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Abstract: When the underground personnel positioning system's firmware is upgraded using the wireless in-
application programming (IAP) mode, the mark card can not be used normally, the upgrade efficiency is low and
the security is not high. In order to solve the above problems, a synchronous upgrade method for the wireless
terminal of the underground personnel precise positioning system is proposed. The architecture of underground
personnel precise positioning system and the process of wireless terminal synchronous upgrade method are
pointed out. The security design and high concurrency technology implementation of the wireless terminal
synchronous upgrade are mainly introduced. Security design: in order to improve the security of air data
transmission, advanced encyption standard (AES) encryptor is used to encrypt the data transmission between the
card reader and the identification card. In order to ensure the normal operation of the identification card after the

wireless upgrade, the message digest algorithm MDS5 is introduced to perform integrity verification when the
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identification card completes receiving and is about to switch. High concurrency technology: the ultra wide band

(UWB) wireless communication network with full coverage in the mine is used to extend and compatible the

wireless upgrade protocol. The distributed multi-node synchronous upgrade of all underground identification

cards is realized. The problem of data switching between nodes in motion is solved by the way of breakpoint

continuous transmission. Based on the slotted ALOHA algorithm, a dynamic slot allocation mechanism is

proposed to ensure the capacity and response efficiency of the personnel precise positioning system. The test

results show that the method can be compatible with the underground personnel precise positioning system. The

method can realize the wireless upgrade of the embedded firmware of all wireless terminal positioning

identification cards without affecting the system performance indicators. The upgrade success rate is 100%, and

the upgrade process is efficient, reliable and safe.

Key words: precise positioning of underground personnel; wireless terminal; firmware upgrade; wireless

upgrade; synchronous upgrade; mixed encryption; breakpoint resume; dynamic slot allocation mechanism

0 35

W I N GUE AL R GAE R IR I T 2 Ak <7
KREG” W2 —, HArC 72 E & KT 25385 X%,
e TR R T . TESR A E A IR 55 Y LAk
L NBUENLR GBI IS B PR 1A AR
Ao TEPJRIX N I, 72X RGEACE bR &

W KT S5 o2 A S £ BEAT [ TH . T o2 g
B BA BB AT o MEF SRR A, 7 ST
— BRI Ry TR T R P

1% G2 1 [ T 9 32 B SR AR 48 2 4 4 72 (In-
System Programming, ISP) 77 2. %77 A 5 28 i
a i AT DA AT R HLSS B A A, i TR, (HA AR
ity 2 A F B B S B, AR RS R AR B A
A E A& G PR T | A1 2 09 A5 1, TR ZE 97 A A
o EET, SR A5 A 3 5, B S 30
(#6125 2O i T s R A Bl {5 R 1 T
FH M 4% F2 (In Application Programming, IAP) 73, R
FHZ 07 U, de 40 N B e TH R R A AE il i T
RV, FHELT B . T A4 N DL Ak JR 3 T )
RE, IR 1 Ak THOEE , THR B B Ja N Y
b ii R 2wl e i AR ERSOIR S, B TR 5 R
X Ah 5 2o i A B A SRR, SR T TC 4 AL
T3 2k ISP 5 25 BEATR T4 ) R, AT S B s Rt
ALK SRMTEL PRI 5, 1AP 75 S AT5 84

i

H P ANGIER AR 755 R s — e
Fl, 10T N GRS R A28 (] B AR AR R, SERR I &
BT R TR R R 3% 07 G 6 K % Tt
P B, BWE RS R A N B AT, RS
SAAGTIT 57 B LR , 22 4 PEA s 7

BEXF Lo (), 4 T — BRI SR %E
R G IR L R L TR Tk o R O AR L W

BRI T =, B R G = 20 %5 A% 1fE (Advanced
Encryption Standard, AES) % & i Fll MDS5 56 8 PEL
IARAIE 22 4, SR FHSh A BR A ML, A8 E N R S0
{5 5 78 55 30 6] N, 52 B0 28 28 ity 8% £ 6 1E R (i FH 2
it e A [ 1 T

1 HTARBHEMRZRENY

H T ASURE I E 0 R 5 E B EAidL, 2R
bR R 3 AN A, A 1 TR . B HLIE I A
KM AT IR, 5 RafE, RS
B 2 & 22 18] 5% 1 # 98 45 (Ultra Wide Band, UWB) i
{507 AT B s |

