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Abstract 

This project report describes the construction and assembly of a prototype for one Pan-
Tilt unit equipped with two digital cameras. The purpose of the unit is to control 
horizontal and vertical moments of the cameras and at the same time capture and send 
images from the cameras to a computer for image processing. The Pan-Tilt unit is to be 
mounted on top of a wheelchair for location recognition. This requires the unit to be 
small and have a low weight. The aim is also to make the unit inexpensive. 
 
The report includes a description of the communication protocol between the unit and a 
Linux based computer, the design and construction of the necessary hardware and 
software.   
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Background 

The Department of Electronics at the University of Alcalá de Henares has several research 
projects concerning autonomous wheelchairs. Among them there is at least one using 
digital image processing to pin point the location of a wheelchair in the room using fixed 
landmarks as references. It was decided that to be able to capture pictures in all angles a 
Pan-Tilt unit equipped with two cameras was going to be used. The problems with the 
existing Pan-Tilt units on the market are that they are big, expensive and heavy. This 
project was defined to create a pan-tilt unit that solves the problems with cost, weight and 
size for the specific application of being used with an autonomous wheelchair.  
 
The project was carried out in Spain at the University of Alcalá de Henares at the 
Department of Electrical engineering, during the period 1st of September 2000 to the 20th 
of February 2001. The project was defined and supervised by Juan Carlos Garcia at the 
department of electronics. 

Purpose 

The purpose of the Pan-Tilt unit is to capture pictures of the surroundings of a wheelchair. 
With the help of the captured images it is intended to determine the position of the 
wheelchair by means of image processing.  

Related Work 

The Pan-tilt unit constructed in this project is one part of a larger vision based guidance 
and control system for a motorized wheelchair. 
 
The complexity of autonomous wheelchairs seems to have increased over years. The 
development has gone from sensorial input to vision input, and from 2D vision to 3D 
vision.  
 
Holly A. Yanco, did an early project called the Wheelesley project [1]. The goal of the 
Wheelesley project is the development of a robotic wheelchair system that provides 
navigational assistance in indoor and outdoor environments. The sensor hardware used in 
the project for the wheelchair consists of 12 infrared sensors, 4 ultrasonic sensors, 2 wheel 
encoders and 2 Hall-effect sensors. All sensor data is collected by a 68332 processor. In 
the Wheelesley system the user gives high-level commands, e.g. “Forward”. The system 
then carries out the user’s command using obstacle avoidance. The control system should 
act to keep the wheelchair and its user safe by using the sensor readings.  
 
The conclusion of Yancos work is that although the sensors can be used successfully 
indoors, they are not good enough for outdoor use and a vision sensor is now being 
developed to aid in the navigation of the wheelchair. 
 
 
H. Seki et al. wrote a paper on wheelchair navigation by active ultrasonic beacons [2]. 
They describe a navigation system of a powered wheelchair for disabled people. The 
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system uses active ultrasonic beacons on the ceiling to calculate the position of the 
wheelchair. Two ultrasonic receivers on either side of the wheelchair measures the time-
of-flight of the ultrasonic pulses sent from the beacons. Only one beacon at a time can be 
used for calculating the position. The position is dynamically estimated when the 
wheelchair moves and measures different beacons. Experiments were made by using the 
developed positioning system and a conventional powered wheelchair. First, position was 
measured by receiving ultrasonic pulses from two beacons. The accuracy and scatter of 
measured positions was about ±25mm. 
 
Their conclusion was that this system and strategies are reliable and stable for wheelchair 
navigation. However, the system lacks obstacle avoidance and an optimal beacon 
arrangement is a task for further investigation. 
 
 
Corey Montella et al. wrote a paper on “Autonomous Wheelchair Navigation in an Urban 
Environment” [3]. Their SWS (Smart Wheelchair System) employed a map-based 
localization approach from a premade map. But it also had Landmark segmentation and 
tracking accomplished using both 2D and 3D LIDAR systems. By using this sensor setup 
they managed to achieve a positioning accuracy in the decimeter level in a global 
coordinate frame. The primary sensor on the SWS was an IFM O3D200 3D flash LIDAR. 
The SWS prototype also integrated a Hokuyo UTM-30LX 2D LIDAR. Using these 
sensors and a map they successfully navigated an urban environment for about 1km. 
 
 
P.E. Trahanias et al. wrote a paper on Vision-Based Assistive Navigation for Robotic 
Wheelchair Platforms [4]. 
Their work aims at developing navigational capabilities for a robotic wheelchair, more 
specifically they aim at enhancing current robot wheelchairs with targeted navigation 
(move to that point). They claim that the current robotic wheelchairs, which use only 
range sensors, are unable to do targeted navigation. The range sensors are great for 
avoiding obstacles but fall short when it comes to more demanding navigation. To reach 
their goals they used a vision sensor together with range sensors. For the vision sensor 
they use a camera with 360 degrees pan and tilt function. 
 
They did some tests in an indoor laboratory, but showed clearly that the navigation, with 
the aid of a vision sensor, was successful.  
 
 
Thanh H. Nguyen et al. did a project using stereoscopic cameras [5]. Their aim was to 
have a real-time obstacle avoidance system for an autonomous wheelchair using 2D and 
3D maps from stereoscopic cameras. A 3D depth map is constructed based on a geometric 
projection algorithm from the disparity of the left and right images. An effective obstacle 
avoidance strategy for the wheelchair can then be produced by converting the 3D map to a 
2D map. The disparity was calculated using the Sum of Absolute Differences (SAD) 
correlation method, which could then be used for the detection of landmarks. It was also 
used for estimation of motion of the wheelchair and to match distances. 
They also did a real-time implementation of the system. The results shows that at 
distances closer than 3m the maximum error is approximately ±8cm and at distances 
further than 3m the maximum error is approximately ±10cm. The sample rate for the 
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detection system was 4 Hz. The results of the autonomous wheelchair operation 
performance showed that good detection of objects was achieved and also an effective 
avoidance method was achieved. 
 
Juan Carlos García García et al. did a study on a new positioning and localization system 
they call PLS [6]. The PLS is designed to be installed on board an autonomous 
wheelchair. The system makes use of artificial landmarks, specially designed to provide 
information about relative position and direction. The main components of the system are 
a computer vision equipment on the wheelchair, the artificial landmarks and the 
environmental model. These come in the form of a topological map. The landmarks are 
the size of an A4 paper with 4 positioning circles in each corner of the paper. The 
distances between their centres will be used as positioning pattern. The landmark also has 
an identification pattern and a barcode to be able to distinguish between different 
landmarks. 
 
The position and orientation error in this test were quite good, with a mean-value of 6.4 
cm of position error and ±0.5 cm of orientation error. 
 
To acquire images of the surroundings for the landmark localization they used a standard 
computer vision system, not specifically designed for the task of a wheelchair mounted 
system. Even greater results in aspects of speed, robustness and cost could be achieved by 
designing a specific pan-tilt camera unit to be mounted above a wheelchair, which is what 
our project aims to do.   
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Problem formulation 

The task of this project is to design and build a Pan-Tilt hardware unit prototype. The task 
includes all the steps in a design from investigations of possible techniques, design of both 
of hardware and software and implementation of the same. The Pan-Tilt unit has a special 
application purpose therefore some project requirements were given. The primary 
requirements for the project are as follows: 
• 360° pan and 180° tilt function. 
• As fast data transfer interface as possible with given preconditions. 
• As small and light as possible 
• Cost efficient 
• Dual camera interface with picture select  
 
We were also given a few hardware prerequisites which included the two cameras, the 
control computer and the motors for the pan and tilt functions.  

Cameras 

The unit should be able to hold two digital black and white cameras. The digital cameras 
are of type OmniVision OV7110 and they are to be used together to get two different 
zoom levels. The cameras are controlled with an I2C command interface. The OmniVision 
OV7110 is a single-chip black and white camera. The cameras can take up to 30 frames 
per second with 640 x 480 pixels and the luminance information is one byte per pixel and 
is sent through an eight bit data output.   

Computer 

A portable PC is available and will act as a receiver of the images and as the controller of 
the Pan-Tilt functionality. The computer specified is a Compaq Armada 1520D laptop 
with a 100 MHz Pentium processor. It is running the operating system Linux. The laptop 
is equipped with PCMCIA expansion slots which are to be used to receive the digital 
images from the cameras if possible.  

Motors 

The pan-tilt unit should be controlled by two small stepper motors taken from a 
disassembled disk drive and the motors are to be controlled from a microcontroller.  

Physicality of the unit 

The unit should be able to take images in all directions. The unit is later intended to be 
mounted some distance above a wheelchair, possibly on a pole. This implies that the unit 
is as small and as light as possible. It is also desired that the unit is built from standard 
available components and as cost efficient as possible. 
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Unit controller 

These requirements and predefined hardware leads to the conclusion that the unit needs 
some sort of microcontroller for receiving the Pan-Tilt commands sent from the computer, 
controlling the motors for the pan and tilt function and also for relaying the received 
commands from the computer to the cameras.  

Interfaces 

The Pan-Tilt unit needs several data interfaces, which are: 
• A control interface for the pan and tilt functions as well as control of the two cameras. 
• A communication interface for image transfer to the portable PC. 
• A communication interface for grabbing the images from the cameras. 

Project breakdown 

The project has been broken down into five parts. 
 
1. Pre-study 
2. Hardware development 
3. Software development 
4. Assembly and test  
5. Conclusion    
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Pre-study 

During this phase of the project the requirements where analysed and different strategies 
to solve the problems where evaluated before the final solution was decided. The actual 
selection of hardware solution was limited due to the pre-selected hardware defined for the 
project. The supported technologies of the available development equipment were also a 
limiting factor. The analyses of the specified hardware and how it can be used are listed 
below.   
 
To get the digital pictures from the pan tilt unit to the computer with full resolution and a 
frame rate of 30p/s we needed to make a transmission interface that can transmit digital 
signals with approximately 10Mbyte/sec.  

Pan Tilt function 

During the pre-study phase it was decided by Juan Carlos Garcia that we are going to use 
RC-servos instead of stepper motors. The reason for the change of strategy was that it was 
easier to buy the servos then to find drives equipped with good stepper motors. 

OmniVision OV7110 

The two digital cameras that are to be mounted on top of the Pan-Tilt unit are of type 
OmniVision OV7110 [16]. The cameras are preselected for the project and have fixed 
optic zoom. The reason to use two cameras is to get pictures with different zoom. The 
OmniVision OV7110 is a single-chip, black and white digital camera. The camera is 
controlled through an I2C bus. The camera has a maximum capacity of 30 frames per 
second with 640 x 480 pixels resolution. The luminance information is one byte per pixel 
and is sent through an eight bit data output. The camera can be configured for 2 modes. 
The first mode continuously sends images, while the second mode captures a single frame 
when it is ordered to do so from the i2c interface. The camera has an internal crystal of 27 
MHz to generate the pixel clock, but it also has the possibility to externally generate the 
clock signal and the horizontal and vertical sync signals to get full control of the capture 
speed. 

I2C 

History 
The I2C bus was developed in the early 1980's by Philips semiconductors [11]. Its purpose 
was to provide an easy way to connect a CPU to peripheral chips in a TV-set. A Normal 
Computer system uses 8-bit buses to accomplish this task. This leads to larger PCB 
layouts and more hardware. Furthermore lots of control lines imply that the systems are 
more susceptible to disturbances by EMC and ESD. The research done by Philips Labs in 
Eindhoven (The Netherlands) resulted in a 2-wire communication bus called the I2C bus. 
I2C is an acronym for Inter-IC bus, which means a communication link between Integrated 
Circuits. 
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Description 
The Bus physically consists of 2 active wires and a ground connection [7], [8], [9]. The 
active wires, SDA and SCL, are both bi-directional. SDA is the Serial DAta line and SCL 
is the Serial CLock line. Every component hooked up to the bus has its own unique 
address whether it is a CPU, LCD driver, memory or a complex function chip. Each of 
these chips can act as a receiver and/or transmitter depending on its functionality. 
Obviously a LCD driver is only a receiver, while a memory or I/O chip can both be 
transmitter and receiver. Furthermore there may be one or more Bus Masters. 
 
The “Bus Master” is the chip issuing the commands on the Bus. In the I2C protocol 
specification it is stated that the IC that initiates a data transfer on the bus is considered the 
Bus Master. At that time all the others are regarded to as the Bus Slaves.  
 
A “Transmitter” is the device that transmits data to the bus and a “Receiver” is the device 
that receives data from the bus [10]. 

Pull-up resistors 
The I2C bus is a Multi-Master Bus. This means that more than one IC that is capable of 
initiating data transfer can be connected to the Bus. The mastering technique is controlled 
by outputting a 0 which will make all other chips to lose their communication capability. 
 
However the open collector technique has a drawback too. If the Bus uses long lines, this 
will have a serious effect on the obtainable speed. Long lines present a capacitate load to 
the output. Since the pull-up is passive an RC constant is generated, which will reflect 
onto the shapes of the signals. The higher the RC constant is, the slower the Bus gets. This 
is due to the effect that it influences the 'sharpness' of the edges on the I2C Bus. At a 
certain point the chip will not be able to distinguish clearly between a logic 1and 0. 
 
Furthermore reflections may occur at high speed. This can be so bad that 'ghost signals' 
disturb the transmission and corrupt the data transmitted.  
 
For operating a slave over the I2C bus only six simple operating codes are required for 
transmitting or receiving bits of information.  

1. A start bit. 
2. A 7-bit slave address. 
3. A read/write bit which indicates whether the slave is transmitting or receiving. 
4. An acknowledge bit. 
5. Message bits divided into 8-bit segments. 
6. A stop bit. 

These fields are explained in greater detail below. 
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Start and Stop conditions 
The bus is not busy, if both the data and clock lines are high. To get control of the bus, a 
start condition is needed from a master, and opposite, to release the bus, a stop condition is 
needed. The conditions are defined as follows: 

• Start Condition: A transition of the data line from high to low while the clock line 
is in a high state.  

• Stop Condition: A transition of the data line from low to high while the clock line 
is in a high state.  

It is the master that always generates the start and stop conditions. After a start condition 
the bus is in the busy state and remains busy until the stop condition is sent. 

Data transfer 
Data on the I2C bus are transferred in bytes (8-bit data). After a start condition from the 
master, one data bit is transferred during each clock pulse. Each byte must be followed by 
an Acknowledge bit, but there is no limit on the number of bytes that can be sent. To be 
able to properly decode the transmission, the data must be stable during the high period of 
the clock signal and the data line should only be changed when the clock line is low. 

Acknowledge 
Each data transferred needs to be acknowledged by the slave. The master generates the 
acknowledge clock pulse. During this pulse the transmitter releases the data line (SDA 
high). This enables the receiver to pull down the SDA during the high period of the 
acknowledge clock pulse to acknowledge the data, if no error was detected. 
 
If the data transferred data contains errors or if the slave receiver is not able to 
acknowledge the data, the slave should keep the SDA high during the high period of the 
acknowledge clock pulse. This indicates the error to the master which can then generate a 
STOP condition to abort the data transfer. 
 
If a slave needs extra time to process the received data before the next byte, the slave can 
pull the SCL low. This signals the master to wait. When the slave is ready the SCL is 
released and the master can continue with the next byte. 
 
The master can signal end of data transmission by keeping the SDA high during the 
acknowledge clock pulse. The slave transmitter then releases the SDA to allow the master 
to generate a STOP-condition. 
 

 

Figure 1, I²C data transmission overview. 
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Arbitration  
In a multi-“Bus Master” system, arbitration is a process to determine which of the masters 
on the bus that can use the bus when more masters also need to use the bus. If one master 
transmits a high level and another master transmits a low level, the master transmitting the 
low level will get the bus and then the other master should release the bus.  

Formats 
Three data transfer formats are supported by I²C:  

• The master writes to a slave, no direction changes.  
• The master reads immediately after sending the address byte.  
• A combined format with several read or write transfers  

Addressing 
The I²C address is 7 bits long, followed by the direction bit. 
 

Slave Address R/W Bit Description 
0000 000 0 General call address. 
0000 000 1 START byte. 
0000 001 X CBUS address. 
0000 010 X Address reserved for different bus format. 
0000 011 X Reserved for future purposes. 
0000 1XX X Reserved for future purposes. 
1111 1XX X Reserved for future purposes. 
1111 0XX X 10-bit slave addressing. 

Table 1, List of 8 I²C addresses reserved for special purposes. 
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Compaq Armada 1520D 

The Laptop computer is a Compaq Armada 1520D with 100 MHz Pentium processor. The 
Laptop has two PCMCIA slots, two serial ports and one parallel port. The computer is 
running the operating system Linux which is a free operating system. This way money is 
saved in licences and registration fees. Linux is also open source and there are a lot of 
driver and routines written for it which can be use or modified as pleased. 
 
The task is to transfer images from the digital cameras to the memory of the laptop 
computer in a way that is not only the fastest possible, but also the most cost efficient way. 
Some of the possible ways are through PCMCIA slot card with transmission interface or 
through ECP or EPP (Parallel port on the computer). 

PCMCIA 
In theory the PCMCIA port is able to transfer up to 130 Mbps. The PCMCIA interface 
contains several data transmission buses and protocols including a bus called the ZV-bus 
(Zoomed video bus). This bus appeared to be very suitable for the data transmission. This 
is because the data is stored directly into the frame buffer where it is easy to recover again 
for post processing. The problem with this bus is that it is not implemented in all existing 
chips and we have to find drivers for Linux to use it. 

ECP 
ECP is short for “Extended Capability Port”. It is a protocol that was proposed by Hewlett 
Packard and Microsoft as an advanced alternative mode for communicating with printer 
and scanner type peripherals. Both the EPP and ECP protocols provide a bi-directional 
communication path between a host adapter and the peripheral.  
The ECP protocol provides both data- and command-cycles in both the forward and 
reverse directions [13]. The command cycles are divided into 2 types, Channel address 
and Run-Length Count.  
 
