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W E: HAawEHE i w ok AR F & 4 (Strapdown Inertial Navigation System, SINS)/4>
HKFALT Z % 4% % % (Global Navigation Satellite System, GNSS) 286-69 7 X, 122 fE 4oy 4 | 18 VA K
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UEAER, Z A8 R ) M % e, 3 5 R SINS
5 GNSS A s X, Hrb, %30k [5-7] oy
SR JEF SINS/GNSS 214 J5 2 (1) — & Ak 5 7 4k
177 Hb 1T 22 280 ) I 6 S 56, R I AR i 2
A, T2 2R R 0 S e g R B A
Bl FRAR, IR 2 B8 bR T 4 AT 40 %) GNSS {5 53l
P4 BN ERE R R A I, JC1 S B GNSS HH 1R
DU RS R . TR b R
T R G A R R A Rk, 275 30k [8]
K HHET SINS/HLFR /i B2 120 & S FR A 42 4 )
7%, BT AT D) 2 MR 4T
SER, e 2B SR T . 2% 3Gk [9]
K F SINS/i 33 1 (Velocimeter, VEL) 20 4 19 J7 2 ik
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i) SINS #4774 #1 5293, i T SINS 7£ SINS/GNSS
1 SINS/LDV 20 & J5 %8 094 AR [R], PRI ot 2 2% 5
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Tab.1 System index
Index Accuracy
Velocity measurement accuracy of LDV < 1%0

Calculation accuracy of acceleration/mGal <1

Measurement time of single line/h <17
Horizontal accuracy/m <10
Height accuracy/m =3

202301742



s Gk A2

% 64

www.irla.cn

% 52 %

o, 100 m 19 7K 015 22 5 | R 14 = ) I 6 1%
529 0.07 mGal, PR X6 5 073000 8 1) 52 e AT L) 22 s
(RN THEE RGN TSR, 3R 1 X KO @ R
HEAT T 10 m ALY, AT LA M TE 200
1.3 it

BT R GE R 25 B I IR B, e LA K
FIF ) Py v A S AT R B P 0 2, SO 20 5k
ACELATR B R L SRR S SR O A, AT A Ao 0 A AR

e IO R GRS B, HE— 2D M, R R S A ST
DA g AT n 2R IR o O 1SS B A

P RGNE RS, W5 R RR 2R HE AT,
ST R 15 RS s UL, F RS Ty
LU
X(1) = FOX(t)+G(nHW(1) 4)
L Fio) b RGEREFER I Gl R G = e
W, WO RBRGEMMFEM; X =[ ¢ 6v 6p ¢ V T
RS, Hoh g AR ZE, ov IR 2E, Sp AL
ERZE, e NPCIREERS, v I B T2
o 0 7 AR AR
Z(n=HnX®)+ V(1) (%)
A Ve I A R DA ALTE n R T R
52 R FEUE, B0 T R G TR 2 i
Z(1) = [Ves = Vinv] (6)
e v AT R G RE v S TR
7000 R
H®)=1[ 053 Lz O30 ] (7
SR T A R R A ) 2 R, B D I R I S
JE, TR UE DL 45 R 2 S T B R 25 AT R A, #b
B

Cp = +(¢x)C}
V=P =8V (3
p'=p"-adp"
2 Co ey 590 Ay H R A 265 R I R 2 o 8 25 A I
PRIV 53] Ay AR Y B R SE R B R 5 pr A prda il Sk B

AR B AL PR B
2 BEHNSEHIELAIBRE

SINS/LDV 414 % 2% 5 1 I 5 2 48 K FH AL 14
FI 5 HE AR 5 2 G0 MO 22 35 84, TR 2R 45 D

A R AL 15E A A IS e B | Y
gt R0 SRS o P A X M R R i I RS
Ak AL A 5 IR A bR S AL S A S S A
Lo S W R SR REEAL, BRI 1 R

LDV data

SINS data
W‘ VLDV

b
cr Vipy

| Navigation calculation } b gl
Feedback
n Vipy

Vsins Kalman filter
X=[¢ovipevV]"

Specific force f*
Attitude matrix C;

