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Abstract — The paper builds on the issues, contained in thdevices (graphical display and keyboard) serveth@siser

another article [1] submitted to the XXI IMEKO Wdrl
Congress concerning the data synchronization ircga® of
measurement and registration of parameters charaote the
electrical power network. The paper discusses thmdts of
data in individual operations performed in instrundesigned
for analyzing and estimation of measured quantities

interface (Ul). It is equipped also in Ethernet &if8B ports.
The direct links ADC-to-DSP as well as DSP-to-GRi? ¢
not be implemented because of different interfacetsp
present at the communicating devices, both in tigsipal
layer and the data link layer. All interfaces ustmt
communication between the instrument functionalckéo
are synchronic serial links. Differences in phykleger are

Keywords: data format, synchronization, interface, powerresulting from various standards of signals cagyihe

quality.
1. INTRODUCTION

The fluency of operations concerning the acquisitf
analog samples of signals from electrical powemwnst
depends on the synchronization of operations pmedrin
measurement and registration track. During thesgations
the data are repeatedly converted and transmitdgelen
functional blocks of instrument [2].

The configuration of instrument, elaborated
Department of Marine Electrical Power Engineerinfy o
Gdynia Maritime University, is shown in Fig. 1. Mai
operations of instrument connected with calculatioh
parameters characterizing the electrical networkvgyo
quality are performed in DSP (Digital Signal Prcamss3.
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Fig.1. The configuration of the measurement andstegion track
of data from electrical network [1].

The samples of electrical network signals are éedig to
DSP after their analog-to-digital (A/D) conversionio the
digital representation in analog-to digital coneeitADC).
The values of parameters, obtained as a resulthef t
calculations in DSP, are transmitted to generalppse
processor (GPP). This processor together withdtgpperal

digital data, both in terms of the type of signatswell as
parameters relating to amplitude and time. Also dluek

signals operations, synchronizing the data sendind

receiving, are different in these interfaces. @&ifinces in
the data link layer refer to the format of the bakata blocks
transmitted using various interfaces and to thesioaf the
individual bits in the frame.

The integrated circuit AD7656 from Analog Devic&} has
been selected and implemented in measurement asatthe
ADC. It contains three pairs of 16-bit analog-tgitil

inconverters. Each of them can be independentlyalizéd

for A/D conversion of analog signals from two maasoent
channels. The digital data from these two convertae
placed one by one in output buffer. The deviceqisigped
with three output buffers, the separate bufferdfach pair of
converters. The data from the buffers can be otgguby
means of three data lines in SPI (Serial Protootd#rface)
standard, each connected to its buffer.

The processor ADSP TS-201 TigerSHARC from Analog
Devices [4] serves as the DSP. It is equipped WiiDS
(Low Voltage Differential Signaling) interface psr{5].
Two of them are used for communication with the
measurement track other devices.

The processor LPC3250 (ARM9 family) [6], installed
development board phyCORE from NXP, fulfils the
functions of GPP. Among others ports, it has SRirface,
used in measurement track for communication witfPDS

To establish the communication between main bladks
instrument (ADC, DSP and GPP) the FPGA device was
applied. Its functions are fulfilled by XCS1000 i
Spartan 3 [7]. It enables the proper data flow ketwv
considered blocks of instrument and ensures theemtion
between different interface ports as well in phgkis data
link layers.

The data link between ADC and FPGA is controlled by
the clock generated in FPGA, as well as the data



transmission from FPGA to DSP is synchronized bg th
FPGA clock. The data sending from DSP to FPGA is DOUT A |A15 il AOI
controlled by the DSP clock, while the transmissfoom

FPGA to GPP is carried out under GPP clock control. DOUT B |BI15 . BO |
The paper is organized as follows. The basic ressunf
FPGA, used to establish the connections betweem mai DOUT C |C15 C0|

functional blocks of instrument are shortly dis@csThe
formats of data in operations related to data trassion
from ADC via FPGA to DSP are presented. The fornodts Fig.2. The format of da;a coIIe_cted in ADC bufferesady to send
data sent from DSP to GPP, after processing in &R, via SPI interface.

via FPGA, are shown. Finally, the conclusions assnah.
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2. THE FPGA RESOUCES USE IN DATA TRANSFER S
IN INSTRUMENT oS! (e

The F.PGA performs 'T“F’O”am roI.e n measur.ementFig.& The timing in data transmission from ADC tdLRAM in
track of instrument enabling connections betweernnma FPGA.

functional blocks. The FPGA is equipped with basic

elements IOB (Input/Output Block) blocks, implemagt  1q gata frames are transferred from ADC to FPGfebs
the input and output functions of an FPGA. They &80 56y 1o the LUT RAM buffers. The order of bitsretd in
configured to meet, in physical layer, the requeets of a | T RaM buffers is shown in Fig. 4. The buffers are
few standards of interface ports. Among others, 4Gige organized as the FIFO (First In, First Out) shigisters,

capable to be configured to comply with the stadslaf \ pare first bit saved in buffer goes out first frestively:
interfaces implemented in ADC, DSP as well as ilPGP A15, B15 and C15).

