sensor and the plunger, $oh e r ewea and tear from use, artthe sensord 0 e hawvé any fecton
how the plungemovesor feels This alsanakes thanechanical installatissimple.

But the CCD does have a fewisadvantages. It expensiaad t requiresa burch of soldering work for
the electrical connectionsSane people have had deaxh-arrival experiencewvith this part.

The potentiometer ischeaper and the electronigortion of the installation is simplerThe downside is

that a pot haso be mechanically attached to the plunger rofhat makes the installation a little harder
mechanically. It also caffect how the plungemoves and how ifeelstothe player s i ncextra her e’
friction from the pot as younove the plunger. The pot miglaiso exyerience weaand tear from use,

which might change the calibratiar reduce thestability orlinearityof the readings over time.

If you havddeas for other ypes of sensordet me know! The softwareis designedo that code for

new types of sensors can be easily plaggealongside the currentoptiond can’t guber ant ee
able to develop the code fanew sensor typesyself, but kan provide technical suppofti you’' r e
willing to dothewo r k , almadpy to intdgrate¢heresulisnt o t he main project’s

Wire the plunger sensor , part I: the CCD

The TSL1410R ia CCD photaosensor array. The softwanases this sensor to determint@e position

of the plunger by essentially taking pies of the plunger rod with the CCDand finding the tip of the
plunger by analyzing the captured imag@$ie TSL141R is also suppodd. This is verysimilar to the
TSL1410R, but hasslightly larger pixel array. Update CCD_NPIXELSanfig.h if using 2412R)

Warning! CCDs can be damaged lsyaticelectricity. Useprecautions for statisensitive deices

when handling the CCD. Ground yourself before handling the device by touching a bare metal surface
on a pluggedn PC or other electrically grounded appliance, and avoid carpeted flasther

sources of static buildip while working on the deve.

The manuf act ur the TSE141DR is available beect for
http://www.taosinc.com/getfile.aspx?type=press&file=ts|1420rpdf



http://www.taosinc.com/getfile.aspx?type=press&file=tsl1410r-e29.pdf

The wiring for theCCD sensoris shown in the schematic below. Several of the connections are simply
between terminals on the sensor itself. There are fiviees between the sers and the KL25Z.

KL25Z2
TSL1410R

° o1
! o |
3 ®| 3

PTE21 3
PTE20 &:2 1}%% * ®| 4
PTBO (pjin 2) ®| 5
GND (pin 14) 0——-pr L4 ®| 6
l e|7
®| 8
P3V3 (pind) &— ®| 9
®| 10
NCO® | 11
®| 12
®| 13

NIC = Not Connected

When you're done, each terminal of the CCD sensor
something- either another pin on the sensor, or a pin on the KL25Z (or both). Pin 11 on the sensor is
to be left unconnected.

| placed an ifine plug/receptaclpair (see the Molex connectors in the parts list) between the KL25Z
and the sensor, so that either part can be removed from the cabinet independently. | soldered wires
directly to the terminals on the sensor and the solder pads on the KL25Z.

You might pefer to use pin headers and plugs (such as thesoin the parts list in the L&fliz

emulation section) to connect to thEL25Z. That would beidier than what | did. The main reason |

soldered wires directly to the KL25Z is that the sensor requires cections to both the J9 and J10

jumpers, and the calibration buttamison e eds connecti ons on both jumpers
arrange things using the pin headers so that | 'd
calibration button. So irtead of using pluggable connectors directly on the KL25Z, | soldered wires to



the KL25Z and ran the wires to a pluggable connectorf | bui It a new one, (I
headers and plugs, though really prefereverything in my cabinet tbe modular and easily pluggable

Mount the CCD in your cabinet

Thisisanareavher e you’' | | Hawe nt a ikA®eskelhrackehthat vallfhdld the
sensor at tke proper position. | made two custoni brackets(one for each end of the sensoout of
sheet metal | snipped them to size, bent them at a 90° angle, and drilled holes for sciBwessensor

is quite |lightweight, especialshepegs batnged’ 'fsbr hamet
sdidly held in place so that the alignment doesn’
Here’' s what my f i ni dTheevdite connectos bré M3nylamscrevo oks | i ke.

f ) M._r-,‘

\\/

7
A A Al 1 1 I

Proper placement and alignment of the deviceriportant, but the sensor is tolerantenguh t hat it ' s
really not hard | was able to get mine set up entirely by eyeballing it, and it worked on the first try.
The key requirements are:

1 The sensor must be located above the plunger, with the window facing down

9 Itshould be asclosetothepluag as possible, but far enough av
physical contact about 1cm seems to work well

1 Thes e n swondowshould be as close as possible to thetcenr of t he pthenger '’ s
point is for the plungeto cast a shadow on the wdow

1 The ends of the window should extend slightly past the full range of motion for the plunger



The last point is really the key to the whole scheme. The software needs to see one end of the window

fully lit, with no shadow, and the other end in fulestow. It neels to see both extremes on every

reading to determine thédight level range for the readingdrhis is part of what makes the sensor

tolerant of a range of lighting conditions. When the plunger is pushed all the way forward, at least a few

pixels have to be left uncoved by the shadow, smake sure the sensor extends a little bit beyond the

fully forward position. Likewise, a few pixels have to remain in shadow when the plunger is pulled all

the way back. The sensor is about a quarteihenger overall than the full travel range of a standard
pinball plunger, so you have about 1/8” to work w

Note that the plunger can travel about half an inch forward from its rest position if you push it and
compress the barrel springp t he front . It will do this natural/l
important to take this into account for the sensor positioning.

