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Multi-source Information Fusion-based Autonomous Navigation System
for Vehicles in Swine House

LONG Changjiang'>  ZHU Shijun' TAN Hequn'? LI Xuan'? LIU Ziyang' MENG Yan'
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; This paper presents an autonomous navigation system for unmanned pig farming, using multi —
source information fusion. It integrates LIDAR and IMU data via the Fast-LIO2 algorithm for odometry,
constructs maps with a factor graph-optimized loop closure method, and localizes using both map
registration and reflective pole matching, outperforming Adaptive Monte Carlo Localization. Path planning
is handled by Dijkstra’s algorithm for global paths and the Time-Elastic Band for local paths, ultimately
realizing autonomous navigation in pig house scenarios. Experimental results show that the system
achieves mapping with a maximum absolute error of 0. 077 m and relative error of 3. 79% , with higher
accuracy compared to mapping algorithms without loop closure detection. Localization accuracy averages
0.066 m in X and 0. 052 m in Y for map registration, and 0. 046 m in X and 0. 042 m in Y for reflective
pole matching. When the mobile platform navigates at a speed of 0. 3 m/s, the maximum lateral deviation
between the actual navigation points and the target points is 0. 09 m, the maximum longitudinal deviation
is 0.089 m, and the average heading angle deviation is 7.06°. The system meets high-precision
requirements for mapping, localization, and navigation in swine houses, supporting unmanned pig
farming operations.

Key words: swine house; laser — inertia tightly-coupled algorithm; LiDAR; localization; navigation
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navigation system in swine house
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Fig.3 Hardware architecture diagram for autonomous navigation system
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Fig.4 Software architecture diagram for

autonomous navigation system
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using factor graph optimization
g graph op

[] BRAG: 0 2 — Pl L5 495 Il i 9 3 5, Ik
A1 X1 O A DA TG e 75 b P 3 8 i 7 11 A
F ARG, R Scan Context J5 % 52 L[] 3 £
M. Scan Context J&—Ff 5T 3D WOL &1 = Y FFAEH
WL S TR TIHEEMESAALEE T3R50 f i
W EREE Y o 0 T TR T, X R T
H 5 A IR 2017 A8 U 0 W7, 2 6 2 R E A
A D00 DA Ay G0 2] (0D A o AR 3 e R G B )
0T, 1 1 AR i b 151 R = Bt B B BRI Il R & 2
YA AN W 18 8, I o 7 LR I o 25 1Y (] B S o
SRR A TR PR R TR T s i S A
VT =2 ) R O S A e B X A e B X D A

Dy s 0 2 R TR AT IR R, AT BE R A
PR Rl CIEZ S o = W

. . clet
d(I' Iy =— (1‘7) (0
vz U
¢’ =arg min(mind (I',I})) (2)
c,eC nehl,

K I'——2 iR T
1" —— g S i i 5
o5 j A R sk T
C— g S WU b
55 A ) Wi g T 48 7 S WU A
d—— 3 52 W5 A T T 2 ) P R
N, — & Wik
e B b R, G SR X B — WUHOL R IR R S
5 Scan Context #f i& -, 23 8 I i+ 55 5% 5L AL #1
SO THR RO BEARSE I, PR O R AR B R
U 5 — o B B R — A, B
O BRT , AN XoF S SR B AT (] PG 0 B WD B
PRI AE . TERS TN 3 ] 3R J5 |, fdf 0 a2 2R o 3 0y 22
BB 15 (Incremental sparse inverse square matrix,
ISAM2) X 2 Wit oz 28 FEAT DL AL , ISAM2 2 —Fih g 2L 1Y)
PR IR AR SR I ERL 7 L0 2% A0 0 ST v 1 Ak T
B DT PR B T 2 A R I S Bh
FERL 2 8] ¢ F& (0 R AL HE SR, Horh 35 SR IR A A2
i, RN A RN R O A T AR S ) RE i 2
FIEAT IR 719 BT 2 s 9 29 T, DT A5 21 43 23 R 3 5]
e U A 0 o e 2 IR ARk TR, SR R ] B R A
T IMU AR 3 A 5 B AR 3 A A il B 5 18 O
o, AR 5 4R g dn A0 Al T s MU B 7y
PRl 48 A A5 2 Rl 2 A8 Ak 5 (] B A U PR 5 RE 4% 25
P v 4 JR L AL TR BE RN TSR AR, B A B
A R At o 3 T PR O g T A 2 R 5 ik
PEME T SE RO A H A A2 )R MU IR 2 e A A A AR
e S i
2.3 ETFHERENEMEZE
T ORI AE S 5 37 55 0 AL B R R R
B H —Fh I T Map to Map Hb & g i A 8 (L 55 1, 55
B AR A 6 FTR o 43 Bl R ICEE T LR T A T Y
Jay 0 b P 60 6 T PR PR ke 1 T 2 ] ST Y
xRy I, NS Ml T A AR R R R A TR PRI
UK A 5 s ] BB TE AR N BRI 55 B 28
Py a X X E 43 i 25 B B R I SR R, i X
JEE R TR ) 2= A R AR AR L BRI T DL B MR ke A [
SE VN, DB AR B RAE R RS AR R =
Bt F R AR DT $E v VRS B
i FH 1IE & 4 4 A8 # ( Normal distribution

