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AHHOTanUA

PaCCManI/IBa}OTCH BOIIPOCHI CIVIAXKUBAHUA HH¢0pMaI.LPIOHHbIX CUT'HAJIOB B TEXHUYECKUX CUCTeMax
C NMNOABUXXHBIM OCHOBAaHHEM. B Takux cucremax HCIIOJIb3YIOTCA pa3IMdHbie CUCTEMbI KOOPDAWHAT U
NpH ynpaBJIEHUH HUCIIOJIHUTE/JIbHBIMU 3JIEMEHTAMU OCYyLIECTBJIAETCA Hpeo6pa303a1—me CHUTHAJIOB U3
O/IHOM CHCTEMBbI KOOPAUHAT B APYTyI0. BeIGOp cHCTEMBI KOOPAWHAT, B KOTOPOW OCYIIECTBJISIETCS 06-
pa60'r}<a I/IH(l)OpMaLlHOHHle CHUT'HAJIOB, AOJKEH OCYyLeCTBJIATbCA C YY€TOM XapaKTepa U3MEHEHHA
06pabaThIBaEMbIX CUTHAJIOB. B cTaThe paccmaTpuBaeTcss 06paboTka HHPOPMAIMOHHBIX CUTHAJIOB C
y4€TOM CUCTEMbI U3BMEPEHUA KOOPDAHUHAT C IOMOILbIO (1)14.}1pr3].(1414 Kanmana. Y4eT cucteMbl nu3sMepe-
HHS KOOpAUHAT npH duabTpaunu KasmaHna no3BosisieT o6ecneduThb TpebyeMyto TOYHOCTb 06paboTKH
CHUTHAJIOB.
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Abstract

The article describes information signal smoothing problems in the technical systems with movable
platform. In such technical systems different coordinate system are used and there is a signal
conditioning from one coordinate system into one another when actuating element controlling. A
choice of coordinate system, which is used for information signal processing, must take account of
behavior of processed signals. Kalman filter allows providing signal processing required accuracy, if
there is taken account of a system of dimensioning.
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BBeaeHue

B TexHHUYeCKHX CHCTEeMax C MOJBWXXHBIM OCHOBAaHHEM, B CBSI3U
C HCNOJIb30BAaHMEM PAa3/IMYHBIX CHCTEM KOODJUHAT, 006paboTKa
MHGOPMALOHHBIX CUTHAJIOB JIOJDKHA OCYIIECTBJIATHCS B COOT-
BETCTBYIOILEH cucTeMe KoopauHaT! [1-3]. U3BecTHBI TpaJgUIUOH-
Hble aJropuTMbl ¢unbrpanuu Kanmana [4, 5] a1 crinaxkuBaHUs
MHPOpPMaMOHHBIX CUTHAJIOB [6, 7]. B paboTe [8] paccMoTpeHBI
aJITOPUTMBI GUIBTPALIMY C UCII0JIb30BAHNEM IPe06pa3soBaHus KO-
opauHaT. OlHaKO, HE0GXOAUMO YYUTHIBATh XapaKTep U3MeHEHUs
MHGOPMALOHHBIX CUTHAJIOB B BBIGPAHHOM CHUCTEMe KOOPJUHAT,
YTO6GBl He BO3HUKAJIU CUTYAalMH, KOTAA IOBBIMIAETCS AUHAMUKA
3TUX CUTHAJIOB U BO3PACTAIOT TPeGOBaHHS K aJIropuTMaM obpa-
GOTKHU.

B craThe paccMaTpuBaeTcs 06pa6oTka MHPOPMALMOHHBIX CHT-
HaJIOB C YYeTOM CHCTEMbl MU3MEPeHHs KOOPJUHAT C MOMOIIbIO
dunpTpanuu KasimaHa. YueT cucTeMbl U3MepeHUs KOOpJUHAT IpU
¢unpTpanuu KanMaHa mosBosisieT 06ecreduTh TpeGyeMylo TOY-
HOCTb 06paboOTKe CUTHAJIOB

Anroputm 06paGO0TKHU MHPOPMALUOHHBIX
CUTHAJIOB C Y4€TOM CHUCTEeMbI U3MEpPEeHHUs
KOOpPAHWHAT, OCHOBAaHHbIN HA GUIbTPALUU
KaimaHna

