%31 = F oo Vol. 54 No.3
2026 4E3 H ACTA ELECTRONICA SINICA Mar. 2026

T RIS N YRS se EWUE R 4

B EE R AR L
GETTRZELE TR T 999078)

O AR I B AR S WK I 8 G L ZE R ST R G R R BOCHEERYMER] . SR, Jyax s
BEA R TR 0KV T LR AT IR R — T Rk AR . AEARTIF ST h , AR T —Fp S TS AP 7 A s &
AE R IEE & 5t (Plant-Coupled Energy Harvesting System, PCEHS) , T M\ J&] Bl PR 35% HUSC 48 8 5 9 2 R 1 0 PR 45 1W il 352
FIBAT o AP T RE AR S T RS PR P G RE R R AL T AR IR A R S AN 2 AE TR L R AT
SEROCH HLEE - PS5 F , RBAS A RO R AEE h A R S o SR a5 AR, BOR S R Rt R S LA 2R
AR 7 AE 50 Ha TAR L3 /E FH T Y BE0e 7= A 43 S v rg i o, OF ELAE T 1 il A2 90 ey 40 8 H ) 4497 24 45 4y 2L 44
Pt B TS RE PR R R (RS RN , B0IE 1RGSR AP A& M PE . o SRR B R it SE RT3 ik I 2 A 38
JRE I I R RE REUSCR PR BE L Bl S B2 SR TR X B0 % R G R FH SR IR Sl B[R] BT A 5 WU R A At B 2R
b/ A L A A DR URE SR A e O SR e R A LIS, S TR RS AR . A SR LT PCEHS #R858 T-52
PrRap Y5, LAY R Rl RE A& A B, T8 3 28 10 A WU i 78 P 47 2R I R B 137, S0 1 KGR BOR I TR %
S, A A 5 min Wt JCL M4 EAL B T . S BIE R W] X R G RS S REFE N2 0.27 m], 5 min I
D9 ERERE 2028 2.455 m), R0 SRIE T PCEHS TERBAREIFE T MUFRE IS A TRE ST, Wi A2 F U] M 7 oK T8 C 4% S RE TR
WY R RS IRR e M TR S IR A A, PCEHS Jo i Ml i 1 28, AN R sl ML IGE 3, fE SR (o 7t
U BRI S ARSI L S e P R T R A B T S o B B I A R ek S AR AR T O T R A
FHRVE T, S BT i TR R R PR ) S

KR G BRI ARG RE I FT RS R AT s A R G R IO R

E&WHE: ERARFAIS (No.52522513) ;I TR #H AR & B3 42 (No.0117/2024/AM])

RESES: TM919;X851 MERFRIRAD: A XERS: 0372-2112(2026)03-1337-11

L F 23R URL:http://www.ejournal.org.cn DOI1:10.12263/DZXB.20250178

Plant-Coupled Energy Harvesting System for Long-Term Environment
Monitoring

SHAN Jiaze, ZHAO Dazhe, ZHONG Junwen
(Department of Electromechanical Engineering, University of Macau, Macao 999078, China)

Abstract: Long-term environmental monitoring devices serve as critical nodes in the Internet of Things and play an
essential role in smart city systems. However, providing sustainable long-term power supply for these devices remains a sig-
nificant challenge. In this study, we propose a plant-coupled energy harvesting system (PCEHS) based on green plant
leaves. This system harvests energy from the surrounding environment to support long-term environmental monitoring de-
vices. The extensive biological interface of plant leaves provides an ideal medium for coupling electromagnetic energy from
the environment. The cuticle and cell layers of leaves can be equivalent to a capacitor-resistor structure under power fre-
quency electric fields. This structure effectively converges ambient electromagnetic radiation. Experimental results demon-
strate that multiple plant species, including Clusia rosea, Schefflera actinophylla, and Plumeria rubra, generate effective
electrical output under 50 Hz power frequency electric fields. The system maintains stable energy supply even when leaves
suffer physical damage such as longitudinal tearing or horizontal tearing. This verifies the strong robustness of the system.
Among the tested species, Schefflera actinophylla exhibits optimal energy harvesting performance due to its broad, flat
leaves and well-developed vein networks. Therefore, this species is selected as the research subject for subsequent experi-
ments. The system adopts an event-driven intermittent operation architecture with dual-stage heterogeneous energy storage.
A small-capacitance capacitor rapidly accumulates energy and periodically wakes up the power management chip. This de-

