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FIBER-OPTIC GYRO VERSUS CORIOLISVIBRATORY ONE

Fiber optic gyro (FOG) and metallic resonator Cdrgovibratory gyro (CVG) main accuracy parameters a
compared in this paper. Manufacturers of the anadyzyyros are from Russia (FOG) and Ukraine (CVG).
Methodics to measure and to calculate scale fat¢twmnperature instability and nonlinearity as well s
components such as quantum noise, random walk @ftduding Allan variance analysis are described:a®
factors temperature instability and nonlinearityaghs of both gyros are given and compared. Biaspoomnts
calculation at stable temperature are also giverd asompared. Two CVGs: KVG25, KVG43 and one FOG:
VG951D take part in comparative analysis.

Key words: Coriolis vibratory gyro, fiber optic gyrAllan variance, scale factor, nonlinearity, teengture
instability.

| ntroduction recommended by international IEEE gyro standards on

. . . .. CVG [3] and FOG [4] which are also shortly descdibe
Recently metallic cylindrical resonator Coriolis.

in the next section.
vibratory gyro (CVG) has been developed and tested

Ukraine. This CVG have shown so promising accuracy M ethodicsto calculate gyro parameters

parameters that it can take in nearby future leadin ) ) )
position in the world by cost/quality ratio. There is a problem of gyro drift components statikt

Metallic resonator manufacturing cost is much lesB@rameters determination to characterize gyro acgur
than that made of quarts material and fiber optit ¢ Allan variance method recommended by IEEE standards
with polarization maintaining fiber for middle amigh IS comparatively simple one and allows one to etm
accuracy fiber optic gyro (FOG). Metallic resona®G noises intensity of different nature. The esserfcenie
can be manufactured by any enterprise with standafeethod is to sequentially increase averaging tifhe o
modern mechanical equipment. Its capability to magyro drift measurement and to draw a graph of sqofre
production on the basis of computerized mechanicaf averaged drift variance (i.e. standard devitieersus
processing centers will reduce the manufacturingt coaveraging time. One can in detail be familiarizéith vllan
even more. variance calculation methodic in Annex C of IEEEGO

At the same time FOG has no such high produceabilistandard [4]. Here, common view of Allan varianceve
like CVG. CVG sensing element consists of only ¢hreis shown and different slope intervals on it arevebd.
parts [1], which assembly is simple and takes diio&. These different slopes characterize such bias coem®
CVG reliability more than 10 times exceeds th&0f5 [2]. as quantum noise, angle random walk, correlated

It should be noted in addition that CVG can operatglarkov-like noise, bias instability and others.
in rate and rate-integrating modes and these meales Typical curve of Allan standard deviation is preeen
be realized in one CVG with possibility to switebrh one fig.1 [4]. It could present or absent any of izated

mode to another in dependence on character of anglg,, components in this graph. So, for differeptog
rate change to reduce measurement errors [5] RSN ipis curve may look unequal.

it more adaptable to different area of applicaif®G 5.1, gpecific error component from fig.1 can betteni
can operate in either rate or rate-integrating Modg, - A< follows:
without possibility to combine them in one FOG.

The aim of this work is to compare basic parameter J2 1
of metallic resonator CVG developed and produced by OQ(T):QF; ON(T)= Nﬁ;
Ukrainian company with the same parameters of the
middle grade Russian produced FOG. Comparison is 2In2
conducted on the basis of shortly described innet GB(T): B= 0664B ;
section methodic to measure and calculate scaterfac n
temperature instability and nonlinearity. The twoas
bias components such as quantum noise, random walk oK(T) K\/ﬁ, R(T): Rﬂ;
and drift arecompared using Allan variance analysis V2
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hereQ is a random drift due to quantum noise measured ; 10
in degreesNis random drift due to angle random walk ;o5 —lo
10,

measured in degli B is random drift due to bias
instability measured in deg/l is random drift due to
rate random walk measured in defffhR is random -10
drift due to rate ramp measured in dégM is random
drift due to exponentially correlated Markov noise
measured in degifi
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Fig.2. Temperature profile under
scale factor measurement

