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Abstract

Accuracy and reliability are two key measures of the performance of any measusgsbemt
Any inaccuracies in system calibration show up as errors in the meassuwéd. Further, if a system is
not stable between successive calibrationssystem rapity loses usefulness. For microwave
radiometers for atmospheric sensiagguracy is paramount because they need to detect changes in
antenna temperatuoé .2K or less. Microwave Water Vapor Radiometers often need to be used in
aircraft,at sea, or outsid®er extended periods of time in all environmental conditisngeliability is
paramount.

The existing radiometer control and computing system utilizes a PC104dctonbased
Pentium processor that runs Microsoft Windows, which does not suppétiime control of switching
and data sampling. Pentium processors @ssume large amounts of power resulting in heat which
must be dissipated. lw-power microcontroller running a retime operating system will provide
lower power consumption and bet@ntrol of system switching and data samplifigere are an
additional 4 cards including a commercial off the shelf data acquis#iehwhich also consumes large
amounts of power. These 4 cards togetherralgoire a large amount of volume inside tadiometer
and thus prevents furtheriniaturization of the system.

This paper describes tleentinuingdesign of a radiometer control and computing systdrich
is based on a low power ARM9 microcontroller sirlgeard computer angrovides enhanced
reliability and control through the use of embedded Linux. @esign also includes a consolidation of
the 4 separate cards into 1 unit requimmgch less power to operate as well as occupying less space,
and this single boardterfaces with the system boarda an industry standard interface. This system
is also reliable and operationally robust over a wide temperature range becaseseaiflasthased
data storage medium instead of a disk drive with movable parts.

This paper describes the system har@waarification stepperformed to test the consolidated
board and provides analysis of specific flaws found in the low noise amplifier (LNA) analog cjrcuitry
IF_sense amplifier, and noise detector amplifidtso described is the software design of timgle-
board computerés communication to the consol i deze
Finally, detail is provided on the software for the FPGA of the consolidated board which handles
communications between the ARM9 board and between tisolidated board analog circuitry.
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|. Introduction

A microwave radiometer is an extremely sensitive passive device used to measure black body
radiationemitted in the microwave region. Dr. Steven Reising has taken the concept of a microwave
waterprofiling radiometer and miniaturized thadio frequencyront end to reduce size and create
opportunities to use it where previous radiometers would notdséfe to use. By reducing the size of
the device the sensitivity of the components @it dependence on operating temperature are greatly
compounded. Following the vision of Dr. Reising a more compact and lower power control and
acquisition system wasesired to complement this miniature radiometer and further increase its
flexibility to operate in the field. This led to Pat Kusbel's work last semester to define a more apt
system to interface to the radiometer for increased capabilities.

This paper igneant to describe the ongoing efforts concerning the design and development of
the embedded controller for Dr. Reising's Microwave Water Profiling Radiometer. Extensive hardware
development was done lasarin preparation of the software developmantihardware testing last
semester. We will go into brief detail the previous hardware efforts made toward this goal in the
following secton For a f ul | a ¢ ¢ o u n €Contwl apdaCereputingeSystem éontleee  t
Compact Microwave Radiometeror Hu mi d i't Spring2067f i | i ng o

This yeafs primary goals consisted of verification of the hardwaregdesi and fabricated last
yea and software development in preparation for system integration. The work that was to be
completed thigyearwassplit up into three categories. Hardware verification was performed by Mehdi
Mehrpartou, FPGA software design was tackled by Luke Ciavionfadl 2007and Linux software and
driver development was done by Elliot Bulierfall 2007

Hardware for this mject consistd of two unique pieces. Lageara design decision was made
to use the TS7300 embedded SBC by Technologic Systentke primary computing platform. This
has proven to be an extremely flexible solution to meet the constraints put fdtis foroject. The
second component consists of a completely custom méderdboard based around the Spaf3&n
FPGA. The choice to design a completely custom board was made to maximize the use of resources
applicable to this particular application. Pimsly, separate boards were used for signal captur
amplification, and power control. By combining all of these function into a stackable form factor both
size and more importantly power consumpti@rere reduced. The design traofé wasthe complexity
of designing the board. This design proved to be enough to keep a seasetiee ferigineer busy for
an entire semester. This complexity became quite apparent this semester as Mehdi worked to verify the
function ofthe orboard power supplies that witted tothe radiometer.