L o= —CirCorromv 7
Low-pass External reference
filtering 50"
| =
Evaluation of internal Evaluation of internal
coincidence accuracy coincidence accuracy

SR E BT

Fig.1 Data processing procedure
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BRI 100 Hzo 4515 22 58 N0 16 SO RE B8ORS B2 A
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K FEL T 1%0. 5256 %4 [F i 45 48 GPS, L) SINS/GPS
G DR 0 S 0 25 A A R e, o GPS By
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0.4m, SICEA LA 2 FiR, 8BS RG L TES
WA NER, O T U/ R 2, AR R R R
SEIE FITIIZERE, GPS KL H T 4T,

Pl 2 SEEis 2R R A

Fig.2 Installation diagram of experimental equipment
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Fig.3 Experimental track
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Fig.4 The height varies during the experiment
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Fig.7 The output of the velocimeter
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Fig.11 Gravity anomaly measurement results of the integration of

SINS/GNSS

%2 SINS/LDV AGENNERZENTEHE
Tab.2 Internal coincidence accuracy of SINS/LDV

integrated gravimetry system

. .. RMS of RMS of
Maximum Minimum . . R
single line total line
Line 1 1.08 —1.46 0.73
Line 2 0.98 -1.00 0.47
Internal .
. Line 3 1.18 —2.47 0.66
coincidence 0.70
accuracy/  Line4  2.37 -1.78 1.05 ’
mGal
Line 5 0.83 -1.24 0.53
Line 6 1.26 -1.04 0.59

% 3 SINS/GNSS HEENNERGAHFAHEE
Tab.3 Internal coincidence accuracy of SINS/GNSS

integrated gravimetry system

. .. RMS of RMS of
Maximum Minimum . . .
single line total line
Line 1 2.22 -1.57 1.03
Line 2 1.82 -3.05 1.30
Internal .
L Line 3 3.36 -2.92 1.75
coincidence 153
accuracy/  Line 4 1.38 -2.77 1.02 ’
mGal
Line 5 2.58 —4.73 2.46
Line 6 1.62 -2.59 1.05

i 7€ 2~3 A[ LA H, SINS/LDV 4 & R 48 1 54
IR 925 4 i RAB M 1.05 mGal, £2/IME 9 0.47 mGal,
BN FF S K BE R 0.70 mGal; SINS/GNSS 44 & 4t
) B4 TN 2 N A 6 R B2 B R (B R 2.46 mGal, fie/IME

7 1.02 mGal, 520N FF A8 B R 1.53 mGal, 38 2o 52
45 S n] A, 7E GNSS 5 5 # i Ik AE L T, ST
SINS/LDV 414 5 1l i 22 G i 7S 25 28 1 P9 4755
JE 5k AL T2 T SINS/GNSS 2H 4 £ 45 1 I 28 K5 i,
It HH S N AR5 2 th A e SINS/GNSS 414 R 441
T2 54%, F4YIGAE T SINS/— 4k LDV 414 1
TR RN

4 &

=A

SCHOR R T R SO 22 3 8 I A R X A
A B E WA TR . W R
R AR R AT 0T, A T RGN R bR
BRMECE A BRI R . G I SR R,
GNSS {554 1L M1 &L, 5T SINS/LDV 4 &
7N AR G0 BTN LR N AT A RS R ) T
SINS/GNSSH A A4, HEWHNFAEEL R T
SINS/GNSS A & A 4t . LI 45 R Ul W] T SINS/— 4
LDV 44 & J7ill & RS 7 GNSS 15 S Ik i A
B o SCH YA GBI 5 AT LA Sk Db £ 1L T 45 b
DX %) 1 BB | 77 DG e A K M Bk ) T ks 4 Ak
SRR PR AR S
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Strapdown vehicle autonomous gravimetry method based on two-

dimensional laser Doppler velocimeter

Wei Guo'?, Yang Zekun"?’, Gao Chunfeng'?, Zhou Jian'?, Yu Xudong'?, Luo Hui'?,
Deng Bin'?, Zhou Wenjian'?, Cheng Jiayi'?

