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Abstract

To address the challenge of timely localization and information transmission for various risk
events—such as human intrusion, wildlife activities, and fires—in areas lacking public mobile net-
work coverage like forests and nature reserves, this study proposes a network-free multi-event lo-
calization and alarm method based on BeiDou short messages. The core of this method lies in an
event-driven communication mechanism: front-end devices trigger communication only upon de-
tecting specific events and exclusively report critical information, thereby avoiding the excessive
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power consumption and bandwidth occupation associated with continuous data transmission. A
compact 16-byte data frame structure is designed by encoding and encapsulating event types, de-
vice identifiers, geographic locations, and temporal information, specifically tailored to accommo-
date the payload length and transmission frequency constraints of BeiDou short messages. Through
numerical simulations and field tests, this paper evaluates the method’s communication success
rate, power consumption, positioning accuracy, and system stability. Experimental results indicate
that this method achieves highly reliable (>99.9% success rate) and low-power (14.8 mAh daily av-
erage) event reporting in complex environments, with positioning errors stabilized within 8.6 me-
ters. This demonstrates its substantial practical value for ecological conservation and emergency
early warning in network-free environments.
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Figure 1. System architecture diagram
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Table 1. Monitoring event coding design
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Table 2. Event information field definition
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Longitude Zg 78 A AR I TR oot o B
Timestamp AR AR ] R IR AR Z], T 5555 P sl

FEIHE, Risk Level RS 4540 7 BUE R SRR A O IIBE R . JoMZ8IREE T BRIk -5 51 5t
PRI, RGN FTEEL—WF. Risk Level AR FHAFHIE 2FRE N 0 £ 3 240 NI, 3
NI KR FAFERINR i m g (Level 3), filtk RG0ArRIHE 5855 E I F R 3G i@ sh )
10 3% (Level 0)MISR FH IR 4B IR S, H 275 BRI B A7 A . 1% BEWIRATIE 7 “ i /gesn” 2
“IRZREER BB AR,

3.3. desHEIRCR ERIRMS T

B T b SR SCTE B YR R 36 B A B A R A 7 T A7 AE BR 1), 37 B R F SUA T AR i -5
W 1 OIS BEURIR B I BRI AT S R, AR SCBETE T — R e FE D 16 T I k) SR R R E i 2
T ARBZ F 2SR [7].

NURAEESRE AV & MR — B, RGO B b BT 25215 7 B ™ bR FH I 48 2740 P (R |7
Big-Endian)i#f {73 2% .

1) &2k BRI e A 3K

SN E A B S B FE T R, AR Gl A o5 FH 23 TA) K IR 0URG FE VT Si8(Double), /2 40 24 5
TF RS LB 10065, IRVUE INEE#R 32 10 F 75 5 8450 (int 32). R H R0 AR F

Latitude,,, = round (Latitude  toat X1 0° ) (1)

Longitude,,, = round (Longitude ot X 10° ) )

oat

DOI: 10.12677/sea.2026.153037 398 OISR


https://doi.org/10.12677/sea.2026.153037

oy 12

GHIEH AL IR R 4 AT, RN TE R0 BT i RS e 04 B FESE HI7EL) 0.1 K, izt
FJb2F RNSS bRt iRz .

2) 16 75 ik =UE

ZEARMWERA 16 75 BE KB, Wi B S B AR B, R OB A R B A v
X IA), SRB s Rk, i &4 R O ECREHOY AR, DUARIIURS 2 5 80E K5 7k @il & 3 %
TH, RAREAE AL AR P s B AR i — I 2 TS B, TR TO M A IR ES R I SRR 1S oK .

Table 3. Compact data frame structure of Beidou short message

3. bR R R R ILS Y

TS FBA EeE St FHF
Byte 0 FrameHead uint 8 N/A
Byte 1 EventType uint 8 N/A
Byte 2 RiskLevel uint 8 N/A
Byte 3 DevicelD uint 8 N/A

Byte 4~7 Latitude int 32 K

Byte 8~11 Longitude int 32 K

Byte 12~13 Timestamp uint 16 K Fp
Byte 14~15 CRC-16 uint 16 K ¥
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R AERRMR S AT BRI N, W) &) 51 PG 5 2 AN Sk 5V, SRk
SCHILRISEL R Ak, ASAENAZEETE T “MIN CRC K + Wila i (el o8 EAE” (R ETTR
5%, DARTHEHR AT SE1E(8].