The software component of this project proved to be rsivagghtforwardalthough all FPGA
development had to be done on an evaluation board in lieu atthal hardware, due to the hardware
verification processThe initial gal of this semester was to have dummy resistive loads connected to
the power outputs of the board andave the software in place to see fabricated signals flow from the
ADC inputs all the way to SD card storage medium. The goal was not met due tgréssag
deadline and the relative inexperience of the team. However, there was extensive progrése all
areas of development and we believe this milestone will be met mid next semester.

1 http://www.embeddedarm.com/epc/ts73ffiech.htm
2__http://www.engr.colostate.edu/esedesign/AY06 _07/radiometer/documentation/RadiometerController_final.pdf

4



http://www.engr.colostate.edu/ece-sr-design/AY06_07/radiometer/documentation/RadiometerController_final.pdf

Il . Summary of Previous Work

Most of the previous work sayea was dedicated to the design of the analog FPGA board and
to sourcing the parts for the board. The completed bill of materials contained about 1500 parts. The end
product was a-ayer board manufactured by Advanced Circuits and assembled by AAPEBme
taken to select each of the integrated circuits and source as many parts as possible via samples proved
to be time consuming. Pat Kusbel spent many long nights not only designing the board but doing place
and route by hand. A cost analysis of #malog board is included in AppendiA--.

When not assisting Pat in sourcing parts, Elliot spent most of his time working with the SBC
(single board computer). It came from Technologic Systems with a vanilla Linux 2.4.26 kernel that had
been ported toun on the Cirrus Logic ARM9 processor. Some of the tasks included in setting up the
kernel and services included:

Configuring networking

Configuring the ssh daemon

Configuring and setting up Apache and custom control PERL scripts
Installing the THCP daemon

Setting up a secure certificate

Configuring the FTP server

Initial PC104 throughput testing

Too oo oo oo oo To o

In addition to configuring the SBC, the temperature control daemon was also written. It works
by binding to a TCP port and waiting for commardace commands are received they are parsed and
converted to the proper format to send over the serial port to control the Peltier temperature control
unit. This approach adds flexibility by allowing the temperature to be set from a sodkedmhor a
webinterface over the Internet. An opsaurce C++ sockets framework [2] was used in the
implementation whiclprovided a nice interface to Berkley style C sockets and dramatically reduced
development time. The framework is available under the GNU pubticde free of charge which
makes it an ideal solution for this application. The code implementing the temperature control daemon
has been included as a reference in AppeBdik sample graphical user interface to provide a proof of
concept evaluation intiace to the PC104 bus was also developed. The interface is written in HTML
and uses PERL as the baskd to track state variables across function callbacks and invoke the C
applications to access the memory. This proved to be an efficient techniquelopdex® because
PERL can be tested very quickly and is easy to work with. The GUI communicates with a CPLD
evaluation board over the PC104 bus to adjust the state of 8 LEDs and latch in the state of 8 switches.
The previous system was configured by uplogdfisual Basic scripts to the development board which
proved slow and inefficient. With the new wbhased graphical interface, a novice will be able to
configure and load profiles to control all parameters within the radiometer. A screen shot of tke GUI i
included in Figurdl.



1. Hardware

A. General Overview of Hardware Design Verification
This section is about the verification of the power distribution design of the custom board.

The reader is encouraged to review a detailed discussion of tha degigrements and
approaches for the BDC power conversion in the final report of the project in Spring 2007 by Pat
Kusbel and Elliot Buller. The report and the schematic of the design can be found at the following web
link http://www.engr.colostate.edu/esedesign/AY06_07/radiometer/documentation.html

The following table is a summary of all the voltage regulators that need to be verified.

