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Abstract - In paper, the synchronization of operationstransmitter, if does not reach the receiver (engcdse of a

performed in registration track of the parametessfelectrical
power system is discussed. The synchronizationatipes are
carried out in the track during communication betwe
functional blocks, on several levels of these of@na (bit,
frame and information synchronization). The suceesstages
of data registration track in instrument are shoWme different
ways of frame synchronization in transmission betwselected
blocks and some obtained effects are presented.
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1. INTRODUCTION

disruption in the interface), can not be recovexed re-sent.
Digital interfaces send binary data that can belyas
stored in the source device, and thus can be ezsiorcase
of loss during transmission to the receiver. The
synchronization process for the transmission oftaliglata
usually takes place in several stages:
* receiver clock synchronization with the receivednsi
transmitting digital data stream - bits (bit syrafization
- implemented at the physical layer of interface),
« frame synchronization (data link layer),
 synchronization of information (application layer).
The bit synchronization enables accurate deteatibn
consecutive bits of the frame thanks to their idieation in

Ensuring the proper transmission of data (transchitt Signal at the right point in time.

through signals) between devices or their funclidohacks

In the asynchronous interfaces, synchronizationthef

requires to synchronize the receiver of data to th&eceiver clock is obtained based on the slope ef¢eived

transmitter. Synchronization is time coordinatidnab least

signal carrying a start bit. The receiver clocksét to the

two processes, namely the pursuit them of parallesame frequency as the transmitter clock. In theivec,

independent of their course, coordinated in time.

when it detects a signal edge, the phase of thevercclock

Most natura”y Occurring physica| quantities (eng tunable, reSpeCtiver, and then the receiveckcloecome

pressure, temperature, change the angle, lightiag
continuous, i.e. analog. There are two differentys#o

the reference to determine the moments for decatimdpits
from carrying signal, in relatively short framesrsmitted

transfer of analog information through communicatio Via an asynchronous interface. The limited lendth rame

interfaces: analog transmission (the informationstsred

results from the limited stability of the receivetock

directly in the parameters of the signal) and digit frequency with respect to the frequency of the lclae tact

transmission (the information is converted intoitdigform
first, followed by the assignment certain signalsdigital
data).

the received bits were transmitted.
The receiver clock in synchronous interface is
synchronized directly with the clock of transmittém the

The synchronization in analog interface (e.g. aurre interfaces for short-range (when the delay of dgria

loop 4..20 mA) is based on assumption of the siameglity
of signals on the side of the transmitter and rexrei

For typical applications of such interfaces,
assumption is acceptable because of the low dysamhithe

interface lines are negligible in relation to theripd of the
clock signal), the clock synchronization can beriedrout

thisby the appropriate device (e.g. in SPI (Serial premial

Interface)). In the interfaces of the long-rangde t

relevant processes, and thus, slow Changes (|arge t SynChroniZing Signal source is Usua”y a transmitata

constants) of the interface signals, carrying imfation
about these processes.

clock (because of the delay in lines, almost idetto the
data and the clock signal). A clock signal canrbegmitted

Electrical signals are propagated in copper cabla a Via the line independent of a data line or via eemn line,
speed of the order of ®® m/s, which means that the signal together with the data, using selected the sodadieif-
sent from the transmitter to the receiver 100 m yawa Synchronizing code.

appears in receiver after a time of approx.|&5This delay
is not important in many industrial processes, suash
temperature control. However, analog interfaces alsve
other limitations, like the lack of "memory" of mfmation.

Frame synchronization is necessary for the proper
recognition of the start, end and the other paftghe
continuous sequence of bits that make up the frénakes
place after the bit synchronization (bit synchratizn error,

Information prepared to send and transmitted frdre t €-9- 10Ss of bit of data, is causing the synchratiun error



of the frame). Frame synchronization is usuallyi@atd by
identifying a preamble contained in the introdugtqrart
(characteristic string that, with high probabilitwill not
appear in the rest of the frame).

