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Design of a Low—power Transportation Status Monitor Based on

Near Field Communication

Gong Jingjie, Deng Zhe, Zhang Yuxi, Liu Fang, Wang Jiale
100076, China)

Abstract: Designed a monitor which is composed of microcontroller, MEMS sensors and Near Field Communication (NFC) mod-

(Beijing Institute of Structure and Environment Engineering. Beijing

ule to supervise and record the transportation status parameters, such as acceleration, temperature and humidity. The measurement
range of acceleration could reach £16 g, and the range of temperature and humidity are —40~85 ‘C and 0~100% RH, respectively.
Meanwhile, the system power consumption has been fully optimized during the hardware model selection and software algorithm pro-
gram, which makes the device’ s standby time beyond 60 days. This monitor exchanges data with mobile terminal via NFC, sugges-
ting mobile terminal can control the monitor and manipulate the data recording by means of the corresponding application program.

Test results verify that the monitor records the “over—limit events” precisely and completely during the transportation, which could

be widely used in logistics and transportation industries.

Keywords: transportation status; low—power; NFC; MEMS sensors

0 5%

AR, BAE T W& i & R, BOR B £ I KB 45
MRS B A KLt . TR, B R&%E. HWRA
KW, I E RN Iy RS AT AT, 3% 277 X T8
PR Z M PR3 R B B AR R B AR
SR, —Hifiad 7 HE R Z 0 EL, s 2807 R
FAb. Fandas. LEESANRMA . S—hm, TR
Ao Gl M, BN SRR R Y. RS
R by MR R 3RS TR AR B A B AR R AR A
750025 T i UV 7 SR B 5 . TR I T 1 02
RS HEAT 2B 1 DU e i A5 A

i P AT ol R e M A X s e R v
MPRBIR A BEATIC 3% IR B & W S 80— Sefiii g
AR, EHACE S — W A 24 O s AT BN LSS L
AR RS B PR OR SR, R X S ], AR SO T —
RT3 8 il (Near Field Communication, | 3C fij #)

Wi BRI 2018 -12-27; {EEHH:2019-02-17,
TEERB A BEE G987 -, B A B 4 A B R 5E 4R, TR
Ui, = DA 50 3 2 TR A 1) T 1 T R TN BB T il I R T

“NFC™) (IR Eh #Eiz i bR 25 W AR . %88 % RE 8 L fih % U7
AL s i R s B RS, B 2
Wz, sATNFER . RES RS Sl AT S8 I B 20 1A
1 EHHRETIERE

A M ASC el v A PR L R AR R L R AR
TR AFRE . NFC BEH Bl ] & 25 FR PR 4L, B IR
REPFA 2R P 1 FTR .

B
____________ I I |
AT [ '—W SR B4 /)
o P EErT Ry

I |

|

(CEeib

—
ok R e

Forpr, o YR BRABE B A Rl R OR A, BRR
H SN i A FL P e R PR g O T R
o0 3 2 A i S0 BT SN g N0 A 2 I A AR 4 T



. 276 TR AL I 5 s il

82T &

FUCEBEFIW BRES” MEESE: BITE LIRS
FH 00 22 24 i 20 5% o 1 R R R BE (s AR R e MR X
PIBUR ARG SR TC . AR 76 SO il 38 I 5 ) N B A B i g
sk s NFC B WX 55 88 2l o 14T 80408 28 BB 3% 5
TR 2% 0 B a5 0 45 0 O B bl B R R 0 4 RN I B
MEMS & &5, IR F 00 fill & 15 58 F 410 5k B A F 06
R NAEY NFC BLHUHE AT 5088 38 ¥, I AR 48 % b7 30 19 41
AR 4 AT XTI A A

e TAE SR, WA F MEMS = %ly i 2 1% 2%
Xof 5% W) A 32 o R R SZ 0 I AT SR, IR
FH P T 0 PR R R AT B . — B R W AT &
T 1 2 5 B B A R PR SR Bk k. BE RS
FARC I RE B YA R R R B R B P
B S BAFATAAEE . [ES, WolGE i3 NFC B b5
INFUEATEE S e, T WE T LK S AR 1% 9 R dE R
JFF G NFC WML M5 5 & 2 4% s, o] LU #20%
BN 8% 2o 05 5 B E(F 5 05 . T R 4 s il 4%
VLPRAT AH R ) 38 4
2 EHEITREXETHIER

HEMEFINEE. BIRARZIFE. WU/NMERAT, 2
S DR M S A 5 2 R ke S B T R EAT T AT
E 0k R
2.1 hnEEfRRESE

WAL B ADI 2 w45 7= 1) ADXL345 A4  = 4 Jin
AR, R TE B R K N £16 g, SREER A A 3200
Hz, /pPRAE 2B R NIRRTl 4 mg/LSB (mARAE RN .

