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Po3rasiHyTO IBO30HAOBUIT BapiaHT HAJABHCOKOYACTOTHOI iHTep(hepoMeTpii Il BUMIpIOBAHHS IEePEMIl[CHHS
MEXaHIYHUX 00’€KTiB 3 HeBiTOMUM KoedinieHToM BinoutTs. Lline pobOTH mossrae B miABHIICHHI TOYHOCTI BUMI-
PIOBaHHS IIEPEMIllIeHHs] Y ITHMPOKOMY Aiamma3oHi koedinieHTa BinouTTs. OnepiKaHo 3aIeKHICTh IIOXHOKU BUMIpIO-
BaHHs BiJl MDK30OH/IOBOI BiJCTaHi, JTOBXKHUHU 30HAYIOUOI €IEKTPOMArHITHOI XBUIII Yy BIUIBHOMY HPOCTOPI, pO3MIipy
LIMPOKOI CTIHKM XBHJIEBIJHOI CEKIii i3 30HAaMH Ta KoedilieHTa BiIOUTTSA 00’€KTa 3 ypaXyBaHHSM BiJIXUIICHHS
CTPYMIB HaIiBIPOBIAHMUKOBUX AETEKTOPIB, 3’ €IHAHMX 13 30HAAMH, BiJ] IXHIX TEOPETUYHHX 3HA4YCHb. 31 301IbIICH-
HSIM JOBXHHH 30HIYIOUOI €IeKTPOMAarHiTHOI XBMJII ITOXMOKa IPOXOAUTH Yepe3 MiHIMyM s KoedilieHTiB Bix-
OUTTS, OMU3BKUX A0 OJMHHLI, i MOHOTOHHO 301IBIIYETHCS [UIs MEHIINX KoedilieHTiB BinouTTs. Taka noBemiHKa
MOXUOKH 3yMOBIIEHA THM, IO 31 30LIbIIEHHSM TOBXHUHH 30HIYIOUOI €ICeKTPOMArHiTHOI XBHII Ta/ab0 3MEHIIeH-
HsIM KoedillieHTa BiIOUTTs BIacHa MOXHOKa JBO3OHIOBHX BHUMIPIOBaHb 3MEHILIYETHCS, HA TOH Yac sIK MOXUOKa,
IIOB’s13aHa 3 BIAXWJICHHSM CTPYMIB JIETEKTOPIB BiJ iXHIX TCOPETHYHUX 3HA4YEHb, 301IBIIYETHCS. 3alIPOIOHOBAHO
METOIMKY 3MEHIICHHS MOXHOKH. METOANKA TOJsrae y 3MiHi JOBXKUHU 30HAYIOUOI €IEeKTPOMATHITHOI XBHII y
BUIBHOMY IIPOCTOPI B 3aJIEKHOCTI Bill BUMIPSHOTO Koe(ilieHTa BiOUTTA. Y MOPIBHSAHHI i3 3araJbHOIPHHHATHM
PEeXKUMOM POOOTH, 3aIPOIIOHOBAHA METOIHMKA H03BOJISIE ICTOTHO 3MEHIIUTH HOXHOKY 1151 KOe(illi€HTIB BinOUTTS,
6mm3pKuX 10 oxuHULI. Ha BinMiHy Bij BiZoMOI METOIHKH, IO BUKOPUCTOBYE (DikCOBaHE 3HAUCHHS BiJHOIICHHS
MIXK30HIOBOI BIICTaHi 0 JOBXHHH €IEKTPOMATHITHOI XBHIII Y XBHJICBO/I, MEHIIIE BiJl OIHi€] BOCHMOI, 3ampoIo-
HOBaHa METOJMKA BiJIbHA BiJl TAKOIO HEIOMIKA, K OMITHE 30UIbIIEHHS MOXHOKH IIPU TOCHTH MalMX KoedilieH-
Tax BimOUTTs. Pe3ynbraru 1iel po6OTH MOXKYTh OyTH BUKOPUCTaHI IPH pO3poOLi MIKPOXBIIBOBUX BUMIPIOBAYIB
HepeMIlleHHs U1 Pi3HHUX KJIAciB BIOPO3aXHCHUX CUCTEM Ta CHCTEM KEPYBaHHS TEXHOJOTTYHIMH IPOIIECAMH.