H ik
HF
HF T IEF Tl
AL SEHL
FEf A
OO ks prrw I ek
Efb = fitliy % Elf] e fiih)
aua) x4 17T x4 @u») ‘ﬁ) xk T LRz (‘B’)
fakk frk
B 1 GRS RGN

Fig. 1 Structure of underground personnel

precise positioning system
2 RHKLWESHARFTERE
— R GE B I TCR R i [F) A2 T 03 9 IR 2l L A&
SEIN 3 BB, EAIHL, SR AR SRS RAEAN R B B

A HMETRAR AN 2 s o
TR BB Br: HE N 51 #4950 F 2=



2023 5% 3 # RIS, FTARKEA L 2 AL ERLBRE T BTk . 133 -
bl ke bRk
5 g
fiif iﬁ%ﬁé&%éﬁzl FaE
3 B, R | e I A "
SRS MEACHLT, HEAS T
_____________________________________________________________ L
ks o TR G
SR e R
| S PR IER 1T, .
1t w1l SRS = WS 0
) FHHE Xof oz i
o e W
Y
i kR
o THREER, ESCl R IEAT, _
i ORI [eo|  EMTR I

K2 Jegmlr A T

Fig. 2 Wireless terminal synchronization upgrade process

SERLFRGE LA B ALALR THECSCRHEAT b PR A
Je P AL i SO, 3l i 2% T A 4 iR s
RA RN SO IR PR A AR MR Sh TH o 25 A
R AR AR A T LR B K AT R T A
2, TESRIIEE A b 2 8l 5E ) i R T

T AL B BE: AR g AL, e 1Y Pt
7 LR SR B W55 58 LR 0 s ad {5 77 3 1)

A B 5 A 38 X IO B R Wt S WL E S0 A

o, WERR G RIHH B E R

THE e B B : E4 N B i B A PLAS
TG R, 255 3R A B A&, AR AR IR T H Ak 32
L & N RV S o S E C | L o (EE
R HEAY R TG 3 AR a5 e B £ 1% i e
FFAR e 1 1o e AT I U
3 ZEMgt
3.1 AES &M% HH

Y To Lk 2 i T 007 1 BRI O AR
ek T+ 9B, TH IR 18 25 0 o A JHIRES, i
T N S5 BOR T BAR 75 5 H e 3 0 T 43
A, AT I B A ] o TR, AR
Py 18 AN B R Y 62 € o Y Sy 1 1] 59798

N T AR T AR AR 0 2 A, BT R AR
5bRE R Z 18] BB 12 7 X, R AES i g it
FTEE XTI o bRl R AR AR R AR, & B
& H iy ID SR, 1K 48 150565 5 1D FIAA BT 95
TEIFAEATHREER, S5 B B RWAIIE N — MRS
WHRIEARE R BRI —ARE R T8
VR NP A e E S ST POPIVE 2t S U R
B, SR K it B SRS 0 7 R 8 B R AT I R I

K3k s b kAR WOE 1] 5 TR FE R G I B R AT
A, SR He s R A% i AR YT SR 4 R, B
ESVIRCR VG iR e A

o7 FH 3R N % 7 X 2 A AR B AR 3 A4S D7 I
@ KA AES—128 Hvk I 25 v A& i 7+ 2880, E
B DR 22 4 P Y [R) B S s e . @ Tk
FBIE R LG, 75 2 h5 8 RGO, B2l an R %
EER LI L v Nl kA € TR N N S R S & € TR A
Fo @ BRI T ARG RE— R TR XTER A
T, PRIEAS R b iR RS2 R 28 22 1) T G B s A 11
255, 5 =5 BV AR S B A e I A
3.2 MDS5 T E A

T UWB AR 1R, Jo 1k 58 4k e 25 AU
T R T O T AR A v T A, B O R R
RELFARIG 21T IEH, TEbR iR 58 A 05 BDK 1)
Hert 5| AL B E A D MDS 17 bR g T
B HE O, )R 283 SR A IR T RS MDS
1, 9K J5 5 75 SO 1 MD5 A9 3E4T He X, B — 2
W AT B G R TC 1R, Ar R vl U1 205 0 BRI, & 0
FHT BT 9

