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Functional Coupled Tactile Sensor for Detecting Object
Siffness and Potential

FENG Yue, ZHOU Zilong

(School of Mechatronical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Target recognition sensing technology is significant for the ambient intelligent perception of the un-
manned system, and also limits the development of the intelligent unmanned systems. This paper is aimed at the un-
manned system lunar exploration mission. With regard to the fact that the existing tactile sensor system can only sense
the structural information of the object such as contour and surface topography, and it is difficult to obtain the electrical
information of the object such as the surface potential, leading to the non-effective target identification. A coupled tactile
sensor integrated with potential measurement and stiffness selection functions is proposed. Based on the electrostatic ef-
fect of the electret in the sensor probe, the measurement of the target surface potential is realized; the nonlinear buck-
ling behavior of the elastic dome structure of the sensor probe is used to realize the stiffness of the target. A mathe-
matical sensing model including the structure and electrical parameters of both sensor and target is established; the
relationship between sensor output voltage waveform and target surface potential and structure stiffness is clarified
and verified by experiments. A coupled sensing system is built to realize multiple physical quantities tactile sensing
in alimited structure space.

Key words: Coupled Sensing; Tactile Sensing; Nonlinear Buckling; Electret; Potential; Stiffness
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¥ 3 AEER A BIVE A 3 FhER Sk 1 ity FL A o
PTFE JEEE N 20 um, HA kit Kl 9 FiR. J5
Uiy L AW 5 1T O FL AN 3 B v P R RN b, 7 FL I i)
B A R L Y o A R B 2 AR BRAE AR X
LRAR O T O B AR IE ok ey, R 67 R R R
HHIZEMTEA PTFE £, IR, 75
10.0keV K X SRS, M 1.0kV &k
10 min J&, FEMARSR AT HL A7 —800V o

3k

ﬁﬁ%ﬁj@

L8 e

K19 PTFE & X S fbs &l
Fig. 9 Thediagram of soft X-ray charing of PTFE



6 TNRGHA

4%

3 AN R S A v SRR 5 R B O 4 ok R v
frEREanIE 10 Bros, Hrh HERR AL 0 48
H-1.0kV, S5 REW , LR Wz it hA
ARG OLT B R R A R KA 2 T H A S AR
PEIEARDG, SHeBREAERYIEG. K 11 e T
ARG AR b 3 AR A R, el
FEIREALINAS A2 M R 23.6 KN/m, 2% 1 L v 15
J-1.0kV., BEA, BRI AR A R T A
PSR o B TR LR, AR AR SR 4 il )
PRI SRAS S — A ks i TARZpEw i, %8 =4
o b 3 A BT A Y I B B, AL Z R, Rk
1 Ak, XEWERA R, &k 2
AERL 3 A ATk, X R &R . AR 8
e IR 1 Y RO, T L Y R T HL ALy
—-950~-900V, NIEEJulilly 22.7~24.4kN/m, 5
BB H A% .

50

o
=
T

it BB M {E/mV
g
T

[
<
T

—
<
T

0

0 0.2 0.4 0.6 0.8 1.0
HinaRm AV
F€1 10 i i SN, H TS Bl ) 2 v L 82 22 1k
Fig. 10 Maximum of output voltage with respect
to various surface potentials

Hefk B

40

20

| Hi iR /mv

Era=y)

L 1 ! I

0 025 0.50 0.75 1.00
A IRl/s

K11 MG st BOE
Fig. 11 The measured (solid lines) and theoretical (dashed
lines) voltage waveforms from coupled tactile sensors

6 & &

ARSCHE T — i RE A [R] B B A 4 3R 1T LA
TG AE W R A il i AT SRR o IR AR IR AR Ak R
A A 7 ity FEL AR 114) 4 T TOURT AR Ay Ji i b A 4 T
BIEWARZ I 408 A 4. o B b Al
GEME AR ER L RLON, , AE AN HL AR =2 (A L R, T
R FiL I 0 S T 1 0 A ) 2 T FL S NI, AR
LETEPRE T LI 4E .

