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Abstract 
 
Today the Sjöbjörn studio has a mixing console controlled by a PC with outdated software and 
hardware technology. The hardware requires an ISA-bus to work at all and thereby limits the 
upgrades that can be made to the computer. The software runs in a DOS environment and has not 
been updated for a long time as well. This makes working with the mixing console more difficult 
then it has to be and new features are hard to implement. In this thesis I have developed new 
hardware so that a more powerful computer can be used which hopefully will allow for a more 
user friendly interface and make it easier for future upgrades and additions. 
 
The thesis presents a solution on how to upgrade the system all the way from the PC-
communication to the hardware designs and is directed toward readers with a basic knowledge 
about digital electronics and computer technology in general. 
 
The project was based around the Microchip PIC18F4550 microcontroller for the hardware and 
the Visual Basic.NET programming language for the PC software.
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1 Introduction 
 
Every year thousands of musical works are created all over the world. To make these pieces of 
art sound their best in final production, they are recorded with very sophisticated equipment in so 
called studios. The main piece of equipment in a studio is the mixing console which directs the 
recorded sound to all other devices such as filters of different sorts and so on. The mixing 
console itself used to be manually controlled but since last couple of years this control has been 
shifted more and more over to computers. Since everything concerning computers usually has to 
be kept up to date rather frequently, new hardware and software must be developed from time to 
time and such an upgrade is what this report will try to explain how it can be done. 
 

1.1 Motivation 
 
When the mixing console in question was first designed back in 1992, it was equipped with a 
486-class computer which kept track of the mixing console buses through an ISA-card1. This 
solution was at the time a very satisfactory solution, but with time it came to look old and rather 
non-user-friendly. It also had some more pressuring points. 
 

• The system contained some unknown chips that couldn’t be replaced if need be 
• The system didn’t really work as great as hoped for since the development had been 

cancelled a short while before completion 
• Filenames on saved set-ups could only be eight characters long since the program was 

designed for the DOS operating system 
• The computer could not be upgraded any more since the rest of the hardware wouldn’t be 

able to keep up, nor does the computers of today come with the much needed ISA-bus 
 
All of the above made it rather clear that an upgrade was needed. 
 

1.2 Research challenges 
 
When upgrading any old system there are a few things that should be considered first: 
 

• What kind of upgrade it should be (hardware or software) 
• How does the old system work 
• What should be kept and what should not 
• What is the most fitting way to communicate with external peripherals 
• Which programming software should be used for the PC-software 
• How should the hardware between the PC and mixing console work 

 
The question about what kind of upgrade may seem trivial, but an upgrade shouldn’t upgrade 
more then need be which in some cases may mean that minor adjustments could give the same or 
better result as a complete make-over. Understanding the old system was probably one of the 
toughest tasks in this project since not all of it was documented, nor did it seem that that 
information could be acquired any time soon. 

                                                 
1 See Chapter 2.2.2 – 2.2.3 for more details 
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Still, there was a large amount of schematics and source-codes to go around which in the end 
helped to fill in the blanks. Once the original design was clear, the question about what should go 
becomes fairly easy, only remove what keeps the system back and leave all that you can’t 
improve within the timetable be. There are a lot of different busses for communication with 
external peripherals on the market such as ISA, PCI, USB, Fire-wire and so on, all with its own 
features and drawbacks. The same goes with the programming software, should you use the more 
design-friendly Visual basic suite or the more powerful C++ language? In the end it all comes 
down to your preferences and what can be done within a reasonable cost. 
 

1.3 Scope 
 
This exam range over 10 weeks and is part of my bachelor degree in computer and electronic 
science. During this time I have developed a new interface for controlling a mixer console 
through the USB-interface. Approximately 12 weeks has been used for developing and three 
weeks on the report thus giving five weeks overtime to the project. 
 

1.4 Sjöbjörn studio AB 
 
Sjöbjörn studio is located in Gröndal, Stockholm, Sweden and run mostly by Pelle Gunnerfeldt. 
The studio was first founded back in 1999 by Pelle and was reformed to Sjöbjörn studio in 2005. 
It was right after this that the studio bought the API (Automated Processes Inc) mixing console 
that the entire studios activity revolves around. 
 
The studio is a recording studio, foremost for music but also movies, computer games and audio 
in general. The recording area is about 100 square meters and has a large live room as well as 
three smaller stalls. The control room is suited for mixing in stereo as well as surround and can 
offer image synch functionality if required. The studio supports both digital and analog media 
with a Pro Tools HD3 in the center. The mixing itself is done in an old fashioned way with an 
analog mixing console and lots of external processors, filters and compressors. 
 
The studio has rapidly grown in popularity, much because of commercial success for some of the 
bands that has recorded their music there such as The Hives, Nicolai Dunger, Marit Bergman and 
Moneybrother. This has also earned the studio recognition internationally. The studio is, even 
though the official name is Sjöbjörn studio, more often referred to as Studio Gröndal or simply 
Gröndahl. 
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1.5 Thesis outline 
The thesis is divided into four parts which are explained in short below. 
 
Part 1: Introduction 
This is the part you are reading right now and it contains some background information about 
why this project was done, what the problems that could be faced would be and a short 
presentation of the company where the project was performed. 
 
Part 2: Development 
This is the main part of the thesis; it is here the work leading through the project is explained. 
The part start off with some background information about what existed before the project started 
and follows through all the way till the end with detailed explanations of each step. 
 
Part 3: Results 
Here the results and comments on what could have been done differently are presented. The part 
is ended with some propositions on future recommendations. 
 
Part 4: References 
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2 Development 

2.1 Background 

2.1.1 Overview of the old system 
The old system consists of the following components 
 

• A standard 486 class PC 
• A wired prototype ISA-card. The card functions as a parallel to serial RS-4222 converter 

since the mixing console only accept serial RS-422 coded data. As the ‘name’ suggests, 
the ISA-card communicates with the PC through an ISA-port where the data is sent 
parallel on 32 different pins. 

• A software program that runs in a DOS environment and gives the user a graphical layout 
of how the busses in the mixer console is set and let the user change them as well. The 
system first came with a touch-screen function but this was taken offline due to misuse 
that made the system work poorly. 

 

 
Fig 1: Overview of the old system 
 

2.1.2 Choice of communication-bus 
The communication-port is what the PC and the hardware that needed to be designed would 
‘talk’ through. The old system used the ISA-bus for sending information back and forth between 
their design and the PC. For me there were only two real candidates in mind. 
 

• PCI 
• USB 

 
The PCI-bus was my first choice since it is similar to the ISA-bus in its design, ISA had only 32 
bits but PCI can take as much as 64 bits which in this case may seem like a bit of an overkill. It 
also felt like a good alternative since I wouldn’t have to develop so much extra software and 
hardware since all operations would be solely made in the PC and not in some peripheral 
hardware. The drawback I saw was primary that it may mean that new hardware would have to 
be developed within the next 10 years. This is only a theory of mine, but I figure that the PCI-bus 
may be on its way out in a few years just like ISA was about 6 years ago. 
 

                                                 
2 See chapter 2.1.5 for more info 
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The USB-bus was the next choice in line. It features a serial communication and thus demands 
some extra hardware and software to work properly. Still, it had a great advantage since its very 
upgrade insensitive; the USB-speed will always be the same no matter what computer you 
connect it to. This option had as stated earlier a huge drawback, more hardware and software 
where demanded but even so I went for this one because it separates the mixing console from the 
PC even further and thus hopefully won’t be affected by a computer upgrade later in life. 
 

2.1.3 Choice of hardware 
Since the USB-bus was selected, there was a need to create some additional external3 hardware 
in order to communicate with the mixing console and the PC. There where a few options here as 
well. 
 

• Use a standalone USB-chip 
• Use a Microchip PIC with built-in USB-capability 

 
The Standalone USB-chip would still need some sort of microcontroller to function satisfactory, 
so there was really no reason to not use one with the USB-capability already built-in. 
 
Microchip PIC microcontrollers with built in USB-capability come in a few models which all 
differs in the amount of memory they got and pins you can use in your design. Since I didn’t 
want to put any unnecessary restrictions in the design I went with the one with most pins and 
memory for an affordable price, this was the PIC18F4550-chip. There was also a bonus that I had 
already worked with PIC-controllers previously and thus felt that I could develop the programs 
needed fairly easy. 
 

2.1.4 Choice of programming language 
There were three main languages that was considered for this task 
 

• C++ 
• ANSI C 
• Visual Basic 

 
C++ has the benefit of handling heavy operations better then many other languages. The 
drawback for this one is that the boss, who most likely was going to update the program once the 
project was over, didn’t know C++ very well, nor did the application have any complicated 
routines that would make use of the C++ strength. 
 
