How to build a Piano Roll Scanner
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Introduction

These notes offer an outline description of what is involved in building a piano roll scanner based on Contact Image Sensor technology.  Anyone who becomes seriously interested in tackling such a project will have many questions about the details, which I will endeavour to answer.

Roll Transport

One advantage of the Contact Image Sensor (henceforth referred to as CIS) is that it is remarkably similar in size and shape to an 88-note tracker bar.  The simplest roll transport therefore consists of a scrap spool box from an upright player piano.  Replace the tracker bar with the CIS; add an electric motor in place of the wind motor and you will have the basis of a workable scanner.  To improve on this, rebuild the transport in a similar form but increase the distance between feed and take-up spools to at least fifteen inches.  This provides a flatter paper path.   Having done this, the original rewind mechanism will no longer fit.  I use a second electric motor for rewind but it isn’t necessary.  A simple hand crank is adequate.  A slight advantage of a using second motor is that it can be used to provide controlled back tension during scanning by applying a low voltage. (About 1 volt on a 12 volt motor).

The forward speed needs to be adjustable between about one and five feet per minute.  A 12 volt model motor with a simple variable PSU is fine (more about PSUs later)

Tracking is all done in software so no mechanical arrangement is needed.

Another necessary component is the position encoder.  This is a fancy name for a simple device that measures the paper movement.  In it’s simplest form it consists of an old hand scanner.  This is pivoted so that the rubber wheel rides top centre on the piano roll.  As the paper moves forward, the hand scanner encoder produces a tick every 1/400th of an inch and this enables the computer to determine the correct instant to scan a line. The internal electronics of the hand scanner are dispensed with and connections made directly onto the optical sensor that reads the slotted wheel. 

By measuring the forward movement of the paper in this way, the speed at which the paper moves becomes largely irrelevant.  This reduces the constraints on the drive mechanism and also solves problems due to lumpy forward movement caused by poorly repaired roll leaders.

Contact Image Sensor

The current device being used is type number DL408-03CSM.  These are manufactured by Dyna Image Corporation of Taiwan.  Visit their web site.  If you click on the picture of the device you will get the data sheet. (But you need to download a Chinese font to receive it all!)

Contact Image Sensors are essentially very simple to use.  They only have two logic lines plus an output.  The device has about 2,400 light sensors spaced at 200 per inch.  As the light falls on a sensor, it charges up.  At a given moment, a logic line named ‘transfer’ is taken high and this causes 2,400 internal switches to operate which transfers the charge on each sensor to an associated storage device.  A ‘bucket brigade’ type of shift register is then clocked 2,400 times and each individual charge is shifted along the line and drops out, one at a time, from the output.  While this output sequence is taking place, the light sensors are collecting another set of charges and the process is repeated.

The clock speed is typically about 1 MHz, which gives a theoretical top speed of about 400 lines per seconds.  We cannot achieve this using our simple computer clocking system.  The best that is likely is about 150 lines per second.  It is important to note that the exposure time is determined by the clocking speed.  This in turn means that the light level will need to be adjusted to accommodate large differences in speed of operation.  Another important thing to note is that the devices are dynamic in nature and you cannot test them by clocking them very slowly, e.g. by hand.

Computer

If you get seriously involved in roll scanning you will need a dedicated computer.  Scanning piano rolls is a rather slow tedious process and I tend to scan while doing other things.  (I'm scanning a roll as I write this).  You will need an old, but not ancient, PC.  Probably something around Pentium 100 generation.  To make a proper workable system, it must have at least one PCI socket and you will need at least one GByte of hard disc space to store the scans on.

The connection between scanner and computer is handled entirely through a printer port.  For test purposes, it is adequate to use the regular LPT1: port or buy a cheap add-on card to provide an LPT2:.  However, the internal PC bus speed will limit the maximum scanning speed that can be achieved.  This is a feature of the old ISA bus and a faster processor will have no effect.  To get round this, use a fast printer port card that plugs into a PCI socket.  The PCI bus is much faster.  Lava Computer Mfg Inc of Ontario, Canada (www.lavalink.com) make a ‘Parallel PCI Card’ which is fine.  It costs about $30.

Another point here is that some modern computers, especially laptops, don’t fully implement the I/O capabilities of the LPT: port and they will not work at all, even slowly.  I can provide details of how to test for this situation if required.

My set-up uses two computers, my ‘main’ PC and my ‘scanning’ PC.  Both have Windows 98 and are networked together so I can transfer scans onto my main machine to work on the MIDI processing while the ‘scanning’ computer carries on with the next roll.  The scan driver software pushes the computer to the limit and there is no question of treating it as a background task.

The scanning system requires low level access to the printer port.  This is contrary to the Windows philosophy.  It requires a DOS based approach and the next generation of Windows might completely prohibit this type of use.  There will, however, always be industrial users who want to use PCs in control applications and alternatives are bound to emerge.

Interface

The interface between computer and scanner couldn’t be simpler.  It consists of two logic buffers to drive the CIS clock and transfer lines.  Being analogue, the CIS output is about 1 volt peak white, so a simple amplifier/clipper is provided to push this up to logic levels. The output of this is fed to computer input. In this application, the CIS output is treated as a digital ‘on’ or ‘off’ or ‘black/white’ device. 

A divider on the interface card takes the output from the position encoder and reduces the 400 ticks per inch generated by the hand scanner down to a more useful 200 or 100.  The output from the divider is applied to another computer input.  As a refinement, I actually apply several outputs from the divider chip to the computer.  Making the different steps rates available to the computer in this way enables them to be selected in software without getting a soldering iron out.  The scan driving software also uses the divider outputs to generate a sawtooth display down the edge of the scan.  This enables line skipping caused by overrun to be easily spotted.

