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Fig. 1  Structure diagram of wireless sensor node
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Fig.2  Structure diagram of power management module
(1) PRt 2

TPS63031 J& B r JE& % T+ & DC — DC 5 .88
B, L AS U T AR IR T S0 A, SR HLHL LR T
0.9 pA IR L A B R R M 3.3 V ik
Bt o
L, :k(VlNl _VOUT) (1)
L, =kVyy, (2)
Xf L — R /UG H
L,— T /UG H
Vi — e R B R AL R,V
Vour—DC —DC fa B i,V
EF——Z 80,8 0.5 ps/A
(1) () AR L ALy UL B fie/h
MEBAE 9 L, AL, Hde K&, i AHLETE 1.8 ~
5.5 VL N4 TPS63031 ¥njfa ekt 3.3 V,H L
BK, DC — DC S B i e 4 k% v (i th WL T
3.3V, By H i 20 mA i AHL N 2.6 ~4.6 V B,
LA 3K 85% L 1) o

VEIEE 4 UL VR B9 IS R % PR B IR T R B 299
(2) % i e D43 P 2
i % PR B AR RS 2 O I BV R, A s T

WAE IS B A RE R AT L IR (6 A
A BRI L CPU 3 A LPM3 525X B #3814 #E
HUPE /N T 1 A, 7 DLZS PRCIR S T 2047799 AR R X F
TR M REFE R X TR, MAKHL T DC - DC k4%
P RCR AL, T 95 R85 B, Y AR IR G )
TPS63031 5 B £ FHHL IR (3 V 4l 1 v it ) 25 77 it
i,

TPS63031 fY EN 5| 14 N 14 MOSFET 4% i
(MOSFET Jy ot JE BRI 254, ThFEAK ) , MOSFET [ ] # i%
H: MCU (1 P3. 2 Ji , RAE 58 UG , MCU #51i P3.2 i
5 MY HL O 5458 MOSFET, ¥ TPS63031 i) EN 4
R WT o 5340 A B 1k IEF TAERE TPS63031 i i i
T 75 20 11 R 3t 2 1) 78 L, FE 2T F Tt S R R
B, R PR G B ) 5 L R ol B R B L B R R
MR 0.3 V, Al ik s JE TR 2.7V,
FET 25, T A B B P, AT 2 90 a5 AR AL v
2 HHiEit

AR T A6 T L 114 5 TR = AR AT 55 8 12 ML
FE B, BG5BT AR R M AT S RS U 4
B, ST A B YT RS R R AL R X T R AT
INFER K EE, ARFERE MR, B3t 11 SR MR 4
&5 B A R G0, SR AR ZS HLASE 7R S AT 45 9 B L IR
JE B AT s T HE I Sl
2.1 REVER

R SR A BROR S HL(FSM) 0 %

o RS F R E WA 3 BrR .
BRI

AN S IHACK wﬁ

SERHRIL

B3 ORISR
Fig.3 State machine model of node
3 345 RS HURE Y 52 BEAN [ 45 a5 AR 2 ) 1
PCANAE 55 I 2, B AF B 51 AR DI FE R IR, I 73
K F 8 MHz 1 32. 768 kHz E%%Jﬁiﬂ%ﬁiﬁﬁ&fi

HE 2 WA 24 B A 11
¥

IJI'J o ’H:%ﬁi‘fjhﬁu



300 & A Bl B ¥ i

2014 4

(1) I HR AR AR S - MCU | B 47 B B | 4% % 2% 2 4b
FHHARARA , TFJE SMB 8 MHz [ 45k, i i BSP_Init ()
XA W) b A 5 3 A mfi_Spilnit () X545 #] 46 1L ;
it 3t nwk _nwkInit () 52 B M 2% 9] 4R 1k

(2) I APIGOIRZS : HARZS S MCU IS 531 A5
b F P TE A AL AR R I 8, AN 8 MHz i 4R #1241t
B 8 1 SMPL_Link (0) 58 B A B H i

(3) PRUECIR 25 2 IR A °F MCU 3 A LMP3 {2
FERE I, S AR e 1 A B IS, 15 26 B8 410 R T )3, L it
1 A 32. 768 kHz IR i 41 $2 4 sf o, A I 15 (1] 3
i Init_Timer () & B #5 E o

(4) JEAR 25 1 A LR 2 B, B D) de [
8 MHz j@ 4R 24, MCU M LPM3 #EX R 37 , 3 7 )3
RS il 1 get_Data () 58 A% s R 4R

(5) B e 2 IR 2 A I IR 25 e, e S A
He [ i 5 A A% 2% , MCU o) A2 J% 2 SR 42 14 500 40 5 3ot

app_bulid _msg () ¥ 17 %4 4244 & , IF 94 ] SMPL_

Send () & 1% ¥4

(6) B He WoR 25« 71 A K 3% 58 B4R I BV
FEWORE X, A B HE WO A Jl 5 SMPL_ACK ()
HEAT B K% 58 B A1 15t o
2.2 RHimiE

KM CiE= £ T IAR Embedded Workbench Jf
R IREEER T L CAE R AT T K o T 4 T R
BAF AR

WA A, JF A 8 MHz = 3 g 4R, W) IR 1k
CC1101 Ff17] Coordinator( PpiH £ ) & A2 55 1 5K , 5%
i Coordinator i 2 HE N % 45 . BE Timer JR IR & Hf
I IE], OGP 8 MHz & PR 4% ] 32. 768 kHz 1% fh 4k ,
CC1101 fR K If-fff MCU i A LPM3 L B #E L2, JF
Ja Timer 85 £3§ 5 W) o Wy, a2 iF I ] 2], MCU 5B
LPM3 # =X, & fi7 CC1101, #4715 IR 2815 B R4, 58
R AR J5 IF i CC1101 (1Y) & 36 X, MCU @ & SPI
HAE MUK EUR AL 26 45 CCL101 3 i) &l 7 B % 1n]
Coordinator & %445 . ¥ CC1101 SHzImE =, 42
i Coordinator ) ACK [m 45 , 15 & 2 i H Wi A &, 5%
IR A%

