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Design of wireless sensor network for fresh food supply chain

management based on network topology
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Abstract; Environmental monitoring during transportation is the
key of fresh food supply-chain management. It provides important
information for assessing food quality and predicting shelf life.
Based on Zigbee standard wireless sensor network (WSN), a
real-time monitoring system for fresh food supply chain was de-
veloped and designed in this study, and the configurable architec-
ture and network switching scheme of integrated sensors was also
improved to meet the practical application requirements. In terms
of performance, the tree topology wireless sensor network
system of 192 terminal devices and star topology wireless sensor
network system of 80 terminal devices were implemented and e-
valuated. The test results showed that the success rate of data
communication was over 99%. The results of theoretical analysis
and practical measurement showed that the function and life of
terminal equipment were enough to meet the application of supply
chain monitoring.
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Table 1 Obtained information and details of sensors
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Figure 1  Architecture and prototype of endevice
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Figure 2 Architecture and prototype of aggregation node
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Table 2 Configurable settings of the system
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Figure 3 Application user interface
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Figure 4 Auxiliary application interface

4 MAEs

M T BT R T AL e P 2 i S RE Pk e . 72
MG FD AT LABAEAFT A8 A BHGTLA.RE
192 A2 45
41 RimKEINR

XU R s A B s i AU L S CC2530 R ¥

X sk #L 5 - 5 F 00 48 4R Hh 0 4 B A R R 6 I Y T £k 4% R BR W 4R iR

M Cortex-M3 )5, CC2530 BF 520 73T TT 4R 4Ly
Z HE B 09 b5 fE ZigBee B W A%, Cortex-M3 & J¥ il i
CC2530 , WiFi 5 fll GPRS 5 He 52 i 44 Bk 45 0K 3 | 5 &
PRAEREM UART @15 .

xk3 BEVEER
Table 3 Measurement results of energy consumption
POE 24 A Bl
LU A5 KA mA 28
LU A5 He i i mA 8
LU A e HIR: FiL U uA 13
T e v B A BA A5 5 T 149 % i 0 ) ms 30
AR U R BA A5 5 2 R o ) ms 20
T He v 1 A S5 17 TC T 1Y HE WSO ] s 5
e sy HA P 2 3o 72 o 1) 7 2 ‘
A i e v A v s 8.7
- 249 452 W IR [R) A 4 4
T T ) 13
3

TG BT R S B D AR X B i A R AT T B A
PRI . L it A % R A 22 [R) B9 2l 285 v I L R R BT
K TR TE 7R s b o 38 HE B I 46 1Y 2 s X B O
B2 I v B A A 3 4 B 00 4% 1 R O L S B O R E BE Y
Ze vy e A o TR I kT 3 0 A A R i 1) R S R 2%
FRL I T (RIS G o X T R Y £ o A D RO Y
o 2% % Jz B ) % Bl 13 s, THAEIN SR R 3 iR,
B 1500 mA < h (B RE Y 1 min 1Y,
el A AR AT DO S 1 4. MR Y 10 min,
R P & AL 1 500 mA « h, JE I 32 5 B 45 10 7% A
150 d ik PO 26 52 46 Jr 5% 1 28 3 80 4 LU oA B0k T 2% 52 4
TR AR R AT 2T L SR LR A 1 T A
i o i FC RE A 1O T I 00 M S A £ AR A

TE S BR R vl R 0 s P R R A A R R Y
80 AL 3y Yo w AR U AR DT L B A 192 DRI . R
REJE B E 9 1 min, 38 3o BRER P> AN [ 28 3 58 7 19 H H
W 22 S PR s R 2L AN A 5 TR . 7E B AL
FNFRS B F e A 70 d S 2 S 1R A Y S BR H T HL R
RFFARRE .

1.2 HiEEEBRIIER

FEAR R M, RN R A T8 AT s
R 10~80 ML &, WP I{E N 10 D& BE & . FER
TA AP EE R 10 Fh AT AT MR R FT 100 ~ 190 A 2 3 3%
#L RGN 10 MZm . M- LAWK FITT
3 YA HMA HE % TR LR . BN T
80 /> 3ty T 4 1 BOHE 1 i #8564 I s ok 34 B4 b o
M 190 A28 3 B 4 - BN K F) 99.3 00, % W AF 19 A E
HARERZEL,

169



170

iE 5 R 8 STORAGE TRANSPORTATION &. PRESERVATION

Date/d

(a) JERIHEH

Ak

Date/d

(b) AR
W R

Battery voltage curve

B 5

Figure 5

5 &k

3T ZigBee fRifE W I ST — B T AR 6 B S
38 RO W ) T R AT SR AR AL TR T R R
GER TE AR ARSI IR S T R R S SR S E R
ML A Wb Al B A 4% 1 T RE 7 L L LA AT D
A FNR R B8 IO A% R 4 2 R i AT etk . Gl
b FRVR 43 T RS B T £k A% 8 A Y 40 35 0L TR TR
WA IIRE IR R R T 2, R EW ZRAGEAAEK
B 9 o8 Y 5 s 0t O A0 0 445 D) A O 58 Tk S A Al
PR M INAE B RS TR R . RSB %
WL Rk 99 % L

