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Abstract- The paper presents the technique of Virtuainstrument and hardware, on which it is deployedSéction
Instrument design to obtain Real-Time mode. Appilicaof 4 there are results of the RT mode examinations and
the ETS approach to configure Real-Time instrumignt comparison with the traditional instrument. Sectién
presented and its requirements pointed out. Desfgihe  contains conclusions and hints for the future RT VI
virtual spectrum analyzer using the ETS technigee idesigners.

described. Detailed analysis of the designed instnt,

considering ability to work in Real-Time mode, is2. SOFTWARE REAL-TIME SOLUTIONS

conducted. The comparison between the ETS solatiwh The basic RT solution tested before [5], based an t

formerly examined, traditional, approach is perfedn ) .
Conclusions about the abilites of ETS RT virtual?heeniralimpgg?osf ;r%irea:j“l?rge Zﬁsgerg’vgiqss';eusren;uﬁué&r
instruments and their practical applications aesented. Therefore sophisticated solutions involving RT Emmielg"“
system are required. The National Instruments (NI)
company proposed two integrated solutions for the R
instrument design. These are: Real-Time Extens{Bis)
and Embedded Time System (ETS) [6], which expand
1. INTRODUCTION abilities of the LabVIEW programming environmentiran
The modern applications of the measurement systentke personal computer (PC). Both solutions turntthiget
and instruments cover broad spectrum of the teehnicperforming DAQ and data processing operations into
domains. The most important are time critical tasidsere instrument working under Real-Time operating system
measurements and data processing must be perfomrmedthe determinism is assured. It is possible by digdVI
certain time instants. These are, for example w@-li operations into time critical (DAQ and data prodegpsand
diagnostic [1] and monitoring systems [2]. To emsur non time-critical (presenting results, interactinith the
determinism of the measurement process, strictwanel user by the front panel). The former are run ontRMet,
and software requirements must be fulfilled. Theiistence while the latter are run on the PC under the gémengpose
describes the Real-Time (RT) mode, which is defiaedhe operating system, such as Microsoft Wind8%vs
full determinism of the performed operations (H&dal- In the RTX approach, both RT target and no-RT
Time - HRT) or their partial determinism, when tith@its  instrument can be deployed on one computer and two
are not always kept (Soft Real-Time - SRT). In #irtual  operating systems are run simultaneously and stiae
instrument (VI) design, the determinism refers twe t same processor and memory. The disadvantage of asuch
synchronization between the data acquisition (DA@J  solution is that for the communication between BwQ
signal processing operations. Multiple solutionstite RT  hardware and RT system, specialized DAQ card with R
mode exist; however, they require specialized hardyw module is required. Without it, only low-level retgr
such as PXI, compactPCI controllers, RT DAQ caf]sof  programming (complicated and time-consuming) ersalle
FieldPoint modules. design.

Keywords: Real-Time, virtual instrumentation, spectrum
analyzer.

The possibility to obtain SRT mode in VI equippeadyo The ETS approach is more universal, as even bas{g D
with the basic data acquisition hardware and gépermose card is sufficient for the VI design. Two differesamputers
operating system (GPOS) and LabVIEW programmingre required here — one for time-critical, anotfar non
environment [4] was also investigated [5]. The dosions time-critical tasks. The former can be PXI indutri
from these experiments were that in such a cordiipm  computer or general PC, for which strict requiretagsuch
SRT mode is obtainable, however, its quality isitith and as Pentium 1l processor, FAT32 hard disk partitiemd
determinism conditions are often violated. In piadt Intel 825xx family network chipset) must be metthdlugh
applications more reliable solutions are requifgterefore, ETS requires more hardware, it is a cheaper saolutio
another platform for the VI design was needed. Thdecause the price of two computers and basic DAQ isa
description of the existing RT solutions is in $&ct2, lower than one computer and specialized RT DAQ .card
while Section 3 contains presentation of the aralyz Therefore it was selected for the experiments.



The ETS solution involves Ethernet network into Ye  (before the next samples vector is obtained) mstedlto the
scheme. Although the RT target runs under RT opgrat samples vector lengtiy,q. [10]:
system, communication between the target and tls¢ iko

affected by the unreliable transmission protocols. Moo
One of the key issues related to the RT processitize tPrOC - f ()
priority queue. GPOS relies on the round-robin datiag s

mechanism, granting every process in the main mgmor . . .
with computer resources for certain amount of tand does WNerefs is the sampling frequency of the DAQ card. This

not ensure determinism. In the RT system, usin quation is also valid for the VIs run under RT rapieg
combination of round-robin and preemptive schedylin >YSt€M:

determinism is possible by assigning VIs and thseaith .