It doesn’t matter whether the sensor is mounted w
window faces down. The software figures out which direction is which from the light pattern when it
reads the pixels. It knows the brighter end is the tip.

Install a light source for the CCD

The principle of operation of the plunger sensor is to detect #age of the shadow cast by the plunger
against theensor. Wewant as sharp a shaa/ as possible. e shadow is sharper when the light
source is further awaysince it makes the light more of a point source.

The best lighting setup seemstobeasmeallddi cat ed source positioned abou
has been very reliably, uses two 20mA blue LEDs mounted on the side wall of the cabinet, near the
floor, about 8" away from the sensor. Tdorey ' re po




Note that | don’'t wuse any sort of shade or shroud
itself seems to make a good enough darkroom. There are stray photons from various other LEDs inside
the cabinet, but these are apparentyimenoughh at t hey don’'t <c¢create any 1int

In my testing, the CCD has proved to lelerant of awide range of lightingonditions particularly on

the low end. Too much light will overexposke sensorand prevent the software from detecting the

shadow edge, but it seems almost ingsible to have too little lightin my tests, the sensor could

(almost unbelievablyyork with justthe meagre ambienight inside my cabindtom indicator LEDs on

the motherboard and wotnhgthiswdye vsioc eyso.u cletr tsaitmliyt cshhyo v
asyouractuailght source, but howseénsitivathisgdevicalis.i ndi cati on of

Initial CCD testing and troubleshooting
The configuration tool (described earlier) lets you view the rawtliglvel readings from the CCD

sensor. Once you have the sensor wired and installed, make sure that the KL25Z is plugged in to your
PC via USB, then fire up the configuration tool in Windows. The tool should find your controller and

show itin the dropdown | i st . Click on the “View CCD Exposur
This shows a graphical depiction of the sensor pixel readings, with the brightness at each pixel shown in
grayscal e. Bl ack means t h aneans thatthepikekiefllly satgratedt s e e i

and shades of gray show intermediate brightness levels.

The pixel display is updated continuously, so if it looks right so far, you can try pulling the plunger. The
on-screen display should track plunger movemenbu should see the dark area shrink as you pull back
the plunger. On the other hand, if the initial display looks too bright or too dark, you can try adjusting
the light source, and you should see the results immediately reflectesti@en.

Ideally with the plunger at the rest position, you should see a short stretch of white (or nearly white)

pi xel s, representing the area beyond the tip of t
(or nearly black), representing the area in the shaddwhe plunger rod. There should be a nice sharp

edge between the two. If the pixels are all black, the sensor is underexpoged need more light. If

the pixels are all whi +ywyneadto redueathelbyghtreess ofthight * s over
source or move it further away from the sensor. If the pixels look random, it might indicate a wiring

problem.

In my tesing, the sasor istolerant of low lightlevels but can easily get oversaturated by too much

light. Make sure thatthetopdie of t he sensor isn’t getting hit by
cabinet . This shouldn’t be a problem if your mac
it apart for testing, put something opague on top of the sensor to block ambigintt | Try adjusting the

di stance and brightness of your |light source. Di

a couple of small LEDs, try partially covering the light source to make it dimmer.

I f you can’t gdustingahe ight soersepdoubideck yiour wiring, to make sure
everything s connected to the proper terminals as
check that you didn’t break any solder joints in



If the raw pixe status looks good, the next thing to check is that everything is working at the USB
joystick |l evel. Bring up the Windows control pan
Pinscape Controller. The X/Y position on the joystick display stioespond to cabinet nudgest hat ' s

the accelerometer. When you move the plunger, you should see the Z axis change. When the plunger

is at rest, the Z axis position on the display sh
pulled all tle way back, the axis should be close to the maximum in the positive direction.