Gyro scale factor can be calculated using expr@ssio
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Fig.1. Typical Allan standard deviation
versus aver aging time
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whereSF(T) is gyro scale factor at the temperatire
V'(T,) is average value of gyro output signal when
rotating counterclockwise at the temperatiire V (T)

is average value of gyro output signal when rotatin

clockwise at the temperatufe
After measurement of gyro scale factor at each of

rescribed temperatures, scale factor temperatstability

As can be seen from (1) Q value in deg is deternin FrinstCan be calculated using the following expression:

as an ordinate of intersection point of tangetiti with
slope=-1 (tan=-1) to g(7) curve (drawn in log-log scale,
and calculated in deg/h) and vertical line origimgt
from the pointz=v3h. If <v3h, thenr=v3sec can be
taken and in this case Q is measured in arc sec.

N is determined in deg/fi as an intersection point temperature rangeSF is scale factor mean value over
ordinate of tangential line with slope=-0.5 @m0.5) temperature range.
to o,(17) curve and vertical line originating from the point Standard process of gyro scale factor nonlinearity
r=1h. If <1h, thenr=1sec can be taken and in this caseeasurement is to rotate gyro around its sensimg ax
N is measured in degififiz, degi/h*=60 deg/hVHz. counterclockwise and clockwise with different

B is determined in deg/h as an ordinate of minimurarescribed angle rates at stable temperature astep
oo(1) (or its flat part) divided by constant 2Im20.664. in fig.3.

K is determined in degifi as an intersection point A
ordinate of tangential line with slope 0.5dg(7) curve 100
and vertical line originating from the poifi=v3h. If 80
T<V3h, thenT=v3sec can be taken and in this cKsis
measured in degAigec, 60degA?= deg/hi/sec.

R is determined in degftas an intersection point 3 i
ordinate of tangential line with slope +1 a(7) curve S -1 |
and vertical line originating from the pointv2h. If -5
1<V2h, then 7=V2sec can be taken and in this c&sis
measured in deg/h/sec, degB600 deg/h/sec. -80

Standard process of gyro scale factor measurement
over temperature range is to stabilize gyro at eafch
prescribed temperaturds, i=1...n, from the operation 1 20
temperature range and to rotate it counterclockarsg

clockwise at the prescribed constant angle rals + Fjg.3. Anglerate profile under scale factor nonlinearity
during 3-5 min., for instance, as depicted in fig.2 measur ement

(0}
SH inst = %100% , 3

where ogg is root mean square vale of scale factor over

»
»

Time, min 85
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After scale factor calculation at each angle rate Jd i
] e Q:Q.55§rc se e Bl i

using expression: o Tty SRR
(@) -v- ATODs g RS pdegll
SF(Qi):V (QI) v (QI), (4) : :
2*Q;
whereSF(@) is gyro scale factor abi angle rateV"((2)
is average value of gyro output signal when rotatin
counterclockwise withQ angle rateV(Q) is average
value of gyro output signal when rotating clockwise

- B=0.0035/0.664=0.005 deg/h -

standard deviation (deg
o,

with @ angle rate, scale factor nonlinearity can be 107 tii-mait e D
determined by the expression: 10° 10 10° 10° 3
Averaging time, sec
(o)
SFonlin =%100%, (5) Fig. 6. Q, N and B coefficient for CVG KVG43

where g is root mean square vale of scale factor over

measurement rang&F is scale factor mean value over
measurement range.

