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Abstract: In the distributed geophysical instruments, it would lead to reduced reliability, increased
manufacturing costs and low efficiency problem when firmware program upgrade of the high-end FPGA
for control data processing of master station in using traditional methods, the direct updating FPGA
configuration Flash chip firmware program proposed based on researching on the ways of the update the FPGA
program. Using FPGA chip and the FPGA corresponding Flash chip, it directly design the FPGA configuration
FLASH model interface by the logic resource, through this interface and the external interface bus between
FPGA and computer receives remote firmware program and send it to the configuration FLASH, then complete
FPGA firmware updated. Verified by experiments by Xilinx's V6 series FPGA, the method to download a
FPGA program takes about 2.5 min, 10 times faster than other methods efficiency, avoiding the problems about
use of third-party controllers disassemble and other methods to bring reliability, cost and technical complexity.
This approach has a high practical significance. Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction exploration emerge until recent years, but with the
trend of rapid development [4, 5].

Due to the traditional geophysical instruments' It has many advantages to compared to the
feature such as low presence of channel capacity, few traditional geophysical instruments that geophysical
observations data can be obtained every time, the instrument uses the combination many distributed
poor ability of noise suppress [1], it would lead acquisition systems and a master system, more and
directly the problem of resolution in the exploration more geophysical workers like this system [3-5].
of geological structures [2]. For solving these With the rapid development of related electronic
problems, to get a more precise exploration data, it is technology, it requires the main control system
a viable approach that geophysical instruments using higher and higher processing speeds, and thus FPGA
distributed acquisition systems on the survey area as a high-speed processing platform and rapidly used
[3]. Although distributed collection systems and in a variety of distributed master station

related technology in the field of geophysical of geophysical instruments [6-8]. Because of the
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special of the FPGA in geophysical instruments
applications, thus the FPGA firmware program
configuration in high speed issues is also a focus
of attention.

Currently, the several ways of FPGA
configuration such as wusing the Flash chip
configuration mode, using the CF card memory
configuration mode and direct JTAG download
modes are the practical approaches [9]. Direct JTAG
download mode which is generally used when
debugging or prototype, CF card memory
configuration mode is generally used to the products
which the products' position is fixed, and therefore
only the Flash configuration more fit the distributed
geophysical instruments FPGA [10-12]. According
Flash configuration mode, it focuses on research
from the FPGA firmware upgrade -efficiency,
reliability, etc., and then propose a direct download
mode of FPGA firmware upgrade [10-16].

2. Upgrading Firmware on FPGA

As shown in Fig. 1 is a distributed collection
system.

Distributed Data x-axis
Acquisition Station

Survey line 1

Surveg line 2

—axi .
yraxis Survey line n
Master
station
Fig. 1. Distributed geophysical instrument.
As Fig. 1 shows, distributed geophysical

instrument consists of a master station and several
10 sets of multi-channel acquisition stations [3-5].
Master station functions not only to complete the
self-test, parameter settings and send a series
of control commands to the acquisition station, but
also continue to receive raw data from the all
acquisition stations via ZigBee or other wireless
networks, and preprocess all of the raw data [2]. This
design can greatly simplify the all the geophysical
instrument, acquisition station only keeping signal
amplifier module, A/D, register and ZigBee modules
or receive and transmit modules, greatly reducing the
weight of the acquisition stations and improve the
efficiency of field exploration. Therefore, the
performance of FPGA in master station has high
demands, include the efficiency and reliability
of FPGA reconfiguration.

2.1. Firmware Program Update Model
in Reconfiguration

In order to complete the real-time processing
of data in distributed geophysical instruments, it will
have to use the large-scale FPGA to meet computing
requirements, and the FPGA reconfiguration
firmware program will be relatively large, so the time
of firmware program upgrade will become longer,
and therefore how to accelerate convenient
firmware program upgrade has become an important
factor [17].

The data of firmware program composed
of frames, which are sent to the FPGA via an
interface between the computer and FPGA, and then
FPGA send the data to the configuration Flash chip
through the peripheral interface to memory [16].

