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Abstract

To meet the demand of avionics control system's frequency response characteristic and
the testing, a new avionics frequency response testing system is proposed. The design uses
PXI series card of NI Corporation and the software programming is used in the design,
realize the functlon of the testlng signal's generatlon the collection of the respo egw

S

characteristic curve, and so on. In this paper, the hardware composition, s
testing steps, and the processing method of data sampling sare, mainly/i
results of application show that the proposed system is e ical an
good stability and can meet the avionics system freue%’%ms esting requirements.
It not only achieves all the collection of the respo I, analysis calculation, but
also achieves the data storage and playback. The prop0sed sys s the advantages of
simple and quick, flexible configuration, port%\low cost d soon.

Keywords: Frequency Response Char tlc Te §stem Data Processing

1. Introduction s\\

With the development og% ic tee y and aerospace applications, avionics
system has become an importaft part ircraft. The system's frequency response
characteristic is the key no Iogy vionics system. Because it not only has an
important influence hole system's reliability and stability, but also has
important implica{%.e for alysis and troubleshooting. Frequency response
characteristic p rscan i ively reflect the stability of the system, and provide a
data suppo. prov&on rol characteristic of this system. In order to obtain the

avionics s frequ esponse characteristic parameters in time, an avionics
frequency response system is designed. The hardware design mainly adopts PXI
series chip of NI tion, at the same time, using self-made hardware circuit to filter
the sampling he software design adopts VC to write the testing system's each
module, algori and so on. It can realize the function of the testing signal's
generatlo\%e collection of the response signal, the processing of the sampling data
and th ing of the system's frequency response characteristic curve, so as to
mee@ quency response characteristics of the testing requirements.

e Composition and Working Principle of the System

HP35670A is the traditional dynamic signal analyzer which can take 15 minutes for
each test. The instrument is expensive; complicated operation and relatively simple
configuration. Considering the signal selection, sampling precision, test time, low cost
and portable, this system mainly includes the following parts: Signal generation and
acquisition system, display system, PC software and so on. The overall design of the
system is shown in Figure 1.
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Figure 1. The Overall Design Diagram of th stem

The overall design of the system mamlq des hard %Iayer device driver layer,
software support layer and user appllc er dware is based on the platform
if the NI PXI-1042 chassis. The ch msta e controller card which is as the
CPU of the whole system, a é}the sign erator and the DAQ board which
includes the multifunction data smon se cards can be directly installed in the

slot of the chassis of the P ich is ent and simple. The device driver layer

provides the operating orm for e design, the software design mainly uses

VC++. Including th ign K module, response signal acquisition module,

data processing uman—es&uter interaction module, system self-test and help

module.

The WOQ ciple L@ stem is shown in Figure 2.
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O Figure 2. The Working Principle of the System

ne signal is loaded into the object being measured, at the same time, the response

and the frequency sweep signal of the system are collected. After the data

processing, the two kinds of signal's amplitude and phase comparison are compared. Then

measured gain and phase difference of the system under test are obtained, and the Bode
diagram can be drawn, and the transfer function can be calculated.

3. The Realization of the System Hardware and Software Design

According to the basic principle of this system. Mainly uses the signal generator PXI-
5402, signal collecting card PXI-6255, box PXI1-1042, controller PXI-8820 of National
Instruments. The hardware principle and object diagram are shown in Figure 3.
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Figure 3. The Hardware Principle and Object Diagram

<
3.1. PXI Series Card Yy

PX1-5402 is a signal generator which can generate the sweep signa @ ystem.
Built-in sine, square, triangle, noise and DC offset functi 400M e sample
rate with interpolation; 0.355 uHz frequency resolut't an be lled by VC
programming. PXI-6255 is high-speed multifunctigmdata cqwsm d to collect the

input and output data. The voltage range of the @ acquis 5Y+10 V, Maximum
update rate is 1.25MS/s, This device have NI-%Ca I|brat|o ology for improved

measurement accuracy and six DMA chann r high- data throughput. The NI
PX1-8820 high-value embedded contrall ures an dual-core Celeron 1020E
processor and is designed for PXI mp t systems. With 2.2 GHz base
frequency and 1333 MHz DDR ard It can be equipped with Win7
system, Visual Studio2010 pr g@mg soft nd so on. The NI PXI-1042/PXI-
1042Q 8-slot chassis are d%& to me e needs of a wide range of test and
measurement applications. T XI-1 tes in a temperature range extended to
55 °C. The PX1-1042 0ff@meter 0 % with acoustic emissions as low as 43 db.