The compared gyros

Fig.4 shows gyros to be compared. They are CVGs
KVG25 (a) dimensions: height 5.8 cm, length 7.2 cm;
width 6.2 cm, weight 400 gr., CVG KVG43 (the sanew
but bigger in size, so it is not shown) dimensidreight
5.8 cm, length 9.0 cm; width 8.2 cm, weight 600, gr. .
both produced by JSC “Kyiv’'s plant Automatica named 10° 10! 10° 10° T 1ot
after G.l. Petrovsky” (Ukraine), FOG VG951D (b) guzed Averaging time, sec
by Fizoptica company (Russia) dimensions: height 3.
cm, diameter 15 cm, weight 800 gr.

Sy |
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Standard deviation (deg/h)

Fig.7. Q, N and B coefficientsfor FOG VG951D

Bias instability determined by coefficient B is also
significantly less for CVG25 and CVG43 which are 0.03
deg/h and 0.005 deg/h, respectively, than thatoof f
FOG VG951D with value of 0.25 deg/h.

In addition, as can be seen from fig.7, FOG Allan
curve has a convex at the region of 1000 s. In

L‘I

s

)

Fig.4. CVG KVG25 (a) and FOG VG951D accordgnce with prlcal curve of fig.1 it mgan§ttha
_ ] there is exponentially correlated Markov noise lie t
Bias components comparison FOG VG951D drift characterized byl coefficient.

Allan standard deviationa(T) computed for each Fig-8 shows how can be determinddcoefficient (root
of threegyros at stable temperature are shown in fig. snean square (RMS) value of the noise amplitude) and
6, 7. Two coefficientQ= 0.72 arc sec antl= 0.003 its correlation timef.
degi’h for CVG25 andQ= 0.55 arc sec and= 0.0005
deg#'h for CVG43 which characterize noise components 10
are significantly less than those of FOG VG951Dahhi
are equal to Q=18 arc sec and N=0.25 deg/

1

10

0.02/0.664—0.03 deg/h i i
: e H| : T/T =1 89; T =T/1.89=528sec=0.15 h

Standard deviation (deg/h)

o M= 070430384, 18deg/h3/2
i i T11*103

Standard deviation (deg/h)

10° 10' 10° 10° 10°
Averaging time, sec

Sera

1/2h
> Fig.8. M coefficient and correlation timefor VG951D
10° 10' . 162, 10° 10*
Averaging time, sec Correlation time7, is determined by the ratio
Fig.5. Q, N and B coefficientsfor CVG KVG25 7/T,=1.89 [4], whereT is averaging time at which
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maximum convex part of the curve is reached. Thi
maximum is reached dx1100 s, sol~1100/1.89=528
s. Maximum of this convex part is 0.7 deg/h, so Nor
coefficient we obtain [4, Annex C]:

0.437MVT,=0.7->M=0.7/(0.437*V0.15)=4.18 deg/h**

Thus, this is exponentially correlated Markov
noise in the output of FOG VG951D with the followin
parameters: RMS value of amplitude is 4.18 d¥tghd
correlation time isT=528 s, that is correlation function
of this noise isK(7)=4.18€°?% wherer is measured in
seconds.

Scale factor accuracy comparison

Fig. 9 and 10 show scale factors nonlinearity fo

CVG KVG25 and FOG VG951D in the angle rate range

+200 deg/s and +70 deg/s, respectively. As careka s

from these figures RMS values of nonlinearity are

0.025% for KVG25 and 3% for VG951D. FOG
technical passport declares that rate range indegfls,
but scale factor nonlinearity in this range is muarse.
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Fig.9. CVG KVG25 scale factor nonlinearity

SF nonlinearity in the range of [-70 +70]deg/s = 3 % (RMS)
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Fig.10. FOG VG951D scale factor nonlinearity
Fig. 11 and 12 show scale factors temperatu

instability in the temperature ranges [-40 +T5]for
CVG KVG25 and [-30 +70C FOG VG951D,
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Fig.11. CVG KVG25 scale factor instability
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Fig.12. FOG VG951D scale factor instability
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Calculations of scale factors temperature sensitivi
for both gyros give the following results: for KV&2-
0.002 %JC and for VG951D - 0.03 9&. The difference
is more than an order of magnitude.