ANSI C wasn’t really an option, but it came up once since the old system was written in it and 
thus some code could perhaps be reused. Later on it stood clear that none of the existing code 
was of any use in the new program since it was designed specifically for the ISA-card so this 
alternative was not really an option. 
 
Visual Basic was the language furthest away from the old systems code but since we neither was 
going to use that code nor planned to make the software the same, it didn’t matter at all. The fact 
that it generates slow programs didn’t seem like a big problem since all we do is read and write 
some bytes every now and then to the USB-bus.  
                                                 
3 A device that is external is placed outside of the computer, like a printer or a scanner. 
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There were a few things that pointed in favour for Visual basic though, it is very easy to create 
graphical applications rather quickly, the code itself is very easy to understand even for those 
who don’t program much in general and finally, my boss was very good at it. 
 
With all this considered it wasn’t that hard of a choice, Visual basic it was. This choice proved to 
be very good since the boss later took upon himself to design the entire program and I could get 
on with the hardware and just make sure the USB-communications worked in Visual basic before 
handing it over to him. 
 

2.1.5 Serial vs. Parallel communication 
The difference between serial data and parallel data is how it is ordered. As seen in the picture 
below, serial transfers take longer time and require a synch signal, usually a clock and can 
manage with as little as two (or in special cases one) wires. A parallel transfer on the other hand 
is completed almost instantaneous but require one wire per bit that’s supposed to be sent. 
Usually, you’ll need an extra signal in parallel mode as well to assure the receiving end that all 
bits are all set before the receiver starts working with it. 
 

 
Fig 2:  8-bit data transfer in parallel and serial modes 

 
The main drawback of parallel transfers is also serial transfers’ greatest advantage, the needed 
amount of wires to set up a connection. In order to work with the data it’s generally done in 
parallel mode, but when you need to send the data long distances it’s almost always better to go 
with a serial set-up. To further show this I’ll use the communication system that is used in both 
the old and new designs as an example. All data and addresses are sent a fairly long distance, not 
too long for a parallel transfer but still long enough to make it very sensitive to interferences. In 
the designs we have taken advantage of a RS-422 transfer type, which mean that each signal is 
sent along with its inverted value on yet another wire. 
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Table 1: RS-422 conversion 

Signal Wire 1 + Wire 2 - 
1 1 0 
0 0 1 

 

 
Fig 3: RS-422 transfer schematic 
 
The reason for doing this is that as long as the wires are close together, all interferences should 
affect them equally and in the end have the same difference at the transmitter and the receiver, 
that difference is then decoded into a regular one or a zero. As we see, there is a need for an 
additional wire for each bit we want to send in this mode. Since we want to send 8-bit values 
we’d need 16+1 wires for parallel mode but just 4 (one bit at a time and one clock pulse) in serial 
mode. In our application we are sending a total of 24 bits between the computer and mixing 
console and thus would need a total of 49 wires for parallel transfer. As we can see, the number 
of wires to keep track on just keeps on increasing until it soon get out of hand. To send the same 
amount of data in serial mode we would end up with as little as 8 wires since we use the same 
clock pulse for all three bytes. 
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Fig 4: Visualisation of RS-422 with parallel and serial communication 
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2.2 Understanding the old system 
Before a new system could be designed, the old one had to be fully understood (or at least fairly 
well). This task proved to take quite some time but also left me with a much greater 
understanding of how everything was supposed to work, which in the end was really helpful. 
 

2.2.1 The C source code 
The first part of understanding a system is to know what kind of information it use, this would 
most likely be found in the PC-program itself for which I had received the source code. The most 
interesting part of the code was how it sent and received data to and from the mixing console. 
This was simply made by sending data to different addresses on the ISA-card which after some 
studies gave the list in Appendix C that later would have to be used to interact with the mixing 
console properly (same data as before must still go to the correct address even after the upgrade 
since no changes was made to the mixing console itself). The list was about all I got out from the 
code but never the less one of the most important pieces of information in the project. 
 

2.2.2 The ISA-bus 
The ISA-bus that the card was connected to consists among other things of a 20 bit address, 8 bit 
data bus and two signals for read and write. There are more signals in the ISA-bus for interrupts 
and so on but none of them where used by the ISA-card. 
 

2.2.3 The ISA-card 
The first part to do in order to understand the structure was to simply redraw the schematics that 
had been provided. This I did due to the fact that the schematics where edited upon the old 
schematics and hence they where a bit cluttered to say the least. The redrawn schematics can be 
found in Appendix D, please note that no check for whether the schematics are entirely correct or 
not has been made since they where only drawn to understand the principles of the hardware a bit 
better. As can be seen in the first part of the schematics, the card determines if it is being spoken 
to and then, depending on what address is selected, send the data to the correct port (A, B, C or 
D). Each port has almost the exact same configuration except for some minor details 
 

• Port A isn’t actually in use since it was reserved for a function that never came true hence 
there are no chips on the real card 

• Port A & B can both read and write and has as a result two RS-422 chips extra (one 
transmitter and one receiver per port) 

• Port C & D can only write data 
 
On each port there is a programmable chip called EP610, this chip was not documented in any 
way as far as I know, so I ended up with some speculations on how it might work4. In the end it 
seemed quite clear what it did and as a result I could tell fairly well how the ISA card was 
designed. The address and data are stored in three separate shift registers where after it is 
transferred serially via a RS-422 converter to the DRC5 in the mixing console.  
 

                                                 
4 See Appendix D for info on the EP610 pin-layout 
5 The Data Receiver Card (DRC) in the mixing console. For more info, see chapter 2.2.4 and Appendix E 
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2.2.4 Understanding the mixing consoles Data Receiver Card 
The Data receiver card (DRC) is simply a serial to parallel converting unit. The reason for the 
card is that parallel transfers over great distances are difficult to make reliable and so a balanced 
communication was selected instead. The DRC has a few extra features though. 
 

• It has an address-decoder that is used to determine what card is actually being controlled 
• It can decide if there is any read or write operations taking place and act accordingly 
• The card comes with a 4 bit to 16 pin demultiplexer that can be used as strobes to 

different latch-registers on other cards even further in (these where of no interest to us 
even though I looked through some of them anyway) 

 
Incoming serial data is also put through untouched in case anyone wanted to use it in some other 
way then what the DRC can offer. The DRC is developed around a Programmable logic array 
(PAL) chip, which controls the read and write-commands. Unfortunately, this chip is not 
documented either which gives a lot of room for speculations as to how it actually operates. 
Since the understanding of more then how to communicate with the DRC is outside of the 
project, I decided to place that information in Appendix E. 
 
As we have said before, the DRC communicates via a RS-422 coded serial link, the 
communication scheme goes something like this: 
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Fig 5: Communication diagram to / from DRC 
 
This diagram shows how each bit is sent, the x and y in Send _ number of clock pulses is due to 
the fact that there is no datasheet for the PAL chip, nor have the communication been tested on 
the real mixing console due to the fact that there are no spare PAL chips if one would get 
damaged, it has however been tested that the data will be stored in the registers on the DRC by 
this method, hence the data and address transfer are correct. The data, lower part of the address 
and the higher part of the address are all sent simultaneously but only the low address will have 
to send the read / write bit. 
 

Read 

Write 

Do 7 times

Do 7 times

Send first bit 

Send clock pulse 

Send next bit 

Send read / write bit 

Send x number of 
clock pulses 

Send clock pulse 

Send y number of 
clock pulses 

Read first bit 

Send clock pulse 

Send next bit 

Send clock pulse 

Communication complete 
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2.3 Designing the new system 
The work involved in this part was quite different from what I had expected since things that 
seemed like a good idea at the time got changed on a regular basis all the way till the very end. 
The system that was about to be designed would look like this: 
 

 
Fig 6: Overview of the new system 
 

2.3.1 Killing time 
In the beginning of the project I was still very much into saving money even though it wasn’t me 
who was paying, this may have been one of the reason things went so slow the first few weeks. 
In order to save some money I decided to build my own PIC-programmer and thus ordered all the 
parts needed for this small side-project. It took about one day to get the things needed and the 
next day I had soldered all parts together, unfortunately it didn’t work at all and I began 
suspecting that the PIC-chip was either bad (I had after all had problem with those in an earlier 
project) or not supported by the programmer even though it stated so on the web-site hence I 
went and bought a cheaper PIC-chip, this took another day. This proved to not be the problem at 
all since no communication with the new chip could be established either, after a little while 
longer I realised that a transistor was put backwards. This shouldn’t have been a problem today 
since I have learned my lesson but at that time I had in my attempt to save money only ordered 
exactly the required amount of components and had no replacements. This did cost me another 
four days since the store had closed when I realised the error and this was the day before a 3-day 
weekend. After the weekend I could finally change the transistor and get the programmer to work 
for a while. About a week later it broke during transport between the places I was working at. So 
in short, I had wasted about one week of well-needed time and about the same amount of money 
as a cheap commercial programmer would have cost on a now broken programmer just because I 
didn’t realise that time may sometime be more worth then a few buck saved on extra hardware. 
 