BIARAL (kS0
SE A% 45

I R
I ik
ST

ST

BHEHT
SEMASPIME

CC1101 fiEHK

MCUj# ALPM3

B4 PR

Fig.4  Flowchart of software

3 iR

3.1 BERBENE

R A 2 R T S B RO 2 3 A
SR 4 FMORA DD RENE B W S BT
R AR A5 F 9 s 38 30 B AR, DC - DC g
8 o A R 5 V40 A T 5 0 o 0 R
7 A FLL U MSS 11 BEHL3 R AA b
TSR (29 4.5 V) 76 DC - DC iy th 0 HREE 1 Q
0.5% = k5 B B BH, £ B 200 MHz ) TDS2022C %I
0 T 2ok L 4 0 ] 0
AL

5 TR SR 38. 4 kb/s, K 5301300
0 dBrm, 32 & 26 U K JE Ol 45 F . B 6 R Bl
S5 B OIS T 1 0 2 ot L 3 o, S 2
28 b Y RETE A 2 . T 6 o S 2
MR IR M2 80 TV, Y67 | S 600 30 0 B
SRR A T AR R V., OBhR | ADEER 2 2 1 28
U S (T,) % 3 ] (7, ) 60— o
T, [ 6b st SEER 1 RSB RIR 5 5 FE VL
B 2 S BB R V., i S B2 TR AR
A AL V., 15V, — 80 SR BN 1] T, 5 % %

Kl s iR sAg il

Fig.5 Node and power consumption test



5 113

TEWIEL S5« OUHS IR S ) A 19 D A I 2 20 5 B s st 301

K6 1 QK BRI

Fig. 6 Voltage waveform of the 1 () precise resistance

(a) Bl KBRS

Hj‘I‘E—IJ Tsd‘ij,%ﬁéﬁo
2 Prs R RN RE 45 R

2 HRER
Tab.2 Test result

TARRES TAEr R THFE L T [a]
SN Vige =0.213mV [, =0.213 mA

595 15 5 Vy=12.8 mV I,=12.8 mA T,=0.8ms
B k% Vg=22mV I, =22 mA T.,=6.4ms
B PR Ik V.=22.4mV I,.=22.4mA T.=6.4ms

TR R 2 T AR, — A TAE A A S8 0k — K
J B A — A MR Ff 2 2 THE P R T
12.8 x0.8 +22 x6.4 +22.4 x6. 4

I'= 0.8+6.4+6.4 ~21.6 mA

M2 R ] LE H AT — TAERE T, 18
FH I T FE S AR R, B LYY Sl A it U
_ Q..
z I(¢t) At
KXrp Q.. — WA

T (3)

(1) Xof MRS R TH FEHL
A% AR 75 45 £ 5 1]
3.2 WEIRMEBREEENE
HEL Pl A R DR Y L A A, L I A R A X

WA T o B R A I B, RV R vl
I FEL R L 5 AR B ) AR G R A Y I R R R
SR JFF L S L it 5 R ABE B AU 3 4R B AA HL LA
21.6 mA Jift L o g0 2 A7 R B0, PR A Lk R R
FER 2.4V AR Y TPS63031 Jift B 1% BE 15 55 HE R0CR Ry
85% o 3% 3 it v i B B B, 2 0 sl it £
K7 FiR .

A5 A DC — DC AL, W 41 W ik B &2
3.3 VI, B AR 4054 2230 mA -h F12272 mA -h; i
A DC — DC #4fe i 5 , i ik i iy 2.4V,
L E L 28 4 2 737 mA - h 12 791 mA -h,
W& DC — DC #EE AN DC — DC e 1 57 ) fif H

(b) B BboR 2

*3 MEBRGHE
Tab.3 Discharge test data

R4 AET/ (mA-h) REE 4R 5

At 4
JeDC-DC(3.3V) 4 DC—DC(2.4V) B4/ %
R 14 2230 2737 22.74
AL 2 41 2272 2791 22.84
P RE R 2251 2764 22. 80
S 240 4 1913 2349 22. 80

P 7 A L 5 2R
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Design of a Low-power Environmental Acquisition Node
Based on Dual-power Structure for Greenhouse

Shen Mingxia Liu Zheng Xiong Yingjun Sun Yuwen Lu Mingzhou Liu Longshen
(College of Engineering , Nanjing Agricultural University, Nanjing 210031, China)

Abstract; To improve battery energy efficiency and reduce power consumption of wireless collection
nodes for greenhouse environment, hardware design for Greenhouse Wireless Acquisition nodes is
achieved by low-power 16-bit MCU (MSP430F149) and RF module CC1101. Power management module
is designed based on chip TPS63031 to implement dual-power supply, which allows nodes’ power
supplied respectively by three Nanfu-AA batteries and one 3 V button battery under working and sleeping
mode. And 22. 8% usable energy of batteries is improved effectively by using the DC — DC conversion.
FSM module is adopted to software protocol design, implementing nodes’ task scheduling between
working mode and sleeping mode. When the LPM3 mode is entered, node’ s power consumption is
greatly reduced. The discharge experiment of batteries and test of nodes performance show that design of
power supply scheme in this paper guarantees node work for 11 019. 8 h (about 459. 2 d) , with the setting
of 30 min acquisition cycle.

Key words: Greenhouse environment WSNs node Dual-power Low power