Input Voltage | Output Voltage | VR Type | Package Efficiency
15V _EXT 8.5V Switching | LT3481 >80%
15V_EXT 5.4V Switching | LT3481 >80%

5.4V 3.3V Switching | LTC3407 >90%
5.4V 1.2V Switching | LTC3407 >90%
5.4V 2.5V Switching | LT3541 >90%
5.4V 1.8V Linear LT3541 ~33%
-5.4V -5V Linear LT1964 ~93%
5.4V 5V Linear LT1763 ~93%
8.5V 6.5V IF1 Linear LT1763 ~76%
8.5V 6.5V IF2 Linear LT1763 ~76%
8.5V 8V Linear LT1763 ~94%
5V LNA VDD_ADJ Linear LT1763 Min 24%- Max 70%
5V 2.5V Linear ADR431 50%
Tablel

Summary of VR Solutions fahe Custom Board

Before the custom board can be interfaced with the ARM9 board through PC104 bus and later
in the project with the radiometer, the hardware design should be verified to be working without any
problems in all marginal conditions.

The following describes our approach for verifying the design of the voltage regulators that
were used on the board for power distribution andMpower conversion

DC Voltage Level

The first step in verifying a voltage regulator is checking the DC levels. Timigpésticular
important for the switching regulators on this board as they are inputs to other linear regulators that
generate voltages needed by the ARM9 board and the FPGA on the custom board.

The voltage levels should be checked at minimum and maxicourent loads that the regulator
is designed for. If the regulator passes this step then we can move on to other testing steps.

Output Voltage Ripple


http://www.engr.colostate.edu/ece-sr-design/AY06_07/radiometer/documentation.html

All the switching regulators on the custom board are designed in Buck topology as they are step
down DGDC converters. In general we would like to keep the voltage ripple below 5% of the output
voltage. This means that there should be enough capacitance on the output signal plane.

Besides the output voltage, we also need to monitor the output current ihasftirough the
output inductor. It should be verified that the average output current plus the peak of ripple current is at
least 20% below the saturation current of the output inductor.

Noise Level

We are using analog circuits for IF amplifiers and LNgnals. The analog circuits can be very
sensitive to noise if not designed properly. The signal integrity is very important on the custom board.

One of the steps that was taken during the layout design of the board was to keep the switching
regulators awyafrom the sensitive signals such as ATD buses and LNA or IF signals. Also there is
extra attention paid to the grounding of the layout for the power circuits to minimize noise coupling
and electromagnetic radiation.

The noise levels should be checkedhatimum and maximum current loads. The probing
method is also of special importance. We used coaxial cable and we soldered the cable perpendicular to
the board to eliminate the possibility if picking up external noises that are not present on the board.

Stability

It is important to verify that all the designed switching regulators are stable. Two methods are
common in analysis of the stability of voltage regulators

1) Transient Response Analysis
In this method, generally and Electronic Load device is tsgénerate a step current on the output.
The step current starts at 0 A and jumps to the maximum current level that the regulator is designed for.
The slew rate of the step current that is gener
Then we look &ithe voltage response to the step current. The level of overshoot (if present at all)
should be less than 5% of the output voltage and there should be no signs of oscillation.

2) Feedback Loop Gain & Phase Analysis
Usually, if a satisfactory result is daelied in a transient response, there is no need for gain/phase
analysis. Sometimes, however, the feedback components need to be tuned to reduce the level of voltage
overshoot or amount a ringing in the transient response.
In that case, the feedback logpopened, an input signal is injected in the loop and the response is
measured. As the frequency of the input signal is swept over the desired range (typically 10 Hz to 1
MHz), a bode plot of the feedback loop can be sketched and the phase margin aimdrttergjn can
be determined. A phase margin of 76 deg, results in a critically damped response. Although, we never
had to use this method in our testing process, a phase margin of about 45 deg is a reasonable goal to
achieve a descent transient response.



Electromagnetic Interference (EMI)

It is absolutely critical for our board not to emit electromagnetic radiations that interfere with
the circuitry of the radiometer that it is interfaced with. Usually, EMI issues are avoidable by a proper
PCB layout pactice.