For comparison, according to the actual situation,
we can get the Formula (1) and (2), therefore, the

time parameter 7. that the firmware program data
transmit from the PC to the FPGA and the time
parameter 7, that the firmware program data

transmit from the FPGA to configuration Flash chip
can get separately from the Formula (1) and (2):

Nyppi
];F:TczmzNa"'Ta M
1
Nyppa
Ty =Ty, ZNb+Te: (2)
1

where N, and N, are the times each frame to be
transmitted in the two transmitting processes, 1,

and T, , representative of the each clock in the two

interfaces, N and N UpD2 representative of the

UpD1
frames numbers to be transmitted during two
transmitting processes, 1, representatives of the

required delay time between start and end during
FPGA wupdating the firmware program data, all
parameters such as the time delay units are ns,
another delay is very small relative to the overall
time that can be ignored.

FPGA total update time for firmware program

data T, UpD which can calculate from the actual

situation and its range <can be obtained
in Equation (3).
Typ =T, +T,+T,,, (3)

The parameter 7,

Equation (4). The vast majority of cases are due to
the speed between computer to FPGA and FPGA
to the Flash memory, which process slow, then the

can be get from the
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parameter 1’ s can get from which process, thus the

Formula (4) represents the value of the slow
transmission speed formula.

N, UpD1 N, UpD1 N, UpD2
];Ikl Z NaaTczkl Z Na Z];m Z Nb
1 1 1
T = 4
fin NLguDz NL'pD] NL'pDz ( )

T;lkZ Z Nb’T;‘Ikl Z Na <7:’1k2 Z Nh
1 1 1

By Formula (4) shows that different firmware
update method from the PC to FPGA and the FPGA
to the memory of the process is diverse, the time is
certainly not the same.

2.2. The Reliability Analysis of Products

As technology advances, more and more complex
electronic equipment which should fill with full
attention on its reliability to ensure that work
properly. The master station of the distributed
geophysical instruments collects the acquisition
stations' data and processes the data, which is a
complex electronic device and also work in a variety
of harsh environments, so it requires very high
reliability which otherwise functional completeness
and performance excellence will not be ensure.

In order to combine the master station of the
distributed  geophysical instruments reliability
analysis, where the use of reliable procedure and

mean time to repair to build the reliability model [18].

Since the FPGA firmware program data update
of master station is a chain model, only when all
members of the elements are reliability, the master
station is reliable, so the Formula (5) shown the

reliability Rg(t) [19].

RsO=] [R.(®). 5)

where R, (f) is the reliability function of the i"
element or component in master station,
0 <R.(#) <1. Mean time to repair MTTR (7}, ) can
obtain by the Formula (6) [18, 19].

T =—2 A, ©)

where Af, is the time spent on the i" time

N
maintenance, while ZAti is the time for the
i=1
all maintenance.
Although different elements or components have
different reliability functions and different
maintenance time, and with the increasing of these
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parts, by the Formula (5) and the Formula (6), the
reliability will go down and the maintenance time
will increased.

2.3. Several Upgrades Approaches of FPGA
Firmware Program

Currently ~ mainstream  FPGA firmware
program update methods have the following four
categories [16, 20-24]:

1) The using of third-party processors such as
ARM CPLD or FPGA do the firmware program
updates, etc. to download;

2) Peripheral interface design, the using of an
external memory card configuration updates, such as
CF card;

3) Using FPGA embedded soft-core, such as the
Xilinx Microblaze IP core realizing update
Download FPGA firmware program data;

4) Using the JTAG download cable, from
manufacturing companies or third-party JTAG cable.

Depending on Formula (3) and Formula (5), it
can be obtained the features of the several
approaches of FPGA upgrade features in the Table 1.

Table 1. Upgrade superiority comparison.

Upgrades Reliability Efficiency and
approaches Factor characteristics
. The number of Easy to upgrade, but
Third components
. the processor speed
Party increases, .
. determines the
Processor reducing efficiency of undate
reliability yotup
peripheral Me.m ory cgrd Need to first load
. anti-vibration and .
interface . the program into the
design anti-transport memory card
capacity is weak
FPGA Transplant is not ;l;hfhzfg:;flilcy due
embedded | good, and the &h,
soft-core design is complex generally less
& P efficient
Requires a
JTAG ;ﬁilri‘zzzdor Low efficiency, the
download o need to build soft-
demolition
cable . core process
chassis, low
reliability

In the selection of FPGA firmware program
update mode in the master station, the using of CPLD
or third-party processors or using an external CF card
to be updated, the former increasing the chips and the
corresponding RC component, while the latter
increasing the chips, CF card connector and the
corresponding RC components, represented by the
Formula (5), the reliability will become low. And by
the Formula (6) shows that these two methods will
increase the MTTR time, also increase the design and
manufacturing costs. Therefore, from the perspective
of reliability for the actual use of geophysical data
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acquisition, it can be know that the master station
system needs to anti-vibration and adapting other
harsh environmental conditions.

