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Abstract—The proposed circuit aims to harvest energy from 
AC powerlines with an ultra-wide input range of 10A-70A of 
line current. These powerlines serve as an abundant source of 
energy for many battery reliant IoT devices which are being 
used excessively in urban environments. A power management 
circuit is developed to maximize harvested power from these AC 
powerlines. A buck-boost converter operating in DCM is 
adopted for impedance matching with independence on 
operating conditions, ensuring device operation for various 
ferrite cores and wireless sensors. Maximum Power Point 
Tracking (MPPT) is implemented to ensure optimal efficiency 
using the Perturb and Observe (P&O) method. Results show 
that the designed circuit can regulate output voltage to 3.3V and 
5V with a wide open-circuit voltage of 19-89Vrms.  

Keywords—Powerline energy harvesting, maximum power 
point tracking, buck-boost convertor, perturb and observe, ferrite 
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I. INTRODUCTION 
With the increasing use of IoT devices, it has become more 

important to find better alternatives to rechargeable batteries 
currently being used to power these IoT devices. Dependence 
on battery or any power source limits the applications where 
these devices can be used for monitoring and data collection 
purposes. Various designs have been proposed to harvest 
power from ambient resources including thermal, vibrational, 
solar, wind, and RF sources [1-5]. Among these ambient 
resources, AC powerlines are important sources of energy in 
an urban setting. These AC powerlines can provide abundant  
energy to nearby IoT devices. Many researchers have 
investigated different methods to exploit this stable source of 
energy to power Wireless Sensors [6-10]. 

Common challenges in powerline energy harvesting  are 
source impedance matching, harvesting core saturation and 
non-linear nature, frequent line current variations, core 
geometry design, and positioning and distance of harvesting 
device from powerline. The power factor issue also arises due 
to the inductive nature of harvesting core which has been 
addressed and improved in [11]. The core saturation problem 
and nonlinearities have been investigated and resolved in [12] 
and an efficient harvesting device is presented. Source 
impedance matching is generally implemented using a DC-
DC Converter with duty cycle and frequency control [13-15] 
realized by using Maximum Power Point Tracking [16]. 

In this paper, we present a power management circuit to 
harvest energy from railroad powerlines to power Wireless 
Sensor Networks (WSN). We adopt a specifically designed 
ferrite core as an electromagnetic harvester to capture energy 
from railroad powerline magnetic flux. Experimental data 
show that ferrite core generates open circuit voltage of 19V-
100V for the powerline current ranging from 10A-70A. For the 
same range of line current, source impedance ranges from 
5kΩ to 7.5kΩ. The power stage has been designed to 
withstand a wide range of input voltages. A buck-boost 
converter is adopted to operate in DCM as input impedance in 
DCM is independent of operating conditions and can be easily 
controlled. Furthermore, operation in DCM also minimizes  
DCR losses in the inductor. A current sense IC is used in the 

output path to sense current. Since the output voltage cannot 
change across a capacitor instantaneously, any increment in 
current indicates increase in output power. Maximum Power 
Point Tracking (MPPT) has been implemented using Perturb 
& Observe (P&O) to match source impedance. An ultra-low 
power PIC18LF24K40 MCU has been used to implement 
MPPT and P&O. The MCU perturbs the current level after 
every 16 seconds to find Maximum Power Point (MPP). Once 
the MPP is found, the MCU is put to sleep to minimize power 
dissipation. 

This paper is organized as follows. Section II reviews 
necessary background knowledge for the ferrite core, MPPT 
and the techniques used to implement it including P&O and 
explores most relevant existing Energy Harvesting Circuits. 
Section III presents the proposed circuit and explains 
operation of individual blocks. Section IV presents 
experimental setup and measurement results. Section V then 
concludes the paper.  

II. PRELIMINARIES 

A. Harvesting Core 
A harvesting core is made by winding coil around a ferrite 

core. Based on Faraday’s law of electromagnetic induction, it 
has been commonly  used as a current transformer for 
measurement purposes and as an energy harvesting device by 
various researchers [6, 7, 9, 11, 17-20]. The number of turns 
of the coil and ferrite core geometry determines the potential 
of the device to harvest electromagnetic power as investigated 
in [9]. An equivalent model is presented taking nonlinearities 
into consideration in [21]. A high efficiency design is 
presented for harvesting core in [12]. 