Another problem is the initiation of frame transsiis:
it can be started by software or hardware. Latehénpaper,
the results of efficiency of data transmission lestw two
blocks of instrument, using frame synchronizatiog b
software as well as by hardware, are shown.

The information synchronization
purposeful and proper use of the data transmittefdaimes,
corresponding to the functions performed in theesps

The paper is organized as follows.
assumptions concerning the synchronization in aligit
measurement track are formulated. Next, the cordigun

of estimator/analyzer instrument and some aspe€ts o

synchronization of operations performed in the krace
shortly described. In the following step the résubf
implementation of hardware
synchronization in data exchange between two blaoks
discussed. Finally,
commented on.

2. THE OPERATIONS PERFORMED IN TRACK OF
DIGITAL DATA REGISTRATION

In digital systems, implementing the analog qugntit
measurements and registration of the results, ypedl
functional blocks can be specified. The configunatof the
system mainly depends on the complexity of fulfille
functions and the amount of processed data, bataisthe
communication capabilities of essential circuitplaga in
measurement system.

Figure 1 shows a typical configuration of measurin
tracks of the analog quantities. Analog informatimfiected
from the input circuits (e.g. voltage dividers,nséormers,
transducers) is fed to the input of the ADC (Analog
Digital Converter). The configuration in Figure Isaused
in the measurement tracks, in which the processBP G
(General Purpose Processor) may be coupled directlye
ADC interface ports using the same standards, ablailin
both systems.

is based on the

in contrast to software

the conclusions are drawn and

the characteristics of the communication interfaces

connecting the functional blocks.

The generat/
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Fig.1. The configurations of the tracks for regiitth of analog
data.

A similar range of complexity of the operations in
measurement track can execute a system whose
configuration is shown in Figure 1.b. Because tiCAand
GPP devices are equipped with different commurocati
interfaces, the additional circuit BUF is therefoeguired,
to perform the conversion between standard intesfgn
the physical layer and in the data link layer), diod

grbi]uffering and processing of measurement data. dieroto

aintain the fluency condition of data flow in messment
track the condition must be met:

tapc +taocow Zteur *teuron tiepe Tleppou Ttu (2)
The configuration of the measurement track, shomn i
Figure 1.c, is usually used when the complexity anchber
of operations related to the processing of dateeds the
capacity of a typical GPP processor and requiresiie of a
DSP (Digital Signal Processor). Typical DSP is the

Processor GPP keeps up with the processing of dafocessor, whose architecture is oriented towaads of

from the ADC, and also supports integrated usesrfate
Ul (user interface), both in terms of visualizatiof the
results and their registration. GPP also suppdhsrdasks,
e.g. commands issued by the user.

Synchronization of operations in the measuremexaktr
involves the provision of fluent data transmisstmtween
the ADC and the GPP and its management in the &tesy.
The sequentiality of operations in different bloalk the
measurement track is associated with the factithaitder to
maintain the fluency, the total execution timepgtand
teppout I GPP and  in Ul) can not exceed the time to
prepare a new set of dajad at the output of the ADC (i.e.
the processing time of the A/D in ADC) and the titg oy
needed for them to be sent to the external system.

)

taoc *tapcou 2 tapp +igprou +iul

operation and the amount of data processing, with a

relatively poor set of peripheral devices. GPR;antrast to

the DSP, typically has a rich set of communicaponts in

different standards. Just as BUF in the system show

Figure 1.b, BUF1 and BUF2 blocks in Figure 1.c iempént

standards conversion between interfaces as wéllifisring

and processing of data. The fluency condition dadiw

includes the times of additional operations:
taoc *tapcout 2 teur1 *teurion ips + 3)

+lgur2 Htaur2ou Hiere *ioprou Hiul

3. THE SYNCHRONIZATION OPERATIONSIN THE
ESTIMATOR/ANALYZER INSTRUMENT

The Department of Marine Electrical Power Enginegri

The times of individual operations rely on theof Gdynia Maritime University designed and made the

complexity of a given operation in the individudbtks and

estimator/analyzer instrument that implements a et



measurement functions which allow determining the After collection of 3-words, 16-bit each, of data i

parameters of electrical power quality [1]. Theuea of
these parameters are made available to the usehen
display device, as well as stored in the portaleleic (SD
(Secure Digital) card or USB Flash Drive).