JIMCKpeTHBIH aJITOPUTM OlleHUBAHMS COCTOSIHUSI 06'bEKTa yIpaB-
JleHus, GYHKIMOHHPYIOLEro B cucTeMe KoopauHat C1,mo ¢ - omy
KaHaJIy IpY U3MepeHUH B cucTeMe KoopAnHaAT C2 B paMKaxX MeTo-
noB ¢unprpayuu Kanmana [9-15] umeer Buza:

X! (1] n=1)= @, ()x{ (0= 1)+ B;(mU; (n);

x$2(n | n—1)=1K2(x$ (n | n—1));

Axf,z(n) ={z;(n)— H(n)xgz(n |n —1)} )

AxSH(n) = TIK1(AXS2 () 5

xgl(n): xl-col(n|n—l)+ Si(n)K,-(n)Ax,-Col(n); (1
K;(n) = S;P,(nn—DH;T {H;(n)P;(nn=DH;T () + V,, (n) "5

Pi(n|n=1) = G;(m)Vy, ()G, () + @; (m)P; (n-1)®;" (n);

Pi(n) = Py(n|n-1)-K;(mH;(n)P;(n | n-1),

rAe z;(n) - BEKTOp HabJIIOAEeHUH; z;,(n) =H,-(n)xg(n | n—l) - BEKTOp
OIleHOK HaOJII0IeHUH; xicoj (n) - o1leHKa BEKTOPa COCTOSAHMS HabJII0-
JlaeMOT0 00'beKTa WJIY NPOLiecca; X,-Co’(n |n-1) - onleHka BeKTOpa Mpo-
THO3UPOBAHUS COCTOSIHUS HAGJII0/1aeMOTro 06'beKTA UJIU ITPOLIECCa;
®,;(n) - maTpuLa ynpexaeHus; H;(n) - MaTpuLa Habr0AeHus; K;(n)
- MaTpula ko3¢ duureHToB; P;(n+1|n) - AUCIepCUOHHAA MAaTPULLA
npeJcKa3aHus BEKTOpA COCTOSIHUS HAGJ/I0[aeMOT0 06'beKTa UIIU
npouecca; P;(n) - AUCIIepCHOHHAsA MaTPHILA OLleHKH BEKTOPa COCTO-
SIHUS HaGJII0[aeMOoTro 00'beKTa UK ITpoLecca; V;,(n) - MaTpuIia uH-
TEHCUBHOCTH LIyMOB; V() — MaTpPHLla MHTEHCUBHOCTH M0JIE3HO-

ro curHana; U;(n) - BEKTOp ynpaBJeHus; B;(n) - MaTpuna Kosd-
bULMeHTOB ynpaB/eHUs; Ciln) - BEKTOP BECOBBIX K03 duimen-
TOB; S;(n) — MaTpUILa, YYUTHIBAIOIAA THUII U Ka4YeCTBO U3MEPHUTEJISA
uiu oTcyTCcTBUSA uaMepeHuit S;(n)=0; K 1 (al; a2; a3), 1K 2 (al;
a2; a3) npeobpa3oBaHue KOOPJMUHAT U3 CUCTEMbI KOOpJAMHAT 1 B
CUCTeMY KOOpPAHUHAT 2 U 06paTHO U3 CUCTEMbI KOOPAUHAT 2 B CH-
cTeMy KoopAuHar 1.

HenpepriBHBIHN anroput™ ¢usbrpauuu Kaamana uMmeeT BUJ:

xG2 (1) = IK2(xG (1)) :
AXGE (1) =2(D) ~HOX S (1)
AX$! (1) = TIKI(AXS2 ()

axg) cl Clyn.
P D(1)x;, (1)+BOUE) +S(OK@)AX;, (1);
dp(r) _ (2)