2.3.2 Creating the PIC USB interface 
In order to get a PIC to successfully work in USB-mode the clock must be configured correctly 
and since there seemed to be a multiple amount of ways to achieve this I looked up what seemed 
to be the most common set-up. The 20 MHz crystal combined with an internal PLL6 seemed to 
be closest to a standard and so I went for that as well. In the end I decided to go with a design 
that I found on the Create USB Interface web-page7 since it used the same capacitors as 

                                                 
6 Phase Locked Loop, a system to generate a higher clock rate from a lower one, see Appendix A for more info 
7 http://www.create.ucsb.edu/~dano/CUI/ 
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mentioned in the Microchip datasheet for 20MHz crystals and because I found a site that had 
used the design as a base, hence it should work for my project as well. 
 
 

 
Fig 7: The PIC-board schematic from the CUI-web site 
 
As seen in Fig 7, we have quite a few components around the PIC 
 

• Two buttons for Reset respectively Programming 
• Two 4.7k resistors from the buttons to Vcc in order to not generate a short-circuit when a 

button is pressed and thereby setting the signal low 
• Capacitors between Vcc and GND for power-stability 
• A 20MHz crystal, two 15pF capacitors and a 1M resistor to generate the needed clock 

frequency 
• A 470nF capacitor between VUSB and GND is required for stabilizing the internal 3.3v 

regulator needed to drive the USB transceivers and internal pull-up resistors for D+ and 
D- 

• A resetable Positive Temperature Coefficient (PTC) type fuse, that will make sure 
nothing gets damaged in case of a short circuit 

• A Power led in series with a 470Ω resistor just to show when the device is connected to 
the USB-bus 

• An in circuit serial programmer that’s used to program the PIC if a bootloader is not 
present in the PIC-chip 

• A USB-connector to plug the USB-cable to, the two 22Ω resistors are most likely there to 
reduce the influence of reflecting signals on the wires, this has not been present on any 
other designs I found earlier 

 
At first I built the PIC card according to the design, except for the ICSP which I skipped. 
The schematic had a minor flaw, or inconsistency if you prefer, since the USB pin layout are not 
the same as they are in the USB-specifications and since the USB-connector I had was numbered 
I didn’t take a second look before putting it together and hence it acted very odd. 
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Table 2: Correct setup for USB hardware 

Pin number Cable color Function 
1 Red Vcc (5volts) 
2 White D- 
3 Green D+ 
4 Black GND (Ground) 

 
Once this problem was solved, I later felt like changing some things. First I moved the Program 
button from pin RB5 to RE2 in order to get the entire port B free, I then added two leds on RE0 
and RE1 for easier debugging when needed.  
 
It was also on the CUI web page I first read about the bootloader utility and begun consider it a 
real option. 
 

2.3.3 What is a bootloader 
The bootloader is a program that makes it possible to program a device via the USB-bus and by 
doing so eliminates any need for the software engineer to remove the PIC-chip each time a new 
code is to be tested. The program is designed to only activate when the boot-button is pressed 
and if so be ready to receive a new program from the USB-bus and store it on the PIC. If the 
button is not pressed, the program that was last sent to the bootloader will start instead. 
 

2.3.4 Getting the bootloader to work  
To get the bootloader to work I had to compile the project found on the CUI web page. In order 
to compile a working hex-file8 there are a few programs that must be installed first: 
 

• MPLAB v7.31 
• MPLAB C18 Student Edition v3.02 

 
The MPLAB v7.31 is Microchips development studio wherein you can write code in PIC-
assembler and compile it into a programmable hex-file, you can also use it to program the PIC 
chip with the code you have created if you got the right programming hardware. The MPLAB 
C18 on the other hand is a C package for MPLAB, which make it possible to write PIC code in C 
as well as assembler. The bootloader code requires the C package in order to compile at all, the 
drawback of all this is that the C18 student edition only works for 60 days before it stop support 
some of the functions used. The code will still work but with some notices about the compiled 
hex-file not being optimized any more. 
 
Once the programs are installed and the project file (MCHPUSB.mcp) is opened, there are a few 
configuration bits that must be correctly set. These are very easy to control in MPLAB by simply 
accessing the Configure menu and selecting Configuration Bits9. The point of these is to inform 
the PIC of different settings you want to have before any code has begun executing. 
 

                                                 
8 The type of file the data to program into the PIC is stored in 
9 See Appendix A for details on what bits should be set and how 
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Before the booloader feature can be used for the first time, the booloader itself must be 
programmed into the PIC by means of an ordinary programming device, such as the Microchip 
ICD2 programmer. This only has to be done once for each chip where after the programs to be 
programmed into the PIC can be programmed directly through the USB-bus through the 
PDFSUSB10 program. This is a very convenient way to program the device since you never have 
to disconnect the PIC card from the PC or remove the PIC chip from your hardware. 
 

2.3.5 The Universal Serial Bus 
USB as its name would suggest is a serial bus. It uses 4 shielded wires of which two are power 
(+5v & GND). The remaining two are twisted pair differential data signals not too different from 
the RS-244 discussed earlier. It uses a NRZI11 encoding scheme to send data with a sync field to 
synchronise the host and receiver clocks. The bus accepts up to 127 different devices to be 
connected at the same time. Once a device is connected to the bus, the host (usually a PC) will 
detect that a new device has been connected and loads the appropriate driver for the device and 
later unloads it when the device has been unplugged. In order for this to work, each device has a 
Vendor ID and a Product ID, these two together are defined in the driver that are to be loaded 
and thus the host know what driver to load. There are a lot more to say about the USB but since 
this thesis didn’t go too deep into the USB technology, the reader will have to read “USB in a 
nutshell”12 for more information. 
 

2.3.6 The first communication 
When the PIC-hardware was put together it was time to see if it would do the trick, first I tested a 
demo that moved the mouse around the screen in a circle from the pic18Fusb13 web site. The test 
worked out just fine and thereby proved that the design was working ok. Now that the first test 
had been done it was time to make it do something a bit more interesting, like flashing some leds 
based on a value from the PC. There were quite a few examples on the Internet about flashing 
leds on and off, but one site caught my interest more then the rest. This was the piccoder14 web 
site because of the excellent description on how to program both the PIC and the windows 
program. The site contained an example on how to send two bytes to the PIC and then read one 
byte, which was pretty much what I needed to do as well. The example was very well 
documented and there proved no problem compiling it and testing the data transferes, 
unfortunately the PC program in the example was made in C#.NET and my project was going to 
be based on VB.NET which meant that I had to convert the PC software before I could start 
making alterations in the PIC code to suit my needs more accurately. The conversion wasn’t as 
much a conversion as a rewrite of the code by the use of another tutorial found on the comvcon15 
web site. Since the example from piccoder had been so well commented, there was no problem 
understanding how it all was working and a clone could easily be created of the piccoder 
C#.NET program in VB.NET. 
 

                                                 
10 MPFSUSB.exe is provided on Microchips web site 
11 Non return to zero, inverted (NRZI) is a method of mapping a binary signal to a physical signal for transmission 
over a transmission media. The two level NRZI signal has a transition at a clock boundary, if the bit being 
transmitted is a logical zero, and does not have a transition if the bit being transmitted is a logical one. 
12 http://www.beyondlogic.org/usbnutshell/ 
13 http://pic18fusb.online.fr/wiki/wikka.php?wakka=UsbBootload 
14 http://www.piccoder.co.uk/ 
15 http://www.comvcon.com/VBNETMCHPUSB.html 
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2.3.7 Creating a PC application 
So, how does the PC send and receive data from the PIC? Well, the communication functions are 
defined in a Dynamic-link Library (DLL) file (mpusbapi.dll) that Microchip is providing both 
compiled and in source code if any changes had to be made, for this project I have just used the 
compiled file as is. The functions in the DLL file are included into the VB.NET program by the 
following line-structure: 
 
 
Public Declare Function VB_F_NAME Lib "mpusbapi.dll" Alias "_DLL_F_NAME" 
(Variables) As Type 
 

 
VB_F_NAME: The function name that will be used in the Visual Basic code 
 
Mpusbapi.dll: The name of the dll from Microchip where all the functions are located 
 
_DLL_F_NAME: The name the function has in the dll-file, this can be found by special 

programs available on the internet such as DLL Export Viewer16 
 
Variables: The input data to be sent to the function, left blank if no data is to be sent 
 
Type: The functions type, integer, string, bool and so on 
 
So the functions we got in the VB.NET code is as follows: 
 

• MPUSBGetDLLVersion () 
• MPUSBGetDeviceCount (ByVal pVID_PID As String) 
• MPUSBOpen (ByVal instance As Integer, ByVal pVID_PID As String, ByVal pEP As 

String, ByVal dwDir As Integer, ByVal dwReserved As Integer) 
• MPUSBClose (ByVal handle As Integer) 
• MPUSBRead (ByVal handle As Integer, ByVal pData As Integer, ByVal dwLen As 

Integer, ByRef pLength As Integer, ByVal dwMilliseconds As Integer) 
• MPUSBWrite (ByVal handle As Integer, ByVal pData As Integer, ByVal dwLen As 

Integer, ByRef pLength As Integer, ByVal dwMilliseconds As Integer) 
• MPUSBReadInt (ByVal handle As Integer, ByRef pData() As Byte, ByVal dwLen As 

Integer, ByRef pLength As Integer, ByVal dwMilliseconds As Integer) 
 

                                                 
16 http://www.nirsoft.net/utils/dll_export_viewer.html 
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Short description of ByRef and ByVal 
 
When getting the value of a variable from a procedure or function parameter 
you have two ways to request it. Either you can request for it to be passed 
ByRef (default), or ByVal.  
 