4 BHEHEAZHR

41 %H ERFTIR

R T RS ARG HOF Kkar, T X H g
B G — Y X sy BRI, RO O e 5
UWB JC4 8 {7 M 45 5 R T 3 45 T A il . 4
T BT TR, LA WL T+ A 5 R 3R
WP A, 0 P T A SR A e O 2% T 3 DR AE
TEAS, i EAIHLERS B, ST A 3 R & e Tt
AT i B WU N AR AR R BT Y R TR, e



. 134 . A AL % 49 A
A RE R SR T KW i 8ete T bRl Rk kAT B S,
42 B BG4 1E Flash " RE—D OB IC S 3K, 7 & byl

TG R hERE, DLIRA AES I ik
TH AR R & 50 S 28 e A — S g o, I
TR AR RIS TR B AR B RS T 2 R ]
B U145 g ) fa

br & %Eiﬂiijﬁmﬁﬁul’im@?mo bra& R H

EER I, 2 R A R T U, T g
Tl

Boot 5|5

L2 [ E AP X TR

{

App MH¥IR G

SR AR DR SR 568 L ) Tt . 4% sl b b
AR T E AR ARG A2 A, SRR TR UE A 52
B AGE R RE Y, I TP I 3R R
AL SRR, B2 TR i oE il i MDS 58

TR IIRE?

PRI L

RIRTVER

it MD5 N

2
Y

RS~
SEN?
N

DR WA &V ET O
WHINHR A

S bR B B,
PRI AR ETEE

<G>

N

TR, AES fit%
(5 A Flash)

&k App BEEEHRAR,
i Jr} Reboot

(RIFEARIR, ARIREIH 25 |

B3 bRk R

Fig. 3 Logic processing flow of identification card

43  Fh AR BALE

BT AL 4 2l ALOHA B 505 18 F) 1 3R 4%
Ik, FEA HAE RFID, ZigBee %5 F X3k A 5t 2 {7 &
gi b U T UWB B9 GURS B 2 7 R 4t i
F 3 A5 A O X A2 A% LB A R R K, BB S
R A S H Rl R SO B W, a1 A B A B
Bt ALOHA . 3255 12 02 B I (] 43 J s 11 A [] g s
[ Fr, BT A b ks R AE 53 B0 A9 B 18] 7 N R AT o7 S 4K
P22 H., kA & 16 B 0 B R, B R TE R H R
%ﬂﬁnia[m”o

b i R38R 1 S BT AL i, T A
YRS T BUE AL R LE K, 7SR BB ALOHA 53
BRI RS, BEURE PR & R 094 T I BT

K, MR BRACAAS, W R GEma R R 2 TR A T

PRUE N UK ) 22 37 7 G0 10 25 1 S o 3803, $2 40 T
— R FH TG 2 TGt A8 v i sh A R 4 R AL -
FEZALE T, 3R AAAAE 2 PR, 430 7 1E % &
BEATCL T, FF nl ARG 32 R # 3 S5 dE N Fr R
ok A 3 DT 7 B, ShAS TR R 2 i B 0 £
I

SASHFBR A BALH A & 4 Fras, T 4 B B o3 B &
Wy, 8 IR R E AL R B, S, AT R Tt ] fr
Ny R Sy BRI R 28 i, Ny O Sy B e R i, x
TERRARZS Sy I BR AR, y AT RRARES S, I B A
P52 B F b, ARAEEEE R g 0 S bR £ 308y n, 24
n<N, i}, Z5 il B2 N, 45 T A bR s R 4 e S, B
Bt é’IN1<n<NzﬁT, S HHH TR, S B PR EL Y =
(n=ND St/ (=S, x = n—y; 24 n> Ny B}, RELIH



2023 5% 3 #

RIS FTARH AL ZFARLEKLRRE Y BTk

« 135

ORFFSM Sa IR, 23477 - 280 5 9 PR P
TS TN 11, %75 PRI A T4

| r |
I |
T T 1 s T T ] we .
o 1 1 5 Tz il
Y
N,
S S S, S, ey =)
LI - 5] - [5] wm,,
' M
o> 5 B i
C ~ ~