P V(1) + ©(OP(0)+ P( )T (1) - P()H" 1)V, () H(0)P(c),

rae z;(1) - BEKTOP U3MepPeHUH; z;, (1) = Hl-(t)xg(l) — BEKTOpP OLIEHOK
HAGJIO/IeHUH; X (£) - OlleHKa BEKTOpA COCTOSIHUSA Ha6,TI01aeMOr0
npouecca; ®;(r) - maTpuna ynpexaenus; Pi(f) - koppensnuonnas
MaTpuua omu60K ¢uabrtpauuu; H(f) - maTpuna HabJ0AeHUs;
K, (1) = S;()P;,(OH,T 1)V "1 (t) - BeKTOp KO3pPUIMEHTOB yCUIeHHUS;
Vi, (1) - maTpuIa HHTEHCUBHOCTH 1yMoB; V;, (f) - MaTpuIa WH-
TEHCHBHOCTH ToJie3Horo curHaia; U;(f) - BekTop ylpaB/ieHus;
B;(t) - marpuna koadpunuentos ynpasnenus; C;(t) - marpuua
BeCOBbIX K03duuneHToB; S(/) — MaTpHLa, yYUTHIBAIOLAS THI U
KadyecTBa U3MepeHHH UK OTCYTCTBUS n3MepeHui S;(1) =0,

o
Xso ' (nln-1) > H 33&1« ! L
xuinety [ 2 X2 (m) ma [
c AX1,?
Xio (n|n-1) X3eC2(n[n-1), 1o () A% )
%I " Xa:C(nln-1), AXao(n)
9] Xi10%(n[n-1) AXio ' s
2% 2 1 I
> Cpasuenne [ 9| Koppexuus
X' (n[n-1) oC(nln-1) AXiC¥(n) AXa' () ‘
I Z'I I/ |-
W1 (n-1) LP xo'w

P u c. 1. Cxema ¢puibTpa Cc yueToM nNpeo6pa3soBaHUs KOOPAUHAT

Fig. 1. Filter scheme considering coordinate transformation
Pe3synbTaThl

AHa/IM3 ONMCAaHHOTO MOJIX0/ja MPOBOAUTCSA B cpefie Matlab Ha nmpu-
Mepe OLleHKH JIByXKaHaJbHOT'0 CUTHaJ1a, QOPMHUPYEMOTo B UCXO/-
HOH cucTteMe KoopAuHaT C1, a 06pabaThIBa€éMOT0 B U3MepHUTEIb-
HOH cucteMe koopauHat C2 [16-24]. OueHKa BEKTOpa COCTOSHUS
JJIS1 KaXK/I0T0 KaHasa X =[x x| mpomsBoguTes ¢ moMoupio Gpuib-
TPYIOIMX 3BeHbEB BTOporo nopsijka’. Jis ¢uiabTpa B KaxA0M
KaHaJ/le COOTBETCTBYIOLME MaTPULbI BBIMJIALAT CAeJYIOLUUM 06-
pasom:

! PukuH C. C. CTabu/usanusi usMepuTe/IbHbIX YCTPOMCTB Ha KavawlieMcst ocHoBaHuu. M.: Hayka, 1978. 320 c.; PuBkun C. C., BaHoB-ckuii P. ., Koctpos A. B.
CraTucTHYeCcKas ONTUMHU3aLUA HaBUTalMOHHBIX cucTeM. JI.: CynocTpoeHnue, 1976. 280 c.

2 Dhuli R, Kandagadla M., Lall B. Multirate Kalman filter for sensor data fusion. Indian Inst. Technol. Guwahati, Guwahati, India, Tech. Rep., 2009. P. 229-233.

3 Bar-Shalom Y., Fortman TE. Tracking and Data Association. San Diego, CA Academic Press, 1988. 322 p.; Manyika J., Durrant-Whyte H. Data Fusion and Sensor
Management: A Decentralized Information-Theoretic Approach. New York: Ellis Horwood, 1994. 269 p.; Blackman S.S., Popoli R. Design and Analysis of Modern Tracking