 

Fig. 1. Harvesting Core 

B. Existing and Relevant Energy Harvesting Circuits for 
Powerlines  
Zhuang et al. proposed a circuit[6] in which they improved 

the power available from the core by ensuring that the core is 
not in the saturation mode. The key idea behind their design is 
that harvesting core can source maximum power when it is not 
in saturation. According to their research, instantaneous 
power can be much greater for a shorter time period than the 
average power for a greater time period. Thus, their design 
aims to power the load for a very short period releasing much 
higher energy. As per their experiment, they were able to 
extract 792mW of power for the duration of 110ms after 
charging the capacitor for 190ms from a line current of 10A. 
In order to ensure that the core doesn’t operate in saturation, 
they adopted a switch to short circuit the core whenever it 
reaches saturation. They utilized a specialized high 



permeability core and focus of this work is targets operating 
mode of the harvesting core. The output voltage is not 
regulated in this design, hence wireless sensors cannot be 
powered. Moreover, their design uses Zener Diode for the 
dissipation of excessive energy wasting the available power 
which can be utilized. 

Torkiat Taithongchai and Ekachai Leelarasmee presented 
another design in which they were able to harvest 58mW of 
power at 65A of line current [8]. Their design focused on the 
energy harvesting circuit without any consideration of 
harvesting core properties. They adopted a management 
circuit to dynamically adjust input impedance of the circuit to 
implement MPPT using a boost DC-DC converter. One 
shortcoming of this design discussed in their paper, is the 
dependence on load resistance of the DC-DC boost converter 
transfer function which inhibits analysis of the full circuit. 
Also, their design operated from 65A-130A of line current 
ignoring the lesser line current ranges. Another weakness of 
this design is that output voltage is not regulated. Instead they 
used the output voltagefor the feedback control of MPPT. 
Therefore this circuit can only be used to power rechargeable 
batteries but not wireless sensors directly. 

In another research, Xiangfeng Zeng et al. designed a 
system to harvest power from 10kV 3-Phase powerline [18]. 
They proposed the design of a harvesting coil for the 
compatibility with 3-Phase HVAC powerline. Furthermore, 
this system consists of commercial off-the-shelve 
MAX17710 EH IC which limits the power yield to 100mW. 
Their work lacks consideration for Maximum Power Point 
Tracking hence extraction of maximum available power is 
not ensured.  

C. MPPT and P&O 
Maximum power point tracking (MPPT) is commonly 

employed in energy harvesting to maximize the power transfer 
to the load. Some of the frequently used methods to implement 
MPPT include fractional open circuit voltage (FOCV), 
incremental conductance (IncCond), and perturb and 
observe(P&O).  

Since the FOCV method uses the relationship between the 
open circuit voltage of the source and the voltage across the 
load to determine the MPP, the major disadvantage of this 
method is that the source must be disconnected from the load 
leading to the loss of power [22]. Although this can be avoided 
using pilot cells in the case of PV energy harvesting, such a 
method is not suitable for harvesting energy using a current 
transformer.  

While the IncCond method is effective at tracking the 
MPP, it requires two sensors to measure the instantaneous 
current and voltage of the supply as well as division 
functionality to calculate the instantaneous and incremental 
conductance [22]. These extra components and added 
computation associated with division are not optimal and a 
MPPT method with less overhead is more appropriate for this 
application. 

The simplicity of the P&O method lends itself to be a good 
candidate for this application. Under this method, the 
maximum power point is obtained by perturbing the duty 
cycle and examining the effect on the power flowing into the 
load. If the power increases, the duty cycle is further perturbed 
in the direction that caused the increase in power, otherwise 
the duty cycle is perturbed in the opposite direction. 

Furthermore, this method is suitable for applications where 
rapid changes do not occur and limited computational power 
is available [22]. The load current based P&O method as 
described in [23] simplifies P&O by performing MPPT only 
based on changes in the load current, requiring only a single 
current sensor and removing the need for multiplication.   

III. PROPOSED DESIGN  
The proposed Power Management Circuit (PMC) is 

designed for powerline energy harvesting with high input 
voltages up to 100 V and high power of 2 W, and it aims to 
power WSNs. 

A. System Block Diagram  
The proposed power management circuit consists of a full 

bridge rectifier followed by a buck-boost converter and output 
voltage regulators. The power stage of the circuit is designed 
to withstand high input voltages  up to 100V and relatively 
high power of 2W. Rectifier Diodes and a DC-DC converter 
MOSFET diode have been selected with high breakdown 
voltage. The ultra-low power PIC18LF24K40 MCU controls 
the circuit and performs MPPT based on the P&O Method. 
The switching frequency of the converter is set to 15.625 kHz 
and the MCU operates at 62.5 kHz. The output voltage is 
regulated at 3.3V and 5V levels to make the circuit compatible 
with a wide range of commercial off-the-shelf wireless 
sensors. For this purpose, LT8631 IC, a low power wide-input 
buck regulator,  is configured to provide desired output 
voltage levels. 