K4 Shasu gL

Fig. 4 Dynamic slot allocation mechanism
5 KA

PEHU 60 m, i 20 m A J7 T AU A B R4 700
i, AN S R o AERSDARIE RS 2 T UWB /Y
N BRI E N RS, Mikses i 16 AL, 4 5%
R T okbri R o

o |
= E £l 2 k2 —
g _ g}}é
i el |
5.5m|" ]
| 60 m |
| |
Bk 4 1

5 JedkZmal BT R 5
Fig. 5 Test environment of wireless terminal

synchronization upgrade

bR RN EI N 2 s, FHERR TR/ 36 Kibit,
B A R B R 64 B, BRI i R 58 R [E]
361 024x2/(8x64)=144 s, M BLF A G AR R
PL15 /s AR BESERE, ST X025 00 ATk, 2k 3 Fh i
AL, 23 B 40, 100, 200 5K b7 i 247 -0
o TEIEATFRE R B FTC 2 THR Y[Rl 38 E A 5
TE LA SCIIRE, f i AN L LML IR O s H R,
REPAT RMRLEE R, WA 6 FroR .

100
80
60
40
20

TP Y%

0 L L L L L L )
120 140 160 180 200 220 240 260 280
Tt i) /s

6 ToLk L[l A A S R
Fig. 6 Test result of wireless terminal synchronization upgrade
MIEL 6 W Y, TGk 3 [R) 28 T+ 407 5 B kT
FE, TE2S R AR 2 MRS, bR R THUR ) A8
o 100%. AN [A]AR A 3 B W bR R TR i (] 3
B, TR EARAET, T RIIEH T N SUORE 5 L R 5T

NRE, PR AR A BTN B, 755 sh A B o i
B BT

6 it

DR T P S NI (1 R VA W vt 2.9
625 TE 07 %, PEANIE AR T 50 90 B B o B4 R
KB ARG L2 MERIT S IR BRI 2 0
M. APl AES % 4% 1 MDS Bk S8,
O & BRI 4 7 55 0 UWB T 266 15 M)
2 Wi et ShAS AT BR AT B ML SE B

2) M EE R E W, % k0] AAEIE T A UK i
FEN RGNFRARIBAT, 16520 R ek e 48 b 19 1%
BN, S T AT0 4 A i o o A Al R A 2 AR Y
TCE T, TR 100%.

3) T EHERR T TR T N T4k 1AP )
L Z AR, R R o) TAERT AN [
FE R bR BT — AR, nl R A n BT
PITo T BEUL R, %O R AR G AR R
ARG SGEFH A, TR BAAY R 2 A RS,
W2 WM RGE . 0BRSS, %k
M4 R AT R I N e
AR i I 8 AT SR, S I Jo 4 2 s i 1 [
P IRLTH AR BES T

223 #k(References):

(1] EXLeWE SR EFET %IRRT R e EE

W A N KRS K% [EB/OL]. [2022-
09-13].http://www.gov.cn/govweb/gzdt/2010-08/26/cont
ent 1688935.htm.
Notice of the State Administration of Coal Mine Safety,
State Administration of Safety Supervision on the
construction and improvement of the "six systems" for
safety avoidance in underground coal mines[EB/OL].
[2022-09-13]. http://www.gov.cn/govweb/gzdt/2010-08/
26/content_1688935.htm.

(2] XIE, ZERE, kR, & — TN RITELERME

IEWTFELI]. LT E 31K, 2020, 46(4): 38-45.
LIU Xia, LI Guoliang, ZHANG Lingfeng, et al.
Research on a wireless positioning algorithm for
underground  personnel[J]. Industry and Mine
Automation, 2020, 46(4): 38-45.

[3] kAL HT N 0@ SL-UL A AT IR N 4k %

BRG] 152242, 2018, 49(7): 102-105.
ZHANG Jitong. Coal mine underground comprehensive
attendance system based on personnel location, iris and
miner's lamp[J]. Safety in Coal Mines, 2018, 49(7) :
102-105.

(4] BRR. T RLOEM BN R E A5 8 R G B 23
Brl]. s E B, 2014, 12: 188-189.