Systems. Boston: Artech House, 1999. 1230 p.
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01 kll k12 AXIIC(;] (n) =Ap, AXIIC;)Z(”) .
@ =0,=| | H=[10], Hy=[I 0] K, =| "1 |, K, =" |. AxIS () A¥IS2(n)
00 k2 k2 Cl Cl i x.1Cl
— ¢ _ 1z ¢ .
PacueT BegeTcs no popmysiam: XI"Zl(n)_XI”’CI(n [n=D+hk _AX1“’C(IH)’
. . 200 (M) =x2; (n|n—1)+k5 Ax1;)' (n),
Cl Cl Cl Xio io 2 io
XIiu (n ‘ n-1)= XIio (l’l) + dezio (l’l);
a o rae A ,, A, MaTpHIbl Tpe06pa3soBaHUs U3 CUCTEMbI KOOPAUHAT 1 B
X2jp (n]n=1)=x2; (n); (3) CHUCTEMYy KOOPJMHAT 2 U U3 CUCTEeMBbI KOOPJUHAT 2 B CUCTEMY KO-
X nn=1)|_ A xS (n | n-1)| opauHat 1.
x12Coz(n | n,l) ! x]%(n | nq) ’ Mogenb duapTpa ¢ npeo6pa3oBaHMEM KOOPAUHAT peasM30BaHa B
COOTBeTCTBUH C (3) (cM. puc. 2).
A2 (n) = tz;(m) = ¥1G2(n [ m 1) : (3) (em. puc. 2)
— on1
——
e
nKczect
)
el e vocpT
nKc1c2
= L J . owz—
o e
Bxoaoi carkan - 3 = In3
i1 | oun S—
nKc1cz
Bnox perscTpaues
a)
N
K2 . KTs
H l——p ] z-1 I
K5
KTs
K ) s —(D)
CO——=()—@ @ >
» X
G
6)
P u c. 2. Mozenb nccneoBaHus GUABTpPA € TpeoGpa3oBaHUEM KOOPJUHAT:
a - o6as cxeMa MoAKJI0YeHUs GUbTpa; 6 — MoJesb GUabTpa
Fig. 2. Filter study model with coordinate transformation:
a - common filter connection scheme; 6 - filter model
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Pe3yJIbTaTbI OLEHKHU KadeCTBa (l)yHKL[PIOHHpOBaHHH aJIrOpUT-
Ma dmnb’rpaupm INpHU pa3HOM XapaKTepe WU3MEHEHHUsS BXOJHOTIO

CUTHa/la U U3MEHEHHUH YIVIOB IIpU Npeo6pa3oBaHUM KoopauHATy 50

o rapMoHu4yeckoMy 3akoHy: ol=Alsin(wlt); a2=A2sin(w2t);
a3=A3sin(w3t), A1=3° A2=2° A3=1°% wl=2I'y; w2=3I'y w3=1.

CUTHaJI MEHAEeTCA

® @b ® | H- a-|C | F@-

AN

ATATAY

Ready Sample based |T-20.000

Ta6aunal.
Tablel.
Ne UcxosnHble dunbTp c mpeo6pazoBaHUEM KOOPJUHAT
JlaHHbIEe - . . .
Bxo/iHOH cUTHaJl U ero oLleHKa B UCXOAHOM cucTeMe HWcxoaHbli cUrHA U ero oljeHKa B U3MepUTeIbHOU
koopauHat CK 1 cucreMe koopauHat CK 2
1 BxoHoO¥ curHasn (4] Scopel e —— [E=REERsc) [ Scope2 B
HOCTOHHeH File Tools View Simulation Help ~ File Tools View Simulation Help -,‘
©-[S®IF @ |- |a-|C-|F@- @ ([SOP®|=-|Q-|E-|[F@-
= =
I
|
l
I
Il
t
Ready Sample based |T=20.000 || |
- Ready Sample based | T=20.000
2 BxonHou & scopat [ESRE=E=)
FapMOHlfl‘{eCKl/lﬁ S s b= colileel e *‘ File Tools View Simulation Help ~

-0 Pr® - (& [D-[F@- _‘
ca

it

Ready Sample based | T-20.000

CpaBHeHHe pe3y/bTaTOB MOJeJIMPOBAHUS IOKA3bIBAeT, YTO 00-
pa6oTka HHGOPMALMOHHBIX CUTHAJIOB B U3MEPUTEbHON CHCTe-
Me koopauHaT CK2 mpexabsiBisieT Gosiee BBICOKHE TPeOGOBaHUSA K

anroputMaM ¢uabtpannu Kasmana [25-29] no cpaBHeHHIO C HUC-
MoJIb30BaHUEM MCXOHOH cucTeMbl CK1.