To customize the data link layer functions and ¢efk
the data flow between different interfaces, themfats of

data must be changed in FPGA. In these operatiEnmain LUTA (A0 Al5)

functions are fulfilled by two types of FPGA eleng&rLUT

RAMs and Block RAMS. LUTB |BO B15|
Inside each of a configurable logic block (CLB) of

FPGA is alook-up table (LUT) element. It is normally used LUT C |C0 C15|

for logic functions, but it can be reconfigured RB&M
which can accommodate 16 bits. They can be combiried

a larger RAM. This is DRAM - distributed RAM. Fig.4. The order of data written to LUT RAM in FPGA.
Another kind of memory, present in FPGA, is thedo o ]
RAM. It is a dedicated two_port memory COﬂtaini@/sra' The data for transmission to DSP must be contained

kb of RAM. Typical FPGA contains at least a few Isuc 128-bit frames, so they have to be re-organized paced
blocks. It is possible to use both single port & as dual in another part of FPGA. Because each digital ispration
port Block RAMSs. In dual port Block RAMs both theqs  Of set of analog samples is separately sent to BsPLUT
Operate at different clock Speedsl The DRAMs camkwo RAM content is moved to the set of DRAM blocks. The
without any latency, while the Block RAMs have adata are sequentially outputted from registerdpitowing

minimum latency of 1 clock cycle. order: firstly from LUT A, next from LUT C and fitig
from LUT B.
3. DATA FORMATSIN OPERATIONS BETWEEN The operation of data transfer from LUT RAMSs to
ADC AND DSP DRAMs is controlled by two synchronized clocks (F&).

First of them, clk, controls the outputting of data from LUT

In Fig. 2 the format of data collected in ADC bufi@s a RAMS, and second, gk manages the writing of individual
result of A/D conversion of samples from three ctels Pits t©0 DRAM P and DRAM N memory blocks. The
measuring the 3-phase network voltages is showter Afie  frequency of clk is twice the frequency of ghk The entry
end of A/D conversion of the current set of samptles 16-  ©© DRAM P is controlled by rising edge of glkwhile the
bit words are ready to simultaneous readout oretlines in  2ccess to DRAM N takes place for falling edge décl
SPI standard. The data outputting is done undetraoaf ~ €lOck. The capacity of each DRAM is 64 bits. Thelerof
the clock generated in FPGA. The order of bits iorag  Subsequent bits located in both DRAMSs is showni@ B.
collected in ADC buffers words is shown in Fig./ the This way the datén volume of 2x24 bits representing samples
first are sent out the most significant bits (MSB),are segregated to be ready for transmission to D&H-
respectively: A15, B15 and C15. The transmissidesale Wire LVDS interface.
cycles of control clock. The sequence and timing
relationships of bits sent in relation to the cohtclock
signal are shown in Fig. 3 (for one data line).
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Fig.7. The format of data frame sent from FPGA &FD

Fig.5. The control of data transfer to DRAM.

When the transfer from LUT RAM is completed, the
other FPGA clock is initialized. This clock consothe
communication with DSP. For each edge of clockdhta
are fetched in fours from one of DRAMSs, for risiadge of
clock from DRAM P and for falling edge — from DRAM.
The multiplexer (Fig. 6) directs the data from DRAR the
IOB blocks, alternately from DRAM P and DRAM N. In ok .
one cycle of control clock two memory rows are letd, / \ g
first - consisting of four bits from DRAM P and seal - =
four bits from DRAM N The bits of each . column, :)( D3-0 X D7-4 X D11-8 X015-12UDU-I15_112X|:1119_11eXl:l123-120XD127-124)C
numbered from 1 to 4 (Fig.6), are fed sequentitdiythe
LVDS line marked with the same digit as the columhe
IOBs in the output of multiplexer form the 4-wireorp Fig.8. The sequence of data in 4-wire LVDS in degasmission
LVDS, from where each data bit is transmitted usiwg from FPGA to DSP [4].
differential lines (labeled in Fig. 6 as “+"” and-

In the 4-wire LVDS interface the 128-bit frame dam
transferred in 16 clock cycles. For each edge efdock
four bits are sent simultaneously. The successiombits
transferred via 4-wire LVDS to DSP is shown in Rg.