izt i B F MEMS TZ 61, AFV/N (3 mm X5 mm
X1 mm)., TR, TAERESTHRENFEMR 23 uA, K
PIE Y 32 9% FIFO 28 it 35 W] U056 S 4 1 28 Ffr . DA 3F —
B RS hHE., W, ADXL345 $240& s WM o gE, #E
08 AT Tl 1 S T 08 (L ) R A A R 3 Bl R
W EME RS, FRSEARERED, HP a8
5 ofR Bt o O O AR R SR R h W (A S A
2.2 BIBEARSE

SHT21 BUEE ¥ 1% & 8% i SENSIRION A Al &,
PR A — > i 25 30 3 A% B A0 — A B = A JR%
a5, MRS 0~100% RH fl—40~125 C, FEA
A ASC et PR R 7 R AR X Tk R AR IR

[lE, PR T COMSens L FIH A, ffif3 SHT21 i
WG, 454 RV R 0 TAERR, A
TR EFE TG E 0. 1 pA, B R TN A AL ]
2.3 NFC &

NEFC 2 — i fe FH 2 1 0 4% JC 4838 (5 £ R, &l 2l
BN R A A ATE B, BN ES EHEAR,
{5 NFC HoA BAM . %athmm. framats .

ABEAHE ] T2 5] 4E 7 i RF430CL331H & K /5N
NFC #8, B B 358 i RE $E5 6. #E T

Ve, B miE R0 ik 848 kb AP, % B ALY EE W
RZE 4 pA, HERAT RE et $2 A5 il 45 we i
Uige. [AEHAEME NFC ¥4 17 2A 6l HoR . RF430CL331H
BRI R W R TCIR A, 58 4 i LR AL 5E
FL VR, DT R R S K A 048 1 e e 57 FH 5 6

2.4 fIEHIEE

A S W IASC A A R B v SRR SR A T TIAH]
T e (FRAMD 19 MSP430FR5969, %7~ i N
B 12 (i BE Sy (ADC) Fi 3 38 & N8 B A7 it 2 7 1]
(DMA), HAMRAED F 5, ] 6] 0 52 4F = A4 5 B B 470
fFHER (USD, Tr@ATFARE&MESRRZHIEN.

W BF, @ F fiE 7 OE WA R T,
MSP430FR5969 #HE FIE LM INF a4 ff, TRAEHERNE
T RE AT R B D RED ., I Ak g R AR ) AR, 1)
R B TAERS T RIBEFELN R 100 wA/MHz, 107 FF
HURA T . AR AN 0.4 pAL X K& M H2 T T W4
F) 22 A0 g

ZRtBRR R E . e R B R PCB A& fe . SE AL T
2T NFC BRI FE i Hin AR A WA BE PR i 1. I AME R
sHA (45X45X25) mm®, HEYPLEE (i) 2k 80 7L,
T Y R =16 g, IR R RSy —40~85 C
M 0~100% RH, PELFELHFK/NN 64 Mbit, A[{f g
PERECRTF 1300 K.

AR i F oG oo a3 2 TR #6045 A5
AL FLARZS T BRI I FE AL 0. 55 mA, TARIRES
TR IRIN R R AN 17. 2 mA,

3 BmAXTGFEIT

A SRR 3 B T 45 1 G A o8 5 A5 A RE R
Pz BB sc M TAE R B, &l REW h 5]
SERRIF L SRR NI R T AR S5 AR Y DL K& NFC 58 e ep I il 55 72
P = HB 5 AR

SRR EEmE 2 piw, . ZEYEAMG S
TP AW B S i S R O A AT R g B A T
RN Bk . RTC fl ADC A S RETRE . K5 X
MEMS f£18%#% . 774t F DA T NFC BB AE Sh 807t Hr gk
AT ERAT AL ORI da Ak, P o S I AR 1D FF
AR DIIES R SR B IEW . A TR, 17 NFC #
WREPEAN WA RIG” BIPRIRAT s % 428 0 W) 4%
HR BRI B B % 45 508 oA A A 4 E AT I B DL S8 WD 46 AL
Jfm NFC B EA TR E A "W " WriR . &
Jo s R R 25 | e D O {68 i R % R g R NFC
ey it 5 . AR, AERR SN ER o Ik i e

TEINE R R A B AR A, AT ES
fid 2 A T A0 2N S W R IR 55 RR Y . RR )T B S e
T e s il e DA B ML AR S e A DR R, SRS IR B R & A4
A 2 MEMS 1% 335 D0 A5 1) 1 o 3k 2 A e (6, [RI A 2 i
M RTC BEH b py i RE . P63k = 7 w5 B AE A8 ik



SRUEAE, S T 3 3 TR AR D AR R A A s < 277 -

LA 0 v B
REBFPAD

s

K 7
BE. MR, R TEE,
1k ] TRV B NG AT

SRR 7] %5
BOEME?