References

[1] Roecker ].A., McGillem C.D. Comparison of Two-Sensor Tracking Methods Based on State Vector Fusion and Measurement Fusion.

TakuM 06pa3oM, IpOBeJileHHOE UCCIe0BaHUE TI0Ka3aJlo0, YTO YIeT
CHCTEMBbl U3MepeHHsT KOOpAuHAT npu ¢uabTpanuu KanaMaHa mo-
3BOJISIET 06€eCIeYrTh TPEOYEMYIO TOYHOCTb 06PAa6OTKHU CUTHAJIOB.

IEEE Transactions on Aerospace and Electronic Systems. 1988; 24(4):447-449. (In Eng.) doi: https://doi.org/10.1109/7.7186

2] Armesto L., Tornero ]., Vincze M. Fast Ego-Motion Estimation with Multi-Rate Fusion of Inertial and Vision. The International

Journal of Robotics Research. 2007; 26(6):577-589. (In Eng.) doi: https://doi.org/10.1177/0278364907079283

[3] Chong C.-Y, Mori S., Barker W.H., Chang K.-C. Architectures and Algorithms Track Association and Fusion. IEEE Aerospace and

Electronic System Magazine. 2000; 15(1):5-13. (In Eng.) doi: https://doi.org/10.1109/62.821657

Vol. 17, No. 4. 2021

ISSN 2411-1473
e —

sitito.cs.msu.ru

Modern
Information
Technologies
and IT-Education

835




836 KOMHWUTNBHbBIE NHOOPMALIMOHHbBIE TEXHOMOT NI .
B CMCTEMAX YIPABITEHNA B. M. [oHATCKMN

[4] Willner D., Chang C.B.,, Dunn K.P. Kalman Filter Algorithms for a Multi-Sensor System. 1976 IEEE Conference on Decision and Control
including the 15th Symposium on Adaptive Processes. IEEE Press, Clearwater, FL, USA; 1976. p. 570-574. (In Eng.) doi: https://doi.
org/10.1109/CDC.1976.267794

[5] Gan Q., Harris Chris J. Comparison of Two Measurement Fusion Methods for Kalman-Filter-Based Multisensory Data Fusion. I[EEE
Transactions on Aerospace and Electronic Systems. 2001; 37(1):273-279. (In Eng.) doi: https://doi.org/10.1109/7.913685
[6] Ponyatsky V.M. Quality improvement of the information processing derived from several video sensors in control problems.

Sovremennye informacionnye tehnologii i IT-obrazovanie = Modern Information Technologies and IT-Education. 2016; 12(4):165-
172. Available at: https://www.elibrary.ru/item.asp?id=28151074 (accessed 23.08.2021). (In Russ., abstract in Eng.)

[7] Ponyatsky V.M., Zenov B.V. The Use of Kalman Filter in Moving Object Control. Sovremennye informacionnye tehnologii i IT-
obrazovanie = Modern Information Technologies and IT-Education. 2018; 14(3):609-615. (In Russ., abstract in Eng.) doi: https://
doi.org/10.25559/SITIT0.14.201803.609-615

[8] Bar-Shalom Y, Campo L. The Effect of the Common Process Noise on the Two-Sensor Fused-Track Covariance. I[EEE Transactions on
Aerospace and Electronic Systems. 1986; 22(11):803-805. (In Eng.) doi: https://doi.org/10.1109/TAES.1986.310815

[9] Yan L.P, Liu B.S., Zhou D.H. The Modeling and Estimation of Asynchronous Multirate Multisensory Dynamic Systems. Aerospace
Science and Technology. 2006; 10:63-71. (In Eng.) doi: https://doi.org/10.1016/j.ast.2005.09.001

[10]  Bar-Shalom Y. Update with Out-of-Sequence Measurements in Tracking: Exact Solution. IEEE Transactions on Aerospace and
Electronic Systems. 2002; 38(3):769-777. (In Eng.) doi: https://doi.org/10.1109/TAES.2002.1039398