Conclusion

CVG KVG 25 produced by Ukrainian company has
significant advantages on major drift parametersrov
one of the high accurate FOG VG951D produced by
Russian company Fizoptica. CVGs KVG25 and KVG43
have much less noise and an order of magnitude less
bias drift, than that of FOG VG951D.

KVG25 and KVG43 using metallic resonator cost
lower, than FOG and have mean time between fadfire
about ten times more [2], than that of FOG.
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BonokonHo-onTHYHMI ripocKoN B MOPiBHAHHI 3 KOPiogicoBUM BifpaniifHuM ripockomnom
B.B. Uikogasi

YV yiu po6omi npogooumscst NOPIGHSHHA MOYHOCMHUX NAPAMEMPIE 80IOKOHHO-onmuyHo20 2ipockona (BOI) i
Kopionicogozo sibpayitinozo 2ipockona (KBI) 3 memanesum pesonamopom. Bupobruxamu 2ipockonis, wjo aHanizyiomocs,
€ Pocis (BOI) i Yipaina (KBI'). Onucyiombcs MemoOuku 8UMIPIOSaHHsL [ pO3PAXYHOK MeMNepamypHoi HecmabitbHocmi i
HeNHItHOCMI MacumaobHux Koe@iyicumis, a makoxdc maxkux KOMNOHEHM 3MIWEHHS HYAS, K WYM KGAHMY8aAHMH,
sunaoxose OIYKanus i Opelig, suxopucmosyrouu ananiz eapiayii Ainana. [lpusooamuvcs epagixu memnepamyphoi
HecmabinbHocmi i HeAHIUHOCMI MacumadHux Koe@iyicumis 000X 2ipocKonieé i NpPosoOUMbCS iX NOPIGHAHMH.
Pospaxosyrombca maxooic komMnoneHmu 3miujeHHs Hya npu cmaobintbHOi memnepamypi i npo8oOUMbCA ixX NOPIBHAHHA.
YV nopisusinonomy ananizi 6epymo yuacmo 06a KBI: KBI25,KBI'A3i ooun BOI' BI941]].

Knrwuesi cnosa: xopionicosuil sibopayilinuii 2ipocKon, 60JOKOHHO-ONMUYHUL 2IPOCKON, eapiayii Aniawua,
Macumabnuil koegiyienm, HeaiHiuHiCMb, meMnepamypHa HeCmabiibHiCIb.

Bo0JI0KOHHO-0NTHYECKHI THPOCKON B CPABHEHHH ¢ KOPUOJIHMCOBBIM BUOPALMOHHBIM THPOCKOIIOM
B.B. YukoBanu

B smoii pabome nposooumcs cpasnumenvhulil aHAIU3 MOYHOCHHBIX NAPAMEMPOSE B0IOKOHHO-ONMUYECKO2O0
aupockona (BOI') ¢ kopuomicosvim sudpayuonnvim aupockonom (KBI) ¢ memanmumeckum pesonamopom. Ilpoussooumenu
ananuzupyemvix 2upockonoé — Poccus (BOI) u Yxpauna (KBI). Ilpusodsmcs memoouku usmepenus u pacuem
MeMnepamypHol HeCmaoUuIbHOCMU U HeTUHEUHOCHU MACUUMAOHBIX KOIDOUYUEHO8 0O0UX 2UPOCKONO08 U NPOBOOUNTLCS
ux cpasuenue. Paccuumuisaromes maxawce KOMNOHeHMbL CMeujeHUs Ky npU CIabuibHOL memnepamype u npo8ooUmcs,
UxX cpagHumenvuvll ananuz. B cpasnumenvrom ananuze npunumarom yyacmue 0eéa KBI: KBI25, KBI'43 u odun
BOr: BIo517

Knrouegvle cnosa. xopuonucogulli 6UOPAYUOHHBIL 2UPOCKON, 60JOKOHHO-ONMUYECKUN 2UPOCKON, 8apUAyUl
Annana, macuma0bnulii Kodpduyuenm, HetuHeuHOCMb, MeMNepamypHas HeCmaduIbHOCHb.