7 [FINFC BB
B “Hlh
fkm

i) NFC Bk 55 A\
“HrgaiRsh”

NFC 55 A 7
WAL

WP s A

HR A& A AT
B

PTIR iz (EJT R #% 3 NFC Dhfgja .
A TR uE A m. EZMmT . B2
ESRBUE A B fF R, s, &
5. RIBHEEMSICRRBEEREFR. IR
AEGRRE LA P AR FREZ AT . 5 A
AW A SR T . A B W 4k
e A A U . TR T R0 2 AT R B X
BLH A4 s WTFIG /45 1 R4 . 2 BB B/
BOE BRI/ RS o SR 5 A6 i 4 S 7 B

A %
P
<GNEF, B

T IR P il % v i

7o AT S, R S ek A AT s

FPEE? Igﬁill NFC %ﬁ&kﬁc‘
EHIR AL 2 W"; L] M B AT 2R W, T & RS A PR &
. [ || (TEEBEW). |0 0008 RS R ATSER  RT
ZHE A AENFFHLER s i e < PN A
Cgt ) [ — LRI AP R, SR A il % . IV

HWTRH, e
HENFEHLEER

(a) RAVIHAFG| PP (b) HH0 M ob iR 55 27

B2 AR R 1A

S 1 B TR RCTT A B F  A GAT . B I 5 R T A ) AR
YA R I (] 2 75 38 3 T P B L, A R A I () AR 3K
B DLk SE 5 PO AT A F AT MR AT A
FUFE Py B (6 I ZRAT X N B K B e A7 A A7 B0
H-FE U T SR R I ()R 75 58 A A SRR I IR L 58 B AR
UCTE SR I0 R A5 BT S8 i AR 18 H P IR 55 # T
SRR T UGS SRR il %

24 NFC L ) 2 35 550 % B -5 7 2l i A 808 28 4 1
SR R IR0 S i A AR R A BE A NFC AR o I i 55 A
P o FRIFE 5o 2 M W Gl ] A DA LA Sk A AR B
SRIG I NFC G F A L 27 A7 A LA W 2 15 B 2 A A 21 41
WA A A AR AT B A SR BT S5 R . RO
FOHTHE AR s il A7 21 S0 30 iy & 00 42 B8 iy & TN A IR
FTRIRLE T PP i A o i TE 4% i PAT S8 IS - ICEE )
Sl NFC BB E “air & AT 58 M 9 [ol 57, FEE
W A 55 P JE TR LB S, A5 T VO TR AR A fi %

[l AL 2 Fpon] LUA . R e fE ATl A op . X
TARRER I e A7 7O O D AR TC AT 55 9 0L T
AL TR LB, B 5 T — 2P R T B DA
JEA T I ]

4 BohimAERFIET

o 2y i O FH AR e O 1 S B Sl s ket 00 480 A 42 <R A
XFFAFIE R M, BRAFIMOT % PP I EE WA A 3
R

FTOTR8 sl L TR G . Ry 2 F 8l I NFC B80S
Bo#% . Kol sh ol & 5 & A NFC ShREBL e, #5 1% 1k )
fiE, BIF 22wl LB A SR NFC? {5 B
A M T RERR T 2 AR SEAG I A% 2l i 1) NFC I RERE Bk 2 15 T
JA s ARSI IS 0 Bk 2 A% S v T RE B I, SE TR T

(c)NFC Bethrh iS5 17

TRT S A E a4 FrR
5 #EHLSK

MR L R 15 & W R R ST T R A TE R
T T NFC A9 D #8323 far bR 25 W 0048 i A HLF

T B3
N HRER

Bb# 2 NFC
IR S

BN VAT, ;|
B EREFEBIHER

[#% “@r o ddin” |
[

v
A PATTER

3 B 3t I A O A

RS A HATRIK”
T

il SAHRIEREHLE TAEERE .
5.1 zheemit

AW ASGE G R kT X A 0 S 1 D h R R AT
T, B S OB A R RS IR IC R .