Figure 2 shows the structure of the connections/dsent
main functional blocks of the instrument. The figwhows
only the voltage tracks, for simplicity the curremieasuring
lines were omitted. Additionally, the proceduresvoftage
data processing in instrument are much more coatplic
The complexity of the instrument configuration @sponds
to the configuration of the track shown in Figure.1
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Fig. 2. The functional block diagram of the instemh[1].

The input circuits of voltage signals from eledtic
power system supply the input lines Chl, Ch2 an8 &h
the ADC (Analog-to-Digital Converter). The ADC urigs
been carried out using AD7656 converters (Analoyifas)
[2]. The ADC can output data through a three-lineiface
SPI. A single clock from the FPGA (Field Programieab

Gate Array) synchronizes the data readout on 3-lin
interface (DOUTA, DOUTB, DOUTC). The FPGA acts as

the intermediate device between the ports of iates in
different standards: the ADC converters and prazss®SP

(Digital Signal Processing) and GPP (General Pwpo

Processor) [3]. The instrument uses the FPGA typat&n-

3 XC3S1000 (Xilinx) [4]. The functions of DSP are
performed by the TS201 TigerSHARC (Analog Devices)

[5]. It does not have connectivity with externalvibes
using the SPI interface, but it can be connectedguthe
LVDS (Low Voltage Differential Signalling) interfac[5].

The processor LPC3250 (ARM9 family) on the baserthoa
phyCORE-LPC3250 (NXP) [3] was used as the GPP. Th

processor has a standard access to peripherals,asug€D

card reader, USB (Universal Serial Bus), Ethernek

controller, LCD display (Liquid-Crystal Display) agell as

the interfaces: UART (Universal Asynchronous Reeeiv

and Transmitter), SPI andd (Inter-Integrated Circuit).

GPP can work under control of the embedded Linux Oﬁa

Windows CE 6.0 operating system. Both these systmms
not real-time systems, which is associated withitéich
possibilities of on-line control over the periphery

The synchronization of interface between ADC an

FPGA buffer is controlled by the 17 MHz clock sigfram

FPGA. The triple synchronous SPI interface transrttie
data in tact of clock pulses. Their generatingtstathen the
A/D conversion of samples set is completed and
signalized to FPGA.

S

FPGA buffer, they are converted to the form posstbl be
transmitted to DSP and placed in the RAM consisth@
sets of memory cells.

The transmission from FPGA to DSP is controlledhsy
100 MHz clock generated in FPGA. The synchronolinel-
LVDS interface starts operation after the data PGRA
RAM are completed and DSP interface port is reaaly t
receive the data.

The measurement algorithm, implemented into DSP
program, is taking in real-time received digitahngdes of
voltage and calculating online respective pararsefer the
samples collected for a given number of periodsighals
from electrical power system.

The transmission from DSP to FPGA is controlledhsy
125 MHz clock generated in DSP. The synchronouslioee
LVDS interface starts operation after data in D& raady
to send.

After collection of set of data frames in the FP@&Aide
access memory buffer, the data are ready for tressgon to
GPP. The transmission from FPGA to GPP is conuldiig
the clock generated in GPP. The synchronous two-dRI
interface transmission begins when the signal clfsokn
GPP appears.