Passing ByVal 
Private Sub TestSub(ByVal strPath As String) 
 
Passing ByRef 
Private Sub TestSub(ByRef strPath As String) ' or just 
Private Sub TestSub(strPath As String) 
 
When you pass ByVal, Visual Basic passes a copy of the variable to the 
procedure. This way the procedure gets the value, but any changes it makes 
will not affect the original variable. 
  
When you pass ByRef, Visual Basic passes a pointer to the procedure. This is a 
reference so that the procedure knows where to find the variable in the 
memory. Any changes the procedure makes to this variable will affect the 
original one, as they are the same thing. 
 

 
Variables Description 
 
pVID_PID: A string containing the Vendor ID (VID) and Product ID (PID) 
 Example: “vid_xxxx&pid_yyyy” 
 
instance: The number of the instance that is being addressed 
  
pEP: The endpoint to connect to 
 Example: “\MCHP_EPx” for endpoint x 
 
dwDir: A 16 bit number for defining the direction of data transfer 
 0: Write, 1: Read 
 
dwReserved: A reserved 16 bit value that is not used at the moment 
 
handle: The handle of a specific endpoint of a specific USB unit. 
 Use the handle returned from MPUSBOpen for the specified device 
 
pData: Points to the buffer that holds the data to be transferred to/from the 
 USB-device 
 
dwLen: Length of data in bytes (number of elements in data array to be transferred) 
 1, 2, 3 … 63, 64 
 
pLength: Number to tell how many bytes has been read 
 
dwMilisecnds: Timeout value, the function will halt once this value has been reached even if 

it hasn’t completed the task. To skip this timeout, just set the value to 
 “INFINITE” 
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Functions 
 
MPUSBGetDLLVersion: 
 Returns the version number of the DLL, has nothing to do with the USB-communication. 
 
MPUSBGetDeviceCount: 
 Return the amount of devices with the specified VID and PID. 
 
MPUSBOpen: 
 Create and return a handle to the selected endpoint17 with matching VID & PID. 
 
MPUSBClose: 
 Close the specified handle. 
 
MPUSBRead: 
 Read the data from a specific device and places it in the selected array. 
 
MPUSBWrite: 
 Write an array of bytes to the selected handle. 
 
MPUSBReadInt: 
 Same as MPUSBRead but for interrupts from the device. 
 
In the tutorial these functions have been incorporated into other functions that automatically 
select the first instance of the Microchip FS Demo board18 and since these functions are rather 
convenient I decided to keep them when I made the send and receive program. 
 

 
Fig 8: Design of the send and receive program 
 
The code for the send and receive program work like this: 
See Appendix A for detailed information on how the called functions work. 
 
 
 OpenMPUSBDevice() 
 

 
Upon program start the function OpenMPUSBDevice is called to ‘open’ up a connection to the 
USB-device. Once the program has started and values of 0 to 255 have been placed into the two 
textboxes it’s time to send the data to the PIC and back. 
 

                                                 
17 A device can contain multiple functions and differentiate them by so called endpoints. Generally there is only one 
endpoint per device. 
18 The Microchip FS Demo board is the hardware almost every PIC USB design on the Internet is based on since 
large parts of the software is already developed by Microchip and saves a lot of time. 
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 send_buf(0) = 48 
 send_buf(1) = num1.Text 
 send_buf(2) = num2.Text 
 
 RecvLength = 2 
 

 
The data to be sent are placed in an array send_buf where position 0 holds the value of the 
function in the PIC to receive the data (more on this in the next chapter). Thereafter come the 
data to be sent, the maximum amount of bytes to be sent at once are 64 including the 0 position. 
The amount of bytes to be received must also be set in order to instruct the read function how 
much data to expect. 
 
 
 If (SendReceivePacket(send_buf, 3, receive_buf, RecvLength, 1000, 1000) = 
1) Then 
  If (RecvLength <> 2) Then 
   MsgBox("Failed to execute operation.") 
  End If 
 End If 
 

 
The data is then sent to the SendReceivePacket function which works as follows: 
 
SendReceivePacket( 

data array to send from, 
number of bytes to send, 
data array to receive to, 
number of bytes expected to be received, 
time in ms till send-routine times out, 
time in ms till read-routine times out 
) 
 

The reason for “number of bytes expected to be received” to be a variable and not simply a 
number is that the function will change that value to the number of bytes that actually was 
returned so a test to see if the received amount of bytes corresponds to the expected amount of 
bytes can be done. 
 
 
 answer.Text = Str(receive_buf(1)) 
 

 
Last but not least the data is read from the received data array and placed where the Answer text 
is. Note that it’s two different arrays for sending and receiving data here. 
 
 
        CloseMPUSBDevice() 
 

 
When the program is terminated, the connection to the USB-unit is closed. 
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2.3.8 Creating a new function 
In order to do something useful with the PIC-controller there was a need to implement some new 
functions other then adding some numbers or flashing lights in cool ways. The theory for adding 
new functions is rather easy since there are only a few lines that need to be added. 
 
In the user.h file there is a struct19 that contain the functions number to name conversion: 
 
 
typedef union DATA_PACKET 
{ 
 struct 
 { 
  enum 
  { 
   READ_VERSION = 0x00, 
   FUNCTION_1 = 0x01, 
   FUNCTION_2 = 0x30, 
   RESET  = 0xFF 
  }CMD; 
  byte len; 
 }; 
} DATA_PACKET; 
 

 
This part isn’t really necessary but improves the overview of the code a great deal later on. As 
shown in the code above there are no rules on how to assign the functions their numbers as long 
as they don’t overlap each other, we can for example not have two functions on 0x30 (hex) and 
thus get limited to just 256 different functions. For us that are plenty to go around so therefore I 
have let the READ_VERSION and RESET functions stay from the piccoder tutorial-code. 
 
Next part to look into is how these functions are accessed; this is done in the user.c file. Once a 
data-transfer has been made from the PC to the PIC the PIC goes into a function called 
ServiceRequests in which the functions are all defined: 
 
void ServiceRequests(void) 
{ 
 byte index; 
 
 if(USBGenRead((byte*)&dataPacket,sizeof(dataPacket))) 
 { 
  counter = 0; 
  switch(dataPacket.CMD) 
  { 
   case READ_VERSION: 
    //dataPacket._byte[1] is len 
    dataPacket._byte[2] = MINOR_VERSION; 
    dataPacket._byte[3] = MAJOR_VERSION; 
 
    //Set couter value to the amount of bytes to be returned 
    counter=0x04; 
   break; 
   //End each function with a break 
 
   case FUNCTION_1: 

                                                 
19 A struct is used to declare a new data-type. Basically this means grouping variables together. 
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    //Enter function code here 
 
    //Set couter value to the amount of bytes to be returned 
    counter = 0x01; 
   break; 
 
   case FUNCTION_2: 
    //Adding two values and returning the sum 
    dataPacket[1] = dataPacket[1] + dataPacket[2]; 
    
    //Set the counter to the amount of bytes to be returned 
    counter = 0x02; 
   break; 
 
   case RESET: 
    Reset(); 
   break; 
 
   default: 
   break; 
 
  }//end switch() 
 
  if(counter != 0) 
  { 
   if(!mUSBGenTxIsBusy()) 
   USBGenWrite((byte*)&dataPacket,counter); 
  }//end if 
 }//end if 
}//end ServiceRequests 

 
The ServiceRequest function will, if there has been any data recieved, take the first byte of that 
data (the function number in position 0 of the data array mentioned in the Visual Basic code) and 
see if there is any function with the corresponding name and execute that code if it is found. It 
would be ok to enter the values in the case-statement instead of the names but as stated earlier, 
it’d be much harder to get a good overview of which function is which. 
 