priorities. Influence of the priorites of the Vinoits 4-1- Simplespectrum analyzer

efficiency should also be tested. Because the task scheduling mechanism in the RjEttar
ensures determinism of the operations performethéy/I,
3. HARDWARE AND SOFTWARE TEST the circular buffer was tested at the maximum samgpl
CONFIGURATION speed of the DAQ card. Every experiment was repesi®

The virtual spectrum analyzer is the instrumendiMes t0 ob_tain the most relia_ble resglts. The drpents’
processing data vectors, and RT mode requiresvthan results are in T?b' 1 W.helgmc IS th_e size of the prpcessed
the card acquires the next data packet, the previoe was da‘Fa vectorn, is the size of the cwpular bUffem.RT IS th?
yet processed and the processor is ready for anoiote. rat!o of the pon—delayed cyclee_max is the maximum fll
Two Vs were used for the experiments. The firsalgzer ratio .of the circular buffer and,,g is the average fill ratio of
was a simple version, performing power or amplitudéhe circular buffer.
spectrum calculation preceded by the initial datecessing.

. b. 1. Examinations of the analyzer for the samptig frequency of 200
The second analyzer was used before to establish RIP xaminat e piig frequency

conditions under GPOS [9] and can be used as th iz
benchmark example. Its abilities include, windowing |_Moroc Mpuf NRT[%] | Nmax[%0] | Navg [%]
filtering, power and amplitude spectrum calculatitinear 512 4096 99,9949 26,02 2,6211p
and exponential averaging, as well as the cepstamoh 1024 8192 99,0118 17,65 2,1234
histogram drawing. The hardware configuration fathb 2048 16384 98,1225 18,51 3,35095
instruments was the following: 4096 32768 99,8703 19,86 2,7481
- DAQ card: NI PClI 6023E, maximum sampling 8192 65536 100 6,25 1,69064
frequency — 200 kHz, 16384 | 131072 100 1,93 0,85747

- Non Real-Time target: PC with Celeron 2,4 GHz
processor, 256 MB of RAM, 80 GB hard drive, Intel ) ) )
82559 network interface, Windows XP operating The ETS RT virtual spectrum analyzer delivers high

system accuracy and ensures determinism in most caseferHilf
- Real-Time target: PC with Pentium Ill 733 MHz ratio is low, even for the most pressing conditiofise size
processor, 256 MB of RAM, 40 GB hard drive, Intel Of the buffer, which optimal valugy,; = 8o determined
82558 network chipset, RT operating system. from the earlier examinations [10] is sufficienthold RT

The instrument was entirely designed on the non-RFonditions. Although RT target performs most of e
target, and then deployed on the RT target, usatgVIEW software operations (on the non RT target onlyaligation
7.1. Real-Time module. As the communication protocowas performed), in most cases the analyzer workethe
between the computers was used simple LAN connectidiRT mode. Because the communication between the
and the protocol selected for the data transfer T@B/IP. deterministic and non-deterministic part of thetrimsent
To store samples from the data acquisition, circhlsffer ~Was not going through Internet, but in the privagwork
[10] was applied. Its parameters were examined t§onsisting of only five laboratory computers, thelays
determine the conditions to maintain RT mode. Tmpare 'elated to the packet loss in the LAN were neglegib

ETS and traditional approaches, the sophisticatedyaer The comparison between the virtual spectrum anedyze
was run on the RT target computer, controlied bg th\yorking under general purpose and Real-Time opegati
general purpose and RT operating systems. systems is in Fig. 1. The curves express the maximu
length of the samples vector for the given sampling
4. EXPERIMENTAL RESULTS frequency, for which the RT mode can be obtainelde T
The conducted experiments are similar to thdnain difference between the two is that the insgmm
examinations performed before for the RT VI run emd WOrking under RT operating system fulfills the time
Microsoft Windows system [5]. The key factor of its réquirements with a high accuracy and can be cereitas
efficiency was the circular buffer. This technigissalso ~ Working in the HRT mode. For the analyzer deployeder
used in examinations presented in the paper. Thett,, ~ 9eneral purpose operating system (on the compldging

operating system has to perform necessary calontti "0le of the Non Real-Time target) the percentagethef
delayed cycles decreases for the relatively lorig damples



vectors (see Fig. 2). This is possible, becaussuah a PC
configuration, spectrum calculation for the longctegs is
faster than their acquisition. RT operating syst@ssures
stable work, independent of the sampling speed.
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of the analyzer's work requires more accurate tjm&he
analyzer was run under both systems and identical
parameters, i.e. maximum scan back#pg (percentage of
the cyclical buffer fill rate) as well as time dfet operations
tooc Were measured. The sampling frequency was set to
2048 samples pre second, giving range of 2 to afyaer’s
cycles per second. Buffer's sizg,; was set t08:Ipc.
Results for different samples vectors are in Tab. 2