The transplant performance of using of soft-core
method in FPGA is inconvenient, technical stability
is poor and difficult to design and waste FPGA
resources when using of soft core, and down the
updating efficiency. The soft-core in FPGA chip in
similar components in using, there are also software
reliability problems.

When the JTAG download cable download
starting first in the FPGA will do some complex
settings, so the time value is large, according to the
using of the clock. Because when JTAG firmware
program update, the amount of data will be great,
because the USB JTAG theoretical maximum speed
rate of 480 Mb/s, but there have many FPGA
configuration Flash chips theoretical maximum speed
value of up to 800 Mb/s. Therefore, from this aspect,
just select one method that the speed more than from
the PC to the FPGA USB JTAG rate can improve the
update efficiency, while this approach increasing
to open the chassis and other procedures, an
increasing the time of in the update FPGA firmware
program components or maintenance.

The JTAG way to write configuration files to the
FPGA  configuration  Flash, = which  need
to disassemble the chassis and the board, more
cumbersome, if improper operation will damage the
equipment, the operator requiring high skills,
updating efficiency is low. The ways using CPLD or
third-party processors and using an external CF card
to be updated, increasing costs, reducing product
reliability and increasing the mean time to repair, not
meet the reliability under harsh environment. Adding
new soft-core IP in FPGA chip, the degree
of technical stability is poor, and wasting precious
resources in the FPGA chip, increasing the cost and
the updating efficiency is not high, while also
reducing the reliability of the product and other
aspects of software portability [25].

The product using in harsh environments, the
primary aspect for it is to calculate the reliability
of the model based on its reliable performance.
Choosing a good reliable way to update, and then
select the design under the same reliable conditions
in a highly efficient method to achieve high
reliability engineering methods. In fact, many
damaged components are not a problem in itself, but
because of the design caused by the irrational.
To avoid the lack of the above methods, it
presents a method of updating directly to the
FPGA configuration Flash firmware upgrade
for FPGA reconfiguration.

3. Study on Model of Directly Download
Design Mode

Onboard FPGA configuration Flash chip is the
highest in reliability, so choose this way and improve

it in order to achieve the purposes of high speed and
high reliability.

3.1. Directly Download Mode for FPGA
Reconfiguration

Due to the reliability problems of each master
station in the distributed geophysical instruments, the
on-board Flash mode is the FPGA firmware program
optimum configuration approach. When production
the FPGA master station must to go through the bare
board testing, debugging firmware, which is
downloaded directly through traditional JTAG
download cable. The first firmware program data
include the module of directly download function.
Shown in Fig. 2, after the commissioning board and
assembled it into products, via the testing to achieve
application technical indicators, can be put into use,
often in using the FPGA firmware program needs to
be upgraded, then they can use the FPGA directly
download mode  firmware  program  data
for the FPGA reconfiguration, complete the

upgrade process.

Master station FPGA
(dedicated JTAG interface on
the FPGA, and finally into the

configuration in FLASH)

Computer (USB
port or parallel - JTAG
port)

v

Products

>‘47

Does it need to be
upgraded?

Master station FPGA (FPGA
o | and computer communication
= bus, and finally into the
configuration in Flash)

Computer (with

FPGA _ BUS
communication |

interfaces)

Whether the product is
scrapped?

Fig. 2. The first configuration model diagram.

In the configuration process, the computer
general control of  distributed geophysical
instruments include the master station, while the
master station to complete the pre-processing of data
quickly, and then give it to the computer to the
further processing, so the direct download mode only
need the BUS between the computer and master
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station FPGA chip, and then design the FPGA
configuration Flash chip interfaces to complete the
upgrade of FPGA reconfiguration firmware program
data. The interface design contains the corresponding
reader and writer modules designs are saved in the
future upgraded firmware program data in each
upgrade times, and the former configuration data will
be an alternative, to achieve new functionality and
save upgrades.