*
c



%6 1

AT & T ZBEEERMSHNEENERMA E MRS 253

VR H )

P 6 BT b 1l B o 1) 0 5 3 L R IR

Fig. 6 Flowchart of localization algorithm based on

map registration

transform, NDT ) 55 52 59 Ja 70 3t 151 3] 42 J5) b €] 22 )
A BC I, NDT B35 8% 55 = 23 HI 2 SR R (Voxel )
FEE AL 7 B R T AR R A SR, AT DE T[]
U J5 o ok e 5 o I B G A A T AT MR
JETH AN

(x-q)'3 ' (x-q)
p(x) ~exp( - ; IED
i,_ i '1‘2—1 i,_ i
score(p) = Zexp(—(x 7. 5 (x q>)
(4)
o 4= 3%, (5)
=0 () (5 ) (6)
b p—— MR
a— Pk E i
3ty A
n—— P 3 o
x—— R F
score (p)—— F R B 8, 1 454~ 0 32 186K 3%
BE A 51

e v 52 B, AR 4 TC VA 23 ) B TG E 5T B, NDT
TR (IR 25 2 2 pR K0 (PDIF) 353 I A, I 44
P03 278 W5 2 M H AR B 22 18] 1E 25 23 A 9 D ]
JE B RS B, SRR B HERICR B . S5 e T
0 BRELIRE DA Ay I Y THE M Joi o 0 2% , 220 W L T o4
S5 o UMK TS 20 B R C A RUR B, RS
Tic VA 45 2R BT LR O ol LR O A B AR R e BT A A
Z T A, [ 5T R ] ek AR AL E O A
ERHF B2 R A2
2.4 ETRAERENEMEZE

H 3 — 5 AR A A1 R 45 R A BRI A
WL GE MRS, HAE A A — o 2 R Rk,
SN A T B 7 M oy & 2N DA S AR Y S SR AR iR
g, T GPS Jt} A E M AGE M T A
55 RAF I3 B, Wik @ 2 8 5
(UWB) i fr ™ 4 58 Py 5 A Bl A 7 38 T 33 2 A
ERCEIANE S NP T L N T (5 N

HEBC & e R B2 70 m PO Tk PR B S 0 5 5,
SOAT 25 RO S B A N E LI RE . AR BTSTR
— P 3 T SOBAE VT IS A RE 257 i, AR AR A T
F)fi—\‘o

FH A — — TR
%%I%éeﬁ Ap A AR . o "
e ) e e

P73k ROGAE VL I R o 550 125 i A &

Fig.7  Flowchart of localization algorithm based on

reflective pole matching

2.4.1 BIEBOLAEHE

A e — ol 3 T A R SO B R A TR A AR
PL MID — 360 BU3OL 75 35 4 B, 5= b 44 i
SPRRPEAE O ~256 Z [a] , i B S 78 SO A b i a5 5
SR —ERT 150, PR AT AR 4 5 2 T B S R
555 0 B R AT I (B4 ), AT 31 Hh OGRS s

T A L I AR A0 S i B2 43 1) i o ), 3 T AR B
BT R H], B R S PR 24 O
FBor B TS BN B RO sl m B AT AR B R
ICERRFE S — Pl i = B i FREE 2 20 B 2 A
MR LD o PG R 2k e — WO 7 A
ZPITA ER RS EREN S s R A S s
ATRER N 1 DROLHE . B S = r H 52 B LU |, R 4 5
MR R BRI P HIRR A N O A & R
LR M m R S B SO E
2.4.2 BT HIECE Y ROGHE E