The channel addressing is used to address multiple devices within one physical device. An 
example of this is a new multi-function printer which contains one parallel port to 
interface a computer. The printer can be split up into several separate devices such as a 
scanner, a printer, and a fax machine. Using ECP channel addressing it is possible to 
receive data from the fax machine while the printer data channel is busy processing a print 
image. 
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SPP Signal ECP Mode 

Name 
In/ 
Out 

Description -- Signal usage when in ECP 
Mode data transfer 

NSTROBE HostClk Out Used with PeriphAck to transfer data or address 
information in the forward direction. 

NAUTOFEED HostAck Out Provides Command/Data status in the forward direction. 
Used with PeriphClk to transfer data in the reverse 
direction. 

NSELECTIN 1284Active Out Set high when host is in a 1284 transfer mode. 
NINIT NReverseRequest Out Driven low to put the channel in reverse direction. 
NACK PeriphClk In Used with HostAck to transfer data in the reverse 

direction. 
BUSY PeriphAck In Used with HostClk to transfer data or address 

information in the forward direction. Provides 
Command/Data status in the reverse direction. 

PE NAckReverse In Driven low to acknowledge nReverseRequest. 
SELECT Xflag In Extensibility flag. 
NERROR NPeriphRequest In Set low by peripheral to indicate that reverse data is 

available. 
Data[8:1] Data[8:1] Bi-Di Used to provide data between the peripheral and host. 

Table 2, SPP to ECP mapping 

EPP 
EPP is short for “Enhanced Parallel Port”. It is a protocol originally developed to enhance 
the parallel port to provide a higher performance. The EPP protocol should still be 
compatible with the standard parallel port [14]. 
 
The EPP protocol has four types of cycles for data transfer [12]:  
1. Data Write Cycle  
2. Data Read Cycle  
3. Address Write Cycle 
4. Address Read Cycle  
 
A data cycle in EPP is used to transfer data between a host and a peripheral. An address 
cycle in EPP can be used to pass other information than data such as address, command or 
control information.  
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Pin SPP Signal EPP Signal IN/OUT Function 

1 Strobe Write Out 
A low on this line indicates a Write, High 
indicates a Read 

2 Data0 data0 IN/OUT Address, Data or RLE Data Bit 0 
3 Data1 data1 IN/OUT Address, Data or RLE Data Bit 1 
4 Data2 data2 IN/OUT Address, Data or RLE Data Bit 2 
5 Data3 data3 IN/OUT Address, Data or RLE Data Bit 3 
6 Data4 data4 IN/OUT Address, Data or RLE Data Bit 4 
7 Data5 data5 IN/OUT Address, Data or RLE Data Bit 5 
8 Data6 data6 IN/OUT Address, Data or RLE Data Bit 6 
9 Data7 data7 IN/OUT Address, Data or RLE Data Bit 7 

10 Ack Interrupt In 
Interrupt Line. Interrupt occurs on Positive 
(Rising) Edge. 

11 Busy Wait In 
Used for handshaking. A EPP cycle can be 
started when low, and finished when high. 

12 
Paper Out / 
End 

Spare In Spare – Not Used in EPP Handshake 

13 Select Spare In Spare – Not Used in EPP Handshake 
14 Auto Linefeed Data Strobe Out When Low, indicates Data transfer 
15 Error / Fault Spare In Spare - Note used in EPP Handshake 
16 Initialize Reset Out Reset – Active Low 

17 Select Printer 
Address 
Strobe 

Out When low, indicates Address transfer 

18 GND GND ------ Signal Ground 
19 GND GND ------ Signal Ground 
20 GND GND ------ Signal Ground 
21 GND GND ------ Signal Ground 
22 GND GND ------ Signal Ground 
23 GND GND ------ Signal Ground 
24 GND GND ------ Signal Ground 
25 GND GND ------ Signal Ground 

Table 3, EPP pin and signal definitions 

 

 

Figure 2, EPP connector pin assignment. 
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One of the most important features of the EPP mode is that the complete data transfer 
happens within one ISA I/O cycle. EPP allows for much more data, compared to the 
standard parallel port, from 500 kilobytes to 2 megabytes, to be transferred each second.  
 
The following figure is a Data Write cycle example.  
 

 

Figure 3, Example of an EPP data write cycle. 

Data Write cycle phase transitions: 
1. A program performs a write cycle to port 4 (EPP Data Port). 
2. The nWrite line is set low and the data lines are set. 
3. The nDataStrobe is set low. 
4. The port waits for acknowledge from the peripheral (nWAIT set high). 
5. The nDataStrobe is released and the EPP cycle ends. 
6. The ISA I/O cycle ends. 
7. nWAIT is released to indicate that the next cycle may begin. 

EPP Register Interface 

The EPP can be seen as an extension of the register definitions for the standard parallel 
port, where the standard parallel port consists of the three registers data port, status port, 
and control port.  
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Port Name Offset Mode 
Read/
Write Description 

SPP Data Port +0 
SPP/ 
EPP 

W Standard SPP data port. No autostrobing. 

SPP Status Port +1 
SPP/ 
EPP 

R Reads the input status lines on the interface. 

SPP Control Port +2 
SPP/ 
EPP 

W Sets the state of the output control lines. 

EPP Address Port +3 EPP R/W 
Generates an interlocked address read or 
write cycle. 

EPP Data Port +4 EPP R/W 
Generates an interlocked data read or write 
cycle. 

Not Defined 
+5 to 
+7 

EPP N/A 
Used differently by various implementations. 
May be used for 16 and 32 bit I/O. 

Table 4, EPP register definitions 

When sending an I/O read/write instruction to port offset ‘+4’, the EPP parallel port 
controller will take care of all necessary handshakes to transfer the data in a data 
read/write cycle. 
 
The EPP parallel port controller is compatible with the standard parallel port, which 
means that I/O instructions to offsets 0 to 2, will be exactly as instructions to a standard 
parallel port.  
  
Port offsets 5, 6 and 7 are used differently depending on hardware implementations. These 
port offsets can for instance be used to achieve 16 or 32-bit software interfaces, or they 
can be used for configuration registers. 
 
The possibility to transfer data with a single instruction is what makes EPP mode capable 
of transferring data at ISA bus speeds.  

Investigation of the PC data transmission 

The two digital cameras mounted on our Pan-Tilt unit requires transfers a large amount of 
pixel data. Only one camera will be used at a time to send images to the computer, but one 
camera can send up to 30 frames per second. Since each image consists of 311696 pixels 
and each pixel is one byte we have need a band width of about 100 Mbit/s. 
 
If possible, the PCMCIA expansion port on the laptop should be used to transfer the image 
data between the Pan-tilt unit and the laptop. After searching for information on the 
internet we found that the expansion port is fast enough in theory with a specified 
bandwidth of 130 Mbps. Then the next question was if there is a protocol that can 
guarantee our required bandwidth. We found that the PCMCIA interface contains several 
data transmission buses and protocols including a bus called the ZV-bus (Zoomed video 
bus). This bus appeared to be very suitable for the image data transmission. That is 
because the data is stored directly into the frame buffer where it is easy to recover again 
for post processing. The only but major problem we had were to find a description of the 
PCMCIA bus control chip (Intel 82365) that were used in the laptop. Intel has not released 
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the datasheet to the control circuit but after some research we found another chip that was 
supposed to be register compatible with the Intel chip. The compatible chip was Vadem 
VG-469 and it was possible to get datasheets from Vadem. Unfortunately the datasheet 
did not contain any information about the ZV-bus even though when we know that the 
laptop computer is equipped with the ZV-bus. The next question in our research was if 
there are different models of that specific chip.  
 
Since we could not find the necessary information needed to use the PCMCIA interface on 
the specified laptop we decided to abandon it as a possible way forward for our project.  
 
Another option found is the new USB 2.01 standard which is an upgrade of the current 
USB standard with a bandwidth of up to 400 Mbit per second. Unfortunately it is not 
available on the market in the time frame of the project and can there for not be used. 
 
Instead of using the PCMCIA port we decided to use the parallel port, which enables us to 
send one whole pixel at a time. Using the parallel port is a common way of sending 
information which is a big help when constructing an interface like ours. The parallel port 
on the Laptop we are using supports the EPP2 and ECP3 protocols. The EPP protocol can 
handle data up to 2 Mbyte per second. This on the other hand means that we had to 
downgrade the specification on the interface from the desired 30fps to approximately 5fps. 
However 5fps is an acceptable frame rate for the purpose of the Pan-Tilt unit function 
according to Juan Carlos Garcia. 

Investigation of the data transfer of digital images 

Line drivers 
The two digital cameras have the maximum image resolution of 640 x 480 pixels. Each 
pixel is represented by an 8-bit digital number representing the luminance, i.e. the 
brightness of the pixel. The camera captures up to 30 frames per second. The interface 
must therefore be able to transmit 640 x 480 x 30 = 9931680 bytes per second. 
 
The interface we are building should be able to transfer the data a distance of 
approximately two meters. There are two possible ways of transferring the digital image 
data, serial and parallel. If we send the data serially (asynchronous) we need a 
transmission speed of  9931680 x 10 = 99316800 bits/second if we use one start and one 
stop bit and no parity bit. If we instead use synchronous serial transmission we will only 
need 993168 x 8 = 79453440 bits/second but instead we have to have a synchronisation 
signal. If we on the other hand use parallel transmission we only need a transmission 
speed of 9931680 bytes per second but the hardware will be about eight times larger. 
 
After some research on the internet and in the library we found a few possible driver 
types. 
It is possible to use eight RS-485 drivers to transmit the data, each with the capacity of 
transmitting up to 10Mbit/second. The problem is that most RS-485 drivers are packed 

                                                 
1  USB – Universal Serial Bus. 
2  EPP – Enhanced Parallel Port. 
3  ECP – Extended Capabilities Port. 
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with only one driver in each capsule since RS-485 is a serial protocol. This leads to a large 
circuit board.  
 
An alternative line driver which has a potential maximum speed of 400Mbit was found, 
but no information was available on how long cables the circuit is able to drive at 
acceptable speed. 

Field Memory 
The first choice of storage for the 311K bytes of pixel Data from the digital camera was 
the IDT72V2111 CMOS Supersync FIFO memory from IDT [15]. It has a capacity of 524 
288 x 9 bits and it has a small physical size, which is why we choose this FIFO. With 9 
bits we would be able to save both the 8 bit pixel data as well as the 1-bit window signal. 
This way the digital cameras can send the pixel and window signal directly to the FIFO 
and store it. The pixel can then later be checked with the window signal to see if it is a 
valid pixel. The FIFO has a 10 ns write/read cycle, which is more than adequate in our 
construction. It also has Empty, Full and Half-full flags and programmable almost-empty 
and almost-full signals. The negative side of the FIFO is that it is a 3.3-volt circuit. This 
means that we need to use an extra voltage regulator to obtain the 3.3 volts. It also means 
that the output voltage level is too low in a 5 volt construction. Therefore a 3.3-volt FPGA 
is needed as well. 
 

 

Figure 4, IDT 72V2111 Field Memory overview 

 

Data transfer outcome 

However, the IDT FIFO memory first used in the construction turned out to be too 
expensive and too difficult to acquire. Instead a less expensive and more easily obtainable 
Field memory was selected. The memory we could get were the MSM518221A-30JS from 
OKI Semiconductor. This memory is a 256 K x 8-Bit Field Memory. The capacity of the 
memory is not enough to save all of the pixels from the digital camera, since one frame 
from the digital camera is 640 x 480 pixels (644 x 484 actual size)  which makes 311 696 
bytes and the memory only has 256 Kbytes. To meet the needs required, two of the OKI 
Field Memories had to be used. The read and write access time of the Field Memory is 30 
ns, which means that it can be clocked with a maximum of 33 MHz in Read and Write 
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operations. Since the digital cameras are sending pixels with a frequency of 13 MHz to the 
memory and the FPGA is reading the memory with a much lower frequency, the Field 
Memory is very well able to handle the read and write of pixels in our timing 
specifications. The Field Memory also has separate serial write and read ports with 
independent clocks to support asynchronous read and write operations. Different clock 
rates are also supported, which allow different data rates between write and read data 
streams. This is an important feature considering our construction uses different clock 
frequencies to read and write to the memory. But since the memory is not designed to be a 
pure FIFO Memory the Field Memory does not have the useful signals like Empty, Full 
and Half Full. These signals would be very useful to us since we need to use two Field 
Memories to store all the pixel data and switching between the two memories are made 
much more easily with these signals. However the Field Memories are connected to the 
FPGA circuit, which is capable of counting and switching between the two memories with 
some extra software programming. The Field Memory also has Input/Output Enable and 
Write/Read Enable, which makes it possible to connect both Memories to the same Data 
lines and to clock them with the same Write Clock. 
 
The downside with the OKI memory is that it only has 8-bit data capacity and is not able 
to store both the pixel data and the window bit. This means that each pixel must be 
checked with the window signal before storing. This is easily implemented in the FPGA 
that also controls the Write Clock to the Field Memories. Because the Clock is an output 
from the digital cameras a Pixel Clock had to be introduced in the FPGA circuit to 
synchronize the timing with the Write Enable signal. If the FPGA circuit had been larger 
with more input and output pins the timing problem could have been avoided by sending 
the entire pixel data directly to the FPGA instead of only using it as a control circuit. 

Conclusion of the pre-study 

The outcome of the pre-study was that the computer interface for the image transfer will 
be the parallel protocol EPP. The main components for the Camera interface and the Pan-
Tilt controller was also selected.  

Camera interface 
The best available option to control the cameras, buffer circuits and computer interface 
was a Xilinx FPGA XC4005E because the necessary development environment was 
available and it fulfils the technical requirements. The IDT72V2111 was selected to buffer 
the image data. 
 
Main components selected to be used for the Camera interface: 
Manufacturer / Component Amount Description 
Xilinx / XC4005E 1 FPGA 
OmniVision / OV7110 2 Digital camera 
IDT / IDT72V2111 2 Field memory 
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Pan-Tilt controller 
The servos used to create the Pan-Tilt functions are controlled by a pulse width signal that 
can easily be created by a simple one chip microcontroller. The Motorola HC11 was 
available and has the necessary ports and memory configuration to solve the task at hand. 
The RS-232 standard was selected as the interface to the Pan-Tilt controller. 
 
 
Main components to be used for the Pan-Tilt control unit 
Manufacturer / Component Amount Description 
Motorola / MC68HC811E2 1 Micro controller 
RC-servo 3 Two to be used for the pan motion and 

one for the tilt motion 
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Hardware development 

This section describes general hardware construction principles and specific design 
choices for the camera control function and the Pan-Tilt control function.  
 

 

Figure 5, Drawing of proposed design. 

General design strategies 

The schematic construction 
When drawing the schematics for a card layout there are a few things to think about. 
Incoming connectors should be placed on the left side of the schematics and outgoing 
connectors should be put on the right side. This is done to make the schematics more 
structured and easy to follow. Also the connecting lines between different components 
should be as straight and as easy to follow as possible. When making large schematic files 
the use of hierarchical blocks is a good way of keeping the schematics structured. All 
power pins on all digital circuits should have decoupling capacitors to get better EMC 
performance. In our design the different functions was divided in four different schematics 
and PCBs. OrCAD PSpice [16] was used for the schematic layout and circuit simulator 
and OrCAD Layout [17] was used for the PCB layout. 



 

20 
 

PCB layout design strategies 
The following should be considered when making a PCB (Printed Circuit Board) layout 
[18]. All connectors should be placed in the same way. That is if one horizontally placed 
connector has its number 1 pin in the upper left corner all other horizontally placed 
connectors should also have pin number 1 in the upper left corner. All vertically placed 
connectors should also be placed with pins in the same directions. 
The same rule applies for integrated circuits that have compatible pin configurations. 
 
The decoupling capacitors used to stabilize power to the digital circuits and enhance EMC 
performance should be placed as close to the power and ground pins as possible. 
 
Different kinds of signals should be separated as much as possible and the lines between 
different components should be as short as possible.  It is also a good idea to widen the 
power and ground lines since these carry more current then signal lines.  

Camera interface function 

Camera interface card 
The function of the camera interface card is to control the cameras and to receive and 
buffer pictures. The Camera interface card has the largest schematic and PCB layout 
design since it has several circuits using parallel data busses, a control circuit (FPGA), two 
buffer circuits, a parallel port with line drivers and a two camera interfaces. The design 
was made with three hierarchical blocks and a top block to get a better view of the design. 
In the top hierarchical block we placed the FPGA circuit and the FIFO memory. We also 
had some connectors and a voltage regulator. The voltage regulator is used to supply the 
FPGA and the FIFO with 3.3 volts.  
 
The first hierarchical block is the load unit. It consists of the electronics used to load the 
FPGA with its program at start-up. That includes a PROM memory, 2 switches, a crystal, 
a LED diode, some pull-up resistors and a cable connector to the PC. 
 
The second block is the driver block. It has the DB25 parallel connector and the drivers 
used to send and receive data from the connector. Since we are using the EPP mode we 
used the parallel connector in a slightly different way than in most common applications. 
 
The last hierarchical block is the camera connector. This is only a 20-pin connector and a 
line driver. 

Camera mount card 
This card holds the two digital cameras and is mounted on top of the Pan-Tilt unit. Three 
multiplexer circuits where used to select the picture data from the two cameras. The 
multiplexer are controlled by the FPGA. A 20-pin connector is used to connect the camera 
mount card to the camera interface card. 
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Pan-Tilt control function 

Pan-Tilt card 
The card consists mainly of one microprocessor, Motorola MC68HC811E2, one serial 
data driver, MAX233A, and 2 voltage regulators. The first voltage regulator is used only 
for providing the servo power. The second regulator is used for supplying power to all the 
other electronics. The card also has a number of connectors. One serial DB9 connector is 
used for the communication with the computer and the adjustment card uses one 10-pin 
connector. There are also 3 servo connectors and a power connector that is used for 
providing the Camera interface card with +5 volts and ground. 