Engineers who designed the PCB layout paid special attention to this issue. A solid ground is
put around the PCB section that contains all the high current regulators. Testing the board for EMI
takes equipment and expertise that are beyond tipe fdhis project. We will pay extra attention
during our functional testing when the custom board is interfaced with ARM9 board and dummy loads.
In case we observe unusual noise on the board, we should design shielding for the boards before we
interfacethem with the radiometer.

Efficiency

One of the criteria that was considered during the design of power conversion solutions for the
custom board was efficiency. The switching regulators are chosen to have an efficiency of more than
90% over the currenbad range that they are designed for. The efficiency of the switching regulators
depends of the DCR of the output inductor, the switching frequency, the duty cycle, etc.

The output current can be measured at the output inductor. Nonetheless, curréi@i the
design is not convenient for measuring the input current. As a result we cannot measure the efficiency
of the switching regulators. The efficiency of linear regulators is simply the ratio of output voltage to
input voltage because the input currerd #re output current are the same.

Thermals

When the custom board is interfaced with the ARM9 board and ready for functional testing, it
should be tested for thermal dissipation either with a thermal camera or thermocouples. The potential
hot spots shouldde monitored such as output indictors of switching regulators, all voltage regulator
chipsets, FPGA and some components from the ARM9 board.

B. Low NoiseAmplifier VDD Circuit Verification
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Figurel
Schematic Circuit for LNA VDD

We startedur testing by a transient analysis of this circuit. The LNA_VDD_ADJ was setto 0 V. As
Figure2 shows the instability of the output voltage is evident. However, more importantly the circuit is
not biased correctly in DC mode. As Figure 2 shows, the buggtage is at 1.2 V, even though the
reference signal (LNA_VDD_ADJ) was set to 0 V. If the circuits works correctly in DC mode, the
output voltage at the bottom of R101 should track the reference voltage LNA_VDD_ADJ.
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TransientResponse of LNA_VDD. Current Step is 300 mA, instability is evident

It was determined that the minimum value for LNA_VDD_ADJ is 1.2 V and it can be as high
as 3.5V. Further testing in DC mode, revealed that the output voltage at the bottom of R10&dvas fix
at 1.2V and did not track LNA_VDD_ADJ at all.

One of the observations during this time was that the measurements were not repeatable and the
waveforms were inconsistent. For example, the output of the OpAmp (U16A) stayed at 5 V for some
time and all ofa sudden dropped to 0 V. As we moved the board it was fixed and the same thing would
happen again. It was determined that a tiny soldering ball between pin5 (ADJ) and pin6 (BYPASS) of
U17 was causing this problem. Every once in a while, the soldering/daldi accidentally short out
pin5 and pin6 and caused U17 to output O V instead of the right value of LNA_VDD. The issue was
fixed by removing the soldering ball with a heat gun.

To address the stability problem of the circuit, we first noticed thdota¢ RC feedback, i.e.
C96 in series with R106, was connected to the positive input terminal of the OpAmp U16A. Since Q3
is not installed, the output signal is not inverted. In other words, there is no phase shift of 180 deg from
the small signal analyspoint of view between the sensed output voltage and the input to OpAmp. As

9



a result, the feedback must be connected to the negative input terminal of the OpAmp so that a negative
feedback is generated.

To fix this issue, we lifted the side of C96 that wasnected to pin3 (+) of UL6A and used a
wire to connect that side to ping (nstead.

It was also experimentally determined that the value of R100 was causing the inability of the
circuit in regulating the voltage. More than 50 scope shots were t&ikémat we could optimize the
value of R100. We tried the following values f
It was determined that R100 has to be 100 q or
input range from 1.2V to 3.5V iIDC mode. Figure 3 shows part of our effort in optimizing the value of
R100.
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Optimization of R100. R100 = 100 q all ows

The waveforms of Figurg show that the circuit is dtihot working properly in DC mode. Note
that the output of the OpAmp is in oscillation mode between 0 V and 5 V and U17 cannot regulate the
ADJ pin (pin5) to stay at 1.22 V as it is supposed to. The result is oscillation on the output voltage with
a frequacy around 5.5 kHz and a ripple around 80 mVpp.

