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ABSTRACT
Processor is an integral part of automated metering and control systems. This
article covers the fabrication of a soft microprocessor (microblaze) (32bit, on-chip
block of RAM 64K, clock 50M, internal buses and peripheral buses) that receive
Ethernet data packets, process and send the data packets back to the required
station. This soft microprocessor is made from the EDK software tool's XPS (Xilinx),
configured into the Xilinx XC3S500E FPGA on the Xilinx Spartan XC3S500 E board.
The software operating the interface between the microprocessor and the Ethernet
interface port written in C language and functioned as a HOST (station) has its own
IP to connect to the Ethernet network. To perform data transmission, it requires an
Ethernet cable supporting up to 100Mbs and the computer program that runs the
data collection and communication with a soft microprocessor written in Labview.
Keywords: EDK, soft microprocessor, Ethernet interface
I. Introduction interface standards such as RS232, USB
Currently, there are numerous types have been studied. However, Ethernet
of soft processors that interface via interface which has not been studied
ethermet such as PIC, Arduino. and applied in nuclear electronic
However, with the purpose of devices at Dalat institite.
transmitting and receiving data in the Nowadays, FPGA is a device which
coincidence and multichannel system in has generally been used because its
DalLat nuclear research institute which properties as follows: it can be
are self-designed and manufactured on reconfigurated, it has a high flexibility
FPGA. Instead of using external soft in design and fabrication. Owning to the
processors, we use microblaze that are FPGA with the afore-mentioned
available on FPGA chip to reduce properties, a generation of a specific
computational time and simplifies processor playing a role of hardware as
designs. In the framework of the topic, well as a firmware for control of
in order to communicate with Ethernet hardware components is created inside
via soft-processor, we had to use the the FPGA.
XPS (support of C command set) to In the world, with the advancement
generate hardware components and of FPGAs, a new trend of implementing
software (firmware) of the soft- the microprocessors on the FPGASs has
processor and an FPGA board named emerged in the design community. They
Xilinx Spartan XC3S500E. implemens  Gigabit Ethernet data
In order to communicate devices transmission and reception in FPGA,
with computers, parallel and serial using the embedded  processor
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MicroBlaze [1] which is implemented The overall design is shown in
on the evaluation board ML505 or Figure 1. The design of system is
Spartan3 XC3S200-4 [2]. divided into two parts. Hardware part is

The purpose of the article is design the  32-bit  microprocessor  while
and fabricate a soft processor (called software part is a firmware. Both of
microblaze) able to communicate with them are created by XPS from Xilinx
Ethernet. This microblaze can be Company and integrated in a FPGA
embedded into the FPGA by using the named XC3S500E board.
supported XPS. Application program A product created through the
running under window XP environment project is a transfer system including of:
is written in LabView language to link the self-excuted application program
and receive/transmit information running under PC, a modem and the
between PC and the soft-processor. soft-processor as Figurel.

Il. Methods

wifi
Personal

computer

Figure 1: The diagram of overall design

A diagram of creating and Create a project from EDK:
embedding a microblaze including Choose menu File -> new project, the
software and hardware is shown as screen to create a new project appears
follows as shown in Figure 2 below, clicking

I1.1. The methology of creating a OK to appear a small screen as shown
Microblazer in Figure 2.

To create a microblazer in FPGA,
there are many steps to as follows

A Kilnw Platform Studio =8|

Create new or open existing project

.'\' @ : Base System Builder wizard frecommended)

'[@ Blank XPS project
E (Open a recent project

Browse for Mare Projects... E

Browse installed EDK examples (projects) here

[ 0K ]| Cancdl || Heb

Figure 2: Creating a new project
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o o

@ Create Mew #PS Project Using BSE “wizard @

Mew project
Project file

D:/viduEDK/Example./system xmp|

Advanced options {optional: F1 for help)
[] Set Project Peripheral Repositories

Browse ...

| ok || Cancel |

Figure 3: The directory of saving project

In Figure 3, the user selects a directory to save the project and click OK. A
screen appears as shown in Figure 4. Users choose Next to start designing a
Microblaze.

@ Baze Sustern Builder - Welcome @

Embedded Deve
Platform_Stuglh

Welcome to the Base System Builder!

This tool will lead you through the steps necessary to create an embedded system.