Tab. 2. Comparison between the analyzer’s parametsifor Non-RT
and RT operating systems

n Sock [%] tDrnc [ms]

P 1 RT OS | Non-RT OS| RT OS| Non-RT OB
128 30,5 79,3 64,64 64,33
256 33,7 48,2 128,96 128,65
512 12,0 4,5 257,19 257,29
1024 0,3 0,1 513,21 514,58
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Fig. 1. Real-Time availability for the virtual sped¢rum analyzers under
general purpose and RT operating systems
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Fig. 2. Dependence between the delayed cycles ratel the length of
the samples vector

Number of the delayed cycles
-

16384

4.2. Sophisticated spectrum analyzer

After experiments concerning basic VI, fully furcoial
version of the analyzer was deployed on the RTetary
was also equipped with cyclical buffer to ensureajpalism
of the data acquisition and signal processing. ahalyzer
consists of multiple subVIs responsible for the saduent
stages of operation: data acquisition, initial pssing of the

acquired samples vector, signal processing, priesent

results on the front panel, and error handling wdibk
operations.

The first set of experiments was aimed at the coispa
between the general purpose and RT operating sgsiEme

The average time of the operations is similar ithbo
cases. When there is no danger of the buffer auerfl
analyzer’s single cycle duration in both operasygtems is
determined by the sampling frequency of the DAQ q@fr
the software operations are finished before thauiapn,
program waits idle until the next iteration). THere, for
the longer vectors there is no buffer overflow agg is
close to zero.

Every VI run under RT system can get one of five
priorities — from background (the lowest), througbrmal,
above normal and high to the time-critical (recomoes
for data acquisition threads). By default, VI geigrmal
priority, which puts it far behind the time-criticariority
processes. Therefore the experiment has similatomés
for both operating systems. There is still thredttloe
cyclical buffer overflow, even in RT conditions,dagise the
other processes easily expropriate VI's thread.iGafs,«
fill rate during the typical experiment (400 rephtsignal
processing operations in a loop) is presentedgn i
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Fig. 3. Cyclical buffer fill rate during experiments for RT operating
system with normal priority of the analyzer’s thread

The difference between the operating systems iy eas

analyzer performed basic signal processing operatio determinable, when the analyzer's priority was ¢eah
(power spectrum calculation after uniform windowing under RT operating system to time-critical. Thisywés
without filtering and averaging). The time of thpevations process and threads are not expropriated and thalasi
duration was measured using the method present&d. it buffer is empty most of the time. The comparisotween
resorts to the standard LabVIEW timer and requireshe general purpose and RT operating systemsHyir.
performing every operation for multiple iteratiofizecause

LabVIEW timer has resolution of 1 ms, while typiaaicle
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Fig. 4. Comparison of the cyclical buffer fill ratefor RT and general
purpose operating systems

The advantage of the VI with time-critical prioriig
easy distinguishable. Not only the analyzer wonksRiT
mode, but also the buffer overflow is unlikely. Ggal
buffer is empty most of the time, even for the slsample

vectors (i.e. 64), where Non-RT version rarely vgork
without the buffer overflow. Therefons,; may be smaller,

for example:

)

There is another threat, related to the priorityhef VI. If
its duration is too long, another processes, requby the
operating system may not get enough time and the
system gets stalled [11]. To avoid such a situatiotime-
critical VI must contain preset delays to allow etlask to
be completed. In our experiments, 5 to 10 ms wasigim to
avoid hang-up. The influence of the priority or tyclical

Npur = 2ﬂlproc

buffer fill rate (forfs = 2048 Hz) is shown in Fig. 5. The

curve for the 64-samples vector is the border, abekich
RT conditions are hard to obtain for the VIs witie tower

priority. Acquisition of 1024 samples vector withet preset

fs leaves the operating system about 500 ms to pertbe

necessary calculations. Notice, that Windows NT iffam

also offers prioritizing, however changing VI intagh
priority makes performing another tasks impossible.
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Fig. 5. Comparison between the efficiency of the glwith different
priorities

The time of the operation in RT system is measuairedl
transferred to the host computer. It is then indéepet of
the network congestion and can be compared to ahees

the host computer. The experiments confirming thie
presented in Tab. 3.

Tab. 3. Comparison of the operations’ duration undeboth
operating systems

Nproc | RT1[mMs]| RT2 [ms]| Non-RT [ms]
128 514,285 514,48 514,58
256 258,01 258,135 257,29
512 128,595| 128,635 128,65
1024 64,38 64,415 64,33

Column RT1 contains the average time of operatfons
the RT system with analyzer of time-critical prigri
Column RT2 contains the same parameter for the same
system when there are additional operations rutherhost
computer (defragmenting hard disk, searching fer fites,
using spreadsheet). The obtained values are ddbe bnes
for the analyzer run under Microsoft Windows (“NBA-~’
column).