This ripple and oscillation is not acceptable for this design. We went back to simulation analysis
in order to find out about the reason for oscillation and to find a solution. Figure 4 and Figure 5 show
ourfindings.

During the previous testing, we used an external power supply on pin2 of U16A to adjust
LNA_VDD_ADJ signal. Note that we did not put any external resistors between the external power
supply and the input of the OpAmp. As the comparison betteesimulation results of Figure 4 and
Figure 5 shows, this can be reason for oscillation as the impedance on pin3 of U16A which senses the
outputvoltge ( R108 = 100 kqgq) does not match the | mpe
voltage LNA_VDD_ADJ.
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O q resistor between reference power supply
and the OpAmp. Impedance mismatch hasethe oscillation.
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100 kq resistor between r.aDer &ngceepowéeonrs b
output and the OpAmgNo Oscillation

More simulations revealed that if we reddtlee resistance on Pin2 and Pof3J16A from 100
kg to 100 q, the output voltage response would

coupled to the input of the OpAmp and get amplified.

As a result the board was reworked to02change
was removed and a 100 q resistor was placed at
reference input is connected to OpAmp through matched resistatit®n08.
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Similar testing has been done on other analog circuits such as IF2_serifieraanglnoise
detection amplifiers and necessary reworks have been done to ensure the correct operation of those
circuits.
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V. Software Design

The software can basically be divided into two parts: that which runs on the FPGA and that
which runs onhie SBC. The software for the FPGA was designed using the Xilinx ISE and EDK tool
chains. The software developed for the Linux based host board was done using a cross compiling tool
chain setup to specifically cross compile the software for the ARM pracassohost machine
running Debian Linux. Below is a block diagram showing the overall layout of the different software
modules and how they interface with each other.

Software Block Diagram
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Microblaze 32-bit Soft Processor

_.| DAC Driver |— SPI Core

| ADC Driver

Storage/ Interrupt Routine

Y b Y

3 | SPI COI’E” SPI COI’El | SPI cOre|
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——] PCl04BUS |
< > Linux Host

[ +—> Storage Daemon |

PC104 Device Driver

F
r

> Temperature Control Daemon

F 3

- Pasition Control Daemon

Kernel

> Web-Enabled User Interface

F 3
¥

Figure 6

V-I. Linux Software

There are five main components that make up the satwsaning on the Linux host board.
These are:

PC104 Driver

SD Card Storage daemon
Temperature Control daemon
Position Control daemon
Time Management daemon

Too Too oo oo o
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A Web-based User Interface

Of these five components four are running in tsg&ce andne is running in kernel space. Special
consideration must be made to ensure that the PC104 driver running in kernel space does not interfere
with any of the security facilities within Linux.

The PC104 driver is really the core custom applicationghables communication between
Linux and the custom FPGA board. It has been written as a kernel module and actually incorporates
itself into the kernel using the command 'insmod'. Since the software actually becomes part of the
kernel, development of theCR04 driver was very specialized. None of the typical-apace libraries
were available for use and a strict set of compatible functions had to be defined to adhere to the kernel
module template. One of the most difficult parts of designing the PC@&¥ dras getting it to
properly link and compile on a machine running a completely different kernel. To accomplish this a
crosscompiler tool chain was set up that contains all the compiling tools and libraries that were used to
compile the TS7300 Linux keel. Next the source for the stock kernel was downloaded and compiled
from scratch using this crosempiler. Special attention was paid to ensure that the parameters of the
kernel we were compiling were identical to that of the kernel that was currentiyng on the board.
If there was any mismatch we would have to reload the board with the newly compiled kernel and
reconfigure all the services mentioned above. After the stock kernel was compiled, | was able to modify
a Linux 2.4 kernel module template provide the functionality needed to interface with the FPGA
board. In our particular setup all data transfer is event driven, so the first task was to register the
interrupt handler being used in the Linux interrupt table. Once the interrupt was ezhjiatgytime the
interrupt signal coming into the processor saw a positive edge the kernel would consult the interrupt
table and pass execution to the interrupt handler. After this was set up and tested all that remained was
setting up the file read/writgperations within the PC104 driver. The primitive object within the Linux
operating system is the file. So although there is actual hardware that is interfaced to the driver from
the perspective of the operating system and allsis@ce applications, albofiguration and
communi cation happens by reading and writing tc

