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Abstract

To address spatial drift caused by anchor points in single-inertial navigation systems, multi-sensor
systems are typically employed, effectively suppressing spatial drift through mutual anchoring
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mechanisms among sensors. However, traditional approaches demonstrate limited effectiveness in
enhancing navigation accuracy and reducing data analysis complexity. This paper proposes a prom-
ising exploratory method based on physical analogy, which mimics the lattice structure of crystal
physics by abstracting multiple inertial sensors as grid points within a lattice. By leveraging the
relative constraint relationships between grid points to construct a symmetric model, the method
achieves self-correction of drift errors through positional constraints among sensors, thereby mit-
igating spatial drift during navigation. The proposed method is validated through multiple simu-
lated experiments and one real-world scenario experiment. Results demonstrate that, compared to
conventional single-inertial navigation methods and standard multi-sensor fusion approaches, this
method significantly improves positioning and navigation accuracy while maintaining comparable
control algorithm complexity, offering a novel and feasible strategy for collaborative multi-inertial
sensor navigation. This approach provides fresh perspectives and methodologies for multi-sensor
fusion in inertial navigation systems, poised to drive further technological advancements in the
field.
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(a)
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Figure 1. Schematic diagram for Lattice model. (a) The real state in the real world of UAV; (b) The skeleton state; (c) The
Lattice model state

E 1. SERERERE. () TANEIHFRPHIFRRES; b0) BRRE; (o SEEERS
KR PEMET, Ky RRAE 05 kFoRWHISH ZmE X, ARy IR . 3
PR (X, | AR B ISHEE IR I PO AEL): B ARG R, Wi
W, R L HAWR RS, RANZES. FEFHLT, XWHoHEEIRR, MLaE. Fi, %
8 A0 HE A 3 AT 45 A X A X PR 4 o AR 3R SE S, iR AT RO
X} ={x,0 )+ 2 {ax, | )
Hoh (X, ) 30K i MERIE LR j A TR ISR, B
={ X1 X s X X X s Xt s X X oo s X b o o n AR RIS AL m A AR 1
iR s, (X, | RAMES, Y {Ax, | RZEE.
WATRABBEAE “ B IF 7 J7iExt 8 =3 (17T BT NRIIE s, B RE—M o, BUE
()= {0} +{Ax, ) 3)
NFACBE, RAOTEREPA LR S1 A S2 R R A XML, RITMAH “{x,}, {1}
1 TR IR e R SR AR I SR AR H5H -
{Xi'}:{XziO}+{AXty‘} Q)

{1} ={r}+{an} ®
IR SCK B Ry ARSIy M2 EASE Y, BV IRRAGEA IR (. 200, s

DOI: 10.12677/jsta.2026.144060 615 AL JRAR T A 5 N


https://doi.org/10.12677/jsta.2026.144060

AT 55 M4 % B L8 3 P 4 23 1) (7 /11 2 ) B v S B B A 6 0, AT SR
Wi
TR MR, 3 LA PRI — R o Ot RR P, Rl SRR R . oot R
TR P S350 2 B T R R 2 — S0 B P R, SR 1 T80 5 e 22 7 o ot
PEAS 5 SR . T b X R RO AT R ST 0 S2 HUBCRAEAT T bl SRR . th T
AR R F M WA IR, TP R 5 S5 T R A S MR . 5y,
BT R T R A2 B2 255, I, a1 A1 S2 MIATPRX BRbERt, 2o FR b & e
100 % s AT TR AR PR B B, AT RE S R T A P e 2 B A 2 I 22 5 TR
AT T h OB, 785
M{X,|={Y,,| ©)
L{ax,}={aY,} (7)

Hob M RO T, LRFRXIRET
RAEFARECEIR, PG TTFR(D~(T), PIRABZEIFI— P 5 2R 4

_L{x-{n
- ®
- M - M Z{Xﬁ —{Y,,-}
(1o} =1 =i =22 ©)
_M{Xi/}_{ i/}
fax,}=——— (10)
TR O el i )
far} = L, =22 an
cix -yt mix, -1y,
SRCTLRETY
_oix vl omlx -y
e EE L W )
AT P E 0 Al O MR AT A, A B T s 1 T T b 5
ﬂm=£&%#ﬁi (14)
T N A AT
_ZNDUON
(Do} === (15)

{Dy} 1 N MG RS B A AR EE R, e 7L S I RS, TR e el br 1 I a HAt
TP RIFE -

3. SCISFNite
W 2 B, STRABIE % T 1~ ARG S, T30 88 4 A 28 TE KL AR [ %2 1) ir B (R L

DOI: 10.12677/jsta.2026.144060 616 AL JRAR T A 5 N


https://doi.org/10.12677/jsta.2026.144060

Tt 5

2(b))e S ERTANME SRS 0]0,0,0) WIETHHIRA P, y, z]. M4, AT T M AL R
O-xyz FIHUAFR R O’-Xy’z’ . FH PPRORFSEALE, Kk PP A RE B s B 1 8 RS JE o

(a) (b)

Figure 2. Schematic diagram of UAV flight scene in the experiment. (a) Coordinate system and target position; (b) Schematic
diagram of Lattice model
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Figure 3. The Matlab-based simulation framework for UAV inertial navigation
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Figure 4. Influence of the number of inertial sensors on the Lattice model
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Table 1. Influence of the number of inertial sensors on the Lattice model algorithm
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Figure 5. The relationship between the quality of sensors and navigation accuracy
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Table 2. The relationship between the quality of sensors and navigation accuracy
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