VJIK: 004.94

M.B. Yopnuii, I.b. dydanenn

Axademin cyxonymuux eiticok imerni cemomana Ilempa Caeatioaunoeo, Jlveie

MOJIEJIIOBAHHSI TPAHCIIOPTHOI OBCTAHOBKH HA ITIEPEXPECTI
JIJISI Ii IMITAIIE HA TPEHAKEPI

Pozersmymo memoouxy ¢opmysanns imimayitiHoi mooeni pecyibo8aHO20 Nepexpecms HA OCHOSI 1020
CMamUCMuYH020 OOCTIONCEHHs OISl BIOMEOPEHHS PENCUMIB PecYNIIOBANHS PYXY MPAHCHOPMHO20 NOMOKY HA NEPEXPECcsX
8 npogpamax eizyanisayii asmomodibHO20 mpenaxicepa. Jana memoouxa 0ae MONCIUGICING SUSHAUUMU ONMUMATLHY
KIbKIiCMb MPAHCNOPMHUX 3ac00i8 8 NOMOYi HA nepexpecmi, po3nooil ix no cMyeax pyxy 3 Memoro 3a0e3neueHHs.
aoeksamnocmi 1o2o npoizoy.

Knrouosi cnosa: imimayitine MoOeno8anHts, asmMomMoOLIbHULL mpeHaicep.

HaBuaHHsA. OcOOIMBO I CTOCYEThCS MPOI3Iy MEPEXpecTh
SIK HAHOUITBII CKJIaTHUX €JIEMEHTIB MapLIpyTy.

3abe3neveHHs aJICKBaTHOCTI KOMIT FOTEPHHX aBTOMO-
OUTHHUX TpEHAKEPIB MPUITYCKAE BUPIIIEHHS PSAY OpTaHi-
3aIiHAX | TEXHIYHUX 3334, Y TOMY YHCIIi:

OpraHizalilo omnepaTMBHOrO 300py # 0OpoOku
iHpopMaIlii Mpo JOPOXKHIO OOCTAaHOBKY Ha MAapIIPYTi,
SIKUI BU3HAYCHHI U151 HAaBYAHHS BOJIHHIO, IO I03BOJISIE
BU3HAYUTH (DAaKTHUYHI 3aKOHHM PO3MOJUTY 3aBaHTaXKEHOCTI
epexpecTb Ha MapIIpyTi;

Beryn

IocTanoBka mpodsiemu. B ocranHiii yac Bce Oinbie
yBark NPHIUIETHCS TUTAHHIO BIIPOBA/DKEHHS y CHCTEMY
HaBYaHHS BOJiiB CYYaCHHX KOMIT FOTEPHUX aBTOMOOIIIb-
HUX TpeHaxepiB. [IpakTudHe 3acTOCYBaHHS TpEeHAXKEPIB
JIO3BOJISIE ICTOTHO CKOPOTHTH BUTPATH Ha IiATOTOBKY
BOJid, IO NMPUBENO 10 IIMPOKOTO iX BIPOBAUKEHHS Y
36poitanx Cumnax.

st Ginbin e(heKTHBHOIO 3aCTOCYBAHHS TPEHAXKEPIB
y HaB4YaHHI HeoOXiZHO 3a0e3neYuTH aJEKBATHICTDH

BiITBOPEHHS TPAaHCTIOPTHOT 0OCTAHOBKH Ha BipTyallbHIH
Tpaci peajbHOMY MapUIPYTy, SKWAH BU3HAYCHHUNA IS

© M.B. Yopuuii, I.b. lydanens

PO3pOOKy iMiTamiHOT MOJIENi HasBHUX IEPEXPECTh
Ha MapUIPyTi Pyxy;