3.2. Analysis of Direct Download Mode
Design

Regardless the model of the FPGA configuration
FLASH chip interface in the master station, it should
contain the potential functions for direct download
mode. The direct download mode main contains the
configuration Flash interface timing design model,
FPGA firmware program data structure analysis
model, and the master station interface programming
model and software design model. There are many
species of interface bus between the board and the
host computer, such as the PCI bus, PCI-E bus,
Gigabit Ethernet, ISA bus, serial bus, etc., each
interface bus has different protocols, so the design is
not the same. According to interface bus protocol
to communicate the corresponding data between the
FPGA and computer, and it can design the optimal
interface for FPGA firmware program data upgrade
mode depending on the application.

As shown in Fig. 3, the mode structure of the
direct download composition. With existing bus
interfaces between the computer and FPGA which
in the master station, establish the FPGA
configuration Flash chip interface and establish direct
download mode control port based on this
communication bus with existing host machine, then
the design work to a minimum.

Computer

BUS|

Data read Bus Flash

Interface | interface

| Configuration
hikg Flash

and write
interface

Fig. 3. Direct download mode.

The key lies of direct download mode is how
to design Flash interface and analyze corresponding
FPGA firmware program data format in FPGA, while
different company' s FPGA chips or configuration
chips have different firmware program data formats.
Using the FPGA skills to design the correct settings
of asynchronous command, unlock command, erase
command, read and write commands, clear status
register command, the Read Status Register
command and other commands, using an appropriate
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manner combination these commands, which can
upgrade the function of FPGA firmware program.
FPGA firmware data formats in general can be found
on the company's website or FPGA appropriate
forum format documents, these documents can be
used to analyze and judge. When the transmission
can be discarded the start bit and parity bits, etc., just
stay out of valid data bit.

When the direct download reconfiguration mode
begins, to perform the following steps [25]:

1) Set the Flash chip to read-write mode;

2) To unlock its internal storage space;

3) To erase and erasure whether successful erase
by reading the status register;

4) After completing erasing, to begin writing data,
erasure whether successful written by reading the
register;

5) Start reading data for corresponding data
addresses, and send into the host computer
to determine whether the newly written data is to be
checked and eliminating the role of the checksum.
Write data and read data process has been carried out
until the entire FPGA firmware program data
finished, a status register need to be cleared after
reading it, otherwise this register values unchanged.

4. Practical Application and Effect
4.1. Case Design

In the case design, the selection of Xilinx's V5
series XC5VLX155T and V6 series XC6VSX315T
of FPGA as a high-speed processor in the master
station, and the configuration Flash selection
XCF128XFT64C [9-15]. XCF128XFT64C consistent
Nor Flash with the timing design, in line with
common Nor Flash interface protocol requirements,
and each command compatible Nor Flash related
commands. For this feature of XCF128XFT64C,
directly designed the corresponding read-write
interfaces which meet XCF128XFT64C using the
firmware program data directly downloads mode
according to the internal logic of FPGA processors.
Of course, it also can be used the other corresponding
configuration of FPGA chip to support design and it
is only slightly different in timing design.

The Flash XCF128XFT64C has 23 address lines,
16 data lines, 15 data Banks, each of the data Bank
has eight blocks which includes 64 K words in each
block, while having an parameter Bank with seven
blocks include 64 K words each block the and four
blocks with 16 K words in each block.

The Fig. 4 give a final direct download mode
model via the communication interface with the host
computer, receive control commands and
corresponding data, while the FPGA chip receiving
the control signals to start by four control signals,
address output and data Interface connected with
XCF128XFT64C. Internal overall control of program
modules start the download, launch the module
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to run programs simultaneously control signal
module and the address control program module
for control signals and address output, the output data
and input data program modules are program
modules communicate with the host computer
interface, and also control data control module and
XCF128XFT64C Flash interactive data.

Chip Select Output
»

»
Slar}. control Overall Program Latch output
Signal control of module »
> > > — Read signal output
program control - g
module signals L
Write signal output
> >
Output Data Address control
Module <
J program = Address output
Communication module
Interface
Input Dat Flash Data 4[\
ot S Control (< Flash Data Interface
Module
Module

Fig. 4. The example of directionality download mode.