3.2. Band Pass Fi e\o

The freq 0( ?n e of the %s system is 0.1Hz~100Hz, the range belongs to the
low freque@ tot hat the field test environment is complex, the superposition
of all kinds ise, it large interference on the system, and it need to add a band
pass filter in the sj annel, remove high-frequency unwanted signals, as far as
possible let the lgmffiequency signal through the channel without attenuation. In order to
minimize effec@ter corner frequency, the cut-off frequency of the filter is generally

greater thary 3 es more than that of the effective signal frequency, however, the
samplingfreguency should be 2~3 times the cutoff frequency of the filter.
ing

Trb principle of band pass filter is shown in Figure 4.
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Figure 4. Band Pass Filter

The cutoff frequency of the filter used in this system is 1 KHz, According to the design
requirements of the various device parameters R, =R, =10KQ C=0.1uF § =1.6KQ

4. The Design of System Software

The system software mainly use Visual Studm%brogr@g software,
specifically refers to the use of the Visual C++ sy man-machine
interaction module, help module, system self- ule, gystemy/control module,
interface test waveform display module, response rocesshg%ﬂule and so on. The
testing system software overall uses hierarchjeal design, each layer services the upper,
and meanwhile they as the lower customer, inthis'way, \N\d allow a complex problem
into a sequence of incremental steps. software isNdivided into hardware layer,
driver layer, and support layer and tion | sbftware in accordance with the
hierarchical structure. The modula 1onshi oftware architecture as shown in
Figure 1. The device driver m | e acce s tothe hardware equipment for the upper
layer software; the softwareqi &F aer ins the various equipment control with
API function, the various func onaI s realize algorithm, dynamic link library
design and so on. The appllcatl yer is to provide users with a friendly man-
machine interface wh |mple and convenient, so that it can implement system testing,
process monltorl the@ns under the various functions control algorithm
support.

4.1. The S;@ Self-t trol Module and Board Control Module

The system self-t dule work is to complete their own state before the examination
for the system, ignal generator for the system and availability of multifunctional
data acquisitio , and completing each card initialization, calibration etc. The system
hardware@s process is shown in Figure 5.

Q)O
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Figure 5. The Self-Test Of System Q}Q

The board control module is used to control PXI1-625 X1540 niy; Using the

underlying API function hardware products, you can cal Studio development
environment, and complete control of the hardwarg=agard.*This motiylermainly refers to
the PX15402 signal generator to produce differen lency @g}&gnal, the PXI-6255

ystem, am process as shown in

Figure 6.
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O Figure 6. The Board Control Module

%esponse Data Processing Module

Response data processing module is mainly used to achieve the frequency response
data processing, calculate the frequency response characteristics and draw the Bode
diagram. Direct express frequency response characteristics, Provide data support for the
improvement of system control performance. The method of data processing will be
introduced in the next chapter.
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4.2.1. Data Preprocessing

In the process of avionics system control the aircraft rudder, vibration signal is
produced. Then, we collect the vibration signal data. Because with the temperature
changes the amplifier will produce zero drift, and outside the frequency range of the
sensor low frequency performance is not stable, and there also have the environmental
disturbance around the sensor. The data often deviates from the baseline and even
deviates from the baseline will change by the time. The frequency response data
preprocessing isto remove the trend and intercept steady data. The engineering
practice will generally reject the first three periodic signals; the feedback signal for the
remaining is steady signal. Algorithm of signal preprocessing as follows:

Y (©=Y(0)- max (t) + minY((t)
2 (D)
Among of them, Y (t) is the original data, Y, (t) is preprocessed data. ¢

Because the measured object is a nonlinear system, the external enviro the
process of testing will make noise. Linear filtering method can deal with nDisg\but most
of the linear filter with low pass characteristics. Removma the n0| akes the

waveform’s details and edge blur. Median filter is r met rem oving
noise It can not only achieve noise suppression, f| aphlc scanning
noise, but also overcome the details of the image caus Ilnear filter, keep
the edge information of the image. It can be good t ove the of the curve.

The filter window length is n=2k the ,n of measurements is
M (M >>n) Observations: u(tl) u(t, ), @ Medl routput

k+1 \
median[u(t)]|= [u @1 ] g "

Among of them u @ress in t’K n = 2k +1observations of the K

maximum or minimu
According to ove jon window n=2k+1 ,the relationship of one
dimensional medi filtering method is

X(t)= m’ t, -@ti),---,u(ti+k)] .The median filter window length is

n =2k +1,B0t when t idth range of the pulse signal is smaller than the k , a median
filtering method wi minate the signal. So the properties of median filter can do
processing detaijsi ise removal.