The data are accessed from the dataPacket array and can contain up to 64 bytes in one transfer 
depending on what your program is designed to do. To access these, one can simply use them as 
any other variable in the code. This is also the array that you use to send data back to the PC in. 
FUNCTION_2 is the summation code and gives an example on how to access data and then 
return one value.  
 
In order to return a value to the PC, the data is simply put in the dataPacket array (beginning at 
position 0) and as far up as needed (max position 63) and then the counter is set to the amount of 
bytes to be sent. Note that the 0 position counts as one and that it is not possible to send just 
position 1, 4 and 5 or so on. All positions from 0 to your last value must be sent. 
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2.3.9 Designing the hardware 
All hardware was designed in a program called ExpressSCH since it was free and had a good 
interface for drawing schematics and later on make PCBs. It does not support auto-routing20 but 
since the designs were relatively small that was never much of a problem. 
 
There was two ways to design the hardware. 
 

• Make one big card with all the component on 
• Make several smaller cards that will be connected through a bus card 

 
The good thing about putting all on one card is that it’s easier to make the design more 
insensitive to interference but it’s quite static since it can’t be used for future additions. By 
making several smaller cards the possibilities for future additions are fairly unlimited and if part 
of the construction would fail, not all of it will need to be replaced. This design may have some 
other problems when it comes to interferences and such but since the speed is quite ‘slow’ that 
shouldn’t be too much of a problem. In the end I decided to go with the module design and 
designed three different cards21. 
 

• Bus card 
• PIC card 
• Port card  

 

 
Fig 9: Overview of the hardware setup, Port A is not used hence it is not in the image. 
 

                                                 
20 Auto-routing is a feature that can draw the printed circuit board (pcb) automatically 
21 All designs can be found in Appendix F. 
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The arrows represent data communications to and from the Bus card: 
 

1. Address signals for port card selection 
2. Data and address to be sent to the mixing console 
3. Clock-signal to be sent to the mixing console 
4. Received data from the mixing console 

 

2.3.9.1 The Bus card 
In order to connect the cards I had to make a bus-card that would work as a signal highway for 
all communications between the PIC-controller card and the cards that would talk to the mixing 
console. The design itself only requires 4 slots but since future features may use it I added a few 
extra and in order to reduce interferences I went with a 4-layer card so I could put a ground layer 
and ground lines between all the data lines on the card. 
 

2.3.9.2 The PIC card 
The project is based around a PIC18F4550 chip which handle all the the USB communications to 
and from the PC, it’s on this card that all data processing and RS-422 conversion is done in order 
to control the mixing console. The hardware needed for everything to operate correctly ended up 
being a slightly modified design taken from the “Create USB Interface” site as stated in ch 2.3.2. 
Out from this card comes a four bit address that can select one of 16 different cards connected to 
the bus card that will be on the receiving end. The hardware itself allow that any data is sent on 
the other wires but to successfully communicate with the port cards there should be three serial 
signals, one for each of HI address, LO address and data to the mixing console. There is also a 
wire for incoming serial data and finally a clock signal that keeps track of all serial 
communications going on in the system. 
 
 
Signal Pin out from PIC (and PIC card) 
 
Address for port card selection: A0 – A3 4 bit address 
Address stable: A4 Used to assure that the correct address is sent 
 
Send Data: D7 8-bit data sent serially 
Send HI address: D6 First 8-bit of the address sent serially  
Send LO address: D5 Last 8-bit of the address sent serially 
 
Receive Data: D4 8-bit data received serially 
Enable Data RS-422 transmitter: D3 Needed to disable the data transmitter during read 
 
Clock: D0 Clock signal to control the serial transfers 
 
 
There are two addresses mentioned above, one are just 4 bit and the other 16 bits. The 4 bit 
address is used to select what port card to use while the 16 bit address is used in the mixing 
console, these should not be confused with each other. 
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2.3.9.3 Port card v1-2 (NOT USED) 
The port card is the part of the design that communicates with the mixing consoles hardware and 
was therefore the part that took most consideration to design. The mixing console is addressed by 
three bytes transferred simultaneously through a serial RS-422 connection, which had to be 
successfully generated by the port card. By looking at the ISA card schematics I had a fairly 
good idea of how it could be done. The idea went like this: 
 
First three bytes (HI address, LO address and DATA) would be sent from the PIC card through a 
8-bit parallel bus one byte at a time to be stored in three different latches (kind of like a 
memory), then the three bytes where to be sent over to three shift register chips where they where 
converted from parallel to serial communication. Once this was done the data would be sent one 
bit at the time to the RS-422 converters that would have been connected to the mixing consoles 
DRC. In order to make all this happen there was going to be 8 extra signals from the PIC card 
used to control each of the chips as well as two clock signals, one for the shift registers and one 
for the outgoing clock to the DRC. This was because the outgoing clock had to be slightly 
delayed in order for the shift registers to successfully send the next bit safely and not give the 
wrong value because the bit hadn’t had time to stabilize. In addition to this the card was also 
equipped with a 4-bit address decoding function so it could tell whether it was being addressed or 
not. Later on I realised that the latch chips was redundant and could be completely removed since 
the shift registers themselves already had that kind of functionality built in, hence they where 
removed in version 2. 
 
This design would probably have worked somehow ok but had some major drawbacks compared 
to the next version. 
 

• The shift register chips where entirely unnecessary 
• The address decoding design was very unsafe since no check for whether the address was 

correct or not was made (there is a chance that the address changes slower then the 
address decoder can decode and thus activate the wrong card for a short while 

• The address decoder used was not meant for address decoding and required an extra 
NAND gate to implement an address ok pin function. 

 
All this was changed in version 3. 
 

2.3.9.4 Port card v3 
This design was thought of slightly after the deadline of the project but improved on so many 
things that I felt it was essential to complete it anyway. Compared to version 2 this design was 
ridiculously simple and gave more control with fewer signals to keep track of. The main 
difference is that the data is sent serially directly from the PIC card and therefore only need the 
address decoder and RS-422 chips for communication. The address decoding was replaced by a 
more suited chip, which had an address ok input pin and thus made the NAND chip redundant. 
At a first glance this design seemed to generate a lot extra code in the PIC but since there were 
much fewer signals to control, the code didn’t get much larger then it was before. The read data 
function was also much easier to create since the incoming data goes directly to the PIC card and 
can be manipulated with greater ease then before. 
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2.3.9.5 Testing the hardware 
The PIC card was already made during an earlier state of the project and the port card was wired 
together on a test board. Since no hardware had been ordered at the time of testing there was no 
bus card present, nor had the addressing hardware been tried out in reality. The wired port card 
was connected directly to the PIC card and a DRC that I had received from Sjöbjörn Studio AB. 
Unfortunately the DRC wasn’t equipped with a PAL chip. This made the experience a bit less 
interesting since the software in the PIC couldn’t be tested all the way. In the end I settled with 
just sending data to the DRC from the PC and see if it seemed to be stored correctly in the shift 
registers on the DRC. 
 
To test the serial transfer software in the PIC, I first designed a program in Visual Basic.NET that 
sent three bytes to the PIC card and received one byte. The PIC was programmed to send the 
bytes and a clock signal serially out to the port card and also read the data in signal to return to 
the PC once all data had been received. Then the Port card converted the standard signals to RS-
422 signals, which was sent to the DRC. The data out was also sent to the RS-422 decoder and 
returned to the PIC so a read-function could be created. Once all data was sent, the clock signal 
halted and I could go through the chips on the DRC with a logic probe22 to see if all data had 
gotten to where it was supposed. After some minor changes in the PIC code everything worked 
as expected and thus the hardware and software designs were as complete as could be at this 
point. 
 

                                                 
22 Logic probe: a device that shows whether it’s a high or low state on a specific wire. 
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3 Results 
This report covers most of the things that was designed and found out during the project and will 
hopefully work as a guide for future projects involving this communication system. 
Unfortunately the project couldn’t be completed in time for different reasons, mainly a lack of 
information about the PAL-chip but also the fact that the project was too big for me alone to 
handle in just 10 weeks. 
 

3.1 Conclusions 
The hardware that was designed works with the PC software through a USB connection and the 
data can be stored into the DRC so what wasn’t completed in the project is the software. The 
problem with this is that the PIC need to communicate with the DRC and thereby the PAL-chip 
for which information seem very scarce. There wasn’t much to do about this but the next step 
would probably be to design a replacement for the PAL-chip both to make sure what it does and 
to ensure that there are replacement chips in case any of the ones in the mixing console would 
break down. As is now there are neither extra chips nor anyone who can make any new ones, this 
made the development of a communication system a bit harder then expected but not impossible. 
 
Other then the hardware design, a complete address and data list for the mixing console has been 
put together to be implemented into the PC application once the PIC software has been 
completed. Even though this in itself didn’t push the communication development forward it was 
still an important piece of information to figure out. 
 