(1. College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China;
2. Nanhu Laser Laboratory, National University of Defense Technology, Changsha 410073, China)

Abstract:

Objective As one of the basic physical fields of the earth, gravity field reflects the distribution of underground
materials and the changes of space and time. It has important value in resource exploration, military application
and space science research. At present, the measurement methods of earth gravity field include aerial gravimetry,
marine gravimetry, satellite gravimetry and ground gravimetry, et al. As an important method of gravity field
measurement, ground gravimetry is mainly used for local fine construction of earth gravity field, which can be
divided into ground static gravimetry and ground dynamic gravimetry. Due to the high cost and low efficiency of
ground static gravimetry, ground dynamic gravimetry is usually adopted, namely ground vehicle gravimetry. At
present, strapdown inertial navigation system (SINS)/global navigation satellite system (GNSS) integrated system
is usually used in vehicle gravimetry, which lacks autonomy and has limited accuracy in the special environment
where GNSS signal is blocked. To solve this problem, this paper proposes a strapdown vehicle autonomous

gravimetry method based on two-dimensional laser Doppler velocimeter (LDV).

Methods In this paper, a high-precision autonomous vehicle gravimetry method is designed. In order to
improve the autonomy of the system, SINS/LDV integrated system is adopted in this paper, which does not need
to rely on external signal sources. In order to ensure the measurement accuracy of the system, the LDV adopted
by the system is two-dimensional, which is sensitive to the velocity of the vertical direction, so as to reduce the
measurement error. The systematic errors are analyzed, and the constraints on the device accuracy and

measurement scheme of LDV are proposed (Tab.l1). The data processing flow of SINS/LDV integrated

20230174-7
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gravimetry system is also proposed. The system can finally realize the high-precision gravimetry in special

environment.

Result and Discussions The experiment was conducted in a special environment. During the experiment, the
altitude changed greatly (Fig.4) and the GPS was seriously blocked (Fig.5). There are altogether 6 repeated lines
in the experiment, each of which is about 11 km. During the experiment, the maximum horizontal error of
SINS/LDV integrated navigation is about 17 m (Fig.8), and the maximum height error is about 2 m (Fig.9), which
meets the requirements of system standard (Tab.1). Gravity anomaly were calculated according to the results of
integrated navigation. The six lines based on SINS/LDV integrated system had a good consistency, and the
maximum and minimum internal coincidence accuracy of a single survey line are 1.05 mGal and 0.47 mGal, and
the total internal coincidence accuracy is 0.70 mGal (Tab.2). However, the consistency of the six lines based on
SINS/GNSS integrated system are relatively poor. The maximum and minimum accuracy of internal coincidence
of a single line are 2.46 mGal and 1.02 mGal, and the total internal coincidence accuracy is 1.53 mGal (Tab.3).
The accuracy of SINS/LDV integrated system is generally better than that of SINS/LDV integrated system, and
the total accuracy of SINS/LDV integrated system is about 54% higher than that of SINS/GNSS integrated

system.

Conclusions In this paper, a strapdown vehicle autonomous gravimetry method based on two-dimensional laser
Doppler velocimeter is studied. The measurement principle and error model of the system are analyzed, and the
corresponding index and data processing flow of the system are given. The vehicle gravimetry experiment shows
that the consistency of the six lines in SINS/LDV integrated gravimetry system is high, while that of the six lines
in SINS/GNSS integrated gravimetry system is relatively poor when the satellite signal is seriously blocked.
Accordingly, the single internal coincidence accuracy of SINS/LDV integrated system is generally better than that
of SINS/GNSS integrated system, and the total internal coincidence accuracy of SINS/LDV integrated system is
nearly half higher than that of SINS/GNSS integrated system. The experimental results show that SINS/LDV
integrated gravimetry system can realize gravimetry, and the gravimetry accuracy is higher than SINS/GNSS
integrated gravimetry system in special measuring environment. The research of this paper provides technical
support for the vehicle gravimetry in the environment when the GNSS signal is blocked, and the relevant results

can be applied in geological exploration, gravity matching and the refinement of the earth's local gravity field.

Key words: vehicle gravimetry; two-dimensional laser Doppler velocimeter; strapdown inertial

navigation system;  integrated navigation; internal coincidence accuracy
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