It analyzes the structure of the processor FPGA
firmware program data of the MCS from data
of the Xilinx ISE environment compiler generated.
Each line of the MCS file contains the data length,
address, record type, data, and check code, so
it need analyze the data to be downloaded, the data
are hexadecimal code, such as a line of data:
100050000000E0000004000000040000400C8004ES,
the first two bits of data represents the data length is
10, indicating that there are 16 16-bit data,
subsequent 4 bits is the address 0050, the absolute
address of the data row is 0x00000050, the type

1% di 20
]fi. prom_rst

b ¥ promdatareg[310]
.|1ri». prom_autoen

b W fnga flach d[i50]

3 36 fpga _flash_addr22:]
1 foga fes
i foga foe

]
1% foga fue
]

b foga

followed 2 bits 00 represented as a conventional data,
then 16 Bytes valid data, which should be
downloaded to XCF128XFT64C, finally 2 bits 16
hexadecimal data checksum for checking whether
there is error, may be discarded.

The computer software designed in Windows and
other operating systems as an additional function
in master control station, using VC as a development
platform, the computer interact with external data
processor FPGA using 64bit/33MHz the CPCI bus,
which be used to access to the processor FPGA
for the state data and write data to the processor
FPGA, and also work for data collection and
interactive interface as the master control station
processor FPGA.

Fig. 5 is a write timing simulation diagram, when
the Start control Signal 'prom_rst' is low, setting the
FPGA configuration Flash XCF128XFT64C into
asynchronous read and write mode, the write address
'00BDCF', data is written in two cycles ' 0060' and
'0003', the third cycles write according to Bank
address  unlocked  state, that is  written
in the period when the FPGA FCS, FPGA FWE,
FPGA L with the timing requirements of the
XCF128XFT64C manual.

Read Timing simulation diagram shown in Fig. 6,
when reading data, you need to write to a read data
command "0070", writes the command to write data
to follow the timing following the Fig. 5, and then
asynchronous control signal FPGA_FCS,
FPGA FOE, FPGA L with the corresponding
operation to complete the data output from
the interface.

Fig. 5. Write data simulation diagram.
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1k ck 200
1 prom st
b B promdatareq[310]

-
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b W foga flash d[150]
b W fna flash addr{220]

4.2. Practical Application and Comparison

Fig. 7 is a block diagram showing a connection
upgrade testing, there are three master stations
in field for the real-time data processing. They are
designed in different with different methods
for FPGA reconfiguration firmware program upgrade,
and the same main function for data processing.
When the first design using a CF card, the second
soft-core firmware update, a final design using the
directly download model to update.

Master Program
Computer f<@—P station |[—P| data
FPGA memory

Fig. 7. Test diagram.

As shown in Fig. 8 for the physical testing map.
Master station processor FPGA and internal control
system uses 64bit/33MHz PCI bus. When the test is
passed to the host computer to program FPGA via
PCI bus, then downloaded to reconfigure the chip
firmware program data.

Direct download mode to upgrade the firmware
program data from the host computer via the PCI bus
pass to FPGA, then send it to configure the chip
XCF128XFT64C. In actual case, the master station
and many distributed collection stations in the
distributed geophysical instruments used together
in the wild. Table 2 is the using questionnaire
of the three master stations FPGA firmware program
data update.
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XCF128
XFT64C
XC6SX315T
FF1759PKG

CPCT BUS
-
1 1 Connector

Fig. 8. Upper machine connect to the master control.

Table 2. The use survey table of three control stations.

2nd 3rd
Problem 1* master
. . . master master
situations station . .
station station
Sofi- Directly
Update mode CF card download
core
upgrade
CF cards
Resource-and and N N
cost additional | 17 <1%
costs
The total
number of 12 8 5
updates
Damage 3 (CF card
0 0
frequency socket)
Update failures 0 2 0
Average time 2h 35min | 3 min
required
No qeed for Yes No No
special people?
Use feelings Vew Lpng Easy to
laborious time use
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Three master stations shown in Table 2 using
different methods FPGA firmware program data
update on costs and resource consumption, the direct
approach is the lowest cost. The most vulnerable
of the way using a CF card is the need to disassemble
the chassis, Over time, updating trouble, resulting
in lower product reliability, high cost. The second
soft-core approach is mainly slow, soft core
technology immaturity or no attention to the design
of some soft-core interface problems led
to sometimes made the upgrade fails (wait too long,
that its failure), making field personnel do not trust
the product, the cost is slightly higher. The number
of herein although at least, but the advantages
of multiple, simple design, without disassembling the
chassis, nor failed, so get using praise from the
personnel users. The use of the directly download
upgrade is the best way of all, so we should choose
the directly download upgrade for reconfiguration the
FPGA with the onboard in the master station of the
geophysical instruments.