The basic operations principle of the instrumenthist
the samples from ADC are collected for ten cycfes $0
Hz network; 12 cycles in case of 60 Hz system) hodf t
power network waveforms in DSP memory, where tha da
are on-line processed and appropriate parametegs ar
calculated, depending on selected measurementidanct
Every about 200 ms they are sent inside the frafros
DSP via FPGA to GPP, where respective data were
gisplayed or registered. This is the main option of
Instrument: the registration of power quality paesens.

The auxiliary option of instrument functioning iket
registration of the digital data coming from monagt
values of signals from electrical power system. tihis
option, the power quality parameters are not catedl, the
only rough samples are registered for the waveform
visualization and further off-line analyze. This tke
samples registration option.

In [1], the time dependencies between operations carried
out during the registration of data from the elieairpower
system, performed in instrument under consideratizere

igiscussed. The time relations of processes, rarfgimg the

analog signal conversion in the ADC, through wgtidata
0 the DSP memory, up to sending them to GPP anadl¥fi
0 USB Flash Drive were there presented.

Table 1 contains the summary list of major time
components occurring in registration track of instent.
According to instrument operations, the requiren(@pt
s to be divided into two requirements: first, agming
timing on the way from ADC to DSP (part A of Tallg
and second, referring to the timing on the way fid8P to

OGPP (and USB Flash Drive) (part B of Table 1).

First requirement concerns the rate of samples
conversion in ADC and data output to DSP. It idilfed.
For on-line data processing operations in DSP, reefiext

.get of data from ADC is received, it remains for DS

operations about 33s.



Table 1. Summary list of main operations timingristrument
registration track.

4. CONCLUSIONS

The paper presents the problem of synchronizatibn o

A | ADC conversion and output time . 3,95ps | operations performed in data registration track of
FPGA processing and sending to DSP time 0,66ps estimator/analyzer instrument.
Time remaining for DSP operations 3,29us The basic condition in any operations connecteti ditta

B | Buffering time of 4 kB set of samples in DSP 2,43 ms transmission is reliable bit synchronization. This
Transfer time of data from DSP to GPP 2,18 s requirement is fulfilled implicitly in every opeiat in

Time remaining for data write to USB Flash Drivie 29ms | registration track.

) ) ) _ The frame synchronization is implemented in the

Second requirement is connected with buffering &@B4  registration track mostly in hardware, by meanselécted
block of data in DSP. During this time, the prewiaet of  control lines. This solution proved to be reliablde only
data has to be output from DSP to FPGA, and thaBR®  communication between FPGA and GPP was testedotor b
portable memory of 4 kB data block remains abo2b ®ns. by hardware synchronization.

While the configuration of data registration channe “The synchronization by software allows checking the
starting from the instrument inputs and ADC, thlouge  ejapsed time since the last transmission. This kird
FPGA link with the DSP as well as the DSP confiiora  synchronization did not give the ability to reack thata

is reliable, the path between the FPGA and the ®&Pthe  \yhen they actually were buffered. This way the fearwere
subject of additional considerations. These comai®s often overwritten or lost because of real lack ofitcol of

were focused on how to synchronize the data ex&hangiming of peripheral processes in GPP.

between the FPGA and the GPP. Two approaches to therhrough the synchronization by hardware (using the
problem of frame of synchronization were consides®d syNC line - in Fig. 2) the reading from the FPGAslzeen
verified: software and hardware synchronizationdatta made possible when the data were actually writtesret
communication. . This is to avoid overwriting of data as well aseeffvely
The first concept of the project assumed thgmprove the data transmission rate from DSP to GRS

synchronization of data reading from the FPGA toPGP synchronization method has proved to be a key foolev
using the software synchronization of communicationpstrument functionality.

process by means of the GPP timer. The timer wasose
200 ms. After such period of time the data are feamh the
FPGA via SPI to GPP. Afterwards, the frame header i
searched and data are written into RAM in GPP. [1] J. Mindykowski, R. Ménicki, D. Hallmann, "The strategies
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