Knwouosi cnosa:. xomnnekcHuil Koegiyicnm 8i0oumms, eneKmpudHuti 3040, HAOBUCOKOUACMOMHA iHmep-
epomempis, HaniBNPOBIOHUKOBULL OEMEKMOP, XGUNIeBIOHA CEeKYisL.

PaccMoTpeH JBYX30HI0BbIH BapUaHT CBEPXBBICOKOYACTOTHON MHTEP(EPOMETPUH IJIsi U3MEPEHHs HepeMe-
IIEHUs] MEXaHWYECKHX OOBEKTOB C HEU3BECTHBHIM Kodd¢uiueHtoM orpaxkeHus. Llens paboTsl 3akmodaercs B
HOBBIIICHUH TOYHOCTH U3MEPEHUs MEPEeMEIICHHs B IIMPOKOM JAHana3oHe Kodpduimenta orpaxenus. [lomyuena
3aBHCHMOCTb IIOTPENIHOCTH M3MEPEHUSI OT MEX30HIOBOTO PACCTOSHMS, JUIMHBI 30HIUPYIOIIEH 3JIEKTPOMArHUT-
HOIT BOJIHBI B CBOOOZHOM MPOCTPAHCTBE, pa3Mepa MIMPOKOW CTEHKH BOJHOBOJHON CEKIMHU C 30HAAMHU U KOd(hdu-
IHEeHTa OTPAXKEHUSI 00BEKTA C YIETOM OTKJIOHEHHUS] TOKOB COEIMHEHHBIX C 30HIAaMHU ITOIYIPOBOJHUKOBBIX JETEK-
TOPOB OT MX TEOPETHYECKUX 3Ha4deHHH. C yBEIMUCHHEM JUIMHBI 30HAMPYIOIICH 3IeKTPOMATHUTHON BOJHBI I1O-
TPENIHOCTh MPOXOAUT Yepe3 MUHUMYM JUIS KO3()(HUIIMESHTOB OTPaXKeHUsI, OJIMU3KUX K eMHHIIC, © MOHOTOHHO yBe-
JIMYUBACTCS I MCHBIINX KOA((UIMEHTOB oTpaxkeHHs. Takoe MOBEACHHE MOTPEIIHOCTH CBSI3aHO C TEM, 4TO C
YBEJIMYEHHEM JUTHHBI 30HAUPYIONIEH 2IEKTPOMAarHUTHON BOJIHBI M/HJIM yMEHbIIEHHEM KO3(D(QHUIICHTA OTPaXKEHUS
coOCTBEHHAs! MOTPEIIHOCTD JBYX30HOBBIX H3MEPEHHIT YMEHBIIACTCS, B TO BPEeMs KaK MOTPEIIHOCTh, CBSI3aHHAS C
OTKJIOHEHHEM TOKOB JETEeKTOPOB OT HMX TEOPETHYECKHX 3Ha4yeHWH, yBenmumBaercs. IIpemnmokeHa Merommka
YMEHBIICHUST HOTPEIIHOCTH. METOANKA 3aKJIF0YaeTcsi B M3MEHCHHWH JUIMHBI 30HIAUPYIOIICH 3IEKTPOMAarHUTHON
BOJIHBI B CBOOOJJHOM IIPOCTPAHCTBE B 3aBHCHMOCTH OT H3MEPEHHOT0 Kod¢dunnenta orpaxenus. Ilo cpaBHeHHIO
C OOIICTIPHHATHIM PEKUMOM PabOTHI, P KOTOPOM MEK30HAOBOE PACCTOSHHUE PABHO OAHOW BOCHMON MTHHBI
JJIEKTPOMAarHUTHOH BOJHBI B BOJHOBOZE, NPEIOKEHHAs METOAMKA IO3BOJSET 3HAYHUTEIHHO YMEHBIIHTH I10-
TPEIIHOCT AT KOA()(UIMEHTOB OTpaxkeHMs, OJIIM3KUX K eJUHMIIE. B oTinume oT cymiecTBylOmeil METOTHUKH,
HCTIONB3YIomel (pUKCHpOBaHHOE 3HAUCHUE OTHOIIEHHS MEX30HIOBOIO PACCTOSHUS K JUTHHE 3JIEKTPOMArHUTHOM
BOJIHBI B BOJIHOBOJIC, MCHbIIIEE OJIHOM BOCBMOM, MPEUIOKEHHAsh METOANKA CBOOOHA OT TAKOTO HEJOCTaTKa, KaK
3aMeTHOE YBEIWYCHHE ITOTPENIHOCTH IPH TOCTATOYHO MajbIX Kod(dHUIUeHTax oTpakeHHs. Pe3ynbTaTsl maHHOM
paboThl MOTYT OBITH UCHOIB30BAaHbI IIPH pa3pabOTKe MHKPOBOIHOBBIX M3MEPUTENEH MepeMelIeH s Ul pas3ind-
HBIX KJIACCOB BUOPO3AIUTHEIX CHCTEM H CHCTEM YIIPaBJICHHS TEXHOJIOTHIECKIMH IPOIIECCaMU.