The SDcard daemon was also written this semester. Its main responsibility is to query the
PC104 device driver for data. The daemon does this by opening the sigcidiefv/pc104' and
attempting to read it. If there is data available it will be read in, formatted, and written out to to another
file specified through the command line. One important consideration is that tbar&daemon
gueries the device driveften enough that the internal buffer within the device driver never fully fills
up. If this sort of overrun condition occurs, all data must be invalidated and the system must be
reinitialized. To prevent this, the interval at which the&d daemon quess the device driver can be
configured with millisecond precision via the command line. In the future it would be possible to also
accomplish load balancing within this software unit to facilitate greater throughput by alternating
writes between both SD s and later recombining both sets of data using the timestamps. The
current format of stored data is:

TTTT:D1:D2:D3:D4 <new line>
TTTT represents the 32 bit native Linux tks@amp of the 4 samples with millisecond precision while
D<1- 4> are each 16it samples representing the 4 channels coming in from the radiometer. Each set

of samples is terminated by a new line. This format can be easily changed in the software and extended
for use with more than 4 channels.
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Another component that helps maintthie current state of the system is the temperature control
daemon. It was written as a standalone unit because once set during initialization it should not have to
be continuously monitored. The temperature control daemon works by binding to TCP pah8001
waiting for command messages. Once received the message is parsed and matched against a table of
valid commands. If the message matches, a packet is assembled containing the corresponding
command for the Peltier temperature control unit in additianioother necessary arguments and a
checksum. The entire packet is then sent over a seridBRStream to the Peltier unit. Upon receiving
the command the Peltier unit will validate the data and send an acknowledgment message back. This
acknowledgment essage is validated and any errors will be passed over the TCP socket to the end
user. We chose to use TCP sockets as the interface to thisreemhpm facilitate testing andtegration
into a web based user interface. The unit can be tested usingle BERL script to mimic the
transmission of commands. In addition, once plugged into a network the temperature of the unit can be
set from any computer or wddased interface by connecting to tla@ohon on TCP socket 9001. There
are no security functionsurently built in but this is a consideration for the future, especially if the unit
is to ever be connected to a public unsecured network.

Another stanehlone component to coordinate the system is positioning control software. There
are still a lot ofunknowns concerning this component as development of this software has not yet been
attempted. The positioning apparatus consists of a circular platter that rotates 360 degrees(in the X
plane. Mounted on the platter is a second positioner that cortteoiisdiination of the mounted device.

The entiresystem is controlled via R332 A similar approach to that used on the temperature control
daemon could be used as the framework for the TCP 83 Sommunication. This will be one of the
goals of develoment next semester.

In addition to the position control software we need to writepghiaation that will retrieve,
manage, and synchronize the time between both boards. The time will be periodically retrieved via
GPS over R232. At that point it willupdate the ofboard reatime clock. A useful feature of the
TS7300 board is that it contains antoward, low current, redglme clock with battery backup. This
allows the time to remain valid through a power outage. This application will be respdoisible
initializing the time on the FPGA board as well as tracking the last time the system time was
synchronized.

Lastly, we will need a user interface to control the entire system and handle dumping data to
various formats. | envision the user interfbegng webbased, similar to the one created-igure 8of
the appendix. This user interface would allow the following three tasks:

A Configuration of all the necessary parameters within the system

A Realtime data display to validate the setup and configon parameters

A The ability to format and dump the data stored on the SD card to the host computer using the
interface

Configuration would be best suited by using standard HTML forms and a PERL script for
validation and parsing. Parameters couldlgae retrieved and altered by storing them in an SQL
database. It may also prove useful to have multiple 'profiles’ ef@rigured parameters that can be
saved and easily reverted to. The SQL database would help facilitate this. In addition there are
standard, easy to use PERL library modules that help interface to SQL databases.