Pan-Tilt adjustment card 
The card can be connected to the Pan-Tilt card and is used to adjust the offset of the 3 
servos in the Pan-Tilt unit. This card only has 7 switches, a LED diode and a 10-pin 
connector for the connection to the Pan-Tilt card.  6 of the switches are used to adjust the 
3 servos. Every servo has an increase and a decrease switch. And the last switch is used to 
turn the adjustment on an off. The LED is used to indicate on and off when entering the 
adjust mode. 
 
 

Layout descriptions 

Pan-Tilt card 
The layout of the Pan-Tilt card is designed around the bottom servo. The bottom servo is 
placed in a square hole in the middle of the card. Furthermore the layout was designed to 
take as little space as possible due to card layout constraints. 
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Picture 1, Layout of the Pan-Tilt Card 
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Adjustment card 
The designing of the adjustment card was quite simple since there are only a few 
components and no restrains in the size of the card.  
 

 

Picture 2, Layout of the Adjustment Card 
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Camera interface card 
This card has the most number of components of the cards made. This card has, as well as 
the Pan-Tilt card, a hole in the middle for the servo. This is because the cards are supposed 
to be mounted on top of each other and then the servo goes through both cards. The FPGA 
and the FIFO we placed as close to each other as possible and the FIFO were also close to 
the line driver and the camera contact since this is where the highest speed of data 
transmission is made. Unfortunately the drivers and the parallel connector had to be 
placed on the other side of the servo hole in the middle. Also the crystal was placed close 
to the FPGA to get a good clock signal to the FPGA circuit. 
 

 

Picture 3, Layout of the Camera Interface Card 
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Camera mount card 
It is vital that this card is as small and as light as possible since this card is mounted on top 
of the Pan-Tilt unit and wore weight and size increases the workload of the servos. To 
save space on the card the two camera connectors were placed on the back side of the card 
enabling the three multiplexers and the 20-pin connector to be placed on the top side of 
the card. In the side of the card there are also four screw holes which are to be used to 
mount the card on the top servo. 
 

 

Picture 4, Layout of the Camera Mount Card 
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Software development 

The Pan-Tilt control program 

The microcontroller 
The microcontroller that should be used as the control unit of the Pan-Tilt servos is a 
Motorola MC68HC811E2. This controller was already available at the department of 
electrical engineering at the University of Alcalá de Henares. The unit has 256 bytes of 
RAM and 2Kbyte of EEPROM. The reason why the specific microcontroller was used is it 
is small and got all the features needed. Another reason to use it was that the needed 
development tools were available at the department. The programming language 
supported by the development environment PCBUG11 was assembler and therefore used 
for the development of the Pat-Tilt control software. 
 
The microcontroller must be set to bootstrap mode to be able to use the PCBUG11. The 
bootstrap mode is a special mode for development and debugging. When the 
microcontroller is set to bootstrap mode and a reset is made, it will automatically execute 
a control and debug program. The program enables the possibilities to set brake points, 
copy your compiled code to the EEPROM or RAM. The debug code is located in a ROM 
area in the microcontroller with the size of only 256 bytes out of the 2048byte available in 
the E2 version. When the unit is started in bootstrap mode it will use 256 bytes of RAM. 
Unfortunately the E2 version of the microcontroller is only equipped with 256byte of 
RAM restricting the use to only programming the EEPROM memory. Therefore, during 
the development a E1 version of the chip was used to be able to debug the code. The E1 
version has 512byte of RAM leaving us with 256 bytes to use. AVSIM11 was also used  
to simulate the execution of the code line by line.     
 
The microcontroller contains a free running counter (TCNT) and four output compare 
signals with hardware programmable functions which is triggered when its corresponding 
register is successfully compared with the TCNT register.  
 

The controller software 
The three servos are each controlled with a 50Hz PWM signal. To rotate a servo from one 
endpoint to another the pulse length is varied between 0.5mS and 2mS. Each servo is able 
to make an 180° turn. The full 360° pan function is achieved by mounting two servos on 
top of each other. The PWM signals are changed from a terminal by sending a command 
to the microcontroller through the RS232 interface. The command tells if it is a PAN or a 
TILT function and a value tells how much the pulse is going to differ from the centre 
position. For example the command, T-1244’CR’ means that it is a TILT function and the 
number tells that the PWM pulse is 1244 units less than the centre position. If the 
command is a P (PAN) the value is split between the two servos and if there is an odd 
value the first servo gets the higher value.  
 
The program is divided into four different tasks plus the initialisation of them. In the 
initialisation the timer compare 1 is set to the highest interrupt priority it is also set to 
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create an interrupt request when a successful compare is made. The RS232 interface is set 
to work in 9600baud mode and to make an interrupt request when a byte has been 
received.  

TimerRun 

The TimerRun routine uses HC11s timer output compare (TOC) function to generate the 
three PWM signals. Two for the PAN function and one for the TILT function. The period 
is generated with the timer output compare 1 function. It is configured to generate an 
interrupt when the compare is true (TOC1=TCNT) and is then updated with the period 
value plus the current value of the TCNT register so that the next interrupt will occur after 
the end of the new period. The TCNT register is a 16bit register split into a high and a low 
byte. The period value is 20mS/0.5µS=40000 (external clock of 8MHz).  
 
The output pulses are generated with TOC 2 to 4 and they are set to set the output low on 
successful compare. Port A (PA) pin 4 to 6 is set to one and the registers is updated with 
the pulse value plus the offset value plus the current value of the free running counter 
(TCNT). The output compare register is cleared by setting the bits in question.  

SerTask 

The SerTask routine is interrupt-driven and is triggered when a new character is received 
(RDRF flag set high). The purpose of the routine is to read the incoming character and 
echo it back as an acknowledgement to the sender and then store the character in one of 
two arrays depending on which is currently active.  
 
If the active array is full the counter that tells what position the character is saved in is 
cleared. The command is considered to be received when CR is received and stored in the 
active array. When a command has been received the counter is set to zero and the other 
command array is selected. Two bits are used in the variable SERLOCK as status bits set 
high when a new command is received. Bit0 = command array 1 and bit1 command array 
2. The reason why two arrays are used is to make it possible to receive a second command 
when the first is still decoding. If status is requested no command is allowed to be sent to 
the micro controller to avoid a mix of echoed characters with the returned status message.   

Decode 

The Decode routine decodes the received commands from the SerTask routine. The first 
character is expected to be the type of command and can be P (PAN), T (TILT) or S 
(STATUS) the second char is ether a sign ‘+’ or ’-‘ or the first number. There can be up to 
4 valid numbers if there is a fifth it is ignored. If the command is correct it is decoded to a 
new pulse length(s).  If the first character is ‘S’ it is interpreted as a status request 
regardless of what character is following it. If status is requested the current pulse width 
values are returned in the same form as they were sent to the microcontroller. Ex. P-
0333T1154. If an incorrect character is received the command index is set to the first 
position. 

Correct 
characters 

Command position 

T, t, P, p, S, s 0 
+, -, 0..9, CR 1 
0..9, CR 2 
0..9, CR 3 
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0..9, CR 4 
0..9, CR 5 
CR 6 

Table 5, Allowed characters in Pan-Tilt. 

Table 1: Allowed characters in Pan-Tilt. 

Adj 

The Adj routine is entered when the variable LOOKKEYS is set. The Adj function reads 
the state of the adjustment board. In the initial state it only checks if the adjustment button 
is pushed. When it occurs a diode is lit to indicate that the adjustment state is entered. In 
the adjustment state all adjustment buttons is scanned every time LOOKKEYS is set. 
When a button is pushed the adjustment value will be increased or decreased depending 
on the pushed key. The new adjustment values are stored in the RAM memory until the 
adjustment state is exit by pushing the adjustment button a second time. When a reset of 
the microcontroller is performed the saved offset values in the EEPROM memory will be 
copied to the ram memory.  
 
To be able to write to the EEPROM memory we had to copy the write routine to the ram 
memory and execute it there because the EEPROM is not allowed to be read during the 
writing process.    
 
 

Pressent 
state 

Action Until Event Output Next 
State 

1 LOOKKEYS LOOKKEYS,ADJSTATUS=0 
LOOKKEYS,ADJSTATUS=1 
LOOKKEYS,ADJSTATUS=2 
LOOKKEYS,ADJSTATUS=3 
~LOOKKEYS 

~LOOKKEYS 
~LOOKKEYS 
~LOOKKEYS 
~LOOKKEYS 

2 
3 
4 
5 
1 

2 Check adjbutton ~PC0 
PC0 

ADJSTATUS=1 
 

1 
1 

3 Check adjbutton PC0 
~PC0 

ADJSTATUS=2 1 
1 

4 Check adjbuttons, adjust offset ~PC0 
PC0 

ADJSTATUS=3 1 
4_1 

4_1 Check button 1  PAN servo1 ~PC1 
PC1 

S1_RAM++ 4_2 
4_2 

4_2 Check button 2  PAN servo 1 ~PC2 
PC2 

S1_RAM-- 4_3 
4_3 

4_3 Check button 1 PAN servo 2 ~PC3 
PC3 

S2_RAM++ 4_4 
4_4 

4_4 Check button 2 PAN servo 2 ~PC4 
PC4 

S2_RAM-- 4_5 
4_5 

4_5 Check button 1 TILT servo 3 ~PC5 
PC5 

S3_RAM++ 4_6 
4_6 

4_6 Check button 2 TILT servo 3 ~PC6 
PC6 

S3_RAM-- 1 
1 

5 Check adjbutton PC0 
~PC0 

ADJSTATUS=0 5_1 
1 

5_1 Write adjusted values to 
EEPROM 

  1 

 
Pressent 

state 
Action Until Event Output Next 

State 
1 Check LOOKSER LOOKSER 

~LOOKSER 
DECCOUNTER=0 2 

1 
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Pressent 
state 

Action Until Event Output Next 
State 

2 Check LOOKSER LOOKSER(0) 
 
~LOOKSER(0) 

LOOKSER(0)=0, 
INDY=#COMARR1 
LOOKSER(1)=0, 
INDY=#COMARR2 

3 
 
3 

3 Set big letters equal to small  INDY(DECCOUNTER) and 
%11011111 

4 

4 Check command type  INDY()=’T’|’P’ 
INDY()/=’T’|’P’ 

DECTYPE=INDY() 
,INDY++  

5 
1 

5 Check second char INDY()=’+’|’-‘ DECSIGN= INDY(),  
INDY++ 

6 

6 Check for valid figures and put 
them on the stack 

INDY(DECCOUNTER)=’0’..’9’ 
 
INDY(DECCOUNTER)=CR 
Else 

Stack<-
INDY(DECCOUNTER)-
$30, DECCOUNTER++ 
 
Restore stack 

6 
 
7 
1 

7 Read figure one from stack and 
put it in to ACCD (if exist) 

DECCOUNT/=0 
DECCOUNT=0 

ACCD=<-stack 7_1 
8 

7_1 Read figure one from stack and 
put it in to ACCD (if exist) 

DECCOUNT/=0 
DECCOUNT=0 

ACCD+=<-stack*10 7_2 
8 

7_2 Read figure one from stack and 
put it in to ACCD (if exist) 

DECCOUNT/=0 
DECCOUNT=0 

ACCD+=<-stack*100 7_3 
8 

7_3 Read figure one from stack and 
put it in to ACCD (if exist) 

DECCOUNT/=0 
DECCOUNT=0 

ACCD+=<-stack*1000 7_4 
8 

7_4 Dealocate un valid figure  Stack-- 8 
8 Two complement if sign is ‘-‘ DECSIGN=’-‘ 

DECSIGN/=’-‘ 
2-complement ACCA 9 

9 
9 Calculate new pulse width DECTYPE=’P’ 

DECTYPE=’T’ 
P3=middel+ACCA 
P1=middel*2+ACCA/2+
middel*2+ACCA%2,  
P2=middel+ACCA/2 

1 

 
Pressent 

state 
Action Until Event Output Next 

State 
1 Wait for incoming char (idle) RDRF 

~RDRF 
 2 

1 
2 Read data, reset flags SERSTATE=2 

SERSTATE/=2 
COMARR1[SERCOUNT
]=RD 
COMARR2[SERCOUNT
]=RD 

3 
3 

3  RD=CR and SERSTATE=2 
 
RD=CR and SERSTATE=1 
 
ELSE 

SERSTATE=1 
,SERCOUNTER=0, 
LOOKSER(0)=1 
SERSTATE=2 
,SERCOUNTER=0, 
LOOKSER(1)=1 
SERCOUNTER++ 

1 
 
1 
 
4 

4 Check end of string SERCOUNT=6 SERCOUNT=0 1 

 
Pressent 

state 
Action Until Event Output Next 

State 
1 Idle Wait for TOC1 interrupt  2 

 
2 Set outputs and period  TOC1=TCNT+40000,  

TOC2=TCNT+P1+S1RA
M, 
TOC3=TCNT+P2+S2RA
M, 
TOC4=TCNT+P3+S3RA
M, 
LOOKKEYS=1, 
TFLG1=0, 
PA4=1, PA5=1, PA6=1 

1 
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Pan-Tilt computer interface 

The computer interfacing the Pan-Tilt unit through the interface card must be equipped 
with a parallel port that supports EEP. The picture transfer is controlled by sending 
commands to the interface card. 
 
 

The FPGA circuit 

The Field Programmable Gate Array (FPGA) circuit used is a Xilinx XC4005E. The 
XC4005E has a maximum of 5000 Logic Gates and it has 196 IOBs (14 rows x 14 
columns). 

Configuration Modes 

XC4000E devices have six configuration modes. These modes are selected by a 3-bit 
input code applied to the M2, M1, and M0 inputs. 
 

Mode M2 M1 M0 CCLK Data 
Master Serial 0 0 0 output Bit-Serial 
Slave Serial 1 1 1 input Bit-Serial 
Master Parallel Up 1 0 0 output Byte-Wide, increment from 00000 
Master Parallel Down 1 1 0 output Byte-Wide, decrement from 3FFFF 
Peripheral Synchronous 0 1 1 input Byte-Wide 
Peripheral Asynchronous 1 0 1 output Byte-Wide 
Reserved 0 1 0 — — 
Reserved 0 0 1 — — 

Table 6, XC4000E Configuration Modes. 

Data Stream Format 

The data stream or bit stream format is identical for all configuration modes. 
 
The configuration data stream begins with a string of eight ones, a preamble code, 
followed by a 24-bit length count and a separator field of ones. This header is followed by 
the actual configuration data in frames. Each frame begins with a start field and ends with 
an error check. A post amble code is required to signal the end of data for a single device. 
In all cases, additional start-up bytes of data are required to provide four clocks for the 
start-up sequence at the end of configuration. 
 
Detection of an error results in the suspension of data loading and the pulling down of the 
INIT pin. In Master modes, CCLK and address signals continue to operate externally. The 
user must detect INIT and initialise a new configuration by pulsating the PROGRAM pin 
Low or cycling Vcc. 
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Data Type All Other Modes (D0...) 
Fill Byte 11111111b 
Preamble Code 0010b 
Length Count COUNT(23:0) 
Fill Bits 1111b 
Start Field 0b 
Data Frame DATA (n-1:0) 
CRC or Constant Field Check xxxx (CRC) or 0110b 
Extend Write Cycle — 
Postamble 01111111b 
Start-Up Bytes xxh 

 Legend: 
Not shaded Once per bitstream 
Light Once per data frame 
Dark Once per device 

Table 7, XC4000 Series Data Stream Formats. 

Power-up sequence 

To power-up the circuit there are four major steps which the XC4000 Series circuits goes 
through.  
1. Configuration Memory Clear. 
2. Initialisation. 
3. Configuration. 
4. Start-Up. 

Configuration Memory Clear 
When power is first applied or is reapplied to an FPGA, an internal circuit forces 
initialisation of the configuration logic. When Vcc reaches an operational level a time 
delay is started. This delay is applied only on power-up. It is not applied when re-
configuring an FPGA by toggling the PROGRAM pin Low. During this time delay, or as 
long as the PROGRAM input is asserted, the configuration logic is held in a Configuration 
Memory Clear state. The configuration-memory frames are consecutively initialized, 
using the internal oscillator. 
 
At the end of each complete pass through the frame addressing, the power-on time-out 
delay circuitry and the level of the PROGRAM pin are checked. If neither is asserted, the 
logic initiates one additional clearing of the configuration frames and then tests the INIT 
input. 

Initialisation 
During initialisation and configuration, user pins HDC, LDC, INIT and DONE provide 
status outputs for the system inter-face. The open drain INIT pin is released after the final 
initialization pass through the frame addresses. Two internal clocks after the INIT pin is 
recognized as High, the FPGA samples the three mode lines to determine the 
configuration mode. The appropriate interface lines become active and the configuration 
preamble and data can be loaded. 
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Configuration 
The 0010 preamble code indicates that the following 24 bits represent the length count. 
The length count is the total number of configuration clocks needed to load the complete 
configuration data. 
 
There are two methods of delaying configuration after power-up: put a logic Low on the 
PROGRAM input, or pull the bi-directional INIT pin Low, using an open-collector (open-
drain) driver. 

Start-Up 
Start-up is the transition from the configuration process to the intended user operation. 
This transition involves a change from one clock source to another and a change from 
interfacing parallel or serial configuration data where most outputs are 3-stated, to normal 
operation with I/O pins active in the user-system. 
 
The Start-up sequence begins when the configuration memory is full, and the total number 
of configuration clocks received since INIT went high equals the loaded value of the 
length count. 

DONE goes High to signal End of Configuration 
Two conditions have to be met in order for the DONE pin to go high: 
The chip's internal memory must be full, and the configuration length count must be met, 
exactly. 

Release of User I/O after DONE goes high 
By default, the user I/Os are released one CCLK cycle after the DONE pin goes High. If 
CCLK is not clocked after DONE goes High, the outputs remain in their initial state — 3-
stated, with a 50 KΩ - 100 KΩ pull-up. 