Knrwueesvie cnosa: KomniexkcHolll Kod3puyuenm ompadcenus, >1eKmpudecKuli 30H0, C8epX6blCOKOUa-
cmomuas unmepghepomempusi, NOIYNPOBOOHUKOBYII OeMEKMOP, BOTHOBOOHASL CEKYUS.

This paper addresses a two-probe implementation of microwave interferometry for measurement of the dis-
placement of a target with an unknown reflection coefficient. The aim of this paper is to improve the measure-
ment accuracy over a wide range of the target reflection coefficient. The measurement error as a function of the
interprobe distance, the free-space operating wavelength, the width of the broad wall of the waveguide section
with the probes, and the target reflection coefficient is analyzed with the inclusion of variations of the currents of
the semiconductor detectors connected to the probes from their theoretical values. As the free-space operating
wavelength increases, the measurement error passes through a minimum for reflection coefficients close to unity
and increases monotonically for smaller reflection coefficients. This behavior of the error is due to the fact that
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with increasing free-space operating wavelength and/or reflection coefficient the inherent error of two-probe
measurements decreases, while the error caused by variations of the detector currents from their theoretical values
increases. A measurement error reduction technique is proposed. The technique consists in changing the free-
space operating wavelength in accordance with the measured reflection coefficient, In comparison with the con-
ventional operating mode, in which the interprobe distance is equal to the one eighth of the guided wavelength,
the proposed technique offers a significant reduction in the measurement error for reflection coefficients close to
unity. As distinct from an existing technique that uses a fixed value of the interprobe distance to guided wave-
length ratio smaller than 1/8, the proposed technique is free from such a drawback as a marked increase in the
measurement error at rather small reflection coefficients. The results reported in this paper may be used in the
development of microwave displacement sensors for various classes of vibration protection and workflow control
systems.

Keywords: complex reflection coefficient, displacement, electrical probe, microwave interferometry, semi-
conductor detector, waveguide section.

Microwave interferometry is an ideal means for displacement measurement in
various engineering applications [1]. This is due to its ability to provide fast non-
contact measurements, applicability to dusty or smoky environments (as distinct
from laser Doppler sensors [2 — 4] or vision-based systems using digital image
processing techniques [5]), and simple hardware implementation. In microwave
interferometry, the displacement of the object under measurement (target) is ex-
tracted from the phase shift between the signal reflected from the target and the
reference signal. At present, this phase shift is usually determined using special
hardware incorporating a power divider and a phase-detecting processor, which is
an analog [6] or a digital [7] quadrature mixer. In doing so, measures have to be
taken to minimize the nonlinear phase response of the quadrature mixer, which is
caused by its phase and amplitude unbalances.

A two-probe displacement measurement technique was proposed in [8]. In that
technique, the quadrature signals needed for the determination of the phase shift
are extracted from the outputs of two probes placed in a waveguide section one

eighth of the guided operating wavelength 2., apart. In hardware implementation,

that technique is far simpler than conventional techniques based on quadrature
mixing [6, 7]. Its distinctive feature is the possibility of displacement measure-
ment at an unknown reflection coefficient with as few as two probes, while since
the classic text by Tischer [9] three probes have still been used to determine or
eliminate the unknown reflection coefficient [10, 11]. Theoretically, the technique
gives the exact value of the displacement for reflection coefficients (at the location

of the probes) no greater than 1/+/2 and in the general case determines it to a

worst-case accuracy of about 4.4% of the free-space operating wavelength. In [12]
it was shown that the measurement error can be reduced by going from the conven-
tional xg/s to a shorter interprobe distance. However, decreasing the interprobe

distance increases the error that is due to variations of the detector currents from
their theoretical values, and this error increases with decreasing reflection coeffi-
cient. The aim of this paper is to improve the measurement accuracy over a wide
range of the target reflection coefficient. This aim is achieved by changing the op-
erating wavelength in accordance with the measured reflection coefficient.