All these operations meet the requirements for the
DRAM N DRAM P expected rate of data acquisition the from elealtrpower
network, i.e. sampling of three-phase voltages &adta of

s 3 2 ! 4 3 2 ! more than 200 kS/s and the fluent data processing.
0 0 0 0 0 0 0 0
. . 4. FORMATSOF DATA FRAMESIN
Al5 Ald Al3 Al2 A1l A0 A9 AR TRANSMISSION BETWEEN DSP AND GPP
While the frames sent from ADC to DSP contain the
Cl5 Cl4 Cl13 C12 Cll Cl10 €9 C8 digital representation of set of samples takenhat same
aoc moment in time, the data transmitted from DSP toPGP
B15 Bl4 Bl13 BIl2 B1l B10 B9 BS include the parameters calculated on the base Itdcted
. L samples or simply the data representing collectedptes.
The data in DSP are accumulated in 4 kB blocksiriguhe
B7 B6 BS B4 R transfer to Block RAM in FPGA via 1-wire LVDS linthe
v 1 v I ) ! ! ! data are divided into 32 frames., egch of them gi:mrita_B
bits of data. The sequence of bits in the framshiswn in
Multiplexer Fig. 9. The transmission of one frame takes 64kctycles.
The clock signal controlling the communication fra»sP

J, J, ¢ J' ¢ l l ¢ to Block RAM in FPGA is generated in DSP.
* - + -

+ -+ -
4 3 2 1 K f
to 4-wire LVDS port / ‘\ I / \ \

Fig.6. The format of data stored in DRAM in FPGA. :X o x o m X o X:,(D iz ) oz D‘” ot

The frame transmitted to DSP via LVDS interface _ : ; . _

. . . Fig.9. Th f dat 1- LVDS in ded
consists of 128 bits (quad word). The order of bitghe 9 esequen?fo% Fi’é):to \ggi, [4]. I ceasmission
frame is shown in Fig. 7. The data representingpbasn
taken by ADC are located on positions from 0 to %fie

. g X The LVDS interface port in FPGA is configured as in
remaining part of frame is filled with zeros.

previous part of measurement track using IOB blocks



The single Block RAM in FPGA applied in instrument
contains 2 kB memory cells, so two Block RAMs ased
for recording of 4 kB data block (Fig. 10).

Because the data from DSP via LVDS are transfarred
tact of both edges of control clock, the entry te Block
RAM has to be performed also for both edges ofclbek.
It's the second reason why two Block RAMs are ugbe:
data are saved to the first for rising edge of mmiock and
for its falling edge - to the second. The ordertttd data
saved in both memory blocks is shown in Fig. 10.

DSP
1B ... 8B..4096B

FPGA
2KB | 2 kB
| 1B:7,5,3,1bit | | 1B:6,4,2,0bit |
2B:7,5,3,1bit 2B:6,4,2,0bit

4096 B: 7,5, 3, 1 bit

4096 B: 6, 4, 2, 0 bit

SPI
1B ... 8B...4096 B

Fig.10. The flow of data from DSP to FPGA Block RAMd next
to GPP.

Each of 2 kB Block RAMs is implemented as a duait po
Block RAM. It means that the access to the memaiisc

5. CONCLUSIONS

Ensuring the correct transmission of data between
functional blocks of instrument requires performaofgnany
operations connected with data manipulation.

Numerous changes of data formats in measuremenkt tra
must be performed without any errors and exces$dlays
in order to maintain the system proper operations.

It is necessary to precisely control the formathef data
in individual operations. Otherwise, the fluencytbé data
flow in system is not to obtain.
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can be arranged using two independent ports with tw

separated sets of data and address lines. Filtsispmed for
data transfer from DSP to Block RAM and secondr-dfata
readout and transfer to SPI interface register témtdn
another part of FPGA.
Fig. 10 shows the order of data sent to GPP irt &dines
via SPI interface. The clock signal generated inPGP
controls all operations connected with data trassion, i.e.
the sequential addressing of the cells of Block FAAhd
serial sending bits of each byte to SPI port in GPP

The proper synchronization of the operations penéat
in the data measurement and registration trackserdial to
fulfill the assumed measurement functions. For
integrated circuits, selected to perform the fuwmdi of

ADC, DSP and GPP as the major functional blocks, th

FPGA implementation is crucial for the successgigign of
the elaborated measuring instrument.

the