Wire the plunger sensor, part Il: the potentiometer alternative

If you want to use a potentiometer fahe plunger sensor,youl | need a “slide” poten
type has alever that movesacross the length ofthe devicdEhe | ever ' s travel di st an
ormore, si nce t h@unhgersan mavevy d wa'r | atineardaped pot. (“ Ibaar tapet

means that the resistance varies linearly with the posiof the lever. The other kind is audio taper,

where the resistance varies logarithmicallshe softwareonly works withthe linear type.) The rated

total resistance should be about 1@Kms

Your potentiometer should have three terminalwo arethe fixed end of the resistor, and the third

ist h e “ whighenovés across thesigor to produce the varying resistance. The resistance

between the two fixedterminals will always be constant. The resistance between the wiper terminal

and eitherof the fixedterminalsvariesas yu move the lever back andforthl f you’' r e not sur
termi nal i s which, cohtestitwithtamahmmdetey i ce’ s data sheet

The KL25Z wiringis simple.Y o luneed threewires between the pot and the KLZ5 First,connect
KL25Z ground (jumper J9 pin 14p one of the fixedresistance terminalon the poentiometer.
Second, wirdKL25Z V3.3 (jumper J9 pin 4) the other fixed terminal on the pot.Finally, wireKL25Z
port PTBO (jumper J10 pin 2) tine wiper terminal on the pot

KL25Z
Potertionmeter
Fixed end
(away from plunger tip)
PTBO (pin2) e—
GND (pin14) e—
P3V3 (pind) @&— Wiper'
Fixed end

(nearest to plunger tip)



Mount the potentiometer sensor

Thebasic idea here istraightforward. Wejust need toconnect theleveron the potentiometerto the
end of the plunger tip, so thahe lever moves with the shooter rod. Then waount the
potentiometeritself to the cabinet to hold it in place.

The details of the mounti ng arsemethipg suited toieo u . You' |
particular potentiometer oe&” $seaupiogur e Tyt vesy
vpforums.orgshowing his setupThe white plastic housing isshown custom 3DBprinted design; you

can downloadhe Sketchup filérom the Pinscape page on mbed.org.

Note that the direction of the potentiometer matters. Mourit so that the regstanceincreases as you
pull back the plunger Thisusuallyneans that you should mount it with the fix@hdterminallocatedat
the tip end of the plungerBu these devices vanso check thespecsfor your deviceor test it with a
voltmeter. (Or just try mounting itin a random directiorand see what the software does. If the-on
screen plunger motion is backwards, flip the pot around the other way.)

Testing and troubleshooting the potentiometer

Before you proceed, maksure you customized youversion of the software for the potentiometer
sensor option. See the section earlier in this guide alwauifig.h. Edit config.lon mbed.orgio
comment outthe line that saygtdefine ENABLE_CCD_SENSOR and uacomment the line that says
#define ENABLE_POT _SENSORthen click Compile to build and download your customized
firmware. Install that on your KL25Z using the draigddrop procedure described earlier



Once you have everything installed and wissdlyou have the potentiometeized version of the

firmware installed oryourKL25Z go t o the Windows control panel al
contr ol | e-cliskthe PinsdpeCbnktradler. The X/Y position on the joystick display should

respond to cabinehudges-t hat ' s t he accel erometer. When you m
Z axis change. When the plunger is at rest, the Z axis position on the display should be approximately

at the center (zero), and wishoudbedosedotembximendinal | t h

the positive direction (the right side of the scale).
If the Z axis moves themposite direction, you have the pot mounted backwards. Just flip it around.

All sensor types: Install the plunger calibration button
Okaywe' re done with the mul ti pThsstdpamlekicanftypeof di f f er e
plunger seapbironalBut | fcdliigatianbution, you tan use th@/irddwls a

configuration tool to activate calibration mode. Thas n ot qui t workajastfegandsavgs, but
you the trouble of installing even more hardware.

On my cabinet, | mountethe calibrationbutton on the inside of the coin door, in a little cluster of my

own speci&purpose service buttonsMy extra buttons are:a lighted toggle butto that enables and

disables v i r t unade wi{eniemabledyou can push one of the Coin Reject buttoms the coin

door to simulate dropping quarter in the slot)the plunger calibration buttowe ' r e di scussi ng
section andaPC Reset button wired to my PC motherboartb do a hard reset orthe PCif Windows

should ever freeze(Amazinglylhar e n’ t  h a da sihgte timesneovet ahyeas of working on this

project. Hooray for Wirdows 7))

| found somepushbutons with builtin indicator LEDs that resemble the ones Williaoesa for the

coindoorser vi ce buttons. My “virt uasWitchesbonandmyo de” but t
plungercalibrationbutton lights up blue tgrovide status feedback mounted the buttons in a little

bracket Ifabricatedirom sheet metal; it looks pretty close to the real thing, and the functionality has
beenexactlywhat | wanted.

Left: theinside ofmy ¢ a lrainndeot. ‘Mg addedservicebuttons are in thebright cluster in the upper
right. This space was designéa a dollar billacceptor ~ w h i ct hse,lso | depunpbsed it for this
Right:a closeup of my custom buttons. The middle buttpglowing blue, is thplungercalibration button.



If you do nstall a calibration button, | recommend placing it somewhere irtbielenachine, operhaps
on the bottom, so that curiousamily membersang u e st s a rpeshirig it to sek whatyt does.