Please begin by selecting one of the following options:

@ |would like to create a new design
i1 |would lilke to load an existing .bsb settings file (saved from a previous session)

Browse...

Figure 4: Creat a new Microblaze

Choosing the type of board, brand and revision in Figure 5.
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@ Baze System Builder - Select Board @

Select a target development board:

Select board
@ |would like to create a system for the following development board

Board vendor: | Xiliroe El
B

Board name: Spartan-3E Starter Board

Board revision: | [ |

Maote: Visit the vendor website for additional board support materials.
Vendor's Website Contact Info

Download Third Party Board Definition Files

“1 lwould like to create a system for a custom board

Figure 5: Screen to select the kit uses to create Microblaze

After selecting the parameters as Select the frequency, capacity
shown above, select Next to BRAM and Debug option suitable
continue. A small screen asking to  for the board we are using, then
select a processor should appear. select Next.

~» Base System Builder - Configure MicroBlaze Processsor

Micro=laze
System wide settings

Processor-Bus clock

Reference clock frequency: frequency:

| 50.00 ~| MH=z | s0.00 ~~| MH=z

Feset polarity: i-i;-;t?-;éilr—lii'gi}‘;ti -1

Processor configuration
Debug I /F
<> On-chip H”» debug module
> XPD with S debug stub
&> Mo debug

| Local memory

D ata and Instruction:
(Use BERAR])

EEEITEI

MicroSilaze

Cache setup
[1 Enable

[ ] Enable floating point unit [FPL]

Figure 6: Window of Microblaze 8/16/32/64 bits

11.2. A design methodology for sequentially according to the following
soft-processor 5 steps:

The process of creating a soft 1. Create soft processor with
microprocessor is performed hardware and peripheral parameters:
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32bit softwares, BRAM 64K, LMBs,
PLBs, OPBs, Ethernet, 8 LEDs, RS232.
All are created in files * .MSS, * .MPD,
* .MHS

2. Creating the library related to
the soft-processor and peripheral

3. Compiling firmware file and C-
function library (mb-GCC), *.OUT file
created

Hardware diagram

Llicroblaze file
file * LFD

Create Platform

File * MHS

4. Creating the platform to have a
core and netlists

5. A collection of *UCF, *.ED
files, core and netlists, use of IMPACT
for creating *.Bit file, *.MCS file.
Finally, the MCS file will be loaded
into ROM for operating.

Software diagram
Create Lib

File * W35

|
|
I
|
|
I
|
|
mb_ie, libe, libm I
neripheral intetfaces |
|
I
|
|
|
|
|
|
|
|
|
|

C Boutce code
-G _: o o

( Core and [P Netlists H

" File *1ICF )( File * hit )
N

FPGA

HDL
Synthesis

R MPACT

Figure 7: The diagram paints all steps create and embed an FPGA soft-processor
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The XPS has Wizard supporting
users how to design conveniently. In
addition to creating a 32bit soft-
processor, 64K internal RAM, we can
also create more peripherals such as
Ethernet, RS232, LED:s...

After that, we carry out connection
of input/output port with peripheral
(*.UCF file), producing address
automatically,  generating library
functions relating to microprocessor
software and peripheral (Figure 8).

L L @ Bus Interfaces | Ports | Addreszes |
M M :
B B MName Bus Connection [P Type [P Version
- microblzze 0 microblaze 710z
TRACE microblsze (0 TRACE
DEBUG Mo Connection [iw]
[XCL microblzze § INCL
DHCL microblaze_ 0 OXCL
o vl
o |
*_u_ LME mb IZ'
O—i— DLMB vl
e P dimb mb_v1 1.00a
D jimb b_v1 1.00a
e
B dimh_cndr b_bram_if ¢ 210a
ERAM_PORT  dimb por
T SLME dimb IZ‘
- fmb_cnfir mb_bram_if_c 210a
€ ERAM_PORT  dmb port
I\ o—0— SLME — IZ'
- < fmh_ham bram_block 100a
L:-—*— PORTE dimb_part |1|
—— PORTA imb_port ]
o=
¢ vl
<
J vl
o=
J vl
& clock_generator 0 clock_genermtor  2.00a
oo s resef 0 proc_zys ezt 2.00a
Figure 8: Bus Interface of soft-processor
11.3. The create of software design registers, cache.... Connection,

(firmware)

Using the libraries were created
when we designed the hardware to
designed software (firmware). These
libraries support functions read/write
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This package was sent to PC via

Ethernet.
In this article,

we using C
language and some standard functions

to process Microblazer [4-5] and the
algorithm flowchart of firmware is
describered in figure 9.