At the beginning I didn’t plan on using a bootloader-utility in the design but rather just go with a 
regular programming device instead since it would be needed anyway in order to program the 
bootloader into the PIC before first use. What changed my mind were two things, first the fact 
that it was so easy to reprogram the device once the bootloder was installed and secondly that 
there was no need for additional hardware in the future as long as the PIC-chip don’t fail. 
 

3.2 Future recommendations 
Since the project never got completed that is of course something to be fixed in the future but as 
stated earlier, the first thing to fix would be to recreate the PAL-chip so there won’t be so 
devastating if something happens to the existing hardware. First after that the finishing of the PIC 
software comes, this would probably be another interesting exam-project for two students. 
 
The hardware was designed with future expansions in mind so there are no reason not to make 
some extra systems on the side that is controlled by the same software on the PC as the mixing 
consoles regular functions. Such an example is a led card that has been developed alongside this 
project and which is supposed to turn on and off buttons-lights depending on what channels and 
functions are activated or not. 
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5 Appendixes 

5.1 Appendix A: Setting up MPLAB 
 
It is important to set the clock settings as showed in the picture since unless the USB Clock is set 
to 48 MHz, the full speed USB communication will fail. We have only used a 20 MHz oscillator 
for this project which by itself isn’t fast enough to drive the USB. The way we go around this is 
by the use of a built in feature called Phase Locked Loop (PLL) that will generate a higher 
frequency based on an input frequency. The PLL in the PIC is set up so that it outputs 96 MHz 
only if it has a 4 MHz input, and therefore we must divide our 20 MHz input with 5 in order to 
generate the required 4 MHz. Finally we set the USB clock source selection to 96 MHz PPL/2, 
which gives a 48 MHz frequency and the full speed USB communication will work fine. Once all 
this is set the PIC must be told what input it has and how to handle it, this is done by selecting the 
Oscillator to “HS: HS+PPL, USB-HS” which mean: Hi Speed oscillator with PPL and full speed 
USB communication. The USB voltage regulator must be enabled since the USB communication 
is done in 3.3v and not 5v, it is possible to use an external 3.3 voltage generator, but that seem 
rather pointless in this design. Finally the Master Clear Enable must be enabled in order to reset 
the PIC and enter the bootloader. The rest of the bits aren’t that crucial so I won’t go through 
them. With these settings the bootloader will compile and work as expected in the CUI design. 
 

 
Fig 10: Configuration bits for MPLAB 
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5.2 Appendix B: VB.NET functions explained 
 
Before I explain the functions there are a few lines of code that are essential to go through first. 
These are the so called global variables that can be accessed from any place in the program 
without further programming. Most of them are simply there to ease the understanding of the 
program as well as keeping the values at only one place so no inconsistency may appear. 
 
 
'Functions and Data required from WIN32 API 
Public Const INVALID_HANDLE_VALUE As Short = -1 
Public Const ERROR_INVALID_HANDLE As Short = 6 
 
Public Declare Function GetLastError Lib "kernel32" () As Integer 
 
'Constants for connecting to Microchip FS Demo board 
Public Const vid_pid As String = "vid_04d8&pid_000c" 
Public Const out_pipe As String = "\MCHP_EP1" 
Public Const in_pipe As String = "\MCHP_EP1" 
 
Public Const MPUSB_FAIL As Short = 0 
Public Const MPUSB_SUCCESS As Short = 1 
 
Public Const MP_WRITE As Short = 0 
Public Const MP_READ As Short = 1 
 
'Declare the IN PIPE and OUT PIPE Public variables 
Public myInPipe, myOutPipe As Integer 
 

 
All variables here are Public which means they are free for all functions to access at anytime, the 
Const in most of the lines mean that while a variable may be read, it cannot be changed. For 
example, in the first line of code the variable INVALID_HANDLE_VALUE is set to -1, this 
means that anywhere in the code that it say INVALID_HANDLE_VALUE it could as well have 
been written -1. All rows except three are made up this way so we can skip the explanation about 
them. The last line is a bit different since it doesn’t contain the const variable and so the values in 
both myInPipe and myOutPipe may change. Finally we have the third row where the function 
GetLastError is defined from the windows kernel32, this function will return an error number if 
anything goes wrong which we will take advantage of later. 
 
So, time for the first function we came across, how to open the USB-communication. 
 
 
Sub OpenMPUSBDevice() 
 
 Dim tempPipe As Integer 
   Dim count As Integer 
 
   myOutPipe = myInPipe = tempPipe = INVALID_HANDLE_VALUE 
   count = MPUSBGetDeviceCount(vid_pid) 
 
   If count > 0 Then 
 
    myOutPipe = MPUSBOpen(0, vid_pid, out_pipe, MP_WRITE, 0) 
      myInPipe = MPUSBOpen(0, vid_pid, in_pipe, MP_READ, 0) 
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      If myOutPipe = INVALID_HANDLE_VALUE Or myInPipe = INVALID_HANDLE_VALUE 
Then 
 
      MsgBox(Str(myOutPipe) & Str(myInPipe) & "Failed to open data pipes.") 
      myOutPipe = myInPipe = INVALID_HANDLE_VALUE 
 
   End If 
   Else 
    MsgBox("No devices connected.") 
   End If 
 
End Sub 
 

 
There are only three lines of code that are actually needed here, all the rest are there to ensure 
that everything worked out all right. The three lines are: 
 
count = MPUSBGetDeviceCount(vid_pid) 

 
Sets count to the number of  devices that responded to the given vid & pid numbers. 
 
myOutPipe = MPUSBOpen(0, vid_pid, out_pipe, MP_WRITE, 0) 

 
Set the value of the selected device’s write data handle to the variable myOutPipe. 
 
 myInPipe = MPUSBOpen(0, vid_pid, in_pipe, MP_READ, 0) 

 
Set the value of the selected device’s read data handle to the variable myInPipe. 
 
In both the MPUSBOpen calls above, the devicenumber is set to 0, this mean that this particular 
code will only support the use of one device of this type at once, but it is not a big problem to 
overcome if need would arise. 
 
The safety code is based on the fact that the MPUSBOpen can’t return a negative value and 
therefore if any of the two variables myOutPipe or myInPipe are still -1 
(INVALID_HANDLE_VALUE) after the operations have taken place, something went wrong 
and an error message will be displayed. 
 
The next function is the one we called to send and receive data with. 
 
 
Function SendReceivePacket(ByRef SendData() As Byte, ByRef SendLength As 
Integer, ByRef ReceiveData() As Byte, ByRef ReceiveLength As Integer, ByVal 
SendDelay As Integer, ByVal ReceiveDelay As Integer) As Integer 
 
 Dim SentDataLength As Integer 
   Dim ExpectedReceiveLength As Integer 
 
   ExpectedReceiveLength = ReceiveLength 
 
   If (myOutPipe <> INVALID_HANDLE_VALUE And myInPipe <> INVALID_HANDLE_VALUE) 
Then 
 



  31 

    If (MPUSBWrite(myOutPipe, 
Runtime.InteropServices.Marshal.UnsafeAddrOfPinnedArrayElement(SendData, 
0).ToInt32(), SendLength, SentDataLength, SendDelay) = MPUSB_SUCCESS) Then 
 
       If (MPUSBRead(myInPipe, 
Runtime.InteropServices.Marshal.UnsafeAddrOfPinnedArrayElement(ReceiveData, 
0).ToInt32(), ExpectedReceiveLength, ReceiveLength, ReceiveDelay) = 
MPUSB_SUCCESS) Then 
 
          If (ReceiveLength = ExpectedReceiveLength) Then 
             SendReceivePacket = 1 '// Success! 
               Exit Function 
            ElseIf (ReceiveLength < ExpectedReceiveLength) Then 
             SendReceivePacket = 2 '// Partially failed, incorrect receive 
length 
               Exit Function 
            End If 
 
         Else 
          CheckInvalidHandle() 
         End If 
      Else 
       CheckInvalidHandle() 
      End If 
   End If 
 
   SendReceivePacket = 0 '// Operation Failed 
 
End Function 
 

 
As with the OpenMPUSBDevice function, most of the code here are only for safety reasons 
hence I won’t explain how they work. The more interesting lines of code are imbedded into two 
different if-cases, this is since if any of the two operations (write and read) would fail, the 
program will be directed to the CheckInvalidHandle function that is explained a bit further down. 
The two lines that send and receive data are as follows. 
 
MPUSBWrite(myOutPipe, 
Runtime.InteropServices.Marshal.UnsafeAddrOfPinnedArrayElement(SendData, 
0).ToInt32(), SendLength, SentDataLength, SendDelay) 

 
The write function is fairy straight forward, it sends a sendLength long array of bytes to 
myOutPipe and returns the number of fields23 that was actually sent, usually they are the same, 
and the SendDelay is the time in milliseconds that the operation may take before being aborted. 
 