Release of Global Set/Reset after DONE goes high 
By default, Global Set/Reset (GSR) is released two CCLK cycles after the DONE pin goes 
high. If CCLK is not clocked twice after DONE goes high, all flip-flops are held in their 
initial set or reset state. 
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The VHDL program 

The task for the FPGA circuit is to synchronise the sending of the digital image from the 
camera to the computer. The digital image from the cameras on the Pan-Tilt unit is sent 
from one of the cameras directly to the FIFO memory where it is stored until the computer 
is ready to receive the image. The computer then reads the data through the EPP parallel 
port. The FPGA also controls the multiplexers on the camera card by receiving a 
command from the computer telling what camera to use and the FPGA than switches the 
multiplexers accordingly. Furthermore the FPGA will send I2C commands to the cameras. 
The I2C commands origin from the PC and is send through the EPP port to the FPGA 
where the commands must be relayed to the cameras. Since the cameras have to answer to 
the I2C commands the FPGA must also receive signals from the cameras and store them 
for the PC to receive through the EPP port.  
 
The FPGA is also able to reset the Field Memory or the two cameras separately by a 
command from the PC. The FPGA also have some error codes and a status signal that can 
be read from the computer through EPP. 
 
The FPGA program, which is written in VHDL, has three different processes and five 
state machines. The Main process, the Read FIFO process and the Reset process are all 
clocked processes. The Comb process is a combinatorial process.   
 
The Main State machine handles the EPP commands coming from the computer. There 
are four different kinds of EPP command.  
1. Data write cycle.  
2. Data read cycle.  
3. Address writes cycle. 
4. Address read cycle. This command is used to transmit the status register to the 

computer. The register contains error signal and I2C signals. 

Data write 
This command is not used in our application. 

Data read 
This command is used in our application to send an image to the computer. To initialise a 
Transmit Data command the nDATASTB signal must be set Low and the nWRITE signal 
must be high. To acknowledge the command the FPGA sets the nWAIT signal low and 
puts the Data on the bus. When the EPP Master receives a low on the nWAIT it sets 
nDATASTB back to High and is ready for a new command. 

Address write 
This command is used to receive the status register. The register is an 8-bit register 
containing the I2C signals, the reset commands to the FPGA, the Camera select signal, 
two error signals and a memory ready signal. 



 

34 
 

Address read 
This command is used to transmit the status register to the computer.  
 
The Read FIFO State machine reads the 8-bit pixel data from the Field Memory and stores 
it temporarily in an 8-bit internal register. The state machine can only read the pixel from 
the memory if a new image has been stored in the memory and if there has been at least 
600 bytes of pixel data written to the memory. If the previous pixel was not read by the 
computer a new pixel cannot be read from the memory and stored in the internal register 
because the previous pixel data would then be lost. 
 
This state machine is used mainly to speed up the reading and sending of a pixel to the 
computer. 
 
The Write FIFO State machine is used to control the writing to the two Field Memories. 
The memories do not have the logic control signal a normal FIFO memory has like for 
example Empty FIFO and Full FIFO. The State machine therefor has to count the number 
of pixels that has been written to the memory in order to change the active memory. Since 
one memory only has a capacity of 256 Kbytes we need to use two and therefor the 
inconvenience with counting the writing. The first memory is filled with 200 000 pixels 
before the state machine changes to the second memory. 
 
The Reset FIFO State machine is used to reset the Field Memory. 
A reset of the memories is performed at start-up and every time an image has been written 
and read from the Memories. The Reset Cams State machine resets the two Digital 
cameras.  
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Xilinx pin assignment 

Pin In/Out Name Description 
51 In Oscillator Input clock signal to the FPGA circuit. 
84 In Reset Reset signal to the FPGA circuit. 
71 In Data  
32, 30, 34 In MX Configuration modes of the FPGA. 
55 In Program  
73 Inout CCLK Configuration Clock. 
53 Out Done  
41 Inout Init  
36 Out Led Output to a LED indicating when FPGA 

is programmed. 
    
78, 79, 80, 81, 
82, 83, 3, 4 

Inout D0 – D7 EPP mode data and address bus. 

5, 6, 7, 8, 9 Out S3 – S6, 
nWAIT 

EPP mode signals. Only nWAIT (S7) is 
used. 

10 In C0 nWrite. EPP mode control signal. 
13 in C1 nDATASTB. EPP mode control signal. 
14 in C3 nADDRSTB. EPP mode control signal. 
    
50 Out RSTR Reset Read in Field Memory. 
35 Out RSTW Reset Write in Field Memory. 
56 Out SRCLK Serial Read Clock in Field Memory. 
68 out SWCLK Serial Write Clock in Field Memory. 
17 out OE1 Output Enable on Field Memory 1. 
18 out OE2 Output Enable on Field Memory 2. 
37 out IE1 Input Enable on Field Memory 1. 
38 out IE2 Input Enable on Field Memory 2. 
58 out WE1 Write Enable on Field Memory 1. 
59 out WE2 Write Enable on Field Memory 2. 
62 out RE1 Read Enable on Field Memory 1. 
61 out RE2 Read Enable on Field Memory 2. 
46, 47, 48, 49, 
45, 44, 40, 39 

in Q0 – Q7 8 bit Field Memory output bus. 

    
19 in WCLK Write Clock from the Digital Camera. 
20 in Window Window signal from the Digital Camera. 
23 out Camera reset Reset signal to the two digital cameras. 
24 in SCL I2C serial clock line. 
25 out SCL I2C serial clock line. 
26 in SDA I2C serial clock line. 
27 out SDA I2C serial clock line. 
28 out Camera select Selects which camera to send images. 

Table 8, Xilinx chip pin assignment. 
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State table for Main 

Present 
state 

Action Until Event Output Next State 

Main Reset Reset all signals and 
three-state the output 
bus. 

- The D-bus is three-stated, the 
status signals is cleared and 
some help variables are also 
cleared. 

Main Idle 

Main Idle Wait for EPP 
command from the 
PC. 

nADDRSTB ='0' and 
nWRITE ='1' 

When changing the state the 
status register is put on the D-
bus and the nWAIT signal is 
set high. 

Main Send 
Status Ack 

Main Idle  nADDRSTB ='0' and 
nWRITE ='0' 

When changing the state the 
nWAIT signal is set high and 
the D-bus is read and stored. 

Main Get 
Status Ack 

Main Idle  nDATASTB ='0' and 
nWRITE ='1' and 
status(3) ='0' and 
status(2) 

When changing the state and if 
there is a new pixel and status 
2 and 3 are low the pixel is 
stored on the D-bus, the 
nWAIT goes high, otherwise 
the error variable is set high. 

Main Send 
Pixel Ack 

Main Idle  nDATASTB ='0' and 
nWRITE ='0' 

The error variable is set high 
when trying do write Data. 

Main Idle 

Main Idle  - nWAIT is kept low. Main Idle 
Main Send 
Status Ack 

Wait for 
acknowledgement 
from the PC. 

nADDRSTB ='1'  When changing the state the 
nWAIT signal is set low and 
the D-bus is three-stated. 

Main Idle 

Main Get 
Status Ack 

Wait for 
acknowledgement 
from the PC. 

nADDRSTB='1' When changing the state the 
nWAIT signal is set low. 

Main Idle 

Main Send 
Pixel Ack 

Wait for 
acknowledgement 
from the PC. 

nDATASTB ='1' When changing the state the 
nWAIT signal is set low and 
the D-bus is three-stated. 

Main Idle 

Others Do a reset. - None. Main Reset 

Table 9, State table for Main. 

State table for Write FIFO  

Present state Action Until Event Output Mealy Next State 
Write FIFO 1 Write first 200 

Kbytes in 
FIFO-1. 

write_counter2 =200 The signal write is kept high. Write FIFO 2 

Write FIFO 2 Write 
remaining in 
FIFO-2. 

(WCLK_counter1 + 
WCLK_counter2) = 
311696 

The signal write is kept low. Write FIFO 
Done 

Write FIFO 
Done 

Clear counters 
when finished. 

read_counter1 = 
write_counter1 and 
read_counter2 = 
write_counter2 

When changing the state the 
counters are cleared. 

Write FIFO 1 

Table 10, State table for Write FIFO. 
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State table for Read FIFO  

Present state Action Until Event Output Next State 
Read FIFO 
Reset 

Resets 
variables and 
signals used in 
the state 
machine. 

- Resets the read counters, clears the 
internal image variable and set the 
output- and read enable to the 
external memory. 

Read Fifo Idle 

Read FIFO Idle  (write_counter1 
+ 
write_counter2) 
> 600 and 
new_pixel ='0' 

When changing the state SRCLK is 
set high and the output enable and 
read enable is set depending on the 
counters. 

Read FIFO 
Read 

Read FIFO 
Read 

 main_state /= 
main_send_pixel
_ack 

When changing the state the Q-bus is 
read and stored in the image variable. 
Also the SRCLK is cleared and the 
counter is increased. 

Read FIFO Idle 

Others Go to the Reset 
state 

- None Read FIFO 
Reset 

Table 11, State table for Read FIFO. 

State table for Reset FIFO 

Present state Action Until Event Output Next State 
Reset FIFO Idle  status(4) ='0' When change of state the Reset 

signals to the memories are set. 
Reset FIFO 1 

Reset FIFO 1  status(4)='1' FIFO Ready signal is cleared. Reset FIFO Idle 
Others Go to the Idle 

state 
- None Read FIFO Idle 

Table 12, State table for Reset FIFO. 

State table for Reset Cams 

Present state Action Until Event Output Next State 
Reset Cams Idle    Reset Cams 1 
Reset Cams 1    Reset Cams Idle 
Others Go to the Idle state - None Read Cams Idle 

Table 13, State table for Reset Cams. 

 



 

38 
 

Assembly and test 

Unfortunately due to some handling errors, the PCBs were received the last week of our 
stay in Spain, which did not give much time for assembly and test of the boards. 
 
The components were mounted on the PCBs and soldered in place. To verify the designs, 
first an optical inspection was made on the soldering points and the PCBs in general. After 
that an electrical verification was made. 
 
The first card we tested was the Pan-Tilt card. The Pan-Tilt card design had been verified 
earlier as a lab setup with the microcontroller software and no complications arise during 
the test of the real card. The Pan-Tilt card was verified according to the table below. 
 

Function Test description Result 
Adjustment of centre function 
for the pan motion 

Power on 
Push adjustment button 
Change of centre position 
Push adjustment button 
Power off -> on 
Verify the new centre position 

The adjustment worked in both 
directions and was persistent 
after restart. 
 
OK 

Adjustment of centre function 
for the tilt motion 

Power on 
Push adjustment button 
Change of centre position 
Push adjustment button 
Power off -> on 
Verify the new centre position 

The adjustment worked in both 
directions and was persistent 
after restart. 
 
OK 

Normal pan function Power on 
Send command: 
P500 
p-400 
p+300 
T200 
T-300 
T+400 
S 
s 
893jknfv 
jgkdlsfP200 
PsdfdsP-200 
erfvv323T200 
Tsadf897T-200 

The commands were executed 
according to design. Incorrect 
characters were discarded and 
the unit handled the correct 
command as expected. 
 
OK 

 
Some problems were discovered during the verification of the PCB cards. 

1. On the Camera Interface Card the Oscillator layout component was mirrored. This 
problem was overcome by mounting the oscillator on the back side of the PCB 
card. 

2. The MAX233 circuit on the Pan-Tilt card did not have a ground connection and 
missed connection between pin 10 and 16(C2-), 11 and 15(C2+) and 12 and 17(V-
). This problem was fixed by soldering wires between the pins. 

3. The power connector to the Interface card had been shifted. 
4. The footprint of the voltage regulator was not the right one on the Pan-Tilt card. 
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5. Pin 32 on the camera connector was connected to VCC, but should be connected to 
GND. 

6. The FIFO on the Camera Interface Card did not work as expected. We did not 
manage to locate the problem in the short time we had, but we were able to see that 
the data signals seemed to the wrong. Since the data signals was not as expected 
the FPGA software could not be fully verified. The software was however tested in 
a test bench simulation with a satisfactory result, see 0 page 53. 
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Conclusion / Discussion 

This was a very interesting and learning project. It included almost everything from a 
desired function to a finished product, well almost finished. The project goals were only 
partially achieved during our stay in Alcalá de Henares. The reason for this was a 
combination of late delivery of the field memories and the PCBs and our fixed return date.  

The Pan-Tilt function performed as expected all the way from a control command from 
the portable PC to the microcontroller turning the servos as expected, with 360 degrees 
pan and 180 degrees tilt function.  

The Camera interface was only verified in simulation. The finished camera interface 
prototype newer transmitted pictures when commanded. Analysis was done and an 
incorrectly routed signal was corrected on the prototype but the problem remained. The 
investigating could not continue after we had returned to Sweden due to lack of needed 
development and analysis tools. 

 

Picture 5, Pan-Tilt unit prototype without the camera card mounted 

Our lessons learned from the project 

Pre-study and information gathering is an essential part of a project but also pre testing of 
designs and proposed solutions. This helps us eliminate numerous errors in our designs. 
But it does not solve all mistakes. The test bench simulation of our FPGA and the FIFO 
memory showed no errors, but did not work in the real test. 

Even though our layout designs were verified the PCB contained some errors. It is 
probably difficult to get rid of all design errors by just verifying the designs and a second 
design loop would probably have been necessary to get rid of all design mistakes.  
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Appendix A 

Servo control program 
*************************** PWM.ASM ************************** 
* 
*  
* NAME:  PAN/TILT CONTROLLER 
* CODED BY:  LARS KARLSTRÖM 
* VERSION:  1.1 
* DATE:  2000-11-13 
* DESCRIPTION: 
* 
* CONTROL PROGRAM FOR THE PAN/TILT UNIT 
* WRITTEN IN ASSEMBLER FOR THE MOTOROLA MC68HC811E2 MICROCONTROLLER 
* 
* THE PROGRAM HAS THREE DIFFERENT TASKS AND THEY ARE TO RECEIVE COMMANDS FROM 
* A SERIAL INTERFACE AND GENERATE PWM SIGNALS FROM THEM. TWO SIGNALS FOR THE PAN 
* FUNCTION AND ONE FOR THE TILT. IT ALSO CHECKS A ADJUSTMENT BOARD WITCH IS USED TO 
* ADJUST THE OFFSET OF PWMS SIGNALS AND STORES  
* THE OFFSET IN THE EEPROM MEMORY. 
* 
* THE PROGRAM IS DIVIDED INTO FOUR DIFFERENT ROUTINES. 
* TWO OF THEM ARE INTERRUPT DRIVEN (SERTASK AND TIMERRUN) 
* 
* TIMERRUN - STARTS THE NEW PERIOD WITH THE HELP OF OUTPUT COMPARE 1. 
* EACH PERIOD IS 20mS AND THE THREE GENERATED PULSES LASTS BETWEEN 0.5 AND 2mS. 
* THE PULSE WIDTH IS CHANGED WITH COMMANDS SENT THROUGH THE SERIAL LINK. 
* 
* ADJ - CHECK THE ADJUSTMENT BUTTONS. THE ROUTINE IS ENTERED WHEN VARIABLE LOOKKEYS IS SET. 
* TO ENTER ADJUSTMENT STATE THE ADJUST BUTTON HAS TO 
* BE PUSHED AND RELEASED. IN THE ADJUSTMENT STATE THE ADJUST BUTTONS ARE CHECKED AND  
* A VALUE IS ADDED OR SUBTRACTED FROM THE OFFSET VALUE IN THE RAM MEMORY. 
* TO STORE THE OFFSET IN THE EEPROM MEMORY THE ADJUST BUTTON HAS TO BE PUSHED AND  
* RELEASED ONCE MORE.  
* 
* SERTASK - THIS INTERRUPT DRIVEN ROUTINE READS INCOMING CHARS AND ECHO THEM BACK 
* AS AN ACKNOWLEDGE. THE CHAR IS ALSO STORED IN ONE OF TWO SEVEN BYTE ARRAYS. 
* WHEN A WHOLE COMMAND IS RECEIVED A CORRESPONDING BIT IS SET IN VARIABLE LOOKSER. 
* THE NEXT COMMAND WILL THEN BE SAVED IN THE OTHER ARRAY.  
* 
* DECODE - THIS ROUTINE ENTERS WHEN ONE OR TWO BITS ARE SET IN LOOKSER. 
* IF THE COMMAND IS UN VALID IT WILL BE DISCARDED. THE FIRST CHAR IS SUPPOSED TO BE 
* T, P OR s (p, t OR S ALSO WORKS) T=TILT COMMAND, P=PAN COMMAND AND S=STATUS. 
* THE SECOND CHAR IS EITHER A SIGN (+ OR -) OR THE FIRST FIGURE. 
* THE REST MUST BE FIGURES AND ENDED WHIT CR (SERTASK GUARANTEES THAT THE STRING 
* ENDS WHIT CR). THE CORRECT COMMANDS IS THEN DECODED TO A NEW PULSE WIDTH FOR EATER 
* THE TWO PAN SERVOS OR FOR THE TILT SERVO. 
* IF STATUS IS REQUESTED THE CURRENT PWM WALUES WILL BE SET BACK IN THE SAME FORMAT AS 
* THE RECEIVE COMMANDS IS IN (EX. P-0444T2300).     
* 
* CONSTANTS 
PRGBASE EQU $F800 THE BEGINNING OF THE PROGRAM IN THE EEPROM 
RAM EQU  $0000 FIRST POSITION OF THE RAM 
EEPROM EQU $FC00 THE BEGINNING IF THE BLOCK WHERE THE OFFSET VALUES IS STORED 
STACK EQU $00FF THE TOP OF THE STACK (THE STACK GROWES DOWN) 
EEBRAM EQU $60   THE POSITION IN THE RAM WHERE THE EEPROM ERASE ROUTIN BEGINS 
PEBRAM EQU $7E   THE POSITION IN THE RAM WHERE THE EEPROM PROGRAM ROUTINE BEGINS  
* 
* REGISTERS 
BAUD EQU $102B 
BPROT EQU $1035 EEPROM BLOCK PROTECT REGISTER 
CONFIG EQU $103F 
PORTA  EQU  $1000  
PORTB  EQU  $1004 Output port B 
PORTC  EQU  $1003 
DDRC  EQU  $1007 
OC1M  EQU  $100C OClM7,OClM6,OClM5,OClM4;OClM3,-,-,- 
OC1D  EQU  $100D OClD7,OClD6,OClD5,OClD4;OClD3,-,-,- 
TCNT  EQU  $100E Free running counter (16 bit) 
TIC1  EQU  $1010 IC1 register (16 bit) 
TOC1  EQU  $1016 OC1 register (16 bit) 
TOC2  EQU  $1018 OC2 register (16 bit) 
TOC3  EQU  $101A OC3 register (16 bit) 
TOC4  EQU  $101C OC3 REGISTER (16 BIT) 
TCTL1  EQU  $1020 OM2,OL2,OM3,OL3;OM4,OL4,OM5,OL5 
TCTL2  EQU  $1021 -,-,EDGlB,EDGlA;EDG2B,EDG2A,EDG3B,EDG3A 
TMSK1  EQU  $1022 OC1I,OC2I,OC3I,OC4I;OC51,IC1I,IC2I,IC3I 
TFLG1  EQU  $1023 OC1F,OC2F,OC3F,OC4F;OC5F,IC1F,IC2F,IC3F 
TMSK2  EQU  $1024 TOI,RTII,PAOVI,PAII;-,-,PR1,PR0 
TFLG2  EQU  $1025 TOF,RTIF,PAOVF,PAIF;-,-,-,- 
CFORC EQU $100B TIMER FORCE COMARE REGISTER 
SCCR1 EQU $102C SCI CONTROL REGISTER 1 
SCCR2 EQU $102D SCI CONTROL REGISTER 2 
SCSR EQU $102E SCI STATUS REGISTER 
SCDR EQU $102F SCI DATA REGISTER 
HPRIO EQU $103C INTERRUPT PRIORITY 
 