TE 7€ AL, K 306 B 38 17 4 Wt v i s e 3 L
FEIHAR AR 2Rl o S A o O 3 A 2R 28 43 KA
B RUOCHE R o T ROGHE 9 B0 A8 5, JF
17 KD B st i 48 2, 8 SOGAE o B P AR e 5 OB RE
Fz B AT Y s, BRI 3 S [ — A OB, LA
A8 SO Ml P& 0 2 2 R0 2 OB RE o i
BT A (Tterative closest point, ICP) %y % H 4
FOGHE m s R 3 J5 1 SOGAE L B s R AT I
1CP B3 2 — b 1 T 4 B 1R AT 3% A
J Il i AW RS 2P R S HR R s
T AR BT S RS S AR A AR S R R R s A e )
Hirm oA R T, BB Z#)E 2 A= Z 1
R 22 3K B de /M, TE AT 3] 0% 748 H B P Oy TR 3
A s 75 B LA bR 2R 2 (8] B AR 4 1 T U

N

Q-
E(R.t) == > |« -Rp,—t]° (7)
=1

p iz

AP E(R, ) —Hbrei ik



254 & ok L

Moo 2026 4

e
SN L
p— HIrEa
Rt AR A [ R IC 9 4
5 T TR ) PR TG 7 2 A0, 3 C A ) B
HE T, ICP B3 (i F X 07 M 158 22 ROR B RS 40, 19
I3 BRI R N 158 22 BN E T B bR vy, 2 G HEAS O N
T 2 R B, A VR B M TE R, 2 Ao A AL 4
R AR T L B 2 S A S OCRE
2.5 E-F Move_base B 51
H 3T A& G0 AR BRI A S 0 2 RE
Move_base JJfig fu 52 3 , D BEf 45 i 4 Jm b &) TF 72
e L RO &R s 5 B AR B H AR R S
SENE AL LR T, S MRS B B H A s S AT RE
Move_base SATHEZL AN 8 FiT7w o

Move_base I EEfL

i i Wl 2R b el
R (Dijkstra ) Ho [ Ho HE

x;

o™ BB B A L 2R A
T ARG O S AR A R — A B AR )R
TR e A LI i S I OO B R AR B AR 2 )R
AR RE A TR AT O Rl BRE, O S IR A B O e o IS A
PRI AP T, e S A 3 B 0 DAy el LA ) i > o
HAR G IRE AL IR S, SC B A E AR S A
EFHIIAE

3 BESMASRMERIXE

FI 3 5T AR G809 1R BE 45 b A A R RS
SE R BE RS AORS BE o o PRORS B2 R A R B S
PR3 M 11 5 SE PR PR T 22 ()AL 8, o TR NS B v R
DR i PR RES MERG S Wk L SC 3R . EALRT R A
SRR E A B AL B RET, B AT S B
7B 2 1) 22 , ELAE R WA 30 5 S ALEE 1. AL
R BE SR E H AR 5 SE B B AR i 22 18] i 25 72,
FUURG JEE e T DR G L A% L RE R 2 38 H A 3, T A 2
PEARBORN B o IX 3 PR RE R bR A LG HK , 2 RS

v
O {%%gg% }ﬁgﬂ“{ﬁigii] JBE R 00 S S B2, T 07 7 B2 S L1 R W) S ORS E
EHE (TEBE ) b , DA=R “ . o . o .
= T = K, PR R (G RS L AR S AR AT

[z*ﬁﬁ&ﬁ%ﬁﬂ%#ﬂ%ﬁfm%ﬁ)

=AHE R TTHI AL
8 H:TF Move_base [ S HEZR

Fig.8 Navigation framework based on Move_base package
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Fig.9 Maps of swine house constructed by different algorithms
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Tab.1 Comparison of mapping results in swine house environment
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Tab.2 Results of experiments on deference
localization algorithms m
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Tab.3 Results on navigation precision

KIFS w2/ m y W 2E/m U w2/ (°)
1 0. 042 0. 062 5. 665
2 0. 062 0.017 6.909
3 0.083 0.019 8.091
4 0.027 0.052 7.105
5 0. 090 0. 089 7.531
S A 0. 061 0.048 7. 060
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