Consider two probes, 1 and 2, with square-law semiconductor detectors
placed | apart in a waveguide section between a microwave oscillator and a target
so that probe 2 is closer to the target (Fig. 1).
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The detector currents J, and J, (normalized to their matched-load values)
are [12]

J; =1+R? + 2Rcosy , (1)
J, =1+R*+2Rsin(y -B) , )
AmX I-x_/8
g A e ponThe/B
A 2| 2,/8

where R and y are the magnitude and phase of the unknown complex reflection

coefficient at the location of probe 1 (for simplicity, in the following discussion
the magnitude of the complex reflection coefficient will be referred to as the re-
flection coefficient), x is the distance between the target and probe 1, A is the
free—space operating wavelength, and the term ¢, which is governed by the wave-
guide section and horn antenna geometry and the phase shift caused by the reflec-
tion, does not depend on the distance x.

The guided operating wavelength kg is related to the free-space operating

wavelength A as follows:

where W is the width of the waveguide’s broad wall.
Let A, be the free-space operating wavelength such that 1 =2 g (Ay)/8. Then

the expression for 3 as a function of A will be

P_O Ml]

=5 1= (g /2w P

2

Let it be desired to find the displacement Ax(t) of the target relative to its ini-
tial position x(t,) from the measured currents J,(t) and J,(t) . As will be shown
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below, this displacement can be unambiguously determined from the quadrature
signals cosy and siny . From Egs. (1) and (2) we have

_R?
cosw:a12R : 3

a, +a,sinB - R*(L+sinp)
2Rcosp

siny =

, (4)
where a=J,-1, a,=7J,-1.
Combining the squares of Egs, (3) and (4) gives the biquadratic equation in R

af +a22 +2a,a,sin 8
. =0
2(L+sin B)

R*—[a, +a, +2(1—sin B)|R? + (5)
This equation has two positive roots. Let R and R, be the greater and the

smaller positive root, respectively. Clearly one of the two roots is extraneous.
Using Egs. (3) and (4), the absolute term of Eg. (5) may be brought to the
form

al +aj +2aa,sinp

2L+ sinp) R? {RZ + 2R[cosy +sin(y —B)]+ 2(L—sin B)}

Since the absolute term of a biquadratic equation is the product of its roots,
for the extraneous root R, . we have

R,,, = [R? + 2R[cosy +sin(y — p)|+ 2(L—sin p)f . (6)

On rearrangement, the expression for R, becomes

R

ext

where R = /(L—sin B)/2 and y, =arcsinR, .

Using Eq. (7), it can be shown that R, and R are compared as follows:
R, >R for sin(y+y,)>-R,/R and R, <R for sin(y+y,)<-R,/R. Since by
definition R, >R, , for the reflection coefficient R we have

R:{RZ, S_in(\u+yl)2—R0/R,
R, sin(y+7v;)<-R,/R.

First consider the case R<R,. In this case the condition sin(\y+y1)2—R0/R
is met at any v , and thus the reflection coefficient R is unambiguously determined
from Eq. (5) as its root R,, thus allowing cosy and siny to be unambiguously
determined from Egs. (3) and (4). Given cosy and siny, the target displacement

can be extracted using the phase unwrapping method, which is a powerful tool to
resolve the phase ambiguity problem in a number of applications [13, 14]. The

- [R2 +4RyRsin(y +v, )+ 4R§]]/2, @)
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displacement Ax of the target at time t, n=012 .., from its initial position
X(t,) can be found by the following phase unwrapping algorithm [15]

siny(t
arctanﬂ, siny(t,) >0, cosy(t,) >0,
cosy(t,)
siny(t
ot,)= arctanM +m, cosy(t )<O0, (8)
cosy(t,)
sin(t
arctanA +2m, siny(t ) <0, cosy(t,) >0,
cosy(t,)
Ao(t,) =o(t,) - ot ). 9)
0, n=0,
0(t,) =10(t,_) +Ap(t,), [Ap(t)|<m n=12 .., (10)

0(t, 1)+ Ao(t,) - 2nsgn[Ae(t,)], [Ae(t,)>m n=12,..,

Ax(t,) =%e(tn) =012, (11)

where ¢ and 0 are the wrapped and the unwrapped phase, respectively.
In the case R >R, the root R, will not always be equal to R, but, as will be

shown below, the displacement can also be determined to sufficient accuracy as-
suming that R=R, As shown above, the root R, is extraneous if

sin(w+y1)< —R,/R . In terms of the wrapped phase ¢, this condition becomes
P <P<P,,
R,
Where ¢, =nt+v, —y;, @, =2n—7,~7,, Y, =arcsin—-.
R
In the case | skg/B (1/\/§£ R, <1), we have
T T
Z < Yl < 'Y2 < E ,
whence it follows that the angles ¢, and ¢, are in the third quadrant.