(1) BFFE T A% B A S T v L R 580 P L T 2%
P MAREPE , RIS R TTR R B4 S Tt
TEE I AE JURR AT VE T s s i B A K, Xt
FE RIS S S u BdE, & PG S S gk IR A )
G, UEB T3 A MU S R SR B TR A R R 4R
PR AT R A . BEIS EfE T 4B S Ik
SE AN Ry 1 Sk i i FEL R I 542 % B W A st T
PASZERXT bR 4% W 1 1 1 2

(2) BT RENSIE AL, HES T HLUE
NEE AR . BUEIT R RE . MRS
H bR R e, E AR A 3R E A,
S T 7 AR, R B E AR AR R i R i
A MERLS H bR YA ot FL i FEal & A e il
B, FE R R S48, ARl FEL AR Ak S e g
FHEAE &5 R B S, DT 0 1

(3) #HHLT 3 FORFIGLAES, Wit THA
RS, FETHIE, XML A R
16 H AR R R Ry 23.6 KN/m HL 35 I L A7
—1.0kV I, 753 w7 h—950~—-900 VvV, Il JE
JL RN 22.7~24.4 KN/m, 288 T X% H bR AR R 1w )
N2 5 T 1) A 5

2 % X ok

[1] TiwanaM I, Redmond S J, Lovell N H. A review of tactile sens-
ing technologies with applicationsin biomedica engineering [J].
Sensors & Actuators A Physical, 2012, 179(3): 17-31.

[2] Huang C, Wang Q, Zhao M, et al. Tactile perception technolo-
gies and their applications in minimally invasive surgery: A re-
view [J]. Frontiersin Physiology, 2020, 11: 611596.

[3] #aME, A, 27, 5. BT R IR EREs BT T R
HRBEEHI. MRRIE TR 2#4], 2017, 49(1):1-13.



%5 51

o BRAE B AL I P O ok

o D RERE G Y il 5 A2 SR AR DT 5T 7

(4]

(9]

(€]

(8

(9]

[10]

(11]

[12]

Stass S, Cauda V, Canavese G, et a. Flexible tactile sensing
based on piezoresistive composites: A review [J]. Sensors, 2014,
14(3):5296-5332.

Pedro S G, Pedro M P R, Octavian P, et a. Tactile sensors for
robotic applications [J]. Measurement, 2013, 46(3): 1257-1271.
Lei KF, LeeK F Lee M Y. A flexible PDMS capacitive tactile
sensor with adjustable measurement range for plantar pressure
measurement  [J]. 2014,
20(7):1351-1358.

Zhang Y, Ju F, Wei X, et a. A piezoelectric tactile sensor for tis-
sue stiffness detection with arbitrary contact angle [J]. Sensor,
2020, 20(22): 6607.

Zhang Y, YeJ, Lin Z, et a. A piezoresigtive tactile sensor for alarge
areaemploying neural network [J]. Sensor, 2019, 19(1): 27.
Majumder B D, Roy J K, Padhee S. Recent advances in multi-
functional sensing technology on a perspective of multi-sensor
system: A review [J]. IEEE Sensors Journal, 2019, 19(4):
1204-1214.

TR RS 5, E0E 5 M (2 % S BRI S IR 5 &
R[], s EEA, 2019, 39(4): 60-64.

Kurita K, Morinaga S. Noncontact detection of movements of
standing up from and sitting down on a chair using electrostatic
induction [J]. |EEE Sensors Journal, 2019, 19(19): 8934-8939.
Deng H, Xu X, Zhuo W, et a. Current-sensor-based contact
stiffness detection for prosthetic hands [J]. IEEE Access, 2020,

Microsystem  Technologies,

(13]

[14]

(19]

(16]

8:29456-29466.

Suzuki Y. Recent progress in MEMS electret generator for en-
ergy harvesting [J. |EEJ Transactions on Electrica and
Electronic Engineering, 2011, 6(2): 101-111.

Zhang K, Hou Z, Zhang B, et a. Highly sensitive humidity sen-
sor based on graphene oxide foam [J]. Applied Physics Letters,
2017, 111(15): 153101.

FRMS, LB AR, R AE A, P(VDF-TFE-HFP)PTFEXUZR B
JEEry EEHLPELD). P3R4, 2004, 53(5): 1534-1539.

Feng Y, Yu Z, Han Y. High-performance gap-closing vibrational
energy harvesting using electret-polarized dielectric oscillators
[J]. Applied Physics Letters, 2018, 112(3): 032901.

YEE TR

ﬁ 0o BR (1982-), B, {4,
i RIS
A R REfEEE.

[GllEZ €
EF IR SR BT R

f; BT (1997-), B, WEREE,
oy B



8 A4%E 5 TANBRHEHRAK Vol4a  Nos5
20214 9 H Unmanned Systems Technology September 2021

[51A%X] FwkE, £ F. JIBGBEEFERAS LB A edR BaENSAD. TARAKLA, 2021, 4(5): 8-14.