Another issue is the accuracy of the time measuneme
For the RT system it can be performed by the fanctising
the DAQ card’s internal clock, giving better acayahan
the software function. Based on the hardware, it is
independent of the scheduling mechanism and flticts
related to the processes execution time. The
measurement function is presented in Fig. 6.

RT

time

fvent sourceftimebase (Hz)|
100000

b=

bhon| (1254 5
ounker 2
abc K

Fig. 6. LabVIEW time measurement function, using DA card
clock

Both time measurement functions were compared. &Vhil
for the long experiments, with multiple iterationtheir
results are comparable. For the RT conditions tlmrem
accurate timer can be required, especially whenettect
operation time must be known with a high accur&ssults
for ten iterations of the VI's operation are shawiTab. 4.

Tab.4. Comparison between the software and DAQ cardlock based
measurement functions

Nproc | SOftware timer [ms]| DAQ timer [ms]
128 71,318 71,96
256 150,06 156,48
512 293,6 302,16
1024 583,78 567,03

The differences between the timer readings ar¢etkm
the actual operation time and are diminished fer ldrger
number of iterations. Both have identical resolutibut the

should also be independent of the operations pagdron

For the RT operating system it is important théattlz
programs are stored in RAM. Therefore their sizdtens



and the designer should focus on minimizing the sizthe

Design of the RT VI requires considering novel glea

VIs deployed on the RT target. LabVIEW module alow such as prioritizing the VI, or controlling the anmbd of

disabling debugging options for every VI included the
project. In Tab. 5 there are presented sizes ofséhected
VIs uploaded to the RT target before and after segging

their size. The size of the whole analyzer mairdpe&hds on

the number and size of the Vs selected for thgepto

There is also small number of the controls uploaded

automatically to support the execution of the arafy but
their size is irrelevant. In Tab. 5 the size of tiwbole
instrument as well as its parts is presented.

Tab. 5. lllustration of the minimizing size of theconstituent subVIs of
the analyzer

. Before size After size
VI function . )
suppressing suppressing
Selecting signal source 9,8 KB 8,46 KB
Saving results to file 28,49 KB 22,23 KB
Error handling 23,18 KB 17,19 KB
Data acquisition 4,73 KB 4,3 KB
Initial processing 5,16 KB 4,73 KB
Main instrument 284,43 KB 190, 44 KB

Results in Tab. 6 show the memory savings for ctsitr

(uploaded automatically by the LabVIEW and relatedhe
used functions) and VIs. The size suppression ssipte
only for the latter and is about ten percent.

Tab. 6. lllustration of the minimizing size of thewhole analyzer

Analyzer Before size After size

elements suppressing | suppressing
Controls 5,82 KB 5,82 KB
Vlis 1177,37 KB 1063,02 KB
Whole analyzer 1183,19 KB 1068,84 KH

The size suppressing is better visible for thedaigls,
for which the saving of space in RAM is up to thipercent
(main instrument). The whole analyzer requires atdgut 1

MB in the main memory, while the RT system takesuib
50 MB, so for the tested RT target there is a fdtee space

for additional instruments. Therefore, for the \@ptbyed
on the modern PC computer, its size is of the sdmgn
importance, unless there are many VIs uploadeddd.R

5. CONCLUSIONS

The examinations prove that virtual instrument glesd
using ETS technique with properly set priority leassures

high determinism and can be used for more sophtstic

tasks, than the VI based on the general purposeatipg
system. Its advantage over the traditional solgtida
reliability even for the maximum sampling speedivdegkd

by the DAQ card. The Real-Time operating systemids/o

buffer overflow and loosing SRT conditions. The ioyat
circular buffer parameters calculated in [5,10] stitk valid,
but now they can be stricter. This gives the desigrmore
freedom during software optimization. Practical laggions
of such an instrument are also wider, as thererésn®
limitations on the sampling frequency, as in treditional
solution. This makes ETS RT virtual spectrum analya
powerful tool for measurement and on-line diagrossti

memory used by the program on the RT target. Th& ET
configuration of the VI is expanding towards thetdbuted

RT measurement system [8]. Obtaining deterministic
transfer between the host and the RT target is\éx¢ step

to the RT VI technique using Ethernet network.

Determining abilities of the network in the distrtbd
measurement systems is a pressing issue [7], wisich
supported by the newest version of LabVIEW (8.0heT
idea of establishing a subnet within the presentvork
(similar to the Virtual Private Network solutiorgelivering
deterministic behavior [8] requires only additiomedtwork
cards. Experiments concerning new abilities of the
LabVIEW RT module will be the next step of our raszh.
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