[11]  Alexander H.L. State Estimation for Distributed Systems with Sensing Delay. Proc. SPIE 1470, Data Structures and Target
Classification. SPIE; 1991. p. 103-111. (In Eng.) doi: https://doi.org/10.1117/12.44843

[12]  Larsen T.D., Andersen N.A., Ravn O., Poulson N.K. Incorporation of Time Delayed Measurements in a Discrete-Time Kalman Filter.
Proceedings of the 37th IEEE Conference on Decision and Control (Cat. No.98CH36171). 1998. p. 4:3972-3977. (In Eng.) doi: https://
doi.org/10.1109/CDC.1998.761918

[13]  Sahebsara M., Chena T, Shah S.L. Optimal Fast-Rate Soft-sensor Design for Multi-rate Processes. Proceedings of the 2006 American
Control Conference. IEEE Press, Minneapolis, MN, USA; 2006. p. 976-981. (In Eng.) doi: https://doi.org/10.1109/ACC.2006.1655485

[14]  Hara T, Tomizuka M. Multi-rate Controller for Hard Disk Drive with Redesign of State Estimator. Proceedings of the 1998 American
Control Conference (IEEE Cat. No.98CH36207). IEEE Press, Philadelphia, PA, USA; 1998. p. 3033-3037. (In Eng.) doi: https://doi.
org/10.1109/ACC.1998.688414

[15]  Mallick M., Coraluppi S., Carthel C. Advances in Asynchronous and Decentralized Estimation. 2001 IEEE Aerospace Conference
Proceedings (Cat. No.01TH8542). IEEE Press, Big Sky, MT, USA; 2001. Vol. 4. p. 1873-1888. (In Eng.) doi: https://doi.org/10.1109/
AERO0.2001.931505

[16]  Nettleton E.W.,, Durrant-Whyte H.F. Delayed and Asequent Data in Decentralized Sensing Networks. Proc. SPIE 4571, Proceedings
of SPIE — The International Society for Optical Engineering. SPIE; 2001. p. 1-9. (In Eng.) doi: https://doi.org/10.1117/12.444148

[17]  Zhang K.S,, Li X.R., Zhu Y.M. Optimal Update with Out-of-Sequence Updates for Distributed Filtering. I[EEE Transactions on Signal
Processing. 2005; 53(6):1992-2004. (In Eng.) doi: https://doi.org/10.1109/TSP.2005.847830

[18]  Mallick M., Krant S.J., Bar-Shalom Y. Multi-Sensor Multi-Target Tracking Using Out-of-Sequence Measurements. Proceedings of the
Fifth International Conference on Information Fusion. FUSION 2002. (IEEE Cat.No.02EX5997). IEEE Press, Annapolis, MD, USA; 2002.
Vol. 1. p. 135-142. (In Eng.) doi: https://doi.org/10.1109/1CIF.2002.1021142

[19]  Steffes S. Computationally Distributed Real-Time Dual Rate Kalman Filter. Journal of Guidance, Control and Dynamics. 2014;
37(4):1064-1068. (In Eng.) doi: https://doi.org/10.2514/1.G000179

[20]  Anitha R, Renuka S., AbudhahirA. Multi Sensor Data Fusion Algorithms for Target Tracking Using Multiple Measurements. 2013
IEEE International Conference on Computational Intelligence and Computing Research. IEEE Press, Enathi, India; 2013. p. 1-4. (In
Eng.) doi: https://doi.org/10.1109/iccic.2013.6724283

[21]  Gao].B., Harris C.J. Some remarks on Kalman Filters for the multisensory fusion. Information Fusion. 2002; 3(3):191-201. (In Eng.)
doi: https://doi.org/10.1016/S1566-2535(02)00070-2

[22]  GuoY, ZhaoY, Huang B. Development of soft sensor by incorporating the delayed infrequent and irregular measurements. Journal
of Process Control. 2014; 24:1733-1739. (In Eng.) doi: https://doi.org/10.1016/j.jprocont.2014.09.006

[23] WangY, Kosti’ D, Jansen S., Nijmeijer H. Filling the Gap between Low Frequency Measurements with Their Estimates. 2014 IEEE
International Conference on Robotics and Automation (ICRA). IEEE Press, Hong Kong, China; 2014. p. 175-180. (In Eng.) doi: https://
doi.org/10.1109/ICRA.2014.6906606