Nk & TR HIE R BEAE RS
J&R L B3 i AR

CE T S

(1 PERRZE TR AR 2B, B 400716; 2. PURGsCil K%+ K T RE24Be, Wi#S 610031;
3. RIS TR E T E AR E, W#H 610031)

B OE: NIRRT XA TR 22450, LR IR R %, SIS N4k
REBEW Y, FECCAFPUE Z R A5 E AT, W7 42 20 8RR R . $- T 5T B s0n; 19 il
AR —PRACJE W AR o i B TR S A A 5, T T IR VR F T JORE B 22 )2 454 1 A8 T 1
NEAELAE ATk, AR R RE . 528 IR BE AR TN JCREBUIE 2 2 450 i A8 T w7 o R 2600 245 4 T
VR B, W 7L 2 7 AR 4 F AR A, TR b 0 R DRI IR B WAL, ER T A AR T JC IR B
W SR, BT AE T 7E ) FBER TE N XX JCHEHUIE 2548 28T AT 1A H R A% SRR D A s 0 fy w47
X R 8 | B B 1T 4 42 4 B BB 1 2 7

KEEIE: Nk P RoumiRZE; TAEHLE; I AN

FESES: V279 ERFRIRAG: A X EHS: 2096-5915(2021)05-08-07

DOI: 10.19942/j.issn.2096-5915.2021.5.042

Thermoelectric Sensing and In-situ Monitoring Technology for
Sichuan-Tibet Railway Ballastless Track Defor mation

GAO Mingyuan®, WANG Ping?*

(1. College of Engineering and Technology, Southwest University, Chongging 400716, China;
2. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, Ching;
3. Key Laboratory of High-Speed Railway Engineering, Ministry of Education, Chengdu 610031, China)

Abstract: The unmanned areas along the Sichuan-Tibet Railway are under extreme temperature difference condi-
tions, especially the daily temperature changes significantly, which will generate alarge gradient temperature field inside
the track structure, resulting in abnormal deformation of the multi-layer structure of the ballastless track, posing a major
hidden danger to driving safety. This paper proposes an integrated in-situ monitoring technology for track deformation
based on thermoelectric effects. With the help of temperature field modeling and experimental research, a nonlinear
analysis method for the deformation response of the multi-layer ballastless track under the action of the temperature
field is established, which can solve the he deformation response of the multi-layer ballastless track under the action of a
sudden temperature field. The thermoelectric effect of the track structure temperature field is used to monitor the elec-
trical change caused by the temperature difference, to identify the thermoelectric monitoring sensitive area and the tem-

perature monitoring position, and to develop a self-powered thermoel ectric monitoring prototype for track deformation

Wieks HY . 2021-06-20; &0l H Y. 2021-08-17
HeWH: HEARB¥ES (52008343)
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monitoring. The experimental research verifies the feasibility of self-powered thermoelectric sensing and in-situ moni-

toring of the deformation of the Ballastless Track in the unmanned area of the Sichuan-Tibet line, which is of important

significance for ensuring the safety of the Sichuan-Tibet railway.

Key words: Sichuan-Tibet Railway; Thermoelectric; Extreme Temperature Difference; Ballastless Track;

Deformation; In-situ Monitoring
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Research Progress of MEM S SensorsApplied
in Extreme Environment

ZHANG Liangliang, HU Tengjiang, L1 Cun, ZHAO Yulong
(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: MEMS sensors have been used in extreme environment of high temperature, high pressure, high over-
load, high rotation, oil and gas, corrosion and so on because of the advantages. In this paper, a high temperature pressure
sensor with wide measurement range for deep well environment monitoring in oil and gas fields, a high g accelerometer
for ultra-high acceleration measurement of penetration weapons and a high precision quartz resonant accelerometer for
micro-inertial navigation integrated system are introduced respectively. The application background, designing scheme,
structure optimize design, wafer processing, testing and results analyses of these three kinds of sensors are discussed in
detail. Further research issues can be carried out from the aspects of chip structure design, processing technology, tem-
perature compensation and sensor packaging technology, which provides a reference for the research of high perform-

ance special MEMS sensors.

