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Abstract

In order to ensure the safety of cargo transported by 250 km/h EMU, it is necessary to monitor and
warn the holographic status of containers online. In this paper, a cargo holographic state online
monitoring system based on ZigBee technology for realizing the collection and early warning of
information such as temperature, humidity, oxygen concentration and acceleration in the con-
tainer is designed. Firstly, the overall scheme of the holographic condition monitoring system for
cargo transport is designed. Then, the hardware and software of the vehicle unit and the ground
data and information processing center are designed respectively, and the prototype of the system
is built. The system-test results show that the system has the characteristics of low power con-
sumption, good adaptability and strong robustness, and the purpose of on-line holographic state
acquisition and monitoring of Freight EMUs is achieved.
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1. 58

B T B G A R R SR A BRI RER, 8 VBN SR IZ R K, BUARIDRAT ML AR FE 426
B TRARGEA . BRI RAIEMER. etk SITIvkg. MEGRVNERE R, 2 tE
M FEZRIE A AR R R S S A2 3 [ S 3 e, OV IE N PRGE TSR, B GE T
I3 250 km PA_E B2 0 H o Sash R 4lis i e i s R, D8 TR IREERAT N BT 4,
BN NIRIEE . RBD. AU IRESE S DS AT SIS I, R AR S P DL EAT SR s B

ASCH | —FEE T ZigBee HRKI LM A& BAMRSEL MRS . Z KRG KM ZigBee WA T4k
R ARE IS, RN BE A R e S R A, SRR 2 Iofig 0 1 (4 K
it ZigBee i a3 o ELPAL M A VR A%, B b PR S DLeR CE AR U7 AU B R R H oLy, R E
TR E B E AN, IRl A A b, M M O AT SR IS S R A SR PIRAS SR A
WA FRAREG  JFHHE SEBRE DU A i % o

2. BT ZigBee B Tcsk & Bz L%

TG A% B2 I 245 (WSN) A2 — Tt o3 A1 20A% I8 I 265, B IR AR 2 T UJBR T R ARG 285 4730 T S % JE 2 - WISN
FGE 3520 25U (End Device). % 174 s (Router) F1 0 2% 5 25 (Coordinator), 73 7 SEELEE 19K 4E |
A EEThRE, HEA ML ST R shi84M. mrlEE. LBIE NP OrE A1, WSN FHI{E
BB L B, WS E R, W& E TR E ik, TS E T 2R B 2k AT EL Rk
HAT WSN |2 NH T FH. Heeil. W, B A5 L Mk [2].

ZigBee s& 4T IEEE802.15.4 Frifk MK ThFE R M B ilt, & —Fhim i es . 544 AR IIRIhFE, (Rid =K,
RBA I G LB R E AR . E N ZigBee £ TAET 2.4 GHz Mil, fmifbiig & nlik 250 Kbit/s, #x
74 20 Kbit/s, L4 E Y 10~75 m, AILLER RS 254 D A[3], RN T RLARCEARME T HoR
Z IR T, HMae e, rTLUERER, W8 K& Mesh 55 ZigBee W45 .
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AP R A AT DA B I, 28019 U R BE T B i 9 R s Bt R IR R I R B i AP I TR
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Figure 1. Topology diagram of network structure
1. MEELEHERIMNE

3. BkBFR

RIZN AT 4 BAREIE I R 40 i 28 8 e A T $0 8 515 BACEE RO LA, Wi 2 B #
HndE T ZigBee PRSUREIAR, RHMPIRAMIER, ST EFEMHAEE BARs) . RIBE. &% E)IRE
B, EEEP AT A BERART . REEL T A DR B E AR, WA 3 Frs. R
BT A R A TS B R EE, R 2% a8 A S R R R AR A NS R, PR gR Y AT
F B TTLH M DL S T B s A B O AT B A . AR AR A O J TR R I Y T LS
BT E AL B T AR R A e B K ot . BT ZigBee TET 2.4 GHz (ML, KB, 1Ei
PRBI AN ZE B RE S LU S, BN B A 8% D e ZigBee BibR[4]. AT S i ra . ZigBee Hik.
FEIRRAS MR, ZRAEGRA b BRI SO B LR P, DAORUE R A 280 5 s R 5 2% b 38715 nii
Wo PrESSS SE B SIS, Pl SR RS-232 & 11757 X 54K (Raspberry Pi 3B+) 4 # 4t #
CoERE . FEACE AP OAEREE, TR RN B ISR, JRE A R Tk 4K S
i 2 TR AHE R0 [5] . MR 55 B A0 O B B2 O R Ge . B BRI R4, fefEH O
SR, KT RIS S A M IR AT S5 B i, IR B2 A TV R a5 1 H 19[6].
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Figure 2. Overall system plan
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Figure 3. ZigBee network layout of vehicle unit
3. FEFETT ZigBee MLEH EE

4. EEHEBEIT

B FEHEY & RRESHRN RG F 8 e 85l ZigBee ML M DL &KL KR H . ZigBee
PIURAE . B ER . 2R 2% T R A M A AR A 72 1) CC2530 fiibi 5 RFX2410 H kMR AR A
IRIEFEARIRES DHT1L. AR EAS . IR A . B RES . R HE fh o0 FE T Raspberry Pi 3B+
FER o S0 SR AR B R SE MR 258 bl P bl AR 5 D R 2%, B R8T UK A RS-232 B I H i U
Raspberry Pi 3B+i%4% .