5. Conclusions

Seen by the actual use of distributed geophysical
instruments, it conclude that the directly download
upgrade way to the master station FPGA firmware
program data reconfiguration in efficiency have a
great advantage of being able to meet the needs
of rapid escalation field use. In addition, the
proposed direct download upgrade mode also has a
low cost, small resource used, convenient and so on.
Meanwhile, this method is particularly applicable
FPGA firmware program data upgrade to a device
with multiple boards or multi-chip FPGA in the
master station of distributed geophysical instruments.
This method is not only no need to open the chassis
for product upgrading, enhanced reliability, and
compared to CF card, soft-core method with high
reliability, solid and strong product, good availability,
so easy to use in field data acquisition. FPGA direct
download mode versatility, as long as there is a bus
between computer and the FPGA and FPGA's
configuration chip is Flash, the method can be
realized. Therefore, this method is not only be used
in the field of distributed geophysical instruments,
but also be used in the field of communications and
other fields, has good prospects [26].

Acknowledgements

We thank Zhou Yong and Zhang Jing from
Southwest Institute of Automation Research, and
anonymous reviewers for their useful comments and
language editing which have greatly improved the
manuscript. This work was supported by a grant from
the National High Technology Research and
Development Program of China (863 Program)
(Grant No. SS2013AA060115) and National Key
Technology R&D Program in the 12" Five year Plan

of china (Grant No. 2011BAB04BO08), all support is
gratefully acknowledged.

References

[1]. Hu Shui-Gen, Liu Sheng-Dong, A comparative study
of Efficiency about traditional electrical and
collateral electrical data collection in electrical
prospecting, Progress in Geophysics, 25, 2, 2010,
pp- 612-617.

[2]. Zhao Guo-Ze, Chen Xiao-Bin, Tnag Ji, Advanced
geo electromagnetic methods in China, Progress
in Geophysics, 22,4, 2007, pp. 1171-1180.

[3]. Kingman J. E. E., Donohue J. G., Ritchie T. J.,
Distributed acquisition in Electrical Geophysical
Systems, in Proceedings of the 5" Decennial
International Conference on Mineral Exploration
(Exploration'07), 2007, pp. 425-432.
http://www.dmec.ca/ex07-dvd/E07/pdfs/26.pdf.

[4]. Lu Qi-Hao, Wu Tian-Biao, Lin Jun, A research
report on development of instrument science
for geophysics, Progress in Geophysics, 24, 2, 2009,
pp. 750-758.

[5]. Zhang Wen-Xiu, Lin Jun, Liu Li-Chao, Hu Rui-Hua,
Design and implementation of broadband data
acquisition system for distributed electromagnetic
exploration, Journal of Jilin University (Engineering
and Technology Edition), 42, 6, 2012, pp. 1426-1431.

[6]. Keating M., Bricaud P., Reuse Methodology Manual
for System-on-a-Chip Designs, Third Edition, USA,
Springer, 2002, pp. 10-40.

[7]. C. Ababei, P. Maidee, K. Bazargan, Exploring
potential benefits of 3-D FPGA integration, Field
Programmable Logic and Application, Springer,
Berlin, Germany, 2004, Vol. 3203, pp. 874-880.

[8]. Gayasen A., Narayanan V., Kandemir M.,
Rahman A., Designing a 3-D FPGA: Switch box
architecture and thermal issues, IEEE Transactions
on Very Large Scale Integration (VLSI) Systems, 16,
7, 2008, pp. 882-893.