Hooking up gplainbutton without an indicato LEDis easy. Just wire the terminals ofyanomentary
switchbetweent h e K IPZE2%(juraper J10 pin 9) and ground (jumper J9 pin 14).

If you use a plain button, you can still get the same feedback that the indicator LED wouldiepogv
observing the diagnostic LED on the KL25Z. It will display the same flash pit&rtne button
indicatorwould when you press and hold the button.

If you want the fully decked ouwtersion, order theilluminatedbutton from the parts list and onstruct
the circuit shown below. The transistas needed tdboost thetiny 4mA output currentfrom the
KL25Z pinto the 20mAlevel needed to power the LEDI built this part of the circuit on dcm x Icm
perf board and made it part of the bundlewfres between the switch and the KL25Z.

PTE29 (pin 9) o M OsT;?t lg;‘arv
PTE23 (pin 7) il
2N4401 L -
& 22K ] b
GND (pin 14) 2l
USB5V (pin 10) « [
Connector
(e.g., Molex 4-pin
plug & receptacle) 820

On the KL25Z side, | soldered the four wires directly to the solder pads for the jumper pins, and

attached the other ends of these wires to the Molexpih plug as shown in the schematic. | likewise

soldered wiredo the switch terminals and ran those to the matchingifh socket. You might prefer to

install vertical pin headers on the KL25Z solder pads instead of wiring directly to the pads. (For sample

parts, see the parts list for the LedWiz output section,wlh uses the type of heade]
The reason | wired directly to the KL25Z rather than using headers is that the arrangement of pins on

these particular KL25Z headers made it impossible to arrange things so that the switch could have its

own connector independent of the CCD connector. The CCD and switch each need to connect to a

mix of pins on J9 and J10. If | Ghave had one device connesitirelyto J9 andhe other to J10, |

would have used pin headers, but as itvgould have hado interpose another plug and sockéb make

the two bundles independent di dn’t want two sets of connectors,



KL25Z. You can still remove the KL25Z from the machine without having to remove any other parts,
since eveything still connects with plugs; you just have some wires dangling from it when you do.

In the schematic above, | put the transistor circoiit the KL25Z side of the plugand the LED resistor
ontheswithh si de. T h e r e’ .sThedransistoaciraninwill verkhwitmaahy indibaikos

l ight (up to about 6 0 Oethfonthe pastioular LED ie thiSparficuldudos.i st or i
If you should evechange to a different switch or indica, the resistor value mighthange withtj so |

grouped it physically with that part of the circuihat makes thavhole thing a little more futureproof.

Electrically, of course, it makes no difference which side of the connéutoresistor ison.

Calibrate the plunger

The plungersensof whi chever type yodecalbratedwken firgl ipstaled. IThis ne e d
lets the software measurtihe range of motion and find the park position (where the plunger sits when
at rest), so that it can report an accurate zero pointcdan accurge retraction distanceo Visual Pinball.

The calibration results are stored in nemlatileflashmemoryon t he KL25Z, so you dor
repeat this process when you turn off the computer or disconnect the KL25Z. fldshmemory

record survives pwer cycles and disconnections. However, ywill have to recalibrate any time you

reinstall the KL25Z software (including upgrades), because installing new softwaretkeastiole flash

memory. You should also recalibrate if you ever have to removegbkasor or the mechanical plunger

itself-t he rel ative positions wil/ probably shift sli
good idea to recalibrate to make sure that the zero point is exactly right again.

The calibration procedurgéakes about 2Geconds. If you installed a calibration button, push it and hold

it. 1t will flash (as will the dgnostic LED on the KL25Z) faabouttwo seconds, then turn solid on.

(The delay is simply to avoid triggering calibration if you brjgilsh the button accidentally $olid on

means that calilation is in progress. Thigass aboutl5 seconds. i8ply draw the plunger all the way

back, hold it for a few seconds, and then slowly returnittdhe r est posi ti on. Don’ t
from the retr act e gushitdoswardbieywnd the mormdl redt pasitiohWhen the 15

seconds is up, the button light will turn off (the KL25Z LEDI weturn to its usual flashing patteyn

I f you didn’t i nstal/l a calibration button, run t
calibration mode option. The KL25Z LED withmediatelyturn solid blue to indicate that calibration is
in progress. Go through the same motions witie plunger as above.

During calibrationthe softwarenotesthe endpoints of the plunger travel. It uses the farthest forward
position as the zero point, and uses the maximrgimaction point to determine the overall range. This
allowsit to report positions thataccurately align with the corresponding reference poorighe
simulated plunger in Visual Pinball.