\

Receive ARP packet from LabView

IP =192.168.1.108?

Send MAC address to Labview

N

Send 1460 bytes data to LabView

Figure 9: The algorithm flowchart of firmware

Firmware for Microblaze with
function as a server. In Firmware, set
the parameters necessary to connect to
the Ethernet network such as IP
192.168.1.108, MAC address 00: OA:
35: 02: 22: 5E, PORT is 53326. The
server sends data to the computer only
when receiving get an "S" command
from LabVIEW.

The application program with
LabVIEW as a client with a computer
IP of 192.168.1.105, MAC 94: 39: E5:
59: 0B: A3, PORT is 3363. The

program sends the "S" command and
wait to receive 16,364 bytes of data

from the server, then end the
connection. The following is a detailed
section on how to create data

transmission systems over Ethernet.

1. Results

In the project, using FPGA
component named XC3S500E, 50MHz
internal clock, LAN83C185 Ethernet
chip, 8 LEDS display, RS232 port,
Platform Flash PROM (configure the
FPGA and program the soft-processor),
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10/100 Mbs Ethernet port, USB for
JTAG, MAC address IS
Xilinx_02:22:5E (00:0A:35:02:22:5E)
MAC address of the computer is
HonHaiPr_59:0B:A3

(94:39:E5:59:0B:A3), IP IS
192.168.1.105, PORT is 3363.
Wireshark software is used to

capture all packets going through the
computer network card that we can see
in Figure 9.

In order to check the accuracy of
the programmed data packages, the
project team used wireshark software to
capture the data packets transferred
through the computer network card. The
munber of the package is 1, 2, 3, 5, 6, 7,
9, 10, 11, 12, respectively are
communication packets between
labview and spartan 3E.

Set parameters

L]

[w]

IP address

192, 168.1.108

W

wefoinn Graph

730+
700 -
50 -
00 -
3530 -
500 -
430 -
400 -
150
100
250
200
150 -
L00
50 -

Remaote port

3363

Areplitude

2000

1 [ 1 '
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remaote port or sérvice name

Waveform Graph
r{ivse] |

data out

maode (standa
Ll

o

bytes to read

|
TCP Read

5=, “FITCP Close Cannection
2
[b=at]|error close

2525 | error out read

Figure 9: Data acquisition program
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Mo, Time Source Destination Protacal Length Info

2 0.01743500 %i11nx_02:22: 5
3 0.01748300192,168.1

Figure 10: Connected, transmited, received frames captured in Wireshark

Mo, Time Sarce Destinatio Pratocal Length Info

20001743500 %3 19 _02:22:52 Honeaipr_59:0k:a3  ARe 60 192,168, 1,108 15 at 00:0a:35:02:22:5
3 0.01748300 192,168, 1,105 162.168.1.108 TCP 86 53326 » nati-vi-server [SYN] Seq=0 Win=B192 Len=0 M55=1460 WS=4 SACK_PER=L

3]

13 8.03413400192, 4.0, IGHPW2 60 Membership query, general

14 10,5155390192, 168, 1,103 224,0.0.252 TaMPv2 46 Membership Report group 224.0.0.252
1511, 5153170192, 168, 1,105 239.255.255.250  IGMPv? 46 Membership Report group 239.255.255.250
192.168.1.108 54 [TCP Retransmission] 53326 » nati-vi-server [FIN, ACK] Seq=? Ack=146L Win=65700 Len=D
1723.0334790192. 268.1.1 24.0.0.1 TaMPv2 60 Menbership query, generzl
1823,5156710 192,168, 1,105 224.0.0.252 T6MPv2 46 Menbership Report group 224.0.0.252

1926, 2461430192, 168, 1,101 239.285.259.230  IGMmv? 46 Membership Report group 239.253.255.230

Figure 11: The process of connecting, closing the connection and receiving
a data packet