Key words: MEMS Sensors; Extreme Environment; High Temperature Pressure Sensor for Wide Measurement

Range; High g Accelerometer; High Precision Quartz Resonant Accelerometer
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chip for wide measurement range
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Fig. 2 Finite element simulation of high temperature pressure sensor for wide measurement range
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Tablel Testing data of high temperature pressure sensor
for wide measurement range

JE F1IMPa iy H i e /my ST L R S mV
0 0.85 0.86
30 34.48 34.50
60 67.54 67.56
90 101.25 101.23
120 134.23 134.21
150 167.86 167.86
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Table2 Testing data of high precision quartz resonant
accel erometer

BERESEI) Mg W /HZ S TR HzZ

0 0 163.659 163.659
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60 0.866 158.249 158.252
90 1 157.425 157.427
135 0.707 159.283 159.284
180 0 163.781 163.774
225 —0.707 168.242 168.247
270 -1 170.059 170.052
300 —0.866 169.218 169.226
315 -0.707 168.212 168.213
330 -0.5 166.891 166.907
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A Vertical Sensitive Missile-borne MEM S Inertial Switch with High
Shock-Resistibility to Lateral Overload

REN Chao’, WU Qiang', FU Bo? LIU Fenghua®, DAl Xuhan', YANG Zhuoging*

(1. National Key Laboratory of Science and Technology on Micro/Nano Fabrication, Shanghai Jiao Tong University,
Shanghai 200240, China; 2. MEMS Center, Huaihai Industrial Group Co., Ltd., Changzhi 046012, China;
3. Xi"an Ingtitute of Electromechanical |nformation Technology, Xi’an 710065, China)

Abstract: This paper proposes aMEMS inertial switch with high shock-resistibility to lateral overload, which hasa
simple structure and can be sensitive to acceleration shocks in the vertical direction. The Archimedes spiral springs are
introduced into the device. When a large lateral shock is applied to the switch, the proof-mass would not rotate or flip,
thereby prolonging its service life and having the ability of anti-false triggering. Dynamic response of the designed iner-
tial switch is simulated by COMSOL finite-element software, and the results show that the proof-mass only rotates at a
small angle under high lateral shock. The designed inertial switch is fabricated using non-silicon surface micromachin-
ing technology and then tested through the dropping hammer system. Experimental results show that the manufactured
device has athreshold acceleration of 237 g in the vertical direction and the contact time is 320 pus. When alateral shock
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of 8750 g is applied to the device, the switch is not triggered by mistake and could still operate normally. Therefore, the

designed MEMS inertial switch shows high shock-resistibility to the lateral overload. This design will provide an im-

portant reference for these kinds of devices that would be used in complicated practical applications environments.

Key words: Shock-Resistibility to Lateral Overload; Non-silicon Micromachining; Archimedes Spiral Spring;

MEMS Inertial Switch
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I nformation Fusion Technology for M ulti-sour ce Navigation in
UAV Landing Process

SHI Shasha', HAN Xinyi?, TU Kuo?, LI Yifan? HU Jinwen?

(1. ChinaAir-to-Air Missile Research Institute, Luoyang 471009, Ching;
2. School of Automation, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: The autonomous landing technology of dronesis afocus of UAV development. Therefore, aiming at the
problems of alarge amount of available guidance sources, high requirements for navigation accuracy, and time-varying
guidance accuracy of the sensor during the landing process, this paper proposes an adaptive fusion navigation technol-
ogy based on multiple sensors. In terms of data preprocessing, the interpolation and extrapolation method is used to
achieve time registration and the signal smoothing method based on Savitzky-Golay filtering is used to smooth the sig-
nal outliers. Then we focus on a dynamic variance estimation fusion algorithm based on adaptive window length to fuse
multi-sensor guidance information. Firstly, the residual variance calculation method based on the adaptive time window
is used to estimate the measurement error variance of each sensor dynamically, and different time windows are set ac-
cording to the change of measurement noise in sensor data to improve the accuracy of the measurements error variance
estimation. Secondly, according to the ratio of real-time residual variance of each information source, the fusion weight
distribution is adjusted to realize the adaptive adjustment of fusion algorithm. Finally, aiming at the typical landing veri-
fication scenario, the fusion algorithm is simulated and verified by the semi-physical simulation data provided by the

project partner.
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Tablel Timeregistration error statistical
characteristic table
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Table2 Non-integer time registration error statistical
characteristics table

il REWME/M  RETTEIM? 1R 2EVEH/m
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MCHETR 5 -0.0237 0.1435 (-1.3812,1.2825)
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Table3 Statistical characteristic table of photoelectric
height measurement signal error

0 W®ZEHME/m R#ET7 22 /m? B2 H/m
FIRES 0.4010 (~1.0100, 6.9900) 0.8618
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Fig. 3 Photoelectricity measurement residual
variance change phase detection diagram
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Table4 Monte Carlo simulation results
(stationary segment)

MG RAES  ARAESS  RMIESHEN
Rk A 1% L f51%

50 937 63 93.7

100 945 55 94.5

150 947 53 94.7

200 950 50 95.0

250 948 52 94.8

300 951 49 95.1

X255 2R A B, 454 Ot B S PRiR
ZHT R, FRATEERCO 228 0.25 11 10 HK
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PiE, giitasiRangk 5 .