 
 ORG $FFFE RESET PIN 
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 FDB MAIN  
 ORG $FFFC CLOCK MONITOR FAIL 
 FDB MAIN 
 ORG $FFFA COP WATCHDOG TIMEOUT 
 FDB MAIN 
 ORG $FFE8 TOC1 INTERRUPT 
 FDB TIMERRUNINT 
 ORG $FFD6 SCI INTERRUPT 
 FDB SERTASK  
 
 ORG $FFD8 ERROR SPI 
 FDB SPI 
 ORG $FFDA ERROR PULSE ACC INPUT 
 FDB PACCI 
 ORG $FFDC ERROR PULSE ACC OVERFLOW 
 FDB PACCO 
 ORG $FFDE ERROR TIMER OVERFLOW 
 FDB TIM 
 ORG $FFE0 ERROR TOC5 
 FDB TOE 
 ORG $FFE2 ERROR TOC4 
 FDB TOE 
 ORG $FFE4 ERROR TOC3 
 FDB TOE 
 ORG $FFE6 ERROR TOC2 
 FDB TOE 
 ORG $FFEA ERROR TIC3 
 FDB TIE 
 ORG $FFEC ERROR TIC2 
 FDB TIE 
 ORG $FFF0 ERROR TIC1 
 FDB TIE 
 ORG $FFF2 ERROR RTI 
 FDB RTIE 
 ORG $FFF4 ERROR IRQ 
 FDB IRQE 
 ORG $FFF6 ERROR SWI 
 FDB SWIE 
 
 
 ORG EEPROM 
S1EPROM RMB 2  OFFSET FOR PAN (SERVO ONE) 
S2EPROM RMB 2  OFFSET FOR PAN (SERVO TWO) 
S3EPROM RMB 2  OFFSET FOR TILT (SERVO THREE) 
PERIOD FDB 40000  PERIOD TIME (20mS FOR 8MHz EXT CLK) 
 
 ORG RAM 
 
ADJSTATUS RMB 1 TELLS WHAT STATE THE ADJUSTMENT ROUTINE IS IN 
P1 RMB 2 PULSE LENGTH FOR SERVO 1 
P2 RMB 2 PULSE LENGTH FOR SERVO 2 
P3 RMB 2  PULSE LENGTH FOR SERVO 3 
S1RAM RMB 2 OFFSET VALUE FOR SERVO 1 
S2RAM RMB 2 OFFSET VALUE FOR SERVO 2 
S3RAM RMB 2 OFFSET VALUE FOR SERVO 3 
TEMP RMB 1 TEMPORARY VARIABLE STORAGE 
TEMP2 RMB 1 
SERSTATE RMB 1 TELLS THE SERIAL TASK IF THE RECEIVED CHAR IS STORED IN ARR1 OR ARR 2 
COMARR1 RMB 7 ARRAY TO STORE RECEIVED COMMANDS 
COMARR2 RMB 7 -"- 
SERCOUNT RMB 1 TELLS WHICH POSITION IN THE ACTIVE ARRAY THE INCOUMING CHAR IS SAVED 
LOOKSER RMB 1 TOKEN FOR THE COMMAND DECODER (SERTASK) 
LOOKKEYS RMB 1 TOKEN FOR THE ADJUSTMENT BOARD (ADJ) 
DECTYPE RMB 1 PAN/TILT COMMAND 
DECSIGN RMB 1 THE SIGN OF THE COMMAND VALUE 
DECCOUNTER RMB 1 COUNTER VARIABLE FOR THE COMMAND DECODER 
ERROR RMB 1 CONTAINS POTENTIAL ERROR CODES 
 ORG PRGBASE 
MAIN:  
 LDS #STACK 
 LDAA #%00000000 
 STAA BPROT  * WRITE ENABLE $FC00-$FDFF 
 JSR COPY  * COPY THE EEPROM ERASE AND PROGRAM ROUTINES TO RAM 
MEMORY 
 JSR TIMERINIT * SETUP THE TIMER AND SET THE DEFAULT PULSE WIDTHS 
 JSR SERINIT  * SETUP THE SCI INTERFACE 
 JSR ADJINIT  * SETUP ADJUSTMENT CARD SOFTWARE 
 CLR ERROR  * CLEAR THE ERROR MESSAGE BYTE 
 CLI   * CLEAR INTERRUPT MASK BIT TO ENABLE INTERRUPTS 
 
MAIN2: LDAA PORTB DEBUGG 
 EORA #2 DEBUGG 
 STAA PORTB DEBUGG 
 
 LDAA LOOKKEYS * IF SET CHECK BUTTONS  
 BEQ MAIN3 
 JSR ADJ  * OFFSET ADJUSTMENT ROUTINE 
 CLR LOOKKEYS 
MAIN3: LDAA LOOKSER  * HAVE A NEW COMMAND BEEN RECEIVED 
 BEQ MAIN4 
 JSR DECODE  * CHECK, DECODE AND EXECUTE COMMAND  
   
MAIN4: 
 BRA MAIN2  * RESTART MAIN LOOP 
 
TIMERRUNINT: 
 JSR TIMERRUN 
 LDAA PORTB DEBUGG 
 EORA #4 DEBUGG 
 STAA PORTB DEBUGG 
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 RTI 
 
ADJ: LDAA ADJSTATUS  * JUMP TABLE FOR ADJUST BUTTON STATUS  
 LDX #$1000 
 CMPA #3  * TO GO TO ADJUST MODE YOU HAVE TO PUSH AND RELASE 
 BEQ ADJ3  * THE ADJUST BUTTON. (STATUS=2) 
 CMPA #2  * TO SAVE THE NEW OFFSET TO THE EEPROM PUSH AND RELEASE 
 BEQ ADJ2  * THE ADJUST BUTTON AGAIN  
 CMPA #1 
 BEQ ADJ1 
 
ADJ0: BRSET PORTC,#%00000001 ADJRTS1 
 LDAA #1  * BUTTON IS PUSHED FOR THE FIRST TIME (STATUS=1) 
 STAA ADJSTATUS 
ADJRTS1: 
 RTS 
 
ADJ1: BRCLR PORTC,#%00000001 ADJRTS 
 LDAA #2  * BUTTON IS RELEASED FOR THE FIRST TIME (STATUS 2) 
 STAA ADJSTATUS  * NOW WE ARE IN ADJUSTMENT MODE 
 LDAA PORTB 
 ANDA #%11111110 
 STAA PORTB  * TURN ADJUST DIODE ON 
 RTS 
 
ADJ2: BRSET PORTC,#%00000001 ADJ22 
 LDAA #3  * LEAVE ADJUSTMENT MODE 
 STAA ADJSTATUS 
 RTS 
 
* check buttons and change ram registers  
ADJ22:  
 LDA #%00000010  * MASK BYTE 
 STA TEMP 
 LDX #3  * CHECK THE THREE PAIRS OF ADJUST BUTTONS 
 LDY #0  * AND ADD OR SUBTRACT FROM THEIR  
ADJ220: LDAA TEMP  * CORRESPONDING OFFSET VALUE. 
 ANDA PORTC  * CHECK ONE BUTTON (ACTIVE LOW) AND ADD ONE IF PUSHED 
 BEQ ADJ221 
 LDAD S1RAM,Y 
 ADDD #1 
 STAD S1RAM,Y 
ADJ221: ASL TEMP   
 LDAA TEMP 
 ANDA PORTC 
 BEQ ADJ222 
 LDAD S1RAM,Y 
 SUBD #1 
 STAD S1RAM,Y  
ADJ222: ASL TEMP 
 INY 
 INY 
 DEX 
 BNE ADJ220 
 RTS 
 
ADJ3: LDX #$1000 
 BRCLR PORTC,#%00000001 ADJRTS 
 LDAA #0  * SAVE NEW OFFSET VALUES TO EEPROM AND RETURN TO NORMAL 
MODE 
 STAA ADJSTATUS 
 
    * Save offset values to EEPROM memory 
 LDY #S1EPROM 
 LDA #6 
 JSR EEBRAM   * ERASE ACCA BYTE OF EEPROM MEMORY FROM ADRESS IN INDY  
 LDY #S1EPROM 
 LDX #S1RAM 
 LDA #6 
 
* COPY RAM TO EEPROM. INDY=EEPROM ADRESS, INDX=RAM ADDRESS ACCA = THE NUMBER OF BYTE TO COPY 
 JSR PEBRAM 
 
 LDAA PORTB * TURN ADJUSTMENT DIODE OFF 
 ORA #1 
 STAA PORTB  
ADJRTS: RTS 
EEB: CMPA #0 
 BEQ EEBRTS * ERASE ACCA BYTES OF EEPROM FROM ADDRESS IN INDY  
 SEI 
 LDAB #$16 * BYTE=ERASE=EELAT=1  
 STAB $103B * SET TO BYTE ERASE MODE 
 STAB 0,Y * WRITE ANY DATA TO ADDRESS TO BE ERASED 
 LDAB #$17 * BYTE=ERASEEELAT=EEPGM=1 
 STAB $103B * TURN ON HIGH VOLTAGE 
 BSR DLY10 * DELAY 10mS 
 CLR $103B * TURN OFF HIGH VOLTAGE AND SET TO READ MODE 
 DECA 
 INY 
 BRA EEB 
EEBRTS: CLI 
 RTS 
 
PEB: CMPA #0 
 BEQ PEBRTS 
 SEI 
 DECA  * PROGRAMS VALUE ACCA IN ADDRESS INDY 
 LDAB #$02 * EELAT=1 
 STAB $103B  
 LDAB 0,X 
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 STAB 0,Y * STORE DATA TO EEPROM 
 LDAB #$03 * EELAT=EEPGM=1 
 STAB $103B * TURN ON PROGRAM VOLTAGE 
 BSR DLY10 * DELAY 10mS 
 CLR $103B * TURN OFF HIGH VOLTAGE AND SET TO READ MODE 
 INX 
 INY 
 BRA PEB 
PEBRTS: CLI 
 RTS 
 
* THE FOLLOWING ROUTINE COPY THE EEPROM ERASE BYTE(EEB) AND THE EEPROM PROGRAM BYTE(EEP) ROUTINES 
* TO THE RAM MEMORY BECAUSE READING THE EEPROM MEMORY WHEN WRITING TO IT IS NOT POSSIBLE. 
DLY10: STY TEMP 
 LDY #3000 * 8MHz CLK MAKES DELAY 10006uS  
DLY10L: DEY 
 BNE DLY10L 
 LDY TEMP 
 RTS 
 
COPY: LDX #EEB 
 LDY #EEBRAM 
COPY1: LDAA 0,X 
 STAA 0,Y 
 INX 
 INY 
 STX TEMP 
 LDAD TEMP 
 CMPD #COPY 
 BEQ COPYEND 
 LDX TEMP 
 BRA COPY1 
COPYEND: 
 RTS    
ADJINIT: 
 LDA #0 
 STA DDRC  * PORTC ONLY INPUTS 
 LDA #$FF 
 STA PORTB  * TURN ADJUSTMENT INDICATION DIODE OFF 
 RTS 
SERINIT: 
 LDAA #%00110000 * SET BAUD RATE TO 9600 (8MHz EXT CLK) 
 STAA BAUD 
 CLR SCCR1 
 LDAA #2 
 STAA SERSTATE * SET SERIAL STATE TO 2 ( USED STATES IS 2 AND 3) 
 LDA SCSR  * MAKE SURE THAT SERIAL STATUS REGISTER IS CLEARD 
 LDA SCDR 
 LDAA #%00101100 * RECEIVER INTERRUPT ON, RECEIVER AND TRANSMITTER ON 
 STAA SCCR2 
 CLR LOOKSER 
 RTS  
 
SERTASK: 
 LDAA PORTB DEBUGG 
 EORA #8 DEBUGG 
 STAA PORTB DEBUGG 
 
 LDY #0 
 LDAA SCSR  * READ SCI STATUS REGISTER AND DATA REGISTER  
 LDAA SCDR  * TO RESTORE INTERRUPT FLAG 
 STAA SCDR  * ECHO RECEIVED CHAR 
 LDAB SERCOUNT  * MOVE SERCOUNT TO INDY 
 ABY  
 LDAB SERSTATE 
 CMPB #2 
 BNE SERARR2 
 STAA COMARR1,Y * SAVE CHAR IN ARRAY 1 
 BRA SERTASK2 
SERARR2: 
 STAA COMARR2,Y * SAVE CHAR IN ARRAY 2 
SERTASK2:  
 INC SERCOUNT 
 CMPA #$0D  * CR = END OF COMMAND 
 BNE SERTASK3 
 LDAB SERSTATE * SAVE OLD STATE FOR DECODE TASK 
 ORB LOOKSER   
 STAB LOOKSER 
 LDAB SERSTATE 
 CMPB #2  * TOGGLE STATE 1->2 OR 2->1 
 BEQ SERTASK4 
 LDAB #3 
SERTASK4: 
 SUBB #1 
 STAB SERSTATE 
 CLR SERCOUNT 
SERTASK3: 
 CPY #6  * IS RECEIVED COMMAND TO LONG?  
 BNE SERRTI 
 CLR SERCOUNT * START OVER 
SERRTI: 
 RTI 
 
 
TIMERINIT: 
 LDA #%00001011 * SET TIMER OUTPUT COMPARE TO THE HIGHEST INTERUPT PRIORITY 
 STA HPRIO 
 LDAD S1EPROM  * MOVE THE OFFSET PARAMETER FROM THE EEPROM TO THE RAM 
 STAD S1RAM 
 LDAD S2EPROM 
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 STAD S2RAM 
 LDAD S3EPROM 
 STAD S3RAM 
 LDAD #2500  * STORE THE INITIAL PWM VALUE 
 STAD P1 
 STAD P2 
 STAD P3 
 JSR TIMERRUN * START FIRST PULSES 
 LDAA #%01110000 * SETUP OUTPUT COMPARE 1 
 STAA PORTA 
* STAA OC1M 
* CLR OC1D 
 LDAA #%01010100 
 STAA TCTL1 
 LDAA #%10000000 
 STAA TMSK1 
 RTS 
 
TIMERRUN: 
 INC LOOKKEYS * SET FLAG AT THE START OF EVERY PERIOD 
 LDAA #%01110000 * START NEW PULSES 
 STAA CFORC  * FORCE COMPARE TO TOGGLE OUTPUT 
 LDAD TCNT  * LOAD TIMER CURRENT VALUE 
 LDY TEMP 
 STAD TEMP 
 ADDD PERIOD  * CALCULATE NEW COMPARE VALUE FOR TOC1 
 STAD TOC1 
 LDAD TEMP  * CALCULATE THE NEW PULSE LENGTHS 
 ADDD P1 
 ADDD S1RAM 
 STAD TOC4 
 LDAD TEMP 
 ADDD P2 
 ADDD S2RAM 
 STAD TOC3 
 LDAD TEMP 
 ADDD P3 
 ADDD S3RAM 
 STAD TOC2 
 LDAA #$F0  * CLEAR TIMER FLAGS 
 STAA TFLG1 
 STY TEMP 
 RTS 
 
DECODE:  
 CLR DECCOUNTER 
 LDX #0 
 LDAA LOOKSER 
 BRSET LOOKSER,#1 DECODE1 * SET INDY = ADDRESS OF RECEIVED STRING 
 LDY #COMARR1 
 BCLR LOOKSER,#2 * CLEAR BIT 2 (BIT2=COMARR1 MSG) 
 BRA DECODE2   
DECODE1: 
 LDY #COMARR2 
 BCLR LOOKSER,#1 * CLEAR BIT 2 (BIT2=COMARR1 MSG) 
DECODE2: 
 LDAA 0,Y  * CHECK IF THE FIRST CHAR IS P OR T 
 ANDA #%11011111 * REMOVE BIT 5 TO MAKE SMALL AND BIG LETTERS EQUAL 
 CMPA #'P' 
 BEQ DECODE3 
 CMPA #'T' 
 BEQ DECODE3 
 CMPA #'S'  * STATUS REQUEST 
 BNE DECRTS1 
 JMP DECSTATUS 
DECRTS1: 
 RTS   * IF COMMAND ERROR EXIT DECODE 
DECODE3: 
 STAA DECTYPE  * SAVE COMMAND TYPE 
 INY    
 LDAA 0,Y  * CHECK SECOND CHAR '+' OR '-' 
 CMPA #'-' 
 BNE DECODE4 
 STAA DECSIGN  * SAVE SIGN IF '-' 
 INY 
 BRA DECODE6 
DECODE4: 
 CLR DECSIGN  * DECSIGN=0 MEANS '+' 
 CMPA #'+' 
 BNE DECODE6 
 INY 
 