sign achieves extremely low static power consumption. We successfully deploy the PCEHS in an actual office environment.
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Using potted plant leaves as the energy coupling medium, the system utilizes the ambient electric field generated by a laptop

adaptor. It achieves continuous temperature and humidity monitoring for several days. Data are uploaded to mobile termi-

nals via wireless networks every five minutes. Experimental data show that the system consumes only 0.27 mJ per signal

transmission. The total energy consumption over a five-minute monitoring cycle is approximately 2.455 mJ. These results

fully verify the stable operation capability of PCEHS under ultra-low power conditions. The system meets long-term moni-

toring requirements and adapts to various energy-sensitive scenarios. With its stability, sustainability, and environmental

friendliness, PCEHS requires no contact with power lines. It does not depend on light exposure or mechanical motion. The

system demonstrates broad application prospects in typical low-frequency electromagnetic field scenarios such as green

buildings and smart offices. This technology is expected to play a key role in enhancing the intelligence and efficiency of ur-

ban management. It provides strong support for the sustainable development of smart cities.
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(a) Energy generated by green plants under an electric field and

collected by PCEHS for smart city applications
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(b) Schematic diagram of a plant-based self-powered

system for long-term environmental monitoring
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(a) Current and voltage outputs of 4 X 4 cm” leaves from five plant

species when placed close to anelectromagnetic source

8 ey
= fi i
=t e
6+

AP A
D

383
T

HT HT LT LT VB VB
AT LIPS

(c) 160 cm’ I 722451 LT 14 fis o i 1

3.7

3.6r
Z 3.5k
= < >
234k

3.0

29 L L 1 L 1 L

0 12 16 20 24 28
AT [El/h

(e) ML S8 A i I 1K A2 BRGNS T HEAT L Y v TR A it 2%

(e) Voltage variation curve during battery charging after the battery

pack is fully discharged andrecovered to a stable state

1 HA
T
100 3 ppp
<
=
= OF
pesd
_10_
0.0 0.1 02 03
NIV

(b) LW HUBEISHCE I R FLEBET HSCRE R Ak
(B~ A TR 160 em?)
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(c) Output voltage curve of the wake-up circuit
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Figure 3 System design and performance characterization of PCEHS
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(a) Photograph of system deployment and data transmission interface
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(b) Variation curve during system operation
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Figure 5 Wake-up module circuit diagram

R RS HRE B (L I 6) 2 — > R RV B
(U5 2 BQ25504 ) K A [ FRL i, >4 00 51 FL it vl T
TEWOE Ja B BIBOE (E R, REETFI A A A B F
e AR B it vl o A% R A B ey LA {5 D) BE Y

MCU FiA J&4 005 A 2H B o

R 15 8 RIS, R TR B R I A0 42 i fRL . VBTAS
BOE N 1.25 V, Bt ) $5z /N CH HL R VBAT,, 132 5
2.5V, it KFEHLHLJE VBAT, % B 3.6 V. IL4h, i



BAETESE HT I ERE W AR AR S RE R R e

1345

2 |”_

|
H
:
z
i~}
N

2 |||— —

. o = = s
GRD 2
Rogl il = e -
212 BQ25504 1 | e —
=E e A R A0 = = g
| 1 4'—{-_',/}5‘\ ) I'ﬂ'L‘.\)‘iLg % o)
Roc2 o e o Rokl
o
Rocj Rok2
) 4
?\i Gﬁ) Rok3

Q
Z
[l

Rov2 lRuv2

o HIIRAE A

Figure 6 Power management module circuit diagram
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