 

 

Fig. 2. System Block Diagram 

 

B. Power Stage 
The power stage consists of a full bridge rectifier 

consisting of Schottky diodes followed by a buck-boost 
converter designed to work in discontinuous conduction 
mode. Schottky diodes offer low forward drop voltage at high 
current densities. They are also better suited for fast switching 
frequencies due to negligible reverse recovery current leading 
to minimal switching losses. A MOSFET with maximum VDS 
of 200V was selected since  it would be exposed to higher 
voltages in this circuit, . The emulated input impedance of the 
buck-Boost converter in DCM is given in (1)  
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where L is the inductance, D is the duty cycle, and TS is the 
switching period of the converter. The input impedance of an 
ideal buck-boost converter in DCM is independent of the 
operating conditions, such as input and output voltages and 
load resistance. This is a major advantage of a buck-boost 
converter in DCM and is the main reason for the adoption of 

https://ieeexplore-ieee-org.ezproxy.lib.vt.edu/author/37570065000
https://ieeexplore-ieee-org.ezproxy.lib.vt.edu/author/37284424200
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such a converter. The switching period TS is 64ms while the 
inductor is rated at 400uH. The duty cycle D is controlled to 
adjust the emulated impedance of the proposed system. An 
inverting buck-boost converter is adopted for impedance 
matching for the proposed circuit. 

The control parameter for the Duty Cycle D is output 
power. A sense resistor of very low resistance (75mΩ) has 
been used in the output current path to sense power. Output 
power can be estimated by assuming the output voltage for 
one perturbation constant. Voltage drop across the sense 
resistor is then amplified using MAX9934 which is a current 
sense amplifier. 

 
Fig. 3. Power Stage and Current-sense Feedback Control  

 

C. Maximum Power Point Tracking using P&O 
For the PMC to be independent of the specific current 

transformer used as input, the buck-boost convertor must be 
able to match a range of possible internal resistances presented 
by the transformer. Therefore, MPPT can be used in this case 
not to track the MPP over time but rather to track the MPP for 
various current transformers. Consequently, the load current 
based P&O method for MPPT was chosen for this application 
due to its low overhead.  

The P&O algorithm, as shown in Fig. 4, is modeled as a 
finite state machine consisting of a total of three states. States 
0 and 1 are responsible for perturbing the duty cycle and form 
the core of the P&O algorithm. The transitions between state 
0 and state 1 are based on the comparison between the present 
load current and the load current before the perturbation. In 
order to make the transitions more robust to load current 
ripple, an ADC is used to sample 128 individual current values 
which are averaged using simple addition and shift operations. 

In steady state operation, P&O algorithms generally result 
in oscillations around the MPP that do not contribute to 
MPPT. Therefore, when such oscillations are detected by 
observing a buffer of the previous twelve states, the MCU 
enters an idle mode implemented using Microchip’s XLP 
technology. In this idle mode, the CPU clock is switched off 
while the peripherals continue to run, removing the dynamic 
power consumption of the CPU [24]. The idle state is exited 
using a 16 second timer interrupt which re-enables the CPU 
clock and allows the system to resume MPPT.  

 

Fig. 4. P&O State Transition Diagram  

IV. EXPERIMENTAL RESULTS 

A. Prototype and Experiment Setup 
 The proposed power management circuit is prototyped 
using commercial off-the-shelf discreet components and is 
shown in Fig. 5.  

 .  

Fig. 5. Prototype  

The circuit was tested for MPPT operation using a 10Vpk 
Sine waveform generator at 60 Hz with a resistor in series 
acting as source impedance.  

B. Power and Efficiency        

Under a specific source impedance, a resistor is directly 
connected equal to source impedance and maximum power 
available is measured. Then the circuit is operated for MPP 
under 100Ω of load resistance and power is measured. The 
two powers are compared and plotted against source 
impedance (Fig. 6). Our system is able to harvest power with 
an efficiency of about 58% regardless of the load connected 
and source impedence. Moreover, our system successfully 
harvests a consistent amount of power under various loading 
conditions against a directly attached load (Fig. 7).  

 



 

 

Fig. 6. Power extraction under changing load  

 

Fig. 7. Power extraction under changing load  

MPPT performance was verified by performing a duty cycle 
sweep against power with a source impedence of 62 Ohms. 
Maximum power delivered to load is 115mW at 24% duty 
cycle with a series impedance of 62 ohms (Fig.8).  

 

Fig. 8. System Block Diagram 

C. Power Losses  

 The system was analyzed for power losses and 
efficiency as shown in  Fig. 9. System efficiency is about 58% 
with major losses in the full bridge rectifier.  