4.1 BHERSEE

PIAS T S SR AR T AR SEMAHR], BB RF SOR #RETER . fldEHl A, UART dift
i, JTAG AR N #s e LS i it e g al i, Gl 4 Bk, 7R b, Phidds iy sl S i 4%
FRE DO, PEES T S T S EEA O ARIE, WORA USB i B AT SEA BIAtE, RATHE
Mt e . RN SRR T &, A IAR Embedded Workbench IDE #4:TF & 308, 43 B4 i 2% 15 1%
A 1) ZigBee ThURFRIT AT dmit. TEBXIPIMT mih, FTEBEFHEH TI A8 41
SmartRFO4EB 1/j 4%, 1% L #5KH USB fitii.
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Figure 4. Hardware structure diagram of coordinator node
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Figure 5. Hardware structure diagram of terminal node
5. #im I SRR LS E

ST T AR A L, ZigBee MEERAA AL, 1l 5 BN, IR EAL AL DHT1L, JREH
JE+5% RH, WEFEE+2C, WEEE 20%~90% RH, &L 0°C~501C, EA@ImEN. Firithe
S PR P R A A R RS i B R B RVE A R AE PR 02-A2 B S EASAE RS, BT AL E SR
ey, METEEN 0%~30%, @it ASE TR S CC2530 B EE:, JHkEHIEES 55
SIRFER TR R, 45t CC2530 itk ADC SRREED AT AR EIRE, /&l 6 fis.

Figure 6. Oxygen concentration collection terminal node
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Figure 7. The coordinator runs the flowchart
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Figure 8. Terminal operation flow chart
E 8. KiImBITRIE
T B2 A R FH A5 0y AD100T 1 1EPE ek B2 A% Jak s, 2 — M [ 7 FL 88K ot L S TR 140
SRR RS, N IR AL AR I R A REIA ) 100 mV/g, W& AR 450 g. MH 5 AL BT IE A MQ-2 BY
WAL, ARG E T AL B R, B TR E 7N B K. 2RSS A R
(B PRI ARG E 1, ARSI AT R A4 5 M 5 1) i [ & 100~10,000 ppm..
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4.2. gt

TR ICHET Z-stack2007 VSRR ZEAT R R A5 . BE . SRR IT K, Bt CC2530 i {4 it 7
PR IZ AR, FIE I K TAE&E. ZigBee Whilik HBR)Z(PHY). BEAA D A #HHi]JZ(MAC). M
28 A (NWK) PSR 2 (APL)ZH Rk [4]. Herh PHY € X ZigBee MZ&BITig AT AN AN [ S5 # . 868/915
MHz 1 2.4 GHz, MAC {# F§ CSMA-CA MLl ¥ L EE M i, NWK 51 57 % 4 B & IEE, JF 5
Tt 25 R R WA AT EL S TS BN T R B A 48 B, APL AT LUIE IS ZigBee 45X ST 4% |2 S 4
BEATECEAV B o AEHBRTTEEANHZE LTI R, FEW RO (c SCF) SRCE(Ch ST FidE
SO, PR TAE EZAE AR RIS BN B LS5 [5]

SR FEAE A R AR, HTAEFE#EE 7 Frox, ST A08mE, B8R YRR B0
Z-stack WI4a 1, SR J5 4 (508 DL PSS NG TE , IR NI 608 1) TAE(S AN 28 bR 1T, 5 3l ZigBee
W2 RS T, SRIG 54T ZigBee Zui 19 mi IIEREE K, Xt 4 AURCSR IS BT INE, DL
REET RICRIE R, fFATGIRIG, PSS s R ISR a4, SEL 4 m s fl 5 R 28 14,
MIMi2H ZigBee MAIZ%[6]. % HH#% R kb Wi 45 15 20 J0 12 I BE B0 18 A5 1R, 7ERE AR niB s, B ooxt
Z-stack MI4h1k, SRIGHHEIE, FHRTIMANRIMLE . 28 b 281 SR B Ph i 28 55 55 R S S, &
EESLERRE R, TR AT AU PR T SR . B A A S S AL, ATy
SUROE RN R, T8 AR RS R AR L T S . A s AR R B A 8 B, EE
MG ARG SE, R, IR AR Sk, SRR A8 T R NS RS R K, e
K i % R A8 1 AT DA R 5 1) 2 1) A it B 1 s BB . BlOkantd . AR5 45 n,  HENBERRCR
A, WEBIE, BHSERICT — AROEBR IR, FERE R 0B Kk A A

5. HWEHESEBLEF L

Mot BACEE O AE T LabVIEW BEATIF R, @4 7 AW A H[7]. 2R R 5t 5 42 40
TCHHTEARACH I 1. BATEEE T R R DL AT IR I E R eI RS, BA TR
LU

1) Bt . T OREIR G 208, ST HR AR R

2) Bl O BN EAR R O, T R o B N s SRR A 0 AR
TR B E

3) M ARG LA M, AR B . i R R R 22 U O S 4
PEIIRAS, T EE O3 FH P R VR A PR B A 2 B AR 152 DA B R SRS 1 I B S5 1

4) BRI ThRE . BOIRAEAE R B R TS B ST ir, ET T e 5 Sttt il
P PTRACEIAR,  T Ai  E5HE h BRd R U AT T

5) B TNAE. 5 — DU I S HO A, SR SR E T RE, TS R I I H R SR
ARAE, PIRIX ).
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