[9]. Virtex-5 FPGA PCB Designer’s Guide, Xilinx,
http://china.xilinx.com/support/documentation/user_
guides/ug203.pdf

[10]. Developing Secure Designs Using the Virtex-5
Family, Xilinx, http://china.xilinx.com/support
/documentation/application_notes/xappl134-
developing-secure-designs.pdf

[11]. ML605 Reference Design User Guide, JXilinx,
http://china.xilinx.com/support/documentation/board
s and_kits/ug535.pdf

[12]. Virtex-6 ~FPGA  Packaging and Pin out
Specifications, Xilinx, http://china.xilinx.com
/support/documentation/user _guides/ug365.pdf

[13]. Virtex-6 Family Overview, Xilinx, http://china.
xilinx.com/support/documentation/data_sheets/ds100
.pdf

[14]. Virtex-6 Family Overview, Xilinx, http://china.xilinx.
com/support/documentation/data_sheets/ds150.pdf

[15]. Platform Flash XL Configuration and Storage Device
User Guide, Xilinx, http://china.xilinx.com/support
/documentation/user_guides/ug438.pdf

[16]. Xie Jing, Wang Ya-Bin, Lai Jin-Mei, Tong Jia-Rong,
Configuration Circuit Used for FPGA Fast
Reconfiguration, Journal of Fudan University
(Natural Science), 49, 2, 2010, pp. 165-170.

[17]. Soheil Ghiasi, Ani Nahapetian, Majid S., An optimal
algorithm for minimizing run-time reconfiguration

137



Sensors & Transducers, Vol. 172, Issue 6, June 2014, pp. 130-138

delay, ACM Transactions on Embedded Computing Circuit, Journal of Electronic Measurement and
Systems, 3, 2, 2004, pp. 237-256. Instrument, 1, 2, 2007, pp. 109-112.

[18]. Li Zhuang, An Introduction to Reliability Prediction [23]. Wu Xiao-Meng, Li Zheng-Yu, Zhou IJin-Song,
of Electronic Equipment, Semiconductor Implementation of DSP Parallel Flash Program
Optoelectronics, 13, 3, 1992, pp. 276-281. Upgrade by RS232 Serial Interface, Communications

[19]. Chen Bing-Sheng, Electronic Reliability Technology, 45, 1, 2012, pp. 141-143.

Engineering, National Defence Industry Press, [24]. Wang Er-Shen, Zhang Shu-Fang, Hu Qing, Research
Beijing, 1987. of FPGA configuration methods of embedded GPS

[20]. Smith G. L., de la Torre L., Techniques to enable receiver System, Computer Engineering and
FPGA based reconfigurable fault tolerant space Applications, 45, 4, 2009, pp. 86-88.
computing, in Proceedings of the IEEE Aerospace [25]. Abdul Rahiman Amir Rizaan, Sumari Putra,
Conference, 2006, pp. 1-11. Cleaning Process with Efficient Allocation Scheme

[21]. He Wei, Tang Sheng-Ren, Zhang Ling, CPLD/FPGA Improves Flash Memory Performance, Journal
Programmable  Logic  Devices' in  system of Computers, 7, 3, 2012, pp. 810-818.
reconfiguration Method, Journal of Chongqing [26]. Yan Fa-Bao, Zhang Jing, Su Yan-Rui, etc.,
University  (Natural ~ Science), 26, 5, 2003, A download method of FPGA program upgrade
pp. 125-128. online in digital signal processing platform: Chinese

[22]. Wang Ling-Zhi, Lin Pei-Jie, Huang Chun-Hui, Patent, Ser No. 201210407821.8, http://211.157.104.
Configuration of FPGA and design of Its Interface 87:8080/sipo/zljs/viewPDF jsp

2014 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved.
(http://www.sensorsportal.com)

FOR WHEN THE BAR IS
SET PARTICULARLY HIGH.

4

SENSOR TECHNOLOGY
FROM E+E ELEKTRONIK.

SENSORS AND TRANSMITTERS FOR HUMIDITY, CO2,
FLOW AND AIR VELOCITY

pr— Do your applications require transmitters that meet the most demanding
requirements? If so, you can count on the sensor technology from E+E Elektronik.

‘ . ® Our strength lies in our high levels of expertise, meaning that we can provide

ELEKTRONIK you with innovative and reliable solutions for all your measuring tasks. We cover
all measuring technology from the development stage to production and right
YOUR PARTNER IN SENSOR TECHNOLOGY through to calibration. www.epluse.com

138




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