* DECODE5: 
* CLR DECCOUNTER 
DECODE6: 
 LDAA 0,Y 
 CMPA #$0D  * CR = END OF COMMAND STRING 
 BEQ DECODE7 
 CMPA #'9' 
 BHI DECRTSTEMP * EXIT IF CHAR IS NOT 0..9 
 CMPA #'0' 
 BLO DECRTSTEMP 
 SUBA #'0' 
 PSHA 
 INC DECCOUNTER 
 INY 
 BRA DECODE6 
 
DECRTSTEMP: 
 LDAA DECCOUNTER * REMOVE TEMPORARY STORED CHARS FROM THE STACK 
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 BEQ DECRTSTEMP2 
 DEC DECCOUNTER 
 PULA 
 BRA DECRTSTEMP 
DECRTSTEMP2: 
 RTS   * AND EXIT SUBROUTINE 
 
DECODE7:    
 LDY #0  * TRANSLATE FIGURES TO A 16BIT DIGITAL NUMBER 
 LDAB DECCOUNTER 
 ABY 
 LDAD #0 
 CPY #0 
 BEQ DECODE8 
 DEY 
 CLRA 
 PULB 
 STAD TEMP  * ADD VALUE OF FIRST NUMBER 
 
 CPY #0 
 BEQ DECODE8 
 DEY 
 PULB 
 LDAA #10  * ADD VALUE OF SECOND NUMBER 
 MUL 
 ADDD TEMP 
 STAD TEMP 
  
 CPY #0  * ADD VALUE OF THE THIRD 
 BEQ DECODE8 
 DEY 
 PULB 
 LDAA #100 
 MUL 
 ADDD TEMP 
 STAD TEMP 
 
 CPY #0  * ADD VALUE OF THE FOURTH AND LAST VALID FIGURE 
 BEQ DECODE8 
 DEY 
 
 LDX #0 
 PULB 
 ABX 
 LDAD TEMP 
DEC1000:    
 CPX #0  * INDX*1000 
 BEQ DECODE8 
 ADDD #1000 
 DEX 
 BRA DEC1000  
 
DECODE8:    
 STAD TEMP  * IF THERE IS A FIFTH FIGURE DISCARD IT 
 CPY #0 
 BEQ DECODE9 
 PULA 
DECODE9: 
 LDAA DECSIGN 
 BEQ DECODE10 
 LDAD TEMP  * IF MINUS TAKE THE TWOS COMPLEMENT 
 COMA 
 COMB 
 ADDD #1 
 STAD TEMP 
DECODE10: 
 LDAA DECTYPE 
 CMPA #'P' 
 BNE DECTILT 
  
 LDAD TEMP * EXECUTE PAN COMMAND  
 ADDD #5000 * ACCD = MIDDLE VALUE +- CONTROL VALUE (VALUE FOR TWO SERVOS) 
 ASRA   
 RORB  * INTEGER DIVISION BY 2 
 STAD TEMP 
 ADCB #0  
 ADCA #0 
 STAD P1 * P1=CPWM/2+CPWM%2 (CPWM = COMMON PWM FOR BOTH SERVOS) 
 LDAD TEMP  
 STAD P2 * P2=CPWM/2 
 BRA DECRTS 
DECTILT: 
 LDAD TEMP 
 ADDD #2500 * CALCULATE THE NEW PULSE LENGTH FOR THE TILT SERVO 
 STAD P3 
DECRTS:  
 RTS 
 
DECSTATUS: 
 LDAA ERROR  * CONTAINS ERROR CODE IF ERROR HAS OCURED ELSE NULL 
 BEQ DECSTATUS2 
 LDAB #'E'  * SEND ERROR CODE E=ERROR 
 JSR SEND  * SENDS CHARACTER 
 LDAB ERROR 
 CLR ERROR 
 JSR SEND 
 LDAB #$0D 
 JSR SEND 
 RTS 
DECSTATUS2:  
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 LDAB #'P'  * SEND PAN VALUE 
 JSR SEND 
 LDAD P1 
 ADDD P2 
 SUBD #5000 
 JSR DECSENDNR * CONVERTS NUMBER AND SEND IT AS ASCII STRING 
 
 LDAB #'T'  * SEND TILT VALUE 
 JSR SEND 
 LDAD P3 
 SUBD #2500 
 JSR DECSENDNR * CONVERTS NUMBER AND SEND IT AS ASCII STRING 
 LDAB #$0D  * END TRANSMISSION WHIT CR 
 JSR SEND 
 RTS 
DECSENDNR: 
 BPL DECSEND1000  * SENDS '-' IF NEGATIVE AND MAKE THE TWO COMPLEMENT 
 COMA   * ELSE JUMP DIRECTLY TO THE NUMBER DECODER (DEC1000) 
 COMB 
 ADDD #1 
 STAD TEMP 
 LDAB #'-' 
 JSR SEND 
 LDAD TEMP 
 
DECSEND1000: 
 STAD TEMP  
 SUBD #1000  * COUNTS NUMBER OF THOUSANDS 
 BLO DEC100 
 INC DECCOUNTER 
 BRA DECSEND1000 
DEC100: JSR DECNR  * SEND THOUSANDS 
 LDAD TEMP 
DEC100L: 
 STAD TEMP 
 SUBD #100  * COUNT NUMBER OF HUNDREDS 
 BLO DEC10 
 INC DECCOUNTER 
 BRA DEC100L 
DEC10: JSR DECNR  * SEND HUNDREDS 
 LDAD TEMP 
DEC10L: STAD TEMP 
 SUBD #10  * COUNT NUMBER OF TENS 
 BLO DEC1 
 INC DECCOUNTER 
 BRA DEC10L 
DEC1: JSR DECNR  * DENS TENS 
 LDAD TEMP 
 ADDB #$30 
 JSR SEND  * SEND ONES 
 RTS 
 
DECNR:    
 LDAB #$30  * CONVERT NUMBER TO ASCII CODE BY ADDING $30 AND SEND CHAR 
 ADDB DECCOUNTER 
 JSR SEND 
 CLR  DECCOUNTER 
 RTS 
 
SEND: LDAA SCSR  * WAIT UNTIL SENDING REGISTER IS FREE THEN SEND CHAR IN ACCB 
 ANDA #%01000000 
 BEQ SEND 
 STAB SCDR 
 RTS  
  
 
 
 
SPI LDA #%00000000 
 STA PORTB 
 BRA ERRORLOOP 
PACCI LDA #%00000001 
 STA PORTB 
 BRA ERRORLOOP 
 
PACCO LDA #%00000011 
 STA PORTB 
 BRA ERRORLOOP 
 
TIM LDA #%00000111 
 STA PORTB 
 BRA ERRORLOOP 
 
TOE LDA #%00001111 
 STA PORTB 
 BRA ERRORLOOP 
 
TIE LDA #%00011111 
 STA PORTB 
 BRA ERRORLOOP 
 
RTIE LDA #%00111111 
 STA PORTB 
 BRA ERRORLOOP 
 
IRQE LDA #%01111111 
 STA PORTB 
 BRA ERRORLOOP 
 
SWIE LDA #%01111110 
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 STA PORTB 
 BRA ERRORLOOP 
 
 
ERRORLOOP: 
 LDAA PORTB 
 EORA #%10000000 
 STAA PORTB 
 BRA ERRORLOOP 
 
 END 
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Appendix B 

Finished PCBs. 

 

Picture 6, PCB of Camera Interface Card 

 

Picture 7, PCB of Camera Interface Card, 
Partly assembled. 

 

Picture 8, PCB of Pan-Tilt Card. 

 

Picture 9, PCB of Pan-Tilt Card, assembled. 
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Picture 10, PCB of Camera Mount Card. 

 

Picture 11, PCB of Camera Mount Card, 
assembled. 

 

Picture 12, PCB of Adjustment Card. 

 

Picture 13, PCB of Adjustment Card, 
assembled. 
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Appendix C 

VHDL simulation 

 

 

 
 

 

 
 
 
 

 

 

Picture 15: Main Simulation 

 

Picture 14: EPP Simulation 
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Appendix D 

The VHDL program code: top.vhd 
--+++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++++++++++++ 
--+   File:        top.vhd                                                  + 
--+   Start Date:  2000-12-18      End Date:    200 1-01-20                  + 
--+   Modifyed:    2001-02-07, 2001-02-16                                   + 
--+   Version:     1.1                                                      + 
--+   Writer:      Tobias Berg                                              + 
--+   Description: This FPGA circuit is the link be tween a computer         +  
--+                and two digital cameras. The dig ital cameras sends       + 
--+                pictures to a Field Memory with coordination from        + 
--+                the FPGA circuit. The FPGA reads  the FIFO and            + 
--+                sends the picture to the PC when  asked to.               + 
--+                The PC and the FPGA uses the EPP  parallel port for       + 
--+                communication. The FPGA can also  send I2C serial         + 
--+                bus commands, received from the PC, to the digital       + 
--+                cameras.                                                 + 
--+++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++++++++++++ 
library IEEE; 
use IEEE.std_logic_1164.All; 
use IEEE.std_logic_unsigned.ALL; 
use IEEE.NUMERIC_STD.ALL; 
 
entity top is 
    port ( 
        reset_n:                  in STD_LOGIC; 
        clk:                      in STD_LOGIC; 
        RSTR:                     out STD_LOGIC; 
        RSTW:                     out STD_LOGIC; 
        SRCLK:                    out STD_LOGIC; 
        SWCLK:                    out STD_LOGIC; 
        OE1:                      out STD_LOGIC; 
        OE2:                      out STD_LOGIC; 
        IE1:                      out STD_LOGIC; 
        IE2:                      out STD_LOGIC; 
        WE1:                      out STD_LOGIC; 
        WE2:                      out STD_LOGIC; 
        RE1:                      out STD_LOGIC; 
        RE2:                      out STD_LOGIC; 
        WCLK:                     in STD_LOGIC; 
        Window:                   in STD_LOGIC; 
--        S3:                       out STD_LOGIC;    --Signal not used. 
--        S4:                       out STD_LOGIC;    --Signal not used. 
--        S5:                       out STD_LOGIC;    --Signal not used. 
--        S6:                       out STD_LOGIC;    --Signal not used. 
        nWAIT:                    out STD_LOGIC; 
        nWRITE:                   in STD_LOGIC; 
        nDATASTB:                 in STD_LOGIC; 
--        nRESET:                   in STD_LOGIC;     --Signal not used. 
        nADDRSTB:                 in STD_LOGIC; 
        camera_select:            out STD_LOGIC; 
        camera_reset:             out STD_LOGIC; 
        sda_in:                   in STD_LOGIC; 
        sda_out:                  out STD_LOGIC; 
        scl_in:                   in STD_LOGIC; 
        scl_out:                  out STD_LOGIC; 
        Q:                        in STD_LOGIC_VECT OR (7 downto 0); 
        D:                        inout STD_LOGIC_V ECTOR (7 downto 0) 
    ); 
end top; 
 
architecture rtl of top is 
--------------------------------------------------- -------------------------- 
--   Declaration Of The State Machines 
--     * main_state 
--     * read_fifo_state 
--     * write_fifo_state 
--     * reset_fifo_state 
--     * reset_cams_state 
--------------------------------------------------- -------------------------- 
type main_state_type is          (main_reset, 
                                  main_idle, 
                                  main_send_pixel_a ck, 
                                  main_send_status_ ack, 
                                  main_get_status_a ck); 
type read_fifo_state_type is     (read_fifo_reset, 
                                  read_fifo_idle, 
                                  read_fifo_read); 
type write_fifo_state_type is    (write_fifo_1, 
                                  write_fifo_2, 
                                  write_fifo_done, 
                                  write_fifo_reset) ; 
type reset_fifo_state_type is    (reset_fifo_init, 
                                  reset_fifo_idle, 
                                  reset_fifo_1, 
                                  reset_fifo_wclk, 
                                  reset_fifo_wclk2) ; 
type reset_cams_state_type is    (reset_cams_idle, 
                                  reset_cams_1, 
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                                  reset_cams_2); 
 
signal main_state:                main_state_type; 
signal read_fifo_state:           read_fifo_state_t ype; 
signal write_fifo_state:          write_fifo_state_ type; 
signal reset_fifo_state:          reset_fifo_state_ type; 
signal reset_cams_state:          reset_cams_state_ type; 
 
--    ####################################### 
--    #   The Internal Status Register      # 
--    #     (0) = SDA                       # 
--    #     (1) = SCL                       # 
--    #     (2) = FPGA not ready            # 
--    #     (3) = ERROR                     # 
--    #     (4) = Reset FIFO                # 
--    #     (5) = Reset Cameras             # 
--    #     (6) = Camera Select             # 
--    #     (7) = FIFO buffer ready         # 
--    ####################################### 
signal status: STD_LOGIC_VECTOR (7 downto 0);  
 
--------------------------------------------------- -------------------------- 
--   Internal Help Variables and Counters 
--------------------------------------------------- -------------------------- 
signal                            finish, 
                                  new_pixel, 
                                  init, 
                                  RSTW_int, 
                                  RSTR_int, 
                                  SRCLK_int, 
                                  init_ready, 
                                  write, 
                                  wclk_int, 
                                  john_doe, 
                                  write_reset_n, 
                                  wclk_done, 
                                  rw_equal, 
                                  reset_counters, 
                                  read_ok: STD_LOGI C; 
signal image: STD_LOGIC_VECTOR (7 downto 0); 
signal read_counter1: STD_LOGIC_VECTOR (9 downto 0) ; 
signal read_counter2: STD_LOGIC_VECTOR (8 DOWNTO 0) ; 
signal write_counter1: STD_LOGIC_VECTOR (9 downto 0 ); 
signal write_counter2: STD_LOGIC_VECTOR (8 DOWNTO 0 ); 
signal WCLK_counter1: STD_LOGIC_VECTOR (9 downto 0) ; 
signal WCLK_counter2: STD_LOGIC_VECTOR (8 DOWNTO 0) ; 
 
begin 
--------------------------------------------------- -------------------------- 
--******* The Main Process ************************ ****************** 
--     This is a clocked process which handles the EPP communication, the 
--     reset of the cameras and the Field Memory. I t also reads a pixel from 
--     the memory if there is a new pixel. 
--------------------------------------------------- -------------------------- 
  main:process(clk, reset_n) 
  begin 
    if reset_n ='0' then 
      finish                        <='0'; 
      sda_out                       <='1';  
      scl_out                       <='1';  
      status(3)                     <='0'; 
      status(4)                     <='0'; 
      status(5)                     <='0'; 
      status(6)                     <='0'; 
      D                             <=(others=>'Z') ; 
      nWAIT                         <='0'; 
      read_counter1                 <=(others=>'0') ; 
      read_counter2                 <=(others=>'0') ; 
      RSTW_int                      <='1'; 
      RSTR_int                      <='1'; 
      SRCLK_int                     <='0'; 
      new_pixel                     <='0'; 
      image                         <=(others=>'0') ; 
      init                          <='0'; 
      init_ready                    <='0'; 
      camera_reset                  <='0'; 
      john_doe                      <='0'; 
      write_reset_n                 <='1'; 
      main_state                    <= main_idle; 
      read_fifo_state               <=read_fifo_res et; 
      reset_fifo_state              <=reset_fifo_in it; 
      reset_cams_state              <=reset_cams_1;  
    elsif clk'event and clk ='1' then 
      case main_state is 
--------------------------------------------------- -------------------------- 
--   Main Reset State 
--     Clears the signals, puts the D bus in three state and jumps to 
--     Main Idle state. 
--------------------------------------------------- -------------------------- 
        when main_reset => 
          finish                    <='0'; 
          sda_out                   <='1';  
          scl_out                   <='1';  
          status(3)                 <='0'; 
          status(4)                 <='0'; 
          status(5)                 <='0'; 
          status(6)                 <='0'; 
          nWAIT                     <='0'; 
          D                         <=(others=>'Z') ; 
          main_state<= main_idle; 
--------------------------------------------------- -------------------------- 
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--   Main Idle State 
--     To initialise an EPP command either nDATASTB  or nADDRSTB must 
--     go low. 
--     The send and receive Status can always be do ne: 
--       ADDRES READ (nADDRSTB ='0', nWRITE ='1') =  Send status 
--       ADDRES WRITE (nADDRSTB ='0', nWRITE ='0') = Receive status 
--     Sending an image requires the FPGA to be rea dy. 
--       DATA READ (nDATASTB ='0', nWRITE ='1') = S end a picture 
--     Sending a byte from the PC as DATA can never  be done. 
--       DATA WRITE (nDATASTB ='0', nWRITE ='0') = error command 
--     The nWAIT signal is used as a handshaking si gnal between the 
--     PC and the FPGA. 
--       nWAIT is low to signal that the FPGA is re ady to receive. 
--       nWAIT is high to signal FPGA not ready or that data is on 
--       the bus. 
--------------------------------------------------- -------------------------- 
        when main_idle => 
          if nADDRSTB ='0' and nWRITE ='1' then   
            D                       <=status; 
            nWAIT                   <='1'; 
            main_state              <=main_send_sta tus_ack; 
          elsif nADDRSTB ='0' and nWRITE ='0' then  
            sda_out                 <=D(0);  
            scl_out                 <=D(1); 
            status(3)               <=D(3); 
            status(4)               <=D(4); 
            status(5)               <=D(5); 
            status(6)               <=D(6); 
            nWAIT                   <='1'; 
            main_state              <=main_get_stat us_ack; 
          elsif nDATASTB ='0' and nWRITE ='0' then  
            status(3)               <='1'; 
          elsif nDATASTB ='0' and nWRITE = '1' then  
            if new_pixel ='0' then 
              status(3)             <='1'; 
            elsif status(3)='0' and status(2) ='0' and new_pixel ='1' then 
              D                     <=image; 
              nWAIT                 <='1'; 
              main_state            <=main_send_pix el_ack; 
            end if; 
          else 
            nWAIT                   <='0';  
          end if; 
--------------------------------------------------- -------------------------- 
--   Main Send Status Acknowledgement State 
--     When the nADDRSTB is set by the PC to acknow ladge receiving 
--     data, the Data Bus is three-stated and nWait  is set to  
--     "FIFO ready". 
--------------------------------------------------- -------------------------- 
        when main_send_status_ack => 
          if nADDRSTB ='1' then    
            D                       <=(others=>'Z') ; 
            nWAIT                   <='0'; 
            main_state              <=main_idle; 
          end if; 
--------------------------------------------------- -------------------------- 
--   Main Get Status Acknowledgement State 
--     When the handshaking is made the nWait is se t low and the 
--     state machine goes back to IDLE State. 
--------------------------------------------------- -------------------------- 
        when main_get_status_ack => 
          if nADDRSTB='1' then 
            nWAIT                   <='0'; 
            main_state              <= main_idle; 
          end if; 
--------------------------------------------------- -------------------------- 
--   Main Send Pixel Acknowledgement State 
--     The nDATASTB is set high by the PC when it h as read the pixel. 
--     The bus is then three-stated and the state m achine goes back 
--     to the IDLE state. 
--------------------------------------------------- -------------------------- 
        when main_send_pixel_ack => 
          if nDATASTB ='1' then    
            D                       <=(others=>'Z') ; 
            nWAIT                   <='0'; 
            new_pixel               <='0'; 
            main_state              <=main_idle; 
          end if; 
--------------------------------------------------- -------------------------- 
--   Others State 
--     If the FPGA should fall out of the state mac hine this state 
--     tell the FPGA to start over and to do a rese t. 
--------------------------------------------------- -------------------------- 
        when others => 
          main_state                <=main_reset; 
      end case; 
 
      case read_fifo_state is 
--------------------------------------------------- -------------------------- 
--   Read FIFO Reset State 
--     Resets the counters, the SRCLK clock signal and the image variable. 
--------------------------------------------------- -------------------------- 
        when read_fifo_reset => 
          if init_ready='1' then 
            SRCLK_int               <='0'; 
            new_pixel               <='0'; 
            read_counter1           <=(others=>'0') ; 
            read_counter2           <=(others=>'0') ; 
            image                   <=(others=>'0') ; 
            read_fifo_state         <=read_fifo_idl e; 
          end if; 