Set up the Pseudo oLaunchBallé butt on
Zeb of zebsboards.com came up with a clever feature for his plunger kit that lets the plunger dsuble

a Launch Ball button fgslungerlesstableslike Medieval Madness Terminator 2: Judgment Ddne
Pinscape software or r ows Zeb’' s i de a . (Tossetibnfexplainsthdweo setdgupe f eat u



Here’'s how t he f e a-esstableswben kos pull backand reledsaitimeglanger, the
Pinscapeontroller software simulates pressitige Launch Ball button. It does the same thing if you
just push the plunger in slightly, essentialfating the plunger knob like a pushbutton

How does the controller know that the table is plungere s s ? That's the clever p:
the idea of a fake LedWiz feedback devicsignal thatve " r e pl ayi ng such a tabl e.
now standardin the DOF Configtooi t * s t he one cal | B@Ftabl@lBtenablasnc h Ba
thisin the appropriate tables. The Pinscape controller is an LedWiz emulator, ea #ssigrzB

Launch Balio a Pinscape LedWiz ports, theontroller will be able to telwhen this output is turned on.

And of course the Pinscape controller also can send button input to Visual Pinball.

To set this up, yolhave to configure the Pinscape software, Visual Pinball, and DOF

1. Edit the Pinscape controlleioafiguration file, config.h, as described earlier in this guide. Find
the section titled *“ Pseudo defindgiansforthe IRaWizl ° butto
port number for the ZB Launch Ball output, and the joystick button number for the La@ath
input. The defaults are to use LedWiz port 32, and joystick button 24. If necessary, change
these to suit your setup. Note that output port 32 is a good setting for almost everyone,
because thiport is usually not even attached to a physical otifpm—-t her e aren’t enou
on the KL25Z to fill out all 32 ports. And i f
KL25Z, any button input will do for the virtual one, so 24 is as good as any. But if you are
wiring physical buttons through tH€L.25Z, you should change button 24 to the one where you
physically wired your Launch Ball button, i f oy
Bal | button, just use any button number you're

2. Open the Visual Pinball edit and bring up the Preferences | Keys dialog. Find the Plunger
item. Open the dropdown list of button numbers underneath the item. Select button 24 (or
whichever button you chose above if you changed the default setting in config.h). Note that if
you also use keyboard input, you can also leave the Enter key (or whichever other key you use)
enabled. VP will happily handle both joystick and keyboard buttons for the same control.

3. Open the DOF Configtool in your lyhowdwsyou . (rf
haven't set it up yet but plan to do so | ater,
do.)

a. Il f you haven’'t already added your Pinscape
to the My Account pa&«enbzZz Bevi ¢ &dNs'mbto df FQRIL
Settings.

b. Go to the Port AssignmEb2SZphaQgeitedeirvcther
drop-down. Open the dropdown for Port 32 (or for the output port number you
assigned above, if you changed the assignment in configetihis to ZB Launch Ball.
Save Settings again, and then click Generate Config to create and download your new
DOF .ini files. Copy the .ini files to your DOF folder.

To test, open a plungeless table likévIM and try launching the ball with the plunger. Note that for this
to wor k, the table has to be configured to use DO
whole separate software packag@oogle it or ak on vpforums.org if you need pointers.



Modify your Virtual Pinball tables to work with mechanical plunger s

Some of theVisualPhball tables in circulatiosupport a mechanical plunger out of the box. Mdsetn * t .

Fortunately, support canebadded to most tables with a modesiount of work. | h aredeiaed this

toascience and there’'s enough variation in tawbllel desi ¢
have toadapt the generic procedure to each takded thegenericpor ocedur e doesn’t wor k
some tables.And,ofc our se, you’'l |l have to repeat this proce:

Her e’ s a mmy approachi Yisual Biriball has a bnifflunger object class that handles the
mechanical plunger. When this object is used to implement theavaen plunger, the table usually

works right out of the box. Mgh.s Tthey instdad usesscripting c i r c u
and custom objects to implementtheencr een pl unger . The scripts don’
so the mechanical pl unger wo nalsthavevane df the bulido wever , t
plunger objects, wich they use as a helper for the scripts. They usually either hide this object or move

itoffscreen so that it doesn’t provide the visuals a
Ssimul ati on. My appr oach tultin‘plunger objegt and mdveeitsineo t ab | e s

position so that it can strike the ball and launch it. The binilplunger object can usually be left hidden
so that the custom visuals are still used, I do want it to provide the launch physics directly.

To start working on a tableopenit in the Visual Pinball editor.

Find and slect thebuilt-in plungerobject, if there is one The easiest way to do this on complex tables

is to use the Select Element command (Ctrl+Shift+E), and find the object callegePln the list. If the

table doesn’t have an object called Plunger, | ook
can’'t find any o beuwightens of thea(lmopefullyardreccasdisat heguires wwakb |

beyond this recipe

You should see a highlighted rectangle showing where the plunger is located in the table layout. If the
plunger is positioned anywhere but the standard s
hidden and only exists for scripting purp@seThe table is designed so that this object never touches

the ball. Even so, the next thing | do is to move it into the standard position so tliaesstrike the

ballwhenreleasedT hi s contradicts the tabl e rplungdrscrptss i nt en
But remember, their scripts dc&on’'we’weer knewietrh gmu rn gm
them anyway.