#5 FRRIEHTEZREER)
Table5 Monte Carlo simulation results (abrupt section)

I [l 23 F M IE S AN IEZS MM IEZS 0 A
NS AR AR i1 HL 151/%
20 935 65 93.5
40 940 60 94.0
60 938 62 93.8
80 948 52 94.8
100 957 43 95.7
120 956 44 95.6
140 959 41 95.9
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A Radome Error Slope Estimation Method based on Information Fusion

DONG Hang', LU Kelin®, JIN Bingyu?, LI Jingfeng', YANG Zihan'

(1. School of Automation, Southeast University, Nanjing 210096, China;
2. School of Automation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Aiming at on-line estimation problem of seeker radome slope in missile guidance, a novel on-line esti-
mation method based on information fusion is proposed: by designing local filtering and global fusion algorithm. This
method constructs an online estimation framework called “fusion reset” structure, which effectively improves the
estimation accuracy and fault tolerance. Firstly, based on the existing online estimation algorithms, a local filtering
module including multiple parallel sub-filters is constructed. Then, based on the estimated means and covariances of
each local filters, the global fusion criterion are formulated. Therefore, the global radome slope is estimated based on a
variety of information fusion agorithms. Finaly, the globa filtering result is used to reset the loca filters. The
simulation results show that the information fusion method can effectively improve the estimation accuracy of radome
slope, reduce the influence of radome error on guidance loop, and improve the guidance accuracy of missile.

Key words. Radome Error; Adaptive Filtering; Nonlinear Filtering; Information Fusion; Guidance and Control ;
Radar Seeker
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L ow Probability of Intercept-Based Waveform Design for Multiple
Target Tracking in Distributed Radar Network

ZHANG Weiwei*, SHI Chenguang®, ZHOU Jianjiang®, YAN Junkun®

(1. Key Laboratory of Radar Imaging and Microwave Photonics, Ministry of Education, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, Ching; 2. National Lab of Radar Signal Processing, Xidian University, Xi’an 710071, China)

Abstract: This article proposes a waveform design scheme to improve the low intercept probability (LPI) per-
formance of the distributed radar network for multi-targets tracking. The aim of the strategy is to optimize waveform de-
sign of each radar to minimize the total transmit power, such that the predetermined tracking accuracy is achieved.
Based on the information theory, the mutual information (M) between the target impulse response and the echoes at
each receiver is derived as a metric to evaluate target tracking accuracy. Furthermore, the strategy is formulated as an
LPI-based multi-targets tracking optimization waveform design problem with the optimization objective of minimizing
the total transmit energy of distributed radar network and under the constraints of multi-target tracking accuracy and fa-
cilities resource limitation. Then, this problem is resolved by a two-step technique based on Lagrange multiplier and

particle swarm optimization (PSO). Finally, the simulation results verify the presented waveform design algorithm can
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obviously reduce the total transmit power and possesses the better LPI performance comparing with the linear frequency

modulation waveform design scheme at the same multi-targets tracking accuracy.

Key words: Low Probability of Intercept; Multiple Target Tracking; Distributed Radar Network; Waveform
Design; Mutual Information; Particle Swarm Optimization (PSO)
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Tablel The angles of targets with respect to each radar

T1 T2 T3 T4 T5 T6 T7 T8

RL 70° 79° 16° 1° 103 169° 52° 113°
R2 146° 59° 67° 70° 54> 109° 91° 185°
R3 97° 4 29° 46° 9 90° & 70°

#2 HAMFEXRRGHEIRGHBER (A km)
Table2 The distances of targets with respect to
each radar (unit: km)

T1 T2 T3 T4 T5 T6 T7 T8

R1 50.0 583 180.3 2119 104.4 180.3 259.6 219.3
R2 206.2 153.0 111.8 70.0 250.8 111.8 86.0 155.2
R3 223.6 186.8 255.0 241.7 139.3 70.7 170.0 60.0