From Eq. (7) it follows that the minimum value of the extraneous root is

R2 -~ 4R R+4R2]* = 2R -R. (12)

Rext min [
Because of this, if the root R; is less than R it will certainly be equal to

and 1

extmin’

the actual reflection coefficient R. Otherwise, any value between Rext min

may be the actual reflection coefficient.
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If the extraneous root R, is taken as the reflection coefficient, Egs. (3) and
(4) for ns cosy and siny will give their apparent values, for which in view of
Egs. (6) and (7) we will have

cosy, = 1+ Rsm(g—[fs)—sm B

ext

_1+Rcos-sinB[sin B—Rsin(¢—B)]

siny_ = .
ap Rey; COSP

Eq. (8) for the determination of the wrapped phase includes the inverse tan-
gent of the ratio siny/cosy . So consider the function F(g)=siny,, /cosy,,

P <P<9,

F(p)= 1+ Rcos ¢ —sin B[sin B — Rsin (o —p)]
~ cosP[l+Rsin(p-p)-sinp]

For its derivative with respect to ¢ we have

2| _,Ro
o)~ R {—2R3|n((p+y1)—1} ) R2[2R§ _1] .
o= [L+Rsin(p—B)-sinpf ~ [i+Rsin(p—B)-sinpf

Thus the apparent wrapped phase oap is a steadily increasing function of the
actual wrapped phase ¢. Since at the points ¢=¢, and ¢=¢, the apparent and

the actual phase coincide, this means that the apparent phase also lies between ¢,
and @, i. e., inthe third quadrant. Thus the phase error Ao, =0~ is

10, 0<9<q;, 9,<0<2n
Aer () _{arctarF((p)+n—(p, P <P<Q,.

The phase error Ag, (¢) has a negative minimum at @, =mn+7y,—7, and a

positive maximum at ¢, =2n -y, —v, where

_R*+2R}
Y4 =arcsin :
0

The minimum value of the phase error Ao, (¢) at ¢=0q, is

cosp — Reos(y; —v, —B)

A . =arctan Y =Y,
Per min 1—Rsin (YB —y - B) Y1773
and its maximum value at =g, is
cosP + Rcos(B+y +vy )
Ay, ma(F)=arctan L By +yg—m.

1- Rsin([3+yl +y3)

94



As can be seen from Egs. (9) — (11), the displacement error is governed only
by the phase error at the initial and the current measurement point because the in-
termediate points cancel one another. Because of this, the maximum displacement
error will be

A
|AXer |max - E(A(Per max ~ APer min ) :

A
sus R at different values of the ratio A/A, for a standard 23 mm x 10 mm wave-
guide (W =23 mm) and Ao = 3 cm.

Fig. 2 shows the ratio [Ax, | /A, = (AQqr 11 = APyr i) =8, VET-

0.4 0.5 0.6 0.7 0.8 0.9 10 R
Fig. 2

As illustrated, the error 5~ decreases rapidly with increasing A. However,

increasing A decreases the ratio | /xg. This, in its turn, increases the contribution

of the error caused by variations of the detector currents from their theoretical val-
ues given by Egs. (1) and (2) (such variations may be due to the effect of the re-
flecting surface shape and orientation and the antenna radiation pattern on the re-
flected wave, electromagnetic noise, etc.). To demonstrate, let us bring the abso-
lute term of Eq. (5) to the form:

a2 +al+2aa,sinp (I — Iy +AI, AT, f N
2+sinB) 2(1+sin B)

+(Iy +AY ~1)3,y, +AT, ),

where AJ: and AJ; are variations of the detector currents from their theoretical val-
ues Jin and Joth.