MPUSBRead(myInPipe, 
Runtime.InteropServices.Marshal.UnsafeAddrOfPinnedArrayElement(ReceiveData, 
0).ToInt32(), ExpectedReceiveLength, ReceiveLength, ReceiveDelay)  

 
The read function operates in the exact same fashion as write with the exception that the data is 
read from myInPipe and not sent to myOutPipe. 
 
Finally, the reason for the extremely long expression around the Send- & ReceiveData is needed 
to get Visual Basic.NET to send the pointer to the external function without complaining. 

                                                 
23 One position an array is called a field 
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I mentioned that when something went wrong, the function would call the CheckInvalidHandle 
function, the reason for this is again, safety. 
 
 
    Sub CheckInvalidHandle() 
        If (GetLastError() = ERROR_INVALID_HANDLE) Then 
 
            '// Most likely cause of the error is the board was disconnected. 
 
            CloseMPUSBDevice() 
        Else 
            MsgBox("Error Code : " & Str(GetLastError())) 
        End If 
    End Sub 
 

 
The function ‘ask’ windows what the last error that occurred was by calling the GetLastError 
function, and if the error code24 is 6 (ERROR_INVALID_HANDLE) then we close the 
connection to the device and returns the error message that windows has generated. 
 
Now there is only to close the connection left for us to do and this is how it’s done. 
 
 
Sub CloseMPUSBDevice() 
 If myOutPipe <> INVALID_HANDLE_VALUE Then 
    MPUSBClose(myOutPipe) 
      myOutPipe = INVALID_HANDLE_VALUE 
   End If 
   If myInPipe <> INVALID_HANDLE_VALUE Then 
    MPUSBClose(myInPipe) 
      myInPipe = INVALID_HANDLE_VALUE 
   End If 
End Sub 
 

 
First we make sure a connection is established since we don’t want to try and close a connection 
that doesn’t exist, this would most likely result in an error of some sort and then we simply close 
the connection to the device with the selected handle by the line 
 
MPUSBClose(myOutPipe) 

 
for both myOutPipe and myInPipe. The checks for INVALID_HANDLE_VALUE are as you 
probably already guessed only there for safety reasons. 
 
 
 

                                                 
24 an error code is a number that represents a specific type of error 
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5.3 Appendix C: Address list 
 
Bit 0: LSB 
Bit 7: MSB 
 
Send 510 module 
Byte Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00 Pre 2 Small 2 Unused Mute 2 Pre 1 Small 1 Unused Mute 1
0x01 Pre 4 Small 4 Unused Mute 4 Pre 3 Small 3 Unused Mute 3
0x02 Pre 6 Small 6 Unused Mute 6 Pre 5 Small 5 Unused Mute 5
0x03 Pre 8 Small 8 Unused Mute 8 Pre 7 Small 7 Unused Mute 7
0x04 Unused Unused Unused Unused Pre 9/10 Small 9/10 Unused Mute 9/10  
Base = 0x2000 
Channel = 0 .. 47 
Address = Base + (Channel * 0x10) + Byte 
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1048b module / Flip-flop modules 
Byte Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00 SMB4 SMB3 LMB2 LMB1 SPh LPh SSS LSS
0x01 SPa EQI EQS DS FS HPFI LPFI SS_11/12
0x02 SET Unused GMLM LM LI LPa SM SI
0x03 Unused Unused Unused Unused Unused Unused Unused Unused
0x04 Unused Unused Unused Unused Unused Unused Unused Unused
0x05 Unused Unused Unused Unused Unused Unused Unused Unused
0x06 Unused Unused Unused Unused Unused SFL LL2T SL2T
0x07 X C L E A R X X  
Base = 0x2800 
Channel = 0 .. 47 
Address = Base + (Channel * 0x10) + Byte 
 
Notes: 
 
A read operation of 0x07 clear the selected channels flip-flop card which is done before writing 
any new data. 
 
Address 0x06 is only used for LED control and thus never read from. 
 
LSS: Large Solo Safe 
SSS: Small Solo Safe 
LPh: Large Phase 
SPh: Small Phase 
LMB1: Large Mute Bus 1 
LMB2: Large Mute Bus 2 
SMB3: Small Mute Bus 3 (inte 1 & 2 ?) 
SMB4: Small Mute Bus 4 
 
SS 11/12: Small to send 11 / 12 
LPFI: Low Pass Filter In 
HPFI: High Pass Filter In 
FS: Filter to Small 
DS: Dyn to Small 
EQS: EQ to Small 
EQI: EQ In 
SPa: Small Pan 
 
SI: Small Insert 
SM: Small Mute 
LPa: Large Pan 
LI: Large Insert 
LM: Large Mute 
GMLM: GML Mute (not present on console) 
SET: Set channel (not used in new design) 
 
SL2T: Small Line 2 Trim (LED) 
LL2T: Large Line 2 Trim (LED) 
SFL: Small Follow Large (LED) 
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Bus matrix 
Byte Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00 8 7 6 5 4 3 2 1
0x01 16 15 14 13 12 11 10 9
0x02 24 23 22 21 20 19 18 17
0x03 32 31 30 29 28 27 26 25
0x04 40 39 38 37 36 35 34 33
0x05 48 47 46 45 44 43 42 41
0x06 LSC LSB LSA SSC SSB SSA Unused Unused
0x07 SM LM PAN Unused Unused Unused Unused Unused  
Base = 0x4000 
Channel = 0 .. 47 
Address = Base + (Channel * 0x10) + Byte 
 
Notes: 
 
SSA: Small Stereo A 
SSB: Small Stereo B 
SSC: Small Stereo C 
LSA: Large Stereo A 
LSB: Large Stereo B 
LSC: Large Stereo C 
 
LM: Large to Matrix 
SM: Small to Matrix 
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Bus display 
Byte Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00 41 33 25 17 9 1 SL1 LL1
0x01 42 34 26 18 10 2 SL2 LL2
0x02 43 35 27 19 11 3 ST LT
0x03 44 36 28 20 12 4 SB LB
0x04 45 37 29 21 13 5 SFL Unused
0x05 46 38 30 22 14 6 SSA LSA
0x06 47 39 31 23 15 7 SSB LSB
0x07 48 40 32 24 16 8 SSC LSC
0x08 Unused Unused Unused Unused Unused Unused SMTX LMTX
0x09 Unused Unused Unused Unused Unused Unused SPAN LPAN  
Base = 0x4800 
Channel = 0 .. 47 
Address = Base + (Channel * 0x10) + Byte 
 
Notes: 
 
LL1: Large Line 1 
LL2: Large Line 2 
LT: Large Tape 
LB: Large Bus 
LSA: Large Stereo A 
LSB: Large Stereo B 
LSC: Large Stereo C 
LMTX: Large MTX 
LPAN: Large PAN 
 
SL1: Small Line 1 
SL2: Small Line 2 
ST: Small Tape 
SB: Small Bus 
SFL: Small follow Large 
SSA: Small Stereo A 
SSB: Small Stereo B 
SSC: Small Stereo C 
SMTX: Small MTX 
SPAN: Small PAN 
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Input select 
Byte Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00 L2 L1 L0 S2 S1 S0 X X  
Base = 0x6000 
Channel = 0 .. 47 
Address = Base + (Channel * 0x10) + Byte 
 
Setting Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bus Large 0 0 1 X X X Unused Unused
Bus Small X X X 1 0 1 Unused Unused
Line Large 1 1 0 X X X Unused Unused
Line Small X X X 0 1 0 Unused Unused
Mic Large 1 0 0 X X X Unused Unused
Mic Small X X X 0 0 0 Unused Unused
Tape Large 0 0 0 X X X Unused Unused
Tape Small X X X 1 0 0 Unused Unused  
 
Bit 1 and 0 are unset in the original code, but it doesn’t seem to matter which way they are set. 
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5.4 Appendix D: The ISA card 

5.4.1 Schematics 
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5.4.2 Thoughts on the EP610 chip 
 
CLK A, CLK B, CLK C25: These are just different inputs from the clock, why it uses three 
different speeds was something I didn’t look that much into. 
 
/RD, WR: Inputs for read and write operations. 
 
OE OUT: If there is going to be a read-operation, this pin will disable the data transmitter and by 
doing so, allow data from the DRC to be read by the receiver-chip. 
 
PLOAD: Before the data can be sent to the DRC it has to be shifted into the 299-shiftregister-
chips and since setting both ‘S0’ and ‘S1’ to high does that, the PLOAD probably stand for 
parallel load. 
 
ACLK: This is the pin that shifts the data in the shift registers on a low to high transition. 
 
DCLK: This is the clock-pin to the DRC so data can be stored in the shift registers there 
correctly. 
 
LR/W: Sends a low signal when data is to be read from the mixing console or high if data is to be 
written. 
 