MBS fu] LLES, WIS T ER
P87 RAETTIG NE EE  AE f il 2. X P Rk AR A AR 9
PRIC ST AR W o o 1 RE 2 R/ NRNER S, 4 AT R B 0
AL, DT X 52 W 138 i A R AR TR

BEAT TR 3



. 278 TR AL I 5 s il

82T &

SRmRRRim

ERFRENICBHMARNNRT

: Teml
RHRS : Tem1-0001
CHRE : 000133
Bram: 79%

wptegia) : 2017-05-31 16:11:38

D sugizm

on =

() TS HH
4 % gl s R R S TR

(b) B3 B 7 15 B 5 1 4R 1

1r ":I; —5'
ol B 8 b | 1
5 FENIR

]
Rl TR e~

il

s
n H

0 20 40 60 80 100 120 140 160

_5 1 1 1 1
A /ms
B 5  CEREMAT BEIERLRE

5.2 ThEdR
Ao 4 v 2 g B Y R R RE . R RT S e i A

RIIhFE RN, REEATR THERE TR B RENELENE 1
TR o
Bl BRI T
WEwE | MNGE | SBa
THRE | 0
Ak f e bt iR
FE I T4 6/ mA 0.61 1.57 17.72 5.35

M1 LIRS, &bt E, WY
M RGINFERAL. AN EEM (KRR 1100 mAh Al
BT, B EVLE Ak 60 &K, R4S “fE” W
TAEH . AR DL 5E B R A A Z 8 By RS
1% .
6 Z5RIE

AR W AR % METR . S8 K MU BT A B A P B
SRR AT ALE R, TN H TR, B
1l s 2 DU AR SR B S5 B0 S8

1) 6 Fz i 3k A v ) PR 0 R A7 e 5 5

2) VT4 2 iy A A2 A B R BE B R T BT i Y
R 5

30 ARG 7 A 2 R A 3 B T AR

4) FHEET s i B R Y T I A T AT A B R 5

5) X7 C4 Kk A IR T ST B E .

&% 3k :

(1] BihE, MR, & M. . 509055 12 i 26 5 41
Sr2BgE (1], BAIBI TR, 2007, 4 (2): 66 -69.

(2] B, F Wr. SKIWMS, %, ZERSG R 58 4 oF ek % 5 i I
Hse A A8 (1], B2 TR S HoAR . 2015 (2): 6 -
9, 12.

(3] B mimi. BRERIH. £ N woOR&simEnes U #
WH A, 2015, 34 (4). 280282, 316.

[4] SuY P, Gong M F, An B, et al. Design of a titl angle measure-
ment system based on ADXL345 sensor [J]. Journal of Meas-
urement Science and Instrumentation, 2014, 5 (2). 19 -22.

[5] &, NFChESHEARZEIE [J]. G 88R Sk,
2018 (3): 55-57, 65.

(6] PMREN. Bk et de B R i ) L)), A M Foode k. 2004
(6): 65-67.

(7] W HARME. android JFEMATTEIRGE 25 2 O [M]. Jbxt:
R W AL, 2017,

[8] XK. K . X #. % T MEMS &8 & /Y12 fi 36
SRR BER [T, R, 2017, 36 (2): 107 - 110.

29,299,292,299,099,099,299,299,299,299,299,039,039,299,999,293,293,299,039,039,299,999,293,293,293,239,239,299,999,993,293,993,239,239,239,999,993,293,993,230,239,239, 999, 993,293,293,230,239,239,999,993,293.

(BB5 274 TO

(2] 5 A, 9% &, QARG 5 SSBOREARTRARS LR
o CA]. 2 TH. 2018 (17): 236 - 242.

(3] i, FFIET. & = mE 88 Bl rhos v e 5t 2 o i [T,
AT, 2011 (19): 93 -96.

(4] 30, MR AT mE BN B S MR it (1], iR,
2017 (3): 62 - 64.

(5] SRR, s, M A, B ENENLKED Y2 3h ¥ i R 50

— ks LA AR ML R, 2017 (7). 9-13.

(6] ehs'R 4aRehivsl- 09Tt 9 1 1 B B 48 Lo 04 SR Elia T )t i) B
WE B A Il B F08E 2097, B0 78 BEAL. T AR, 5 5 T

(5 gk A ALE JVUSEE 1 S0k 0 B0 Ay = 1 D R A e X 95

(Al m# T, 2018 (1). 174 -178.

[8] Wang C J, Ko F H, You H C, et al. Controllable ink — jet
printing technique on various channel width designs toward zinc
oxide— based thin film transistor [ A]. 2016 International Sym-
posium on Computer, Consumer and Control (IS3C) [C]. 2016
(1). 168-171.

L9 Mk A, g%, BRR. JET PLC MBS ENIE ML 3 &k ) 4%
ARG B [T ZigURHgERE . 2017 (7). 16-19.

[10] Thabet Y, Sibanc R, Breitkreutz J. Printing pharmaceuticals

by inkjet technology: Proof of concept for stand — alone and
continuous in— line printing on orodispersible films [J]. Jour-

nal of Manufacturing Processes. 2018 (35): 205 -215.



