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Construction of a micro positioning navigation and timing system: A
change of the pattern of PNT service
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Abstract The positioning navigation and timing (PNT) is a dual-use technology which concerns the national strategy. The traditional
global navigation satellite system is susceptible to the interference and the shelter and the inertial navigation error is accumulated.
Based on the MEMS technology, combining the chip—scale atomic clock and the MEMS inertial measurement unit with the receiver of
the global navigation satellite system, a micro positioning navigation and timing unit is formed. The atomic clock of the unit provides
the precision clock signal, the unit broadcasts the positioning navigation and timing signal and the PNT nets are constructed. The
units can be carried by micro—satellites or UAVs. The number of the units for the micro positioning navigation and timing system can
be freely chosen and the arrangement can be freely configured. The micro positioning navigation and timing system can overcome the
problems of the traditional PNT methods and change the pattern of the PNT.
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GPS, MDGPS) Fil J& 3 3% 5% 22 4% (local area augmentation sys-
tem, LAAS) J2 8 I FI G 5 fili 22 X 334 58 2R 45 (ground—based
regional augmentation system, GRAS) 55",
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(defense advanced research projects agency, DARPA) J3 &) T
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El1 Randy Rollo$2H# CSAC.MIMU.GNSS E#4RE
Fig. 1 Schematic diagram of CSAC, MIMU, GNSS
Suit designed by Randy Rollo

E2 DARPA#RHAI MicroPNT
Fig. 2 MicroPNT proposed by DARPA
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3 EERBEARAEFH SA45s R RIREFH
Fig. 3 CSAC SA.45s manufactured by Symmetricom
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Fig. 4 Development steps of MicroPNTS
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Fig. 5 Coupled relationship between CSAC, MIMU and GNSS
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Fig. 6 Study topics of MicroPNT Net

4) ZGNE——RUE I E O SRR &R . D5
MicroPNTS 75 HiL RUIRSE , JUHIE DM RIFE A R GE , 5B 45 R A2
77 o 32 Petri 45 BUAC R GBS 1 T B A 57 bl ) 452 0
IO BHE HR B AU S 07 54 I A 2R A JH A4
{EL, MR R I A e S B Al

3 RE

TR 5 S TR B A R J& MEMS 2 AR AE PNT 458k 1) —
TG R, e S PNT A% Jmy o b —AC TR 0
SENL R G5 A B AL T K I PNT, 388 5 o7 SR e 5 K 3%
PNT 3 [ 44 65 H PNT RAR R S Kfoe P T8 ik 2
RYZZE P FH PNT IR 55

2% ik (References)

(1] SBWHELL, 2. S Il [ 52 S 0 AT B I AR L )], [l B K22,
2013(4): 50-52.
Guo Lihong, Li Zhou. The general situation of America national
satellite  based  positioning, navigation and
International, 2013(4): 50-52.

[2] #4EF, BE/R UK. PNT R RWF5E KB E[T]. BRAC ST, 2012(6): 395-
400.
Hu Anping, Ling Erbing. PNT architecture study and test[J]. Modern
Navigation, 2012(6): 395-400.

3] B . 5[ PNT (R R 54 B BUIR 5 2 R R 34 (1) 1L R, 2011
(2): 69-76.
Liao Chunfa. Current situation and development trend of PNT system
structure USA[J]. Satellite Application, 2011(2): 69-76.

[4] # oh. A2 ERS A TR REUE R AR B ARV S 0E AL 2E 4R,

timing[J].  Space

SCIENCE & TECHNOLOGY REVIEW

2013(1): 72-717.
Cao Chong. Discussion on the development trend of Navigation Satellite
System Global[J]. Journal of Navigation and Positioning, 2013(1): 72-77.

[5] . 2Bk T TR R G0 ——CPS A% 1% 94 B A A g 2 48[ M.
Jeat: BT Ak R, 2013.

Xie Gang. Principles of GNSS: GPS, GLONASS, and Galileo[M].
Beijing: Publishing House of Electronics Industry, 2013.

[6] Kaplan E D, Hegarty C J. Understanding GPS: Principles and application
[M]. 2nd ed. Norwood, MA: Artech House, 2006.

[7] Gao G X. DME/TACAN interference and its migration in L5/ES bands
[C]. ION Global Navigation Satellite Systems Conference 2007, Fort
Worth, Texas, September 25-28, 2007.

[8] Qi H, Moore J B. Direct Kalman filtering approach for GPS/INS integration
[J]. IEEE Transactions on Aerospace and Electronic Systems, 2002, 38
(2): 687-693.

[9] Rollo R. Military & Government—Navigation in a Nugget-SPAWAR
leverages new chip—scale atomic clock—The first GPS receiver in the
world to incorporate a chip—scale atomic clock will transform future[J].
GPS World, 2007, 18(9): 56-59.

[10] Lutwak R. Micro—technology for positioning, navigation, and timing
towards PNT  everywhere and always[C]. 2014 International
Symposium on Inertial Sensors and Systems (ISISS), Laguna Beach,
CA, USA, February 25-26, 2014.

[11] Shkel A M. Precision navigation and timing enabled by microtechnology:
Are we there yet[C]. IEEE Sensors 2010 Conference, Waikoloa, USA,
November 1-4, 2010.

[12] Fisher K A, Raquet J F. Precision position, navigation, and timing
without the global positioning system[J]. Air & Space Power Journal,
2011, 25(2): 24-33.

[13] Groves P D. The PNT boom: Future trends in integrated navigation[J].
Inside GNSS, 2013, 8(2): 44-49.

[14] SCHRmH, SR ER. L GPS ZBRAM T SUE L H A R K ).
WA SR AR, 2014(6): 016.

Wen Suli, Zhang Guoqing. The technology progress of PNT in GPS
limited conditions[J]. Tactical Missile Technology, 2014(6): 016.

[15] 232, [EAMETH TR 55 TEAE WL PRI T S0 E 7 BE 1 BB AR (],
FRUE NI AR, 2013, 1(2): 55-59.

Li Ji. New technologies developed for promoting PNT capability in
GPS denial environment|J]. Journal of Navigation and Positioning,
2013, 1(2): 55-59.

[16] #7f2, BRI, TR FZ I B 5 B M. b at: [R5 Toll i i,
2013: 130-133.

Yang Jun, Shan Qingxiao. Satellite timing principle and application
[M]. Beijing: National Defend Industy Press, 2013: 130-133.

[17] £ 3G, EF K, M, 55, & TR R LM bat: Bl i pt,
1986: 236-253.

Wang Yiqiu, Wang Jiging, Fu Jishi, et al. The principle of quantum
frequency standard[M]. Beijing: Science Press, 1986: 236-253.

[18] Microsemi Corporation. Quantum™ SA.45s chip scale atomic clock
[EB/OL]. [2015-03-15]. http://www.microsemi.com/products/timing—
synchronization— systems/embedded— timing— solutions/components/sa—
45s—chip—scale—atomic—clock.

[19] Titterton D, Weston J L. Strapdown inertial navigation technology[M].
London: Institution of Engineering & Technology, 2004.

(%48 HR4d)

119