[24]  Sun S.L., Deng Z.L. Multi-Sensor Optimal Information Fusion Kalman Filter. Automatica. 2004; 40(6):1017-1023. (In Eng.) doi:
https://doi.org/10.1016/j.automatica.2004.01.014

[25]  Feddaoui A, Boizot N, Busvelle E., Hugel V. High-gain Extended Kalman Filter for Continuous-Discrete Systems with Asynchronous
Measurements. International Journal of Control. 2018; 93(8):2001-2014. (In Eng.) doi: https://doi.org/10.1080/00207179.2018.
1539525

[26]  LuoR.C, Chang C.C,, Lai C.C. Multisensor Fusion and Integration: Theories, Applications, and its Perspectives. IEEE Sensors Journal.
2011;11(12):3122-3138. (In Eng.) doi: https://doi.org/10.1109/JSEN.2011.2166383

[27]  Castanedo F. A Review of Data Fusion Techniques. The Scientific World Journal. 2013; 2013:704504. (In Eng.) doi: https://doi.
org/10.1155/2013/704504

CoBpemeHHble

MH(OPMaLMOHHbIe ..
TexHonornuu Tom 17, N2 4. 2021 ISSN 2411-1473 sitito.cs.msu.ru

u UT-o6pasosanve



. COGNITIVE INFORMATION TECHNOLOGIES | oo
V- M. Ponyatsky IN CONTROL SYSTEMS

[28]  Smith D, Singh S. Approaches to Multisensor Data Fusion in Target Tracking: A Survey. IEEE Transactions on Knowledge and Data
Engineering. 2006; 18(12):1696-1710. (In Eng.) doi: https://doi.org/10.1109/TKDE.2006.183

[29]  Durrant-Whyte H., Henderson T.C. Multisensor Data Fusion. In: Siciliano B., Khatib O. (eds.) Springer Handbook of Robotics.
Springer, Berlin, Heidelberg; 2008. p. 585-610. (In Eng.) doi: https://doi.org/10.1007/978-3-540-30301-5_26

Ilocmynuaa 23.08.2021; odobpeHa nocae peyensuposanus 10.11.2021; npunsma k nybaukayuu 25.11.2021.
Submitted 23.08.2021; approved after reviewing 10.11.2021; accepted for publication 25.11.2021.

INonaTckuii Banepuit MapuadoBuy, npodpeccop kadepbl pajiH0371eKTPOHUKH WHCTUTYTa BbICOKOTOUYHBIX cucTeM UM. B.II. I'psseBa,
OT'BOY BO «Tynbckuii rocynapctBeHHbIN yHUBepcuTeT» (300012, Poccuiickas @enepanus, r. Tyna, np. JleHuHa, . 92); Ha4ya/JbHUK OT/e-
J1a, AKIIMOHepHoe 0611ecTBO «KOHCTpyKTOpCKOe 610po pubopocTpoeHust UM. akageMuka A. I lllunynosa» (300001, Poccuiickasn Pepe-
pauus, r. Tyna, yu. llersnoBckas 3aceka, . 59), AOKTOp TexHUYeCKUX HayK, goueHT, ORCID: https://orcid.org/0000-0001-8326-165X,
info@kbptula.net

Asemop npouumads u 0006pus1 OKOHYaMeAbHbLI 8aPUAHM PYKONUCU.

About the author;

Valeriy M. Ponyatsky, Professor at the Chair of Radioelectronics, Institute of High Precision Systems named after V.P. Gryazev, Tula
State University (92 Prospekt Lenina, Tula 300012, Russian Federation); Head of Department, KBP Instrument Design Bureau (59
Shcheglovskaya Zaseka St., Tula 300001, Russian Federation), Dr.Sci. (Eng.), Associate Professor, ORCID: https://orcid.org/0000-0001-
8326-165X, info@kbptula.net

The author has read and approved the final manuscript.

Modern

- Information
Vol. 17, No. 4. 2021 ISSN 2411-1473 sitito.cs.msu.ru Technologies

e — and IT-Education