Next, we have to check some property settings on the plunger objécf. t he Opti ons panel
displayed on theight side of the window, click the Options button in the left tool palette to bring it up.

Inthe Options panel,ite c k t he “Enabl e Mehisboatmlsthesbliinfoystick ger ” b o X

handling- when disabled, VP ignores the joystick inputforits o bj ect, so we need to
enabled. AHosetthe Typet o0 “ Pl ungeriTfy pietMo 9 scasd’weanhdupeuaingyt for
the visual s. (The “Modern” type | ookFnaly,thke a r ea

ParkPosition should be set to 0.16667.

We're now ready to give it a try. Press F5 to ru



If the plunger orscreen now tracks the movement of your real plungstiart a game and try launching a
ball. On some tablethis will work at thispointi n whi ch case you’' rmgerdilbne. @]
move but it wonthebahave any effect on

Thenextstep i f t he pstirike thgkmltjs tadtry maving' theplunger objecupward a bit
You can either move it by dragging the layobject,or type a new Y valueto the Options panel Try
moving it up by about 40 as a first guess, then run agaisead it makes any difference. You might
have to try several times to zero in on the right position.

If you can get the ball to reat¢d the plunger, but the launch speed is too slow or too fast, adjust the
MechsStrength value in the plungebject propeties. Higher strength makes for a faster launch.

If you get the launch action working, but the visuals show two plunger objeatspotiop of the other,

the table is using scripting to display its own custom visual for the plunger. When we moved thia built
plunger object into the same position, we created the double vistiaé custom visual is usually the
more authentic lookingf the two, but not always. If you like the custom visual better, select the-built

in plunger objectagainandenheck t he Vi si ble box in its propertd.i
in the simulation, but woisdften ndi amimdtédapsmeothlg asthe The ¢
real plunger, though, so you might prefer to hide it and use the-buitt vi sual s. I n this

to identify the custom objchedkitsVisiblehboxc h i sn’t al ways

Wire the cabinet button inputs

You can optionally use the controller to wire your cabinet buttons (flipper buttons, Start button, etc.) to
t he PC. I f you do, they’ Il appear to the PC as |
buttons, and it letg/ou assign a function to each button using its Keys dialog.

To wire a button, simply connect one of the butto
pin 12 or 14) and connect the other switch terminal to the pin shown in the chart below for the
selected button number.

Note that every button has one terminal =<hainnect ed
the ground wiring from one button to theext. That is, rather than running a ground wire all the way

from a button to the KL25Z Ground pin, you can in
Ground terminal. This can save a lot of wire, since your cabinet will probably have a few cafsters
buttons. Each button’'s other terminal must be wi

will need to run one wire from each button all the way to the board.

To test your button wiring, you c¢an anelsneNinddwe *“ Se't
Double-click the Pinscape Controller entry. This will display the status of the 32 buttons. When you

push a physical button on your cabinet, the corresponding joystick button should light up on the control
panel display.

Once youw'ivwealphy wired your buttons, you’ I/l need to
open VP without any table loaded, and use the Preferences > Keys menu to open the keyboard dialog.
Each functionlfeft Hipper, Right Hipper, Start, etc) has a dpadown list underneath. For each button,



find the functionthat you want b assign to thdutton, click on its dropdown list, and select the button
number corresponding to the KL25Z pin that you wired the button to.

Here are the default button pin assigients. You can change these, but to do so you have to edit the
source code for the controll er s ofsbuwcapraect. Nodou' r e
that the USB report we use can handle up to 32 buttoogt wé v e onl y adsfault,gincetde 24 by
KL25Z has a limited number of pins availadlef y o u’ r e LedWiz featuses, yog can reassign

ports currently used for theLedWiz emulatioras button input ports You can find instructionor

reassign pins as inputscomments in theconfiguratiorfile (config.h) in the mbed.org repository.

Look for the buttonMap([] array definition.

Button Input Pin Assignments

Button Port Jumper/
Number Name Pin No.
1 PTC2 J10 pin 10
2 PTB3 J10 pin 8
3 PTB2 J10 pin 6
4 PTB1 J10 pird
5 PTE30 J10 pin 11 5
6 PTE22 J10 pin 5
7 PTES J9 pin 15
8 PTE4 J9 pin 13
9 PEE3 J9 pin 11

(-]
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10 PTE2 J9 pin 9

11 PTB11 J9 pin 7 ;
12 PTB10 J9 pin 5 15 3
14 PTB8 J9 pin 1 17 11
15 PTC12 J2 pin 1 1 12
16 PTC13 J2 pin 3 20 112
17 PTC16 J2 pin 5 21