Realtime data display may prove more difficult. There are a couple different methods that
could be used. If a very fast link between the host system and the TS7300 anussalje could be
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rendered in PERL using the currently available data. Periodically this image would be updated and
refreshed to the screen. A more efficient approach would be to use Java and the principles of AJAX. In
this method a Java applet would baded and communicate with the TS7300 boanmdguXML

callbacks. In this wags the data becomes available the Java applet could plot the appropriate point.
This would be a much more efficient approach and would allow the streaming of data over wide area
networks such as the Internet; however this approach would incur a much greater development time.

Downloading the data to the system would probably be the easiest of the three functions to
accomplish. The easiest way to accomplish this would be to Have@ebuilt PERL scripts that
could be selected from the user interface. The scripts would parse the raw data file into the desired
format and instantiate a link for the download of the formatted data In this way when new formats
become available it wodlonly be necessary to write a new PERL script to convert the data to that
format.

V-ll. FPGA To PC104Software

Microblaze
Processor
A
[4}]
o
Q
3
o}
e <o Pop Write M
g Manager rte ianager
o A
T @ 2
g 2
f-l_ﬂ v =
% E Address 8
: s
= ]
Y
| PC104 Bus
Figure7

A software module is needed to interface between the PC104 bus hardware and the Microblaze
processor. This software module, thelP& interconnect module, has a number of design tasks and
considerations:

e The PC104 bus runs on a slower clock than the Microblaze processor. This necessitates that the
communication between the two be asynchronous. The PC104 interconnect module must
implement this asynchronous communication.
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The Microblaze processor periodically polls for data from the radiometer. This data must be stored
temporarily until the ARM9 board initiates data transfer. The radiometer data should be stored by
the PC104 interconnemodule to be ready for transfer.

A time stamp needs to be associated with each group of radiometer data values. The current time
will be provided by the Microblaze processor but the interconnect module must handle storage of
this time value and associarti of it with the correct radiometer data.

The interconnect module should send an interrupt to the ARM9 board over the PC104 bus when
radiometer data is ready to be transferred.

Parameters will be sent from the ARM9 board over the PC104 bus to the Mierpiotecessor. The
PC104 interconnect module needs to store these values, alert the processor to the existence of new
parameter values, and provide these parameter values to the processor. It must be possible to
reference each parameter individually over BC104 bus.

The interconnect module must be able to perform three operations, writing a parameter value,
reading the current radiometer data value, and popping the current radiometer data value out of the
gueue to access the next value.

The interconnect ndule must correctly interpret read and write control signals that last over

multiple clock cycles. A constant signal over multiple clock cycles should be interpreted as one
read/write command and not as a separate read/write command for each clock cycle.

Many of the above design tasks had multiple options as to how they were implemented. Design choices
for the PC104 interconnect module included the following:

Placement of the asynchronous buffer. The asynchronous buffer can be placed either between the
Microblaze processor and the PC104 module, or between the PC104 module and the PC104
hardware bus. In the first case the PC104 module would run on the PC104 bus clock, and in the
second case the PC104 module would run on the Microblaze processor clock.

Choice of communication bus between PC104 and Miexdlprocessor. Bus options areboard
peripheral bus (OPB) and fast simplex link (FSL).

Onboard Peripheral Bus| Fast Simplex Link
Direction Bidirectional Unidirectional
Multiple Masters Yes No
Multiple Slaves Yes No
Can be Asynchronous Yes Yes
Max Speed 240 MHz 600 MHz
Data Queue No Yes
Min Number of Slices 21 21
Min Number of LUTs 22 3

Table2

Manner of temporary storage for the radiometer data collected by the Microblaze processor until it
can ke communicated to the ARM9 board.

Usage of the two control signals to signal three different operations: read, write, and pop for the
temporary data queue.

How to associate data samples to sample times.
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