 

57 
 

--------------------------------------------------- -------------------------- 
--   Read FIFO Idle State 
--     If there has been a read reset on the memori es a SRCLK puls must be 
--     made to execute the reset. If the read_ok si gnal is true a new pixel 
--     can be read from the memory. 
--------------------------------------------------- -------------------------- 
        when read_fifo_idle => 
          if RSTR_int='1' and SRCLK_int='0' then 
            SRCLK_int               <='1'; 
          elsif RSTR_int='1' and SRCLK_int='1' then  
            RSTR_int                <='0'; 
            read_fifo_state         <=read_fifo_res et; 
          elsif read_ok='1' then 
            SRCLK_int               <='1'; 
            read_fifo_state         <=read_fifo_rea d; 
          end if; 
--------------------------------------------------- -------------------------- 
--   Read FIFO Read State 
--     Reads the pixel from the memory and stores i t in an internal variable. 
--     The read counters are increased. 
--------------------------------------------------- -------------------------- 
        when read_fifo_read => 
          image                     <=Q; 
          new_pixel                 <='1'; 
          SRCLK_int                 <='0'; 
          read_counter1             <=read_counter1 +1; 
          if read_counter1 =1023 then 
            read_counter1           <=(others=>'0') ; 
            read_counter2           <=read_counter2 +1; 
          end if; 
          read_fifo_state           <=read_fifo_idl e; 
--------------------------------------------------- -------------------------- 
--   Others State 
--     Go to Read FIFO Reset State if in an unspeci fied state. 
--------------------------------------------------- -------------------------- 
        when others => 
          read_fifo_state<=read_fifo_reset; 
      end case; 
 
      case reset_fifo_state is 
--------------------------------------------------- -------------------------- 
--   Reset FIFO Init State 
--     Initialisation of the Memories. 100 microsec onds of clockpulses must 
--     be made before a reset is done. After that 8 0 more clockpulses is 
--     aquired to stabilize the Field Memory. 
--------------------------------------------------- -------------------------- 
        when reset_fifo_init => 
          if init='0' then 
            SRCLK_int               <='1'; 
            init                    <='1'; 
          else 
            SRCLK_int               <='0'; 
            init                    <='0'; 
          end if; 
          read_counter1             <=read_counter1 +1; 
          if read_counter1 = 1023 then 
            read_counter2           <=read_counter2 +1; 
            read_counter1           <=(others=>'0') ; 
          end if; 
          if (read_counter2 & read_counter1) = 5 th en 
            RSTW_int                <='0'; 
            RSTR_int                <='0'; 
          elsif (read_counter2 & read_counter1) = 1 900 then 
            RSTW_int                <='1'; 
            RSTR_int                <='1'; 
          elsif (read_counter2 & read_counter1) = 1 902 then 
            RSTW_int                <='0'; 
            RSTR_int                <='0'; 
          elsif (read_counter2 & read_counter1) = 2 100 then 
            RSTW_int                <='1'; 
            RSTR_int                <='1'; 
            reset_counters          <='1'; 
            reset_fifo_state        <=reset_fifo_1;  
          end if; 
 
--------------------------------------------------- -------------------------- 
--   Reset FIFO Idle State 
--     This state checks if any resets should be ma de. 
--------------------------------------------------- -------------------------- 
        when reset_fifo_idle => 
          if status(4) ='0' or (wclk_done='1' and r w_equal='1') then 
            reset_fifo_state        <=reset_fifo_wc lk; 
            RSTW_int                <='1'; 
            RSTR_int                <='1'; 
            wclk_int                <='0'; 
          end if; 
          if wclk_done='1' and john_doe='0' then 
            RSTW_int                <='1'; 
            wclk_int                <='0'; 
            reset_fifo_state        <=reset_fifo_wc lk; 
          end if; 
 
--------------------------------------------------- -------------------------- 
--   Reset FIFO Wclk State 
--     To efectuate a Write Reset a clock puls must  be done. 
--------------------------------------------------- -------------------------- 
        when reset_fifo_wclk => 
          wclk_int                  <='1'; 
          reset_fifo_state          <=reset_fifo_wc lk2; 
 
--------------------------------------------------- -------------------------- 
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--   Reset FIFO Wclk 2 State 
--     Ends the Wclk clock puls and the reset. If a  full reset is being done 
--     the write counters are cleared through the w rite_reset_n signal. 
--------------------------------------------------- -------------------------- 
        when reset_fifo_wclk2 => 
          wclk_int                  <='0'; 
          RSTW_int                  <='0'; 
          john_doe                  <='1'; 
          if status(4)='0' or rw_equal='1' then 
            write_reset_n           <='0'; 
            reset_fifo_state        <=reset_fifo_1;  
          else 
            reset_fifo_state        <=reset_fifo_id le; 
          end if; 
 
--------------------------------------------------- -------------------------- 
--   Reset FIFO State 1 
--      
--------------------------------------------------- -------------------------- 
        when reset_fifo_1 => 
          if ((read_counter2 & read_counter1) = 0 o r init_ready='0') then 
            reset_fifo_state        <=reset_fifo_id le; 
            init_ready              <='1'; 
            john_doe                <='0'; 
            status(4)               <='1'; 
            write_reset_n           <='1'; 
          end if; 
--------------------------------------------------- -------------------------- 
--   Others State 
--     Go to Reset Idle State if in an unspecified state occurs. 
--------------------------------------------------- -------------------------- 
        when others => 
          reset_fifo_state<=reset_fifo_1; 
      end case; 
 
      case reset_cams_state is 
 
--------------------------------------------------- -------------------------- 
--   Reset cams Idle State 
--     Camera Reset is activated on both cameras if  the status signal is low. 
--------------------------------------------------- -------------------------- 
        when reset_cams_idle => 
          if status(5) ='0' then 
            camera_reset            <='0'; 
            reset_cams_state        <=reset_cams_1;  
          end if; 
--------------------------------------------------- -------------------------- 
--   Reset cams State 1 
--     Camera Reset is deactivated on both cameras.  
--------------------------------------------------- -------------------------- 
        when reset_cams_1 => 
          camera_reset              <='1'; 
          status(5)                 <='1'; 
          reset_cams_state          <=reset_cams_id le; 
--------------------------------------------------- -------------------------- 
--   Others State 
--     Go to Reset Idle State if in an unspecified state occurs. 
--------------------------------------------------- -------------------------- 
        when others => 
          reset_cams_state          <=reset_cams_id le; 
      end case; 
    end if; 
--************************************************* ****************** 
--******* End Of Main Process ********************* ****************** 
--************************************************* ****************** 
  end process; 
 
--------------------------------------------------- -------------------------- 
--******* Write FIFO Process ********************** ****************** 
--     This process controlls the writing to the Fi eld Memories. 
--     It counts each writing and attempted writing  and changes the 
--     active memory when the first is almost full.  
--------------------------------------------------- -------------------------- 
  write_fifo:process(WCLK, reset_n, write_reset_n) 
  begin 
    if reset_n ='0' or write_reset_n ='0' then 
      write_counter1                <=(others=>'0') ; 
      write_counter2                <=(others=>'0') ; 
      WCLK_counter1                 <=(others=>'0') ; 
      WCLK_counter2                 <=(others=>'0') ; 
      write                         <='1'; 
      write_fifo_state              <=write_fifo_1;  
    elsif WCLK'event and WCLK ='1' then 
      if Window ='1' and wclk_done='0' then 
        write_counter1              <=write_counter 1+1; 
        if write_counter1 =1023 then  
          write_counter1            <=(others=>'0') ; 
          write_counter2            <=write_counter 2+1; 
        end if; 
      end if; 
      WCLK_counter1                 <=WCLK_counter1 +1; 
      if WCLK_counter1 =1023 then 
        WCLK_counter1               <=(others=>'0') ; 
        WCLK_counter2               <=WCLK_counter2 +1; 
      end if; 
      case write_fifo_state is 
--------------------------------------------------- -------------------------- 
--   Write FIFO Reset State 
--     Clears all counters. 
--------------------------------------------------- -------------------------- 
        when write_fifo_reset => 
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          write_counter1            <=(others=>'0') ; 
          write_counter2            <=(others=>'0') ; 
          WCLK_counter1             <=(others=>'0') ; 
          WCLK_counter2             <=(others=>'0') ; 
          write                     <='1'; 
          write_fifo_state          <=write_fifo_1;  
--------------------------------------------------- -------------------------- 
--   Write FIFO 1 State 
--     The first 200 000 bytes is written to the fi rst memory. 
--------------------------------------------------- -------------------------- 
        when write_fifo_1 => 
          write                     <='1'; 
          if (write_counter2 & write_counter1) = 20 0000 then  
            write                   <='0'; 
            write_fifo_state        <=write_fifo_2;  
          end if; 
--------------------------------------------------- -------------------------- 
--   Write FIFO 2 State 
--     The remaining 111 695 bytes of a fullsized i mage is written  
--     to the second memory. 
--------------------------------------------------- -------------------------- 
        when write_fifo_2 => 
          write                     <='0'; 
          if wclk_done='1' then 
            write_fifo_state        <=write_fifo_do ne; 
          end if; 
--------------------------------------------------- -------------------------- 
--   Write FIFO Done State 
--     If both the read and write counters are the same, all of the pixels 
--     in the memory have been read and the counter s can be cleared. 
--------------------------------------------------- -------------------------- 
        when write_fifo_done => 
          if rw_equal='1' then 
            write_fifo_state        <=write_fifo_re set; 
          end if; 
      end case; 
    end if; 
--************************************************* ****************** 
--******* End Of Write FIFO Process *************** ****************** 
--************************************************* ****************** 
  end process; 
 
--------------------------------------------------- -------------------------- 
--   When 311695 clockpulses have been counted one whole image has been  
--     written to the memory.   
--------------------------------------------------- -------------------------- 
  wclk_done<='1' when (WCLK_counter2 & WCLK_counter 1) >= 311695 else 
             '0'; 
--------------------------------------------------- -------------------------- 
--   If both the read and the write counters are eq ual this signal is set.   
--------------------------------------------------- -------------------------- 
  rw_equal<='1' when (write_counter2 & write_counte r1) =  
                     (read_counter2 & read_counter1 ) else 
            '0'; 
--------------------------------------------------- -------------------------- 
--   This signal indicates if reading of a new pixe l from the memory is 
--   allowed. 
--------------------------------------------------- -------------------------- 
  read_ok<='1' when (((write_counter2 & write_count er1) > 600) and 
                    rw_equal='0' and RSTR_int='0' a nd new_pixel='0') else 
           '0'; 
--------------------------------------------------- -------------------------- 
--   When 600 pixels has been written to the memory  the FIFO Buffer ready 
--     is set. 
--------------------------------------------------- -------------------------- 
  status(7)<='1' when (write_counter2 & write_count er1) > 600 else 
             '0'; 
--------------------------------------------------- -------------------------- 
--******* The Comb Process ************************ ****************** 
--     This is a non clocked, combinatorial process .  
--------------------------------------------------- -------------------------- 
  comb:process(scl_in, sda_in, status, init_ready, read_counter1, 
               read_counter2, RSTW_int, RSTR_int, W CLK, wclk_int, 
               SRCLK_int, write, window, wclk_done)  
  begin 
    status(0)                       <=scl_in; 
    status(1)                       <=sda_in; 
    camera_select                   <=status(6); 
    status(2)                       <=(not status(4 )) or (not status(5)) or (not init_ready); 
    IE1                             <='1'; 
    IE2                             <='1'; 
 
    if (read_counter2 & read_counter1) >= 200001 th en 
      OE1                           <='0'; 
      OE2                           <='1'; 
      RE1                           <='0'; 
      RE2                           <='1'; 
    else 
      OE1                           <='1'; 
      OE2                           <='0'; 
      RE1                           <='1'; 
      RE2                           <='0'; 
    end if; 
 
 
    RSTW<=RSTW_int; 
    RSTR<=RSTR_int; 
 
    SWCLK<=WCLK or wclk_int; 
    SRCLK<=SRCLK_int; 
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    WE1<=write and window and not wclk_done; 
    WE2<=(not write) and window and not wclk_done; 
 
--************************************************* ****************** 
--******* End Of Comb Process ********************* ****************** 
--************************************************* ****************** 
  end process; 
--************************************************* ****************** 
--******* End Of Architecture ********************* ****************** 
--************************************************* ****************** 
end rtl;  
 

The VHDL program code: EPP.vhd 
--******************************************** 
--*  Filenamn: EPP.vhd                       * 
--*  Simulation module for the fifo sircuit  * 
--*  Written by: Lars Karlström              * 
--*  Version: 1.0                            * 
--*  Date: 2000-02-19                        * 
--******************************************** 
 
LIBRARY ieee; 
USE ieee.std_logic_1164.ALL; 
USE ieee.std_logic_unsigned.ALL; 
 
-- ENTITY ----------------------------------------- ----------- 
ENTITY EPP IS 
   port(clk, reset_n, data_put, address_put, data_g et, address_get : in std_logic; 
        nWait : in std_logic;  
        nWrite, nDstrobe, nAstrobe, nIOW, nIOR, IOC HRDY: out std_logic; 
        busy : out std_logic;  
        DATA : inout std_logic_vector(7 downto 0); 
        data_reg : inout std_logic_vector(7 downto 0); 
        address_reg : inout std_logic_vector(7 down to 0)); 
END; 
 
-- ARCHITECTURE ----------------------------------- ----------- 
ARCHITECTURE rtl OF EPP IS 
 
--------------------------------------------------- ----------- 
-- Signal deklaration 
--------------------------------------------------- ----------- 
 
TYPE EPP_type IS (s0, Sdata_put, Sdata_get, Saddres s_put, Saddress_get, Swritten, Sread); 
signal EPP_state : EPP_type; 
 
--------------------------------------------------- ----------- 
 
begin 
   process(clk, reset_n) 
   begin 
      if reset_n='0' then 
         EPP_state<=s0; 
         nIOW<='1'; 
         nIOR<='1'; 
         nDstrobe<='1'; 
         nAstrobe<='1'; 
         nWrite<='1'; 
         IOCHRDY<='1'; 
         DATA<=(others =>'Z'); 
         data_reg<=(others => 'Z'); 
         address_reg<=(others => 'Z'); 
      elsif clk'event and clk='1' then 
         case EPP_state is 
            when s0          => if data_put='1' the n 
                                   EPP_state<=Sdata _put; 
                                   nIOW<='0'; 
                                   data_reg<=(other s => 'Z'); 
                                elsif address_put=' 1' then  
                                   EPP_state<=Saddr ess_put; 
                                   nIOW<='0'; 
                                   address_reg<=(ot hers => 'Z'); 
                                elsif data_get='1' then  
                                   EPP_state<=Sdata _get; 
                                   nIOR<='0'; 
                                   data_reg<=(other s => 'Z'); 
                                elsif address_get=' 1' then 
                                   EPP_state<=Saddr ess_get; 
                                   address_reg<=(ot hers => 'Z'); 
                                   nIOR<='0'; 
                                end if; 
           when Sdata_put   => IOCHRDY<='0'; 
                                nWrite<='0'; 
                                DATA<=data_reg; 
                                nDstrobe<='0'; 
                                if nWait='1' then 
                                   EPP_state<=Swrit ten; 
                                   nDstrobe<='1'; 
                                   IOCHRDY<='1'; 
                                end if;  
            when Saddress_put=> IOCHRDY<='0'; 
                                nWrite<='0'; 
                                DATA<=address_reg; 
                                nAstrobe<='0'; 
                                if nWait='1' then 
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                                   EPP_state<=Swrit ten; 
                                   nAstrobe<='1'; 
                                   IOCHRDY<='1'; 
                                end if; 
            when Swritten    => DATA<=(others => 'Z '); 
                                nIOW<='1'; 
                                nWrite<='1'; 
                                EPP_state<=s0;  
                                address_reg<=(other s => 'Z'); 
                                data_reg<=(others = > 'Z'); 
  
            when Sdata_get   => IOCHRDY<='0'; 
                                nDstrobe<='0'; 
                                if nWait='1' then 
                                   data_reg<=DATA; 
                                   EPP_state<=Sread ; 
                                   nDstrobe<='1'; 
                                   IOCHRDY<='1'; 
                                end if; 
            when Saddress_get=> IOCHRDY<='0'; 
                                nAstrobe<='0'; 
                                if nWait='1' then 
                                   address_reg<=DAT A; 
                                   EPP_state<=Sread ; 
                                   nAstrobe<='1'; 
                                   IOCHRDY<='1';                                    
                                end if; 
            when Sread       => if nWait='0' then 
                                   EPP_state<=s0; 
                                end if; 
                                nIOW<='1'; 
                                nAstrobe<='1'; 
                                nDstrobe<='1';                                 
         end case; 
      end if; 
   end process;  
   busy<='0' when EPP_state=s0  else  
         '1'; 
end; 