18 PTC17 J2 pin7

19 PTA16 J2 pin 9 ot §32

20 PTA17 J2 pin 11

21 PTE31 J2 pin 13

22 PTD6 J2 pin 17

23 PTD7 J2 pin 19

24 PTE1 J2 pir20

Build the LedWiz output drivers

If you bought the parts in my shopping list for the LedWmulatoro ut put st age, you' || t
an output driver for each port that will handle just about any device you can throw at it, without having

to worry about using relays to control higturrents. The MOSFET specifigtthe shopping listan

handle ugo 20 Ampsand voltages up to 55BC. This will easily handle enough current for a shaker

motor, replay knocker, contactaqr or even a flipper coil. 't s fast



so it can control the brightness on flasher LEDs or the speta shaker motor (Ther e’ s witho need
thisdesigf or a “ d u, ahich you might sdegneritioneéd the forumsfor motor speed

control.) The high current and voltage is isolatedr the KL25Z (and your PC motherboaydvith an
optocoupler,sot her e’ s very |l ittle chance of any voltage ¢
anything break on the higbower side. (Even soyou should puta fuse idine with each feedback device

to protect your power supply against short circuits or malftions in the feedback device.

One bigcaveat don’ t HiongankolvingpACgowertto this circuitThis type of MOSFET circuit
is strictly for controllingDC devices If youneedto attachan AC device, put a relay on the output, and
switch the ACwith the relay.

H e r e’ sshemalicdomy output driver circuit | recommend building this on a perf board so that all
the components are secured in plac¥irtuabotix has a nice selection of these in various sizes at
reasonable pricesl use about 10 of these circuits in my own cabinet to drive various devices, some
quite highpower,andit s been wor king nicely

+12V +V for load

ULN2803A
*[-‘{>7;_—]”
/o S PC817 470 Q Load (+)
BN @ @ —O Load (-)
KL25Z L[[ Ly Y < |=)BUKe575-55A
Output i {>T,H } zm@) o T —
..
T {>L"H " 470 Q
7[»—> I ]12
KL25Z I E’:ﬁ L
J9-14 (GND) © o péfo -
KL25Z

J9-10 (USB5V) O

The input and output pinshown on the ULN2803A chip are for illustration only. This chip has 8
identical blocks, arranged with thiaputs and outputs on the corresponding pins on opposite sides of
the chip. You can therefore use one ULN2803A to build 8 copies of the circoivshabove. ust wire
each circuitto a separate pin pair on the ULN2803A.

The *"+V for load” is the positive supply voltage
BUK957555A, this can be up to 55V, and the current can be up to 20A. You moishect a diode (a

1N4007 works for most purposes) across the load terminals for any sort of inductive device (a relay,

mot or , contactor , sol enoi d, knocker coi |, etc. ).
on the diode should connect tthe positive (+V) terminal on the load.


https://www.virtuabotix.com/

Her e’ s how t h de dIN28GBAamplifiesvtbersigral.from the KL25Z outguih (On =
+3.3V, Off = OV)}o the levelneeded forthe PC817 optocoupler. The optocoupler in turn switches the
BUK957555A MOSFET on and off. The MOSFET pdas the actual load switching.

For arelativelysmall load, such as arB@ LED(or a few of then), you canwire the load directly to the
ULN2803A output, omitting the optocoupler and MOSFEThe ULN2083Acanhandle500mA per
out put, s o ¢&smalldoaddieettle For anythihg biggemyse the whole circuit as shown

Here’ s a pictur e o foticethat thereiare ®voULNR808A clipsfor 1&ontputs! | n

but only 10 optos and MOSFETs. Thesenis that | run 6 channels directly from the Darlingtons, for

my flipper and Magna Save button ligHEsichcolor channel on the flipper buttons has four 20mA LEDs
attached(two per side) for atotal of 80mA. hhat ' s wel | under Dafirgtor50 0 MA | i m
The MOSFET outputare driving a fan, a gear motor (the beefiest thing in my system, surprisiiitgly

draws about 4A)a couple of policgype beacons, strobesindercab LEDs, and a couple of contactors.

The circuit aboveis only onepossibleway to drive higkpower loads with the KL25Z Virtual pinball

builders often use relayiastead of solicstate driversb ecause t hey’ ' re perceived t
simple than MOSFET circuitand can handlplentyof current. | preferMOSFETsbécause t hey don
click, dm’ t suffer fr om meanddaraharidle RNVM sigrmaldmd thayractualty eaa be,

cheaper thamelays. The only real downsides are that the circuitry is a little more complex to assemble

and the MOSFET circugtbove c atie used withAC loads.

Note that if you b want to get the KL25Z to control arelgyou | | st i |l | need at | east
because the KL25Z outputs can’t supply Youtan curren
drive a relay from a Darlington output as longtae r e | @oiyactivationcurrent iswell below 500mA.

Remember to pt a flyback diode across the relay coil.



Pin assignments for LedWiz emulation output ports

The chars below showhow the output pins on the KL25Zre assignedo software port rumbers in
the LedWiz emulation.In the listbelow,Ports 1-10 are PWM -capable. Other ports can only be
100% on oroff.