5 LR 58 DM B 3K R SR AR W R B S
T BE W I A= BB 0002 SR A L O HE N 4 A5 BT 4R 4L T 4
HRE S . Bt IF I T — il we k09 M 25 U0 40 5 52, LU
R AR ff 2 o I A R R IR S W ThRE. S5 &M
ZigBee REM L, 1% F B EH LK T L& A5 10 AW
WE AN TR AT UAR A [ 0 1 P 7 SR TiE 75 2R 5 0 1) B A Uk
GRS N B (TR N BTN =7 3 G (1 R 2 W o [ N
B (A5 SR AR T A SR R I B

5% Uk
C1T T WA B i £ 0 o 2% % Sl I 48 39 B3 [ ], AR
Rlp K224 2017(2) ¢ 125-131.
(2] TR/, S0 B o4 A% I8 I 245 A5 B R Gt [ ] MEB 4%
A, 2018(12) : 256-264.
(3] SR . MAIATC Lk 1 18 2 W 25 BE Y ZigBee-GPS £ A BT,

B 2198 | 20204 1 B | BRSHK

MRS RLF AR, 2017(22) : 122-124,

(4] RS, AEsm . RAF, 5. HT 780 MHz 5 B iy 4 HAF
BORE LA IS WA B LT]. W g Rl K% 4], 2017
(1) 62-67.

(5] M@, &N, HmF, & AREDHEARER LR S
BRI, £ S HU . 2017, 33(9): 209-213.

[6] M, Wk, SkHGAE. 1117 T2k B0 35 W I A G 48 1% T4 M) 4%
ST AR AR 5158, 2017(2) ; 116-124.

[7] 3k %, BT ZigBee JoZ A% I A% M 25 F1 Android £ AR 14 5
RS A R0 IR %, 2018(1) ; 67-85.

(8] MEaLZE. sk Iy, RBL, 5. FET LML A M 45 108 Bk Al s
LW RG] BT 4, 2017(6): 243-246.

[9] Bliju . AT RETD £ A 78 30 [ AR B £ 0 v 55 7 i 45 #1111
LT, T3 T, 2008(3) : 132-133.

[10] @l WA o @ hh g E S0t n s BT ] sk & 0
WL, 2005(5) ; 45-47.

[110 s, e, J8 i, 5. % XCHUEE 09 I 28 & L R
BRI, B AL, 2018(23): 25-26.

(127 FRUE . B2 BT 0000 X SR 1 A= ff £ 11k B % L4 38 1) R
MUERICTD. 35 WL i 1 R 48, 2018(4) : 1 034-1 045.
[137] Phgi. 2T WSN H ZigBee f/K B 15 2 G317, 7

B LA, 2017(24) ; 231-239.

(147 PhBk, 4. BT QY5 WSN R ENEE R R5%[T].
HLFE AR, 2018, 42(11); 27-28, 85.

(157 B, X F4e. 3T ZigBee ) WSN [ 38 B 55 4 & 1 R 5
SEPL]. REE AR, 2017(3) : 44-53.

[16] WBF, RAMEA. A7 HUE. 3T ZigBee # R R R HEY
TSI W R g [T VLA RO BE A, 2017 (6) 0 267-
281, 290.

[17] £ 8. #F ZIGBEE JG £k & & 45 W 4% 1 4 4 5 o B ik oF
5t[D]. JEBH: JEFHEE T K2, 2016 45-51.

[18] ¥FiHpk, £ Uk, ®E T, 5. oL SE00 JC LR 15 38 W 4%
W R SE[1]. RS, 2017¢5) : 91-91.

[19] Z=5, B %, JET ZigBee ) WSN &t #5985 5286: ()], H
FH AR, 2007, 33(5): 108-110.

[20] Z=Rpe. XM . $HLER . 55, 35+ ARM Hl ZigBee iy WSN
AR S BT ] FFEAL T, 2010, 36(17): 135-137.

[21] ffE fk. 3 F ZigBee i il 2 WSN Wil & 55 ) % 1 5 WF
E[D]. FN: ILIR K22, 2009 13-19.

[22] Fmity. 2T ZigBee F AR M WSN K 7 ik LB D], K
W KEF T K%, 2007, 45-61.

[23] T &. ZigBee HpislRk & WSN % fi h i 9 BF 58 [ D], A
KEH T K%, 2013 56-60.

[24] FEJK. $£ T ZigBee i) WSN & i REE[T]. IHEHL RGN H
2012, 21(12): 43-46.

[25] Bk K, T8, ¥, 4. 2T WSN B RERE I H &% K
I, B3, 2014(4) ; 245-248.

[26] AatE, Dalg, skAEM, 55, ZigBee JOL 1L A I 2% 2 2%
SR AR WERE AR . 2013(6) : 28-30.

[27]) B £ AMPMAENTHLENBEEGXHELT] £HY
BLME, 2015, 31(3); 47-65.