Simulation module for the fifo sircuit: MSM518221A.vhd 
--******************************************** 
--*  Filenamn: MSM518221A.vhd                * 
--*  Simulation module for the fifo sircuit  * 
--*  Written by: Lars Karlström              * 
--*  Version: 1.0                            * 
--*  Date: 2000-02-16                        * 
--******************************************** 
 
LIBRARY ieee; 
USE ieee.std_logic_1164.ALL; 
USE ieee.std_logic_unsigned.ALL; 
use IEEE.NUMERIC_STD.all; 
-- ENTITY ----------------------------------------- ----------- 
ENTITY MSM518221A IS 
   port(SWCK, SRCK, WE, RE, IE, OE, RSTW, RSTR: in std_logic; 
        Error : out std_logic; 
        Din : in std_logic_vector(7 downto 0); 
        Dout : out std_logic_vector(7 downto 0)); 
END; 
 
-- ARCHITECTURE ----------------------------------- ----------- 
ARCHITECTURE rtl OF MSM518221A IS 
 
--------------------------------------------------- ----------- 
-- Signal deklaration 
--------------------------------------------------- ----------- 
 
type    MEM_TYPE is array( ((2**18)-1) downto 0 ) o f 
        STD_LOGIC; 
signal  MEM : MEM_TYPE ; 
TYPE write_type IS (write, write_start, write_init) ; 
TYPE read_type IS (read, read_start, read_init); 
signal write_state : write_type :=write_start; 
signal read_state : read_type :=read_start; 
signal write_counter : std_logic_vector(17 downto 0 ); 
signal read_counter : std_logic_vector(17 downto 0) ; 
signal rw_flag : std_logic :='0'; 
signal r_flag : std_logic; 
signal w_flag : std_logic; 
signal read_error : std_logic :='L'; 
signal init : std_logic :='L'; 
signal init_w : std_logic :='0'; 
signal init_r : std_logic :='0'; 
signal write_error : std_logic; 
signal Dout_dummy : std_logic_vector(7 downto 0); 
--------------------------------------------------- ----------- 
 
begin 
 
 --the delay simulates power on condition (internal  inizalasion ca 100uS) 
init<='1' after 100 us when (init_r='0') or (init_w ='0') else 
      '0'; 
 
process(SWCK, SRCK) 
  begin 
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    if SWCK'event and SWCK='1' then 
      case write_state is 
         when write_start       => if RSTW ='1' and  init='1' then 
                                      write_counter <=(others => '0'); 
                                      write_state<= write_init; 
                                   end if; 
         when write_init        => if RSTW='1' then  
                                      write_counter <=(others=> '0');  
                                      if write_coun ter>=80 then 
                                         init_w<='1 '; 
                                         write_stat e<=write; 
                                      end if; 
                                   else 
                                      write_counter <=write_counter+1; 
                                   end if; 
 
              -- if a write reset is preformed the write counter is cleard and if less then 80 active writes has  
              -- been done the written data is not walide (w_flag=0). rw_flag determins if old or new data is beeing 
read. 
         when write             => if init='0' then  
                                      if RSTW='1' a nd write_counter > 1 then 
                                         write_coun ter<=(others=> '0');  
                                         rw_flag<=' 1'; 
                                      else 
                                         if we='1' then 
                                            write_c ounter<=write_counter+1; 
                                         end if; 
                                         if IE='1' then 
                                            MEM(to_ integer(unsigned(write_counter)))<=Din(0); 
                                         end if; 
                                      end if; 
                                   end if; 
      end case; 
   end if; 
          
   if SRCK'event and SRCK='1' then 
      case read_state is 
         when read_start       => if RSTR='1' and i nit='1' then 
                                     read_counter<= (others => '0'); 
                                     read_state<=re ad_init; 
                                  end if; 
         when read_init        => if RSTR='1' then 
                                     read_counter<= (others=> '0');  
                                     if read_counte r >= 80 then 
                                        init_r<='1' ; 
                                        read_state< =read;  
                                     end if; 
                                  else 
                                     read_counter<= read_counter+1; 
                                  end if; 
         when read         =>  if init='0' then 
                                  if RSTR='1' and ( read_counter > 1) then  
                                     read_counter<= (others=> '0');  
                                     rw_flag<='0'; 
                                  else 
                                     if RE='1' then  
                                        read_counte r<=read_counter+1; 
                                     end if; 
                                  end if; 
                               end if; 
      end case; 
   end if;          
  end process;    
 
      dout<=dout_dummy; 
 
process(write_counter, read_counter, rw_flag, MEM, OE) 
   begin 
      if OE='1' then 
         if (((write_counter - read_counter) > X"00 258") and (rw_flag='0')) or (rw_flag='1') then 
            Dout_dummy<=B"000_0000" & MEM(to_intege r(unsigned(read_counter))); 
         else 
            Dout_dummy<=(others => 'L'); 
            read_error<='1'; 
         end if; 
      else 
         Dout_dummy<=(others =>'Z'); 
      end if; 
end process; 
 
Error<=read_error; 
 
end; 
 

Test bench for top: tb_top.vhd 
--************************************************* *** 
--*  Filnamn:     tb_top.vhd                         * 
--*  Description: Test bench for the interface card   * 
--*  Skrivet av:  Berg & Karlström                   * 
--*  version:     1.0                                * 
--*  Started:     2001-01-25                         * 
--*  Ended:       2001-02-14                         * 
--************************************************* *** 
 
LIBRARY ieee; 
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USE ieee.std_logic_1164.ALL; 
USE ieee.std_logic_unsigned.ALL; 
 
-- ENTITY ----------------------------------------- ----------- 
ENTITY tb_top IS 
   port(test_ok: out std_logic:='H'); 
END; 
 
-- ARCHITECTURE ----------------------------------- ----------- 
ARCHITECTURE rtl OF tb_top IS 
 
--------------------------------------------------- ----------- 
-- Signal deklaration 
--------------------------------------------------- ----------- 
signal dummy      : std_logic := '0'; 
signal EPP_clk    : std_logic := '0'; 
signal CAMERA_clk : std_logic := '1'; 
signal PAN_TILT_clk:std_logic := '1'; 
signal EPP_reset_n: std_logic := '0'; 
signal reset_n    : std_logic := '0'; 
signal RSTR       : std_logic; 
signal RSTW       : std_logic; 
signal SRCK       : std_logic; 
signal SWCK       : std_logic; 
signal OE1        : std_logic; 
signal OE2        : std_logic; 
signal IE1        : std_logic; 
signal IE2        : std_logic; 
signal WE1        : std_logic; 
signal WE2        : std_logic; 
signal RE1        : std_logic; 
signal RE2        : std_logic; 
signal WCLK       : std_logic; 
signal WINDOW     : std_logic :='1'; 
signal nRESET     : std_logic; 
signal nWAIT      : std_logic; 
signal nWrite     : std_logic; 
signal nDstrobe   : std_logic; 
signal nAstrobe   : std_logic; 
signal camera_select : std_logic; 
signal camera_reset  : std_logic; 
signal sda_in     : std_logic; 
signal sda_out    : std_logic; 
signal scl_in     : std_logic; 
signal scl_out    : std_logic; 
signal sda        : std_logic :='H'; 
signal scl        : std_logic :='H'; 
signal error      : STD_LOGIC; 
signal busy       : STD_LOGIC; 
signal nIOW       : STD_LOGIC; 
signal IOCHRDY    : STD_LOGIC; 
signal data_reg   : STD_LOGIC_vector (7 downto 0):= (others=>'Z'); 
signal address_reg: STD_LOGIC_vector (7 downto 0):= (others=>'Z'); 
signal MEM_bus    : STD_LOGIC_VECTOR (7 downto 0):= (others=>'Z'); 
signal LPR_bus    : STD_LOGIC_VECTOR (7 downto 0):= (others=>'Z'); 
signal CAMERA_data: STD_LOGIC_VECTOR (7 downto 0):= (others=>'Z'); 
signal capture    : std_logic :='0'; 
signal data_put   : std_logic :='0'; 
signal data_get   : std_logic :='0'; 
signal address_put: std_logic :='0'; 
signal address_get: std_logic :='0'; 
 
 
--------------------------------------------------- ----------- 
 
begin 
--------------------------------------------------- ----------- 
-- Direkt komponent instansiering (VHDL-93) 
--------------------------------------------------- ----------- 
   top: entity work.top(rtl) port map ( 
      clk      =>      PAN_TILT_clk, 
      reset_n  =>      reset_n, 
      RSTR     =>      RSTR, 
      RSTW     =>      RSTW, 
      SRCLK    =>      SRCK, 
      SWCLK    =>      SWCK, 
      OE1      =>      OE1, 
      OE2      =>      OE2, 
      IE1      =>      IE1, 
      IE2      =>      IE2, 
      WE1      =>      WE1, 
      WE2      =>      WE2, 
      RE1      =>      RE1, 
      RE2      =>      RE2, 
      WCLK     =>      WCLK, 
      Window   =>      Window, 
      nWAIT    =>      nWAIT, 
      nWRITE   =>      nWRITE, 
      nDATASTB =>      nDstrobe, 
      nADDRSTB =>      nAstrobe, 
      camera_select => camera_select, 
      camera_reset  => camera_reset, 
      sda_in        => sda_in, 
      sda_out       => sda_out, 
      scl_in        => scl_in,  
      scl_out       => scl_out, 
      Q             => MEM_bus, 
      D             => LPR_bus); 
 
 
   MEM1: entity work.MSM518221A(rtl) port map ( 
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      SWCK   =>   SWCK, 
      SRCK   =>   SRCK, 
      WE     =>   WE1, 
      RE     =>   RE1, 
      IE     =>   IE1, 
      OE     =>   OE1, 
      RSTW   =>   RSTW, 
      RSTR   =>   RSTR, 
      Error  =>   Error, 
      Din    =>   CAMERA_data, 
      Dout   =>   MEM_bus); 
 
   MEM2: entity work.MSM518221A(rtl) port map ( 
      SWCK   =>   SWCK, 
      SRCK   =>   SRCK, 
      WE     =>   WE2, 
      RE     =>   RE2, 
      IE     =>   IE2, 
      OE     =>   OE2, 
      RSTW   =>   RSTW, 
      RSTR   =>   RSTR, 
      Error  =>   Error, 
      Din    =>   CAMERA_data, 
      Dout   =>   MEM_bus); 
 
   EPP: entity work.EPP(rtl) port map ( 
      clk         =>   EPP_clk, 
      reset_n     =>   EPP_reset_n, 
      data_put    =>   data_put, 
      address_put =>   address_put, 
      data_get    =>   data_get, 
      address_get =>   address_get, 
      nWait       =>   nWait, 
      nWrite      =>   nWrite, 
      nDstrobe    =>   nDstrobe, 
      nAstrobe    =>   nAstrobe, 
      nIOW        =>   nIOW, 
      IOCHRDY     =>   IOCHRDY, 
      busy        =>   busy, 
      DATA        =>   LPR_bus, 
      data_reg    =>   data_reg, 
      address_reg =>   address_reg); 
 
--------------------------------------------------- ----------- 
-- Generation of clock signals and reset.  
-- EPP_clk is a clock that desides the speed of the  EPP simulation module 
-- CAMERA_clk is the clock that desides the pixel r ate sent to the interface module 
-- PAN_TILT_clk is the clk signal to the interface module (top) 
--------------------------------------------------- ----------- 
 
EPP_clk      <= NOT EPP_clk after 100 ns; 
CAMERA_clk   <= NOT CAMERA_clk after 38.5 ns; 
PAN_TILT_clk <= NOT PAN_TILT_clk after 27 ns; 
reset_n      <= '1' after 202 ns; 
 
--------------------------------------------------- ----------- 
-- Start verification 
--------------------------------------------------- ----------- 
 
wclk<=CAMERA_clk when capture='1' else 
                              '0'; 
sda_in<='1' when sda ='H' else 
        '0'; 
sda<='H' when sda_out ='1' else 
     '0'; 
scl_in<='1' when scl ='H' else 
        '0'; 
scl<='H' when scl_out ='1' else 
     '0'; 
 
--------------------------------------------------- ---------- 
-- The folloving process is generating eight bit da ta that 
-- is simulating simulating the camera 
--------------------------------------------------- ---------- 
generate_camera_data : process(CAMERA_clk, reset_n)  
   begin 
      if reset_n='0' then 
         camera_data<=(others => '0'); 
      elsif CAMERA_clk'event and CAMERA_clk='1' the n 
         CAMERA_data<=CAMERA_data + 1; 
      end if; 
   end process; 
 
--------------------------------------------------- ---------- 
-- The folowing process is simulating several funct ions of the interface module(top) 
--------------------------------------------------- ---------- 
process 
   begin 
-- Reset the EPP module 
      EPP_reset_n  <= '1' after 202 ns; 
      wait for 10000 ns; 
 
 
-- Test of reading in address mode 
      address_get<='1'; 
      address_reg<=(others => 'Z'); 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_get<='0'; 
      wait until busy='0'; 
      wait for 100 ns; 
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-- Test of address write. Reset cameras 
      address_put<='1'; 
      address_reg<="11011111"; 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_put<='0'; 
      wait until busy='0'; 
      wait for 3000 ns; 
 
-- Test of reading in address mode 
      address_get<='1'; 
      address_reg<=(others => 'Z'); 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_get<='0'; 
      wait until busy='0'; 
      if address_reg /="01111111" then 
         test_ok<='0'; 
      end if; 
      wait for 100 ns; 
  
-- Test of address write. Reset memory 
      address_put<='1'; 
      address_reg<="11110111"; 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_put<='0'; 
      wait until busy='0'; 
      wait for 100 ns; 
 
-- Test of reading in address mode 
      address_get<='1'; 
      address_reg<=(others => 'Z'); 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_get<='0'; 
      wait until busy='0'; 
      if address_reg /="01110111" then 
         test_ok<='0'; 
      end if; 
      wait for 100 ns; 
  
-- Trye to read empty fifo (generate error) 
      data_get<='1'; 
      data_reg<=(others => 'Z'); 
      wait for 200 ns; 
      data_get<='0'; 
      wait for 1000 ns; 
      if busy='1' then 
         EPP_reset_n<='0'; 
         wait for 100 ns; 
         EPP_reset_n<='1'; 
      end if; 
      wait for 100 ns; 
 
-- Restore error flag 
      address_put<='1'; 
      address_reg<="11110111"; 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_put<='0'; 
      wait until busy='0'; 
      wait for 100 ns; 
 
 
-- Trye to write DATA (generate error) 
      data_put<='1'; 
      data_reg<=(others =>'1'); 
      wait for 100 ns; 
      data_put<='0'; 
      wait for 1000 ns; 
      if busy='1' then 
         EPP_reset_n<='0'; 
         wait for 100 ns; 
         EPP_reset_n<='1'; 
      end if; 
      wait for 100 ns; 
 
-- Restore error flag 
      address_put<='1'; 
      address_reg<="11110111"; 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_put<='0'; 
      wait until busy='0'; 
      wait for 100 ns; 
 
      wait for 2000 ns; 
 
-- Set pixel window active and turn on the pixel ge neration 
      window<='1'; 
      capture<='1'; 
      wait for 10000 ns; 
      wait for 236310 ns; 
      window<='1'; 
      capture<='0'; 
 
-- Reset fifo 
      address_put<='1'; 
      address_reg<="00000000"; 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_put<='0'; 
      wait until busy='0'; 
      wait for 10000 ns; 
 
      wait until CAMERA_clk='1'; 
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      capture<='1'; 
      wait for 50000 ns; 
      window<='1'; 
      capture<='0' after 25000000 ns;      
      wait for 50000 ns; 
 
-- Read data from memory 
    data_reg<=(others => 'Z'); 
    FOR i IN 0 to 311695 LOOP 
      data_get<='1'; 
      wait for 200 ns; 
      data_get<='0'; 
      dummy<='0'; 
      dummy<='1' after 2 us; 
      wait until busy='0' or dummy='1'; 
      wait for 1 ns; 
      if busy='1' then 
         EPP_reset_n<='0'; 
         wait for 100 ns; 
         EPP_reset_n<='1'; 
      end if; 
      wait for 100 ns; 
    END LOOP; 
 
    window<='0'; 
    wait for 200 ns; 
-- Test of reading i2c signals low and reset fifo 
    sda<='0'; 
    scl<='0'; 
 
-- write 
      address_put<='1'; 
      address_reg<="11101111"; 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_put<='0'; 
      wait until busy='0'; 
      wait for 3000 ns; 
 
-- Sheck content of te address register 
      address_get<='1'; 
      address_reg<=(others => 'Z'); 
      wait until EPP_clk'event and EPP_clk='1'; 
      address_get<='0'; 
      wait until busy='0'; 
      if address_reg /="01111100" then 
         test_ok<='0'; 
      end if; 
      -- Endles request 
      wait until sda='1'; 
   end process; 
       
END; 
 
 

 