LedWiz Pin Assignments

LedWiz KL25Z KL25Z

Port No. Jumper-Pin Pin Name
1 J12 PTA1
2 J14 PTA2
3 J16 PTD4
4 J18 PTA12
5 J110 PTA4
6 J112 PTA5
7 J22 PTA13 1 14
8 J24 PTD5 2 15
9 J26 PTDO 3 16
10 J210 PTD3 4 17
11 128 PTD2 56 :g
12 J114 PTCS P 0
13 J116 PTC9 o 5
14 Ji1 PTC7
15 Ji3 PTCO 7
16 J15 PTC3 8
17 J17 PTC4 9
18 J19 PTC5 "
19 Jii1 PTC6 A0
20 J113 PTC10
21 J115 PTC11
22 J218 PTEO 9
23 ; -
24 - ;
25 ; -
26 - -
27 ; -
28 - -
29 - -
30 - -

You probablynoticedt he LedWi z port numbers aren’t arranged
physical jumper pins. Il > d |I'i ke to haandkeepthe anged
PWM ports grouped together in the LedWiz numbering, which seemed mopoitant. PWM ports

are especially useful for devices like LEDs that can benefit from brightness control, and a special case of



LEDs is the RGB LED. A single RGB LED looks like three separate devices to the LedWiz, because each
color needs its own indepeatent output. For easiest software configuration on the PC side, the three

color channels for a given RGB LED need to be grouped together into a sequential block of port

numbers. The KL25Z only allows certain pins to be assigned as PWM outputs, so in@igep the

PWM ports together in the LedWiz numbering, | had to scatter the LedWiz numbering around a bit to

stay within the KL25Z limits.

You' Il al so notice that some of the LedWiz port n
because th&L25Z has a limited nunglp of pins available. | had budget them among the various

features (plunger, LedWiz emulation, and key inputs). f i g u r @ifficultttoluse this controlker as

aprimary LedWiz replacemenbecausef the limited PWM pot set, so most people who use the

LedWiz emulation at all will only use it for a few additional ports, in which case it should be okay that

we have less than the full 32. Buydu really do want the full 32 output ports,t ' s possi bl e if
willingto sacrifice some button inputs. If so, you can take pins that are assigned to buttons in the

default configuration, and reassign them as LedWiz portsu can find instructions for reassigning pins

as LedWiz outputs in comments in the configuration (denfig.h). Look for theledWizPortMap[ ]

array definition.

Limitations of the LedWiz emulation

I want to return to a point | raised in the intro
some limiations. Here are the details:

1 PWNMisonly available on 10 portfPWM is pulsewnidth modulation, which is used to control
lamp brightness and motor speeddhis is ahardware limitation; the KL25Z hardwanly
provides 10PWM channed. | mappedhe virtualLedWiz ports1 through 10as tre PWM
outputs. You can rearrangéhe mapping oportsto pingi f y o u’ o neodifwthd sburcen g t
codee.Even i f you do, you still. can’t have more t

The @ntroller acceps commands to sethe intensitylevel on alports, but it ignores level

settings on the notPWM ports. The noAPWM ports can still be turned on and off, of course,

so they’ ' re suitable for devices | i kédyoomontactor
want to connet a shaker motor or flasher LEDuseone of the PWM ports for that device.

T The Pinscape Controll er dflaghisgiight modeslipepeaiodes any o f
let the hostset a flashing pattern on a light without having to continually send commands to
control the flashing.T h e yused ley some host software, suchasdBtd i nk vy . However,
think DirectOQutput Fr amewor POR(shelsyoushoaldle), at al |
this limitationmight notmatter. 1 t a | s matter foedsvicéstik contactors andknockers,
wh e r e ngverustadlashing mode in the first place.



Future work
Here are some ideas for future enhancements to the project.

» More types of plunger sensors. Other cabinet builders have come upottir clever ideas for

plunger sensorsl like the CCD sensor quite a bit, but it does have some tradis, particularly its

price. Some interesting ideas | ’'ve seen are LVDT
magnetic inductance to sense position), linear encoders (g devices such as magnetic or optical

encoders, which can sense positions very precisely and are commonly used in printers and robotics),

and optical mouse encoders (although | 'm not sure
release motiof | like solutions best that involve no mechanical contact with the plungearatithat
are inherently immunete al i brati on drift, and so far the only

CCD, but some of these otheideas comeclose and might he other advantagesver the CCD.

e External PWM controller chips. We could offl oa
chips, which would make it possible to break through thech@nnel limit of the current design and

have as many PWM channaswe want. It would be relatively easy to create a-4& 64-channel

PWM controller this way, which might make the KL25Z capable of serving as the only controller device

in a fully deckegbut cabinet. This would require some new external hardwalejt not much more

than we already need for the power boost circuitry. In fact,VdN? controller would take the place of

the Darlingtons, and would eliminate the need for separate curliniting resistors on each opto

(since the most commoRWM controllers dl provide constant current to their output channg)so we

might end up with dower part count per channel than we have now.