In this program, microblaze acts as - No.5: Microblaze receives TCP
a server, a PC is a client. PC uses packet [SYN] then returns TCP packet
LabVIEW to connect to the server. [SYN, ACK] to confirm sending
+ VI "TCP open connection” method
creates a handshake connection with - No.6: LabVIEW (192.168.1.105)
microblaze as follows: sent to microblaze (192.168.1.108) TCP

- No.1: LabVIEW sends an ARP packet [ACK] confirms connection
breadcast packet asking which device completion

has an IP of 192.168.1.108 + VI "TCP write" sends data to
- No.2: Microblaze send to microblaze as follows:
192.168.1.105 (LabVIEW) that the - No.7: LabVIEW (192.168.1.105)

network card on the xilinx board is sent to microblaze (192.168.1.108) TCP
192.168.1.108 and the MAC address is packet [PSH, ACK], len = 1, the letter

00: OA: 35: 02: 22: 5E "S" tells microblaze LabVIEW wants to
- No.3: LabVIEW (192.168.1.105) receive data

sent to microblaze (192.168.1.108) TCP - No.9: Microblaze receives TCP

packet [SYN] confirms the message packet [PSH, ACK] then returns TCP

specification packet [ACK] confirms receipt of data
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sending command and prepares data IV. Conclusion

packet to send to LabVIEW A soft-processor is sucessfully
+ VI "TCP read" waiting to receive created including  software  and

data from microblaze: hardware. The success of the project a
- No.10: Microblaze new way for fabricating instruments.

(192.168.1.108) sent to LabVIEW The advantages of this approach as
(192.168.1.105) TCP packet [PSH, follows:

ACK], len = 1460 bytes - Economics: not having to buy
+ VI "TCP close connection™ sent hardware devices, small chip, small size
to microblaze closed the connection: of ROM
- No.11: LabVIEW (192.168.1.105) - Flexibility: design of 8, 16, 32,

receives a packet that sends back 64 bits microcontroller, depending on
microblaze (192.168.1.108) TCP packet demands, creating arbitrary RAM only

[FIN, ACK] to close the connection changed the parameters on software,
- No.12: Microblaze connecting with expected peripherals

(192.168.1.108) receives the packet of easily

ending connection and sends to - Convenience: embedded directly

LabVIEW (192.168.1.105) the TCP into the FPGA and reusable

[ACK] packet to report disconnection. - Compact: all of needed
By capturing packets of information components was only inside FPGA

transmitted between the device and the We also succeeded in firmware

computer using Wireshark as mention- design for TCP/IP protocol transfer data
above, the detailed information via Ethernet. This success will help
displayed in the packets represents the remote measuring systems transfer data
accuracy, integrity and correct sequence going further, faster and also help users

of data. Microblaze and the FPGA remote control instruments
interface circuits have functioned conveniently.
properly.
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NGHIEN CUU, XAY DUNG MOT VI XU LY MEM VA GIAO DIEN
ETHERNET SU DUNG CONG CU PHAN MEM EDK (XILINX)
TOM TAT
Bé xi Iy 1a mgt thanh phan khdng thé thiéu trong cac hé thong do dac va diéu
khién tw déng. Bai bdo nay dé cdp dén viéc ché tao mét vi xir Iy mém (microblaze)
(32bit, on-chip block RAM 64K, clock 50M, cac bus ngi va bus ngoqi vi) nhdgn goi dir
ligu Ethernet, xi ly va gui goi dit liéu tré lai tram yéu cau. Vi xiz Iy mém nay duwoc
ché tao tir bg XPS cua cong cu phan mém EDK (Xilinx), dwoc cdu hinh vao FPGA
XC3S500E trén board mach Xilinx Spartan XC3S500E. Phan mém diéu hanh giao
dién gigza vi xi Iy va cong giao dién Ethernet viét bang ngdn ngiz C va c6 chire nang
nhir mét HOST (tram), ¢é IP riéng dé Két noi véi mang Ethernet. Dé thuc hién truyén
nhan diz liu can c6 cap ethernet hé tro toc dé dén 100Mbs, chirong trinh mdy tinh
diéu hanh viéc thu nhdn dz liéu va giao tiép véi vi xi Iy mém viét bang Labview.
Tir khoa: EDK, vi xi li mém, Giao di¢n Ethernet
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