As the ratio I/?»g tends to zero, J Joy, and 1+sinf tend to zero too, and

1th
thus the contribution of the current variations AJ; and AJ, becomes dominating.
Calculations were conducted to find out an advisable value of the ratio /A, .
In the calculations, the determination of the relative displacement of a target exe-
cuting a harmonic vibratory motion was simulated. In doing so, variations of the
detector currents from their theoretical values were modeled by random current
noise. The distance x of the target to probe 1 and the detector currents J, and J,

were simulated as
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X(t) = X, + Asin(2nt/T),

47cX0
7\‘ 1

\|/=\|/0+%Asin(2nt/T), Yo =0+

3, = [+ R? + 2Reosy 1+ A r),

3, =[1+R? + 2Rsin(y - )] 1+ A 1),

where t is the time, A and T are the target vibration amplitude and period, x, and
o are the distance x and the phase y at t = 0, A, is the noise amplitude, and risa
random variable uniformly distributed between —1 and 1.

The calculations were conducted for different values of the ratio xo/w , the

ratio A/A,, and the reflection coefficient R at A=2.51, and A =0.02. To get
the maximum possible error, the initial phase , was chosen such that
Ae, (Wo) = APer i -

Fig. 3 shows the error Smax Versus ratio A/A, for five cycles of vibration at
W =23 mm, 2, =3 cm, and different values of the reflection coefficient R. As il-

lustrated, at R>R, .. =1/+/2 ~0.71 the error passes through a minimum, while at
R<Ry,, it increases monotonically with x/xo . Because of this, the error can be

reduced by operating at Ao if R<R, . and at a longer wavelength if R>R; . .

As follows from Eqg. (12), to the range of the actual reflection coefficient R from
Rymin 0 0.9 (in free-space measurements, the reflection coefficient can hardly

exceed 0.9) there corresponds the range of the measured reflection coefficient (the
root R;) from 2R, .. —0.9~0.514 to 0.9. So one should switch to an operating
wavelength longer than A, only if the measured reflection coefficient exceeds
0.514. An advisable value of the ratio x/ L, may be chosen such that the error Smax

averaged over the reflection coefficient range of 0.514 to 0.9 is a minimum. For
W =23 mm and 2, =3 cm, the advisable ratio A/A is 1.1.

5
max — R=09 ‘

0.030 - - R=08 v
1 ----R=07 e

0.025 - -

0.020

0.015 A

0.010 P -

0.005 -+ -'*

0.000 . . ; . ; . ;
1.0 1.1 1.2 1.3 1.4 A/ 7“0

Fig. 3

In the existing technique [12], an interprobe distance of Ag /10 is used instead
of the conventional xg /8 in order to reduce the measurement error at reflection
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coefficients close to unity. However, this may increase the measurement error if
the reflection coefficient is rather small. Fig. 4 shows the difference A of the max-
imum error &max for the conventional operating mode (| =const=kg /8) and the

maximum error Smax for the proposed technique at W =23 mm, 1, =3 cm, and
A/hy =1.1and for the existing technique [12] (I =const=2, /10). As illustrated,

both techniques significantly reduce the error at reflection coefficients close to
unity; however, the existing technique results in a marked increase in the error at
rather small reflection coefficients, while the proposed technique is free from such
a drawback.

Fig. 5 shows the advisable value of the ratio X/xo , (k/ko)adv, at which the er-

ror dmax averaged over the reflection coefficient range of 0.514 to 0.9 is a minimum
and the value of this minimum, (5, ) , versus the ratio 4,/W . As can be seen

from the figure, advisable values of the ratios A/x,and x,/W may be chosen as
A, =11and 1.3<h,/W<14.

A
0.02
proposed technique o
0.01 1 - = = existing technique [12] J
000 ——
-0.014 .,
-0.02 T T T T T T T T T T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 R
Fig. 4
(X/xo)adv ( ) )
120 ] max/ min
— 0.0080
- 0.0078
- 0.0076
- 0.0074
- 0.0072
18 AyW
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Thus, in order to reduce the measurement error in a wide range of the reflec-
tion coefficient, the parameters A, (the free-space operating wavelength at which

=2, /8) and W (the width of the waveguide section’s broad wall) of a two-probe

displacement meter should satisfy the condition 1.3<2,/W <1.4m, and the free-
space operating wavelength should switch from %, to 1.1a, if the measured re-

flection coefficient exceeds 0.514.

The proposed method may be used in the development of microwave dis-
placement sensors for various classes of vibration protection and workflow control
systems.
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