RST: Resets all data on the 299-chips before storing anything new, most likely this is done in 
order for an address to not become valid for a DRC-card due to old data being shifted26. 
 
LRD, LWR, COE, S0 .. S4 & CE: None of these are connected according to the hand drawn 
schematics. 

 
Fig 11: Schematic of the EP610 chip on ISA card 

                                                 
25 Both pin 1, 9 and 13 are connected to the Clock C input 
26 See Appendix E for more detailed information on the DRC 
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The above information is all based on speculations and can as such not be taken for certain, still, 
it all seem pretty reasonable once the surrounding chips have been read up on. All chips 
datasheets are present on the CD and can be read through by those who are a bit extra interested. 
 
In the end it was believed that the ISA-card had one major function, to send and receive the data 
and address simultaneously to the DRC by a serial RS-422 communication. 
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5.5 Appendix E: Data receiver card (DRC) and PAL-chip 

5.5.1 Data receiver card 
This was one of the things that took most time to understand, not so much because it was 
difficult, but rather that the schematics didn’t correspond with reality and had to be updated by 
my supervisor Magnus Bergkvist five weeks into the project. Here follows the functionality of 
the DRC. 
 

 
Fig 12: Simplified overview of the Data receiver card 
 
The data is passed through a number of blocks before it get to the designated destination. 
 
The RS-422 transceiver block transforms the incoming signals into four standard serial signals: 
HI address, LO address, data and clock. These are then sent to respectively shift register that are 
controlled by the clock signal, which convert the signals from serial to parallel mode. Once all 
data has been received and converted, the Address decoder block will tell the PAL chip if the 
data was for this card or not. The PAL chip will then most likely activate the bus transceivers and 
line decoder if the card was addressed or not activate them if it wasn’t. Finally the data is sent to 
the next card in the mixing console where all the magic happens, that part is outside of the 
project so that won’t be explained anywhere in this report. For a more detailed schematic of this 
card you can check out the “API Data Receiver Card Schematic 2dot0 version.pdf” on the CD. 

 

5.5.2 Functionality of the PAL chip 
As we see, there are a few questions unanswered about how the PAL-chip operates so I will now 
try to straighten some of them out with a theory about how it ought to work, or at least how I 
believe the chip could operate.  
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Fig 13: Connections to the PAL chip 
 
We have five different inputs: 

 
• CLK: The clock signal from the PC. 
 
• O\E\: Active low27 enable from the address decoder. 
 
• Hi ADDRESS: The serial Hi Address signal from the PC. 
 
• Lo ADDRESS: The serial Lo Address signals from the PC, it is also on this pin that the 

read or write function is decided. A low signal here mean that it’s a 
read operation taking place, and a high mean that it’s a write operation. 

 
• DATA: The serial Data signal from the PC. 
 
And four outputs: 
 
• RMODE: Determines how the data in and out should be handled in the data shift 

register. 
 
• STROBE: Enables the Lo Address strobe generator (line decoder) and is also 

connected straight to the internal card. 
 
• R/W: Control the enable signal to on the RS-422 transmitter and allows or 

disallows the data to reach the internal cards as well as setting the 
direction of the dataflow to / from the internal cards. The signal is also 
sent directly to the internal card. 

 

                                                 
27 Active low mean the signals ’true’ level is low and not as one might think, high. 
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• DCLK: Disables the clock signal to the shift registers and by doing that keeps 
the data available for a while longer. 

 
JP4 is soldered together so all that’s left is a couple of grounded pins and one connected to Vcc, I 
don’t know why it is, but never the less it is. Of all these signals, only the four outputs and three 
of the inputs seem to be used, the Hi Address and Data inputs are most likely not used in the PAL 
design. With this information I have tried to put together some sort of a flow chart for how the 
PAL chip could operate (Note that when recreating the chip, this chart should not be taken as a 
definitive solution). 
 

 
Fig 14: Possible PAL flow chart 
 

1. As long as /EN is high, the PAL-chip will stay in the first state. 
 
2. The line decoder is activated and the Clock-signal to all shift registers is disabled by 

DCLK going high. 
a) Data direction is set from DRC to internal card and data from the shift register is 

placed on the data bus. 
b) Data direction is set from internal card to DRC and data from the data bus is placed in 

the shift register and the RS-422 transmitter is activated. 
 

3. DCLK is released and as long as the Lo ADDRESS input is low, the PAL will not change. 
 
That’s probably it, but most certainly this is not the exact way the chip operates which is why one 
would like to replace it with one that are both thoroughly documented and has a newer chip-type 
since the PAL22v10 chips are well on their way out. 
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5.6 Appendix F: Schematics for designed cards 

5.6.1 PIC card 
 
Part list: 
 
Quantity Part ID Description ELFA order number28 
 
1x U1 PIC18F4550 73-342-38 
1x X1 20MHz parallel crystal 74-508-28 
1x C1 0,47 μF capacitor 65-184-43 
2x C2, 3 15 pF capacitor 65-848-33 
2x C4, 5 0.1 μF capacitor 65-656-59 
1x C6 100 μF 25V capacitor 67-001-16 
4x R1, 2, 3, 4 4.7 KΩ resistor 60-730-43 
2x R5, 6 22 Ω resistor 60-703-61 
1x R7 470 Ω resistor 60-719-06 
1x R8 1 MΩ resistor 60-757-09 
2x LED1, 2 Yellow led 75-006-55 
1x PWR Red led 75-006-30 
1x USB1 USB connector type B 42-708-98 
2x Reset, Boot 90° angled push-button switch 35-550-26 
1x PTC PTC Fuse N/A29 
1x J1 2x16 DIN 41 612 complementary type 2B Male 43-773-05 
  
1x  40-pin DIL socket  48-138-12 

                                                 
28 http://www.elfa.se 
29 http://www.mouser.com/search/refine.aspx?Ntt=576-030R0160U 
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5.6.2 BUS-card 
 
Part list: 
 
Quantity Part ID Description ELFA order number 
 
7x J1 - 7 2x16 DIN 41 612 complementary type 2B Female 43-773-62 
1x J8 1x2 tag strip 43-716-05 
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5.6.3 Port-card v2 (Not used in design) 
 
No part list included for this design since it never was used. The schematics are only here to 
show the difference in designs from v2 to v3. 
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5.6.4 Port card v3 
 
Part list: 
 
Quantity Part ID Description ELFA order number 
 
1x U1 74HC688 (8-bit comparator) 73-548-22 
1x U2 74HC245 (8-bit bus transceiver) 73-534-10 
1x U3 CMOS RS-422/423 receiver ST26C31BN 73-217-63 
2x U4, U5 CMOS RS-422 transmitter ST26C32ABN 73-217-89 
2x C1, 2 0.1μF capacitor 65-656-59 
1x RP1 5x10k resistor grid 60-020-91 
1x RP2 8x10k resistor grid 60-022-81 
1x J1 2x16 DIN 41 612 complementary type 2B Male 43-773-05 
1x J2 2x10 tag strip 43-717-79 
1x SW1 4-bit Dip-switch 35-402-42 
1x SW2 90° angled slide switch 35-260-68 
 
1x  8  pin DIL sockel 48-135-49 
3x  16 pin DIL sockel 48-135-80 
2x  20 pin DIL sockel 48-136-22 
 
U3 and U4 are not needed on Port C and D. 
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5.7 Appendix G: Flow chart for PIC to DRC communication 
 
Since the PAL chip was still pretty much an enigma and circuit-boards hadn’t been produced at 
the time of writing, the theory on how to program the hardware only got to be a theory. This is 
how the communication is thought to be (the serial transfer has been explained in chapter 2.2.4): 
The High address holds the information to what port card should be addressed and is described 
further down. 
 

 
Fig 15: Flow chart for PIC to DRC communications 
 

Determine what port card should be 
addressed by use of the HI address-byte

Put the cards address on pins 
A0 to A3 from the PIC 

Set pin A4 to low in order to assure that 
the address is ok to use 

Transfer the Hi- and Lo-address bytes 
along with the Data serially to the DRC

Send the appropriate amount of clock 
pulses to the DRC so all operations can 
finish successfully (this is dependent on 

how the PAL-chip operates)

(If Lo-address = 0) Read the incoming 
serial data and save as a byte 

Set Lo-address pin to read or write. 
Read: 0, Write: 1 

(If Lo-address = 1) 
Go to the next step 

Set pin A4 to high so the port card goes 
off-line and a new address can be set 

Return the data received to the PC, if 
no data was received it may still be a 

good idea to return something in order 
to inform the system that the requested 

operation has been successfully 
executed
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Table 3: Hi address in relation to port card 

Port card Hi address (start, hex) Hi address (end, hex) 
B 0x20 0x3F 
C 0x40 0x5F 
D 0x60 0x7F 

 