4.2.2 SingSigral: When sin signal is the sweep signal of the system, we use the FFT to
calculate plitude and phase frequency characteristics. FFT is used to establish the
relation etween the time conversion function and spectrum function. "Time" or
" y” selects continuous value or discrete value, which forms the variety forms of

or a N sequence of discrete FFT formula

N
X(K) =D X (n)xeFer 1 <k <N (3)

n=1
Because of the DTF is periodic and symmetric, so using frequency extraction of FFT
can greatly improve the speed of operation, but this method requires zero filling operation
on the sampling signal, characteristic in the nature of FFT shows that the spectrum zero
does not change the signal’s spectrum. Because the test time of each frequency point is
integer times of the signal cycle, and in order to avoid the leakage of the spectrum, so in
data processing usually uses the window like spectral analysis, which can get better

results.
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4.2.3. Chirp Signal

System adopts Chirp signal as the frequency sweep signal, the frequency sweep signal
and the response signal of the system are collected. Then, according to the principle of
mutual power spectrum, the frequency response characteristics of the system under test
are calculated. Chirp wave, also known as linear frequency modulation pulse waveform,
its expression is:

Y, = Axsin((0.5a*i+b)*i) 4)
Among of them, i=0,1,2,---,n-1, A is amplitude, a=2z(f,—f,)/n , b=2x1
where f, as the starting frequency, f, as the end frequency, n as the number of samples

sample.

Using chirp continuous wave as a frequency sweep signal to have the test and cross-
power spectrum is used to calculate its frequency response characteristics, hlcho
describes the amplitude and the phase relationship between input and outp
Frequency response function is obtained by the cross power spectrum oft %
output and the auto power spectrum of input signal. The calculated d cross—
power spectrum amplitude and phase data, and the ampli d’ata 0 s1gnal ]
auto power spectrum. Then, the cross power spectrum apeg to ow ctrum of the
corresponding item division is the system frequepeysfesponse amp sequence, and
the cross power spectrum phase data is the p hangew system frequency
response. The above data can be used to draw the Bird flgure ahg calculate the transfer
function.

4.3. The Man-machine Interface and%aggod

eis u%gxund a set of software interface for
e

the user to use the variou s the with completing the detection of
legitimacy of user interactionai ormatlorf e enabled state adjustment of interface
elements. The software interface Is sth gure 7.
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Figure 7. Human-Computer Interaction Interface

The interface includes the display of card name, the input module including the drop-
down box selection of sweep signal, amplitude and phase of sweep signal , the initial
frequency and stop frequency selection, data processing button, Bode diagram button, and
the response curve of the system display.

The help module contains the complete description of the test system, tutorial and
the solutions of common problems and abnormal problems and document content,
helping software personnel master the various function of the whole test system,
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providing the guide of common troubleshooting. The interface contains the “help”
button, and click it to get help document.

5. Experimental Results

In engineering practice, according to the actual situation, a certain aircraft
avionics system frequency response has been tested. Using this system and the
dynamic signal analyzer HP35670A to test the system at the same time, and make a
data comparison. Calculating the amplitude gain and phase difference of each
frequency point, and drawing the bode diagram. Using the two kinds of methods, the
Bode diagrams are measured by the instruments as shown in Figure 8.

- @/

Q\\Q 0%

O /é\\;x EE
& T

O (d) Comparison
Figure 8. Bode Diagram

It can be seen clearly from the Figure 8 that diagram of this system’s testing data
coincide well with 35670A data. It shows that the system can accurately measure the
frequency of avionics system. If you need a further analysis of the system’s transfer
function, you can make use of the related functions in the matlab software, set
relevant parameters to make the transfer function fitting directly.

Calculate the error between two methods of the testing system and dynamic
signal analysis instrument. The accuracy of the testing system reaches 0.1%.
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6. Conclusion O \\/

The design of avionics frequency testi ystem, v@realized the function of
the testing signal's generation, the coT f h nse signal, the processing
of the sampling data and the ystems frequency response
characteristic curve, and so on m ha haracterlstlcs of friendly man-
machine interaction, feature nd flexible ‘extension, which make the system
have high reliability an stab %The system has the advantages of

convenient connection, strong antl ng nce and high testing precision by using
ith the ional dynamic signal analysis instrument,

PXI technology. Com
the system is rellabltﬂ ;&onomlc good stability, high precision and can satisfy the
requirement of aV ystﬁ quency response testing.
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