1) AETLR: CRC-16 RKEH

95 1E H T RS T BUR R (B ARl s RO KR, RGERARE RS (Byte 14~15)51 A
T 16 MG TU R K (CRC) e HARSZIRA T CRC-16/MODBUS ARk 2 T2 X160+ X5 + X2 + 1,

RGHERIES AT Byte 0 2 Byte 13 25 EAT 52 TR I8 IR B0 A5 o WS AT i [5) 25 o BT L,
4 CRC AUUEC I B He e FaZ sz 40imt,  MRRUE BAt4e 1 IREcHE NP .

2) SMNETIA: ET RiskLevel FIR 4L E £

R T XPUE SR RS, RSi455 RiskLevel SZHL T B [H] 43 £E(Time Diversity) JUAR AN ML 24
Risk Level =3 (WK F)IF, REAE TO I 2SI ROIEE MU, SAERFIRZ/HEA, I AAE TO+30s
1 TO + 60 s SRl FERHIZE WG, H 31NN 25 56 4 —E (B & AH R Y Timestamp A1 CRC)FITLAR M

b 55 b B = — B BRIl B2 e — B I TRV S 1 & 5 AT 2 W . i LIAE A o
JRJZ DR NEIRTHE T, KiEfde 7S EE FREE A%,

3.5, BETREYSIETIFERE

TETC IS T KBs T, RGAEVE S DhFem| AR 2 . A SCHE S AL 5] A 2 Bir] FE4E
5TREHNG o TS, I IR 4 A A N [A) N E R ARk K EEAE s IR, SRAIAHWAENLE, 7R
AE G I RN B AR RO, JREREWREEANR: HiIk, RAEETLFMHIRE FIHEANIKDFERIR
B, AR BRI S ML T e, T T % SRS 8], BRI ] 2 B

DOI: 10.12677/sea.2026.153037 399 OISR


https://doi.org/10.12677/sea.2026.153037

oy 12

L

Y

EXG LY SE L EREX

Y

B BaEx

Y

Figure 2. Event trigger flowchart
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Table 4. Parameter configuration of Beidou-3 area short message simulation
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Table 5. Field test environment parameters and deployment details
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Table 6. Comparison of success rate of information receiving under different mechanisms

6. NEHH TS DIBWARTNESTEE
RSB AR SR (p) BRI IIE RN (%) ORS¢ A% (%) TR + HAE(ARID) (%)

0.90 43.05 92.14 99.12
0.93 55.96 95.83 99.64
0.95 66.34 97.41 99.88
0.97 78.37 99.21 99.98
0.99 92.27 99.89 100.00

4.2.2. SEHEX TR R BENK

R T EERES, KRS e AR RS RE T AT E . Ik 7 for, BEE 2 EE
38N, SRR MR R AR E T . BAP = 0.97 MILRAEAH, aHH 2 Bl na 8 A,
LR RN 94.1% FFEZS 78.37% 0 ASCHRE i U A MK AE 5 A 6 B3 T R B HH AR ok ) 5 A 18,
BIRELERFLE 99.9% L 7K

Table 7. Trend of success rate under different number of subcontracts

#7. TESEHE THRNELHIES

PRt YR IERE (%) IINTCAR G (%) Ha st + TURNLH(%)
2f 94.09 99.82 100.00
41 88.53 99.41 99.99
6t 83.30 99.14 99.98
88 78.37 98.92 99.98
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Table 8. Comparison of power consumption and battery life in two reporting modes

= 8. MM ERRRX TR S EMRTEE

ELANIIgE! JE WA AR FIRBN A EHR(A) AR (%)
H B3R () 288 <10 (BLFFKE) 96.5%
H T #E(mAh) 125.4 14.8 88.2%
RAFHHCR) 12 105 775.0%
T4 v b7 K (s/ ) 172.8 <6.0 96.5%

43.2. EIRESH
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Table 9. Analysis of multi-event positioning accuracy
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SERLYE )77 1% % (RMSE) I UNI = L H A5

IKFI5 1A 8.6m 124 m <10 m

FRAE 77 11 13.5m 19.8 m <15m
AR EL IR 2 0.05 m 0.08 m N/A
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