Note 1: Various drawings of mine refer to two CIS arrays and show two sets of logic.  These refer to the scanner built in the days before 300mm sensors were available.  At that time, I used two 220mm CIS to cover the width but that system is dead.

Note 2: For convenience, I used a D25 connector on the interface card so that it could easily be plugged in and out of the scanner.  This causes confusion because the computer LPT port is also a D25.  The document ‘pinout.txt’, which accompanies this, gives details of how the two D25s are connected together.

Light Source

The CIS mentioned has an internal fluorescent light and is designed to read reflectively.  Experience shows that it is better to shine the light through the roll rather than bounce it off so I recommend an external source.  One of the main reasons for this arises from a problem that you won’t discover until you build your scanner.  Crackly old piano rolls have many built in distortions and it is virtually impossible to keep the paper in perfect contact with the CIS without applying excessive pressure.  By using a light source perpendicular to the sensors, the effect of paper lifting is very small.  If a reflective light is used which bounces on and off the paper at 45o the effect of paper lift is greatly increased and becomes a serious problem.

There are various options for light sources.  It is possible to buy very long thin fluorescent lights as used in document scanners, complete with inverter.  These are fine but must be allowed to reach a stable temperature before scanning. Another approach, which I use, is to build and array of green LED’s, about 100, to produce a cool, diffuse light.  The advantage of this is that the output can be adjusted over a very wide range by adjusting the current.  The amount of light required by the CIS is very low because we are using relatively long exposure times.  Be prepared to add filters to cut the light down.  Also, be prepared to shade the scanner from sunlight or powerful artificial lighting.

Power Supplies

You need lots of power supplies but these are not really a problem.  The scanner drive will probably use a 12 volt motor and needs to be adjustable.  Likewise the rewind motor, if you use one.  The light source supply should be adjustable also, especially if you use LED’s.  These three supplies can all be based on a raw 18 volt DC supply, regulated down using three LM317 IC regulators.  The LED supply should use the LM317 as a current regulator.  Use the same device in voltage regulator mode for the motor supplies.

One very important point is that you must keep the motor/lamp supplies separate from the logic supplies.  If you mix them, or join the grounds together, you might get spikes generated by the motors into the computer logic.  

The CIS itself requires plus and minus 12 volts and plus 5 volts.  The latest PCB design uses a tiny device which generates +- 12 volts from + 5.  This is convenient because the whole logic system and CIS can run from +5 volts.  Unfortunately, the LPT: port doesn’t have a +5 pin although it is available on the computer keyboard, mouse and serial connectors.  Rather than steal power for the computer, I use a very simple commercial +5 PSU dedicated to the job, with the ground connected to the computer frame.

Software

There are three main elements to the software: -

2) 1)  Controlling the scanner and collecting an image of the roll.  This produces *.CIS files

3) Converting the image into a data list of track positions and duration’s, *.SCN files

4) Processing the SCN files to make *.MID or *.PRF files

Scanner Drive (CIS) Software

The scanner drive series of programs, called CIS-something, drive the scanner hardware, collect the data coming back, compress that data and save it to hard disc.  The program is extremely simple of necessity. The technique of clocking the CIS array directly from clock pulses generated in software is marginal and leaves no room for clever software and the associated delays.

The code is vaguely annotated and begins by setting up the port to operate in input/output mode.  Basic is very poor at handling binary operations and this program, which would look very simple in machine code, appears strange and bizarre as a result.  For example, if you need to keep bit 5 high in order to keep the port in the correct state, this is accomplishes by adding 32 to whatever number you wish to write to it.  The code annotations attempt to explain the numbers in terms of 0s and 1s.

The packing algorithm uses a run length encoding process and this is exploited in the display.  The Basic display routines are very slow so, to get round this, only changes of state are written to the monitor screen.  This results in a skeleton display of the roll image but this is sufficient to see that the scan is progressing OK.

Scan Processing (SCN) Software

This series of programs takes the raw CIS image and converts it to an event related form.  It searches along each line of the scan looking for black to white transitions and deduces which note tracks they refer to.  It uses the errors to generate tracking data.  SCN files are unique but similar to SMPTE MIDI.  Each note track is stored in the form: -

Scan line number – Track Number 

If this is the start of a track, bit 7 of <track number> is set, if it is the end, bit 7 is clear.

Note that SCN files still contain any specks, which were, read form the roll. They also contain the original webbing.

Midi Processing (MID) Software

SCN files may be used for several purposes of which MIDI generation in only one.  They may also be used to create PRF files for driving roll perforators or E-type MIDI files as required by Power Roll players.

Creating MIDI files with emulated expression is a difficult and elusive task.  However, interpretation of the roll expression tracks in to MIDI note velocities is only one part of the process.  Before that can be done, the roll webbing must be removed.  Any marks on the roll, which are smaller than a single punch are interpreted as dirt specks and these are taken out also.  The relative timing of the expression tracks and pedalling needs to be adjusted.  Also the thorny issue of roll acceleration.  Every line of the scan is at a fixed distance from the one before it.  This means that the acceleration effect cause by paper build on the take-up spool of a real player piano will not appear.  In order to emulate this, the time displacement between events is progressively reduced as the step count increases.  The extent to which this should be done, if at all, is an argument which will never be resolved.  The software allows it to be adjusted to taste.

Footnote

The original software was all written in Quick Basic.  Several new Windows based programs are available and these are rather more difficult to follow.  Once you get that far, please let me know and I’ll pass them on. In the meantime, I’ll be pleased to elaborate on any of the points raised here.
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