CHEN Chen. Application analysis of underground


http://www.gov.cn/govweb/gzdt/2010-08/26/content_1688935.htm
http://www.gov.cn/govweb/gzdt/2010-08/26/content_1688935.htm
http://www.gov.cn/govweb/gzdt/2010-08/26/content_1688935.htm
http://www.gov.cn/govweb/gzdt/2010-08/26/content_1688935.htm
http://www.gov.cn/govweb/gzdt/2010-08/26/content_1688935.htm
http://www.gov.cn/govweb/gzdt/2010-08/26/content_1688935.htm
http://www.gov.cn/govweb/gzdt/2010-08/26/content_1688935.htm
http://www.gov.cn/govweb/gzdt/2010-08/26/content_1688935.htm

« 136 -

5 8k

% 49 %

(10]

(11]

(12]

(13]

wireless communication and personnel location and
attendance system[J]. China Machinery, 2014, 12:
188-189.

sk, Gb R, BRERE, 5. — R b e A A I TR 4R
BRI 0736 D). T | Sk, 2019, 45C11) -
14-18, 23.

ZHANG Lifeng, JIN Yeyong, CHEN Kang, et al.
Wireless software upgrade method for mine positioning
equipments[J]. Industry and Mine Automation, 2019,
45(11): 14-18, 23.

WRYE, Sl 53, BREE. — R HIN S B & o2 is
FETRR T ). J 22 4, 2021, 52(3): 170-174.
CHEN Xian, JIN Yeyong, CHEN Kang. A wireless
program upgrade method for mine personnel portable
equipment[J]. Safety in Coal Mines, 2021, 52(3) :
170-174.

fEe, T, /%, & B TUWBIEAE 1€ L bx
BXETH R ST, BT R, 2021(8):
50-53.

XIN Jinlong, WANG Chaochao, LIU Shaojun, et al.
Research and implementation of wireless upgrade of
positioning label based on UWB communication[J].
Electronics Quality, 2021(8): 50-53.

W, IR, FRUKIR. JE T Io 4 AR M) R
] PR T BT 2 07 ik L. i SEALI & 5 4], 2020,
28(1):166-169, 174.

HUANG Feilong, TAN Hanling, CHEN Binghuai. Non-
feelable upgrade of automatic weather station based on
packet transmission [J]. Computer
Measurement & Control, 2020, 28(1): 166-169, 174.
W5t IR, KT A5 BT RRIAPH TR AR
G R BB (1], BCRBOR 5 4% ks, 2013(12):
36-38.

PENG Liang, SHEN Anwen, ZHANG Ning, et al.
Application of industrial embedded system upgrade
technology based on wireless IAP[J].
Technique and Sensor, 2013(12): 36-38.
HIHERR. ZTUWBRIH N SURSHEE AR [T]. S5~
%445, 2019, 50(6): 118-120

LIU Shisen. Accurate positioning technology for mine
workers based on UWB[J]. Safety in Coal Mines,
2019, 50(6): 118-120.

BRI EA I ARIURA R R (1], Ty a3
1€, 2018, 44(2):51-55.

HUO Zhenlong. Status and development trend of mine
and Mine

wireless

Instrument

positioning  technology[J].  Industry
Automation, 2018, 44(2): 51-55.
TRIEEE, IhEEG BN IR, S5 HE T UWB A R ENL
R I). THHBME, 2022, 48(2):29-34, 41.
ZHANG Haijun, SUN Xuecheng, ZHAO Xiaohu, et al.
Research on UWB personnel positioning system in coal
mine[J]. Industry and Mine Automation, 2022, 48(2):
29-34, 41.

W BT IR N B R A% R G0 el o &

[14]

[15]

(16]

(17]

(18]

(19]

[20]

(21]

A, BaeEAR SR A, 2019, 38(11):72-78.
PAN Feng.

communication in missile launch control system based

Encryption research of  wireless
on hybrid algorithm[J]. Techniques of Automation and
Applications, 2019, 38(11): 72-78.

MG, B4 . 3T AESEHIE I fE K G % R &
B[], PEEHAR, 2019, 38(6): 59-63.

SUN Shunyuan, ZHAO Yaya. Design of remote water
quality monitoring system based on AES algorithm[J].
Measurement & Control Technology, 2019, 38(6) :
59-63.

e, AR, Rk, &5 AR5 2 LT G Ik
2% T Rl N AR AR AL AR L] P B koK 22 22 4
2019, 41(4):412-416.

WANG Jinlong, ZENG Yanyang, HOU Guiyun, et al. A
node self-adaptive sleeping mechanism in low-duty-
cycle wireless sensor networks[J]. Journal of Shenyang
University of Technology, 2019, 41(4): 412-416.