#3 iHSH
Table3 The simulation parameters

S8 fH ZH =1
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PSD in different radar
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Fig. 4 Optimal waveform design for target 6
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4.3 Pk
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T1 115 \ 1912 115 11.4 1912 11.4
T2 49 \ \ 4.9 4.8 \ 4.9
T3 \ 1614 \ 1614 \ 1614 1614
T4 \ 44.9 \ 44.9 \ 44.9 44.9
T5 85 \ \ 8.5 8.5 \ 8.5
T6 \ 778 55 778 5.5 5.2 5.2
T7 \ 0.9 \ 0.9 \ 0.9 0.9
T8 \ \ 24.2 \ 24.2 24.2 24.2
#5 WAREME TR
Table5 The optimal beam allocation scheme
R1 R2 R3 R12 R13 R23 RI123
T1 Vv
T2V
T3 Vv
T4 Vv
5V
T6 Vv
T7 Vv
T8 v
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Implementation of Cluster Cooperation Platform based on
adjacent UWB measurement

SUN Dayang, BAI Enhao, LI Hongyang, Y UE Shuning
(College of Communication Engineering, Jilin University, Changchun 130012, China)

Abstract: Aiming at the problems of self-localization and decentralization in swarm collaboration technology, this
paper designs a set of swarm collaboration platform based on UWB local measurement. In the platform, ROS is used to
control the movement of individual vehicles, and UWB nodes are used for communication and position coordination
between individual vehicles. The interior communication protocol and inter-vehicle communication protocol are de-
signed, so that when the swarm system receives the target recognition command, the unmanned vehicle will identify the
target independently, and the following path of the vehicle can be calculated according to the current position and target
point position of the vehicle. On the basis of hardware and software integration, the real machine verification of the
swarm system composed of 12 unmanned single vehiclesis carried out. It is verified that the system can achieve position
coordination without GPS/Beidou and ground infrastructure, and is not constrained by ground stations, and can realize

autonomous cooperation and flexible task control.
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An Adaptive CKF with Covariance Feedback Control
for UAV INS/GNSS Integration

LI Wenmin, LIU Mingwei, GAO Bingbing, HU Gaoge

(School of Automation, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: This paper presents an adaptive Cubature Kalman Filter (CKF) with the feedback control of prior state
covariance to improve the adaptive ability of INS/GNSS integration against the uncertainty involved in process noise
covariance. Firstly, the system’s posterior state and its error covariance are fed back to the filtering process to form a
closed-loop structure for CKF covariance propagation; then, a prior state covariance feedback control strategy is estab-
lished based on the maximum likelihood principle using the feedback state and error covariance information within an
estimation window. The proposed method can ensure the positive definiteness of prior state covariance in the adjustment
process, and at the same time it can overcome the defect of the traditional noise statistical estimation methods that they
need additional correction to deal with the negative definite result. Thus, the proposed methodology can effectively sup-
press the influence of process noise covariance uncertainty on the filtering solution, and improve the adaptive ability of
CKF when applied in the solution of INS/GNSS integration. Its effectiveness is proved through the simulation of
INS/GNSS integration for UAV navigation.
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Resear ch on High Precision Anti-jamming Relative Positioning
Technology in UAV Formation

FANG Yiguang
(The 20th Research Institute of China Electronics Technology Group Corporation, Xi'an 710068, China)

Abstract: The key technology of multiple UAVs fly and perform tasks is the high-precision node relative position-
ing. Aiming at the node positioning problem faced by UAV formation in complex environment, the high-precision rela-
tive positioning technology is deeply studied in this paper. The carrier phase difference technology is used to redize
asynchronous relative positioning between nodes. On this basis, a method combining Asynchronous Rea Time Kine-
matic (ARTK) and Time-Differenced Carrier Phase (TDCP) is proposed to solve the problems of reference station
movement and communication delay in dynamic relative positioning, and realize high-precision dynamic relative posi-
tioning between nodes. Aiming at al kinds of electromagnetic interference faced by UAV, high-precision
anti-interference technology is used to improve the adaptability of UAV in complex electromagnetic environment. Fi-
nally, the vehicle platform is used to build the test environment, and the relative positioning accuracy is tested through
the dynamic sports car experiment. It's showed that the relative positioning technology can achieve 0.2m positioning and
meet the requirements of formation node positioning accuracy.

Key words: ARTK ; Dynamic Relative Positioning; GNSS; High Precision; Anti-Interference; TDCP; Dynamic

Experiment
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