A0, R IE. SUEMDS N BVATE R G0 A7 il
fWF 5 B HT (0], 45 B AT s AR, 2021, 22(10) -
157-159.

LI Qiang, CHEN Dengfeng. Research and application of
improved MDS5 encryption algorithm in system password
storage[J]. Information Recording Materials, 2021,
22(10): 157-159.

B, BT MDSSE S 58 B A I FR 48 03 Sk
T[] Rk 2 R 5 8, 2019C11): 36-38.

JIN Yan. Analysis and design of file integrity detection
system based on MD5 algorithm[J]. Network Security
Technology & Application, 2019(11): 36-38.

KRR, R, TROE, 5. 5 TRFIDMA I A 51 & AL
Rt [J]. W B B LR A a4l (E AR B2 RO
2009, 28(6): 742-746.

ZHANG Changsen, LI Geng, WANG Xiaochao, et al.
Design of personnel orientation system in mine based on
RFID[J]. Journal of Henan Polytechnic University
(Natural Science), 2009, 28(6): 742-746.

W, JCHRTR. 58 A h ZigBee N 3R € AL R G T
FEE R L], BEG BB 2017, 38(9): 184-186.
ZHANG lJin, LONG Lianjun. Research and application
of ZigBee personnel positioning system in Jinjie Coal
Mine [J]. Coal Mine Machinery, 2017, 38(9): 184-186.
INE L, 5 B, BT, A5 — R AR AL I 3h A I B
ALOHARLE V], el E#T 7L, 2017C1): 54-56.

SUN Ruofan, FENG Yonghua, YANG Qi, et al. Frame
slotted ALOHA

Communications,

size optimized dynamic framed
algorithm [J].
2017(1): 54-56.
FET] 5, FMIT. 2T TDMARI TG i RN A I B 23 e
2000, THEHLTAR, 2014, 40C10): 122-126.

CUI Kejia, SUN Xin.
algorithm of contention-avoid based on TDMAI[J].

Computer Engineering, 2014, 40(10): 122-126.

Study on Optical

Dynamic slot assignment


https://doi.org/10.13272/j.issn.1671-251x.17510
https://doi.org/10.13272/j.issn.1671-251x.17510
https://doi.org/10.3969/j.issn.1003-0107.2021.08.014
https://doi.org/10.3969/j.issn.1003-0107.2021.08.014
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1000-3428.2014.10.024
https://doi.org/10.3969/j.issn.1000-3428.2014.10.024
https://doi.org/10.13272/j.issn.1671-251x.17510
https://doi.org/10.13272/j.issn.1671-251x.17510
https://doi.org/10.3969/j.issn.1003-0107.2021.08.014
https://doi.org/10.3969/j.issn.1003-0107.2021.08.014
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1000-3428.2014.10.024
https://doi.org/10.3969/j.issn.1000-3428.2014.10.024
https://doi.org/10.13272/j.issn.1671-251x.17510
https://doi.org/10.13272/j.issn.1671-251x.17510
https://doi.org/10.3969/j.issn.1003-0107.2021.08.014
https://doi.org/10.3969/j.issn.1003-0107.2021.08.014
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.13272/j.issn.1671-251x.17510
https://doi.org/10.13272/j.issn.1671-251x.17510
https://doi.org/10.3969/j.issn.1003-0107.2021.08.014
https://doi.org/10.3969/j.issn.1003-0107.2021.08.014
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1002-1841.2013.12.013
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1000-3428.2014.10.024
https://doi.org/10.3969/j.issn.1000-3428.2014.10.024
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1003-7241.2019.11.017
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1009-6833.2019.11.022
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1673-9787.2009.06.010
https://doi.org/10.3969/j.issn.1000-3428.2014.10.024
https://doi.org/10.3969/j.issn.1000-3428.2014.10.024

	0 引言
	1 井下人员精确定位系统架构
	2 无线终端同步升级方法流程
	3 安全性设计
	3.1 AES混合加密传输
	3.2 MD5完整性校验

	4 高并发技术实现
	4.1 多节点同步升级
	4.2 断点续传
	4.3 动态时隙分配机制

	5 测试分析
	6 结论
	参考文献