 

Fig. 9. Power Loss Breakdown 

D. Voltage Regulation  

 Finally, the voltage regulation of the circuit was 
tested by using a load resistor of 700 ohms which is a 
typical load of a Wireless Sesnsor Network. Voltage hike 
and regulation graph is shown in Fig. 10.  

 

Fig. 10. Voltage Regulation – 3.3 V and 5 V 

V. CONCLUSIONS 
A powerline energy harvesting circuit is presented 

in this paper. The proposed circuit adopts a buck-boost 
converter operating in DCM for impedance matching and is 
controlled by an ultra-low power MCU and a current sense 
IC. The circuit is designed to operate for wide and high input 
voltages. Final voltage is regulated at 3.3V and 5V to make it 
compatible with commercial off-the-shelf wireless sensors. 
The circuit is experimentally tested and validated for correct 
operation and hence it can be used to power any WSN using 
powerline coupling.  
 

 



REFERENCES 
 
[1] S. Kim et al., "Ambient RF Energy-Harvesting Technologies 

for Self-Sustainable Standalone Wireless Sensor Platforms," 
Proceedings of the IEEE, vol. 102, no. 11, pp. 1649-1666, 
2014, doi: 10.1109/JPROC.2014.2357031. 

[2]  A. Jushi, A. Pegatoquet, and T. N. Le, "Wind Energy 
Harvesting for Autonomous Wireless Sensor Networks," in 
2016 Euromicro Conference on Digital System Design (DSD), 
31 Aug.-2 Sept. 2016 2016, pp. 301-308, doi: 
10.1109/DSD.2016.43.  

[3]  J. H. Hyun, L. Huang, and D. S. Ha, "Vibration and Thermal 
Energy Harvesting System for Automobiles with Impedance 
Matching and Wake-up," in 2018 IEEE International 
Symposium on Circuits and Systems (ISCAS), 27-30 May 2018 
2018, pp. 1-5, doi: 10.1109/ISCAS.2018.8351419.  

[4]  Deepti and S. Sharma, "Energy harvesting using piezoelectric 
for Wireless Sensor Networks," in 2016 IEEE 1st International 
Conference on Power Electronics, Intelligent Control and 
Energy Systems (ICPEICES), 4-6 July 2016 2016, pp. 1-3, doi: 
10.1109/ICPEICES.2016.7853564.  

[5]  Q. Brogan, T. O. Connor, and D. S. Ha, "Solar and thermal 
energy harvesting with a wearable jacket," in 2014 IEEE 
International Symposium on Circuits and Systems (ISCAS), 1-
5 June 2014 2014, pp. 1412-1415, doi: 
10.1109/ISCAS.2014.6865409.  

[6]  Y. Zhuang et al., "An improved energy harvesting system on 
power transmission lines," in 2017 IEEE Wireless Power 
Transfer Conference (WPTC), 10-12 May 2017 2017, pp. 1-3, 
doi: 10.1109/WPT.2017.7953847. [Online]. Available: 
https://ieeexplore.ieee.org/ielx7/7945567/7953794/07953847.
pdf?tp=&arnumber=7953847&isnumber=7953794&ref= 

[7] K. Tashiro, H. Wakiwaka, S. Inoue, and Y. Uchiyama, "Energy 
Harvesting of Magnetic Power-Line Noise," IEEE 
Transactions on Magnetics, vol. 47, no. 10, pp. 4441-4444, 
2011, doi: 10.1109/TMAG.2011.2158190. 

[8]  T. Taithongchai and E. Leelarasmee, "Adaptive 
electromagnetic energy harvesting circuit for wireless sensor 
application," in 2009 6th International Conference on 
Electrical Engineering/Electronics, Computer, 
Telecommunications and Information Technology, 6-9 May 
2009 2009, vol. 01, pp. 278-281, doi: 
10.1109/ECTICON.2009.5137008.  

[9]  J. D. Boles, B. Ozpineci, L. M. Tolbert, T. A. Burress, C. W. 
Ayers, and J. A. Baxter, "Inductive power harvesting for a 
touchless transmission line inspection system," in 2016 IEEE 
Power and Energy Society General Meeting (PESGM), 17-21 
July 2016 2016, pp. 1-5, doi: 10.1109/PESGM.2016.7741736.  

[10] A. Abasian, A. Tabesh, A. Z. Nezhad, and N. Rezaei-
Hosseinabadi, "Design Optimization of an Energy Harvesting 
Platform for Self-Powered Wireless Devices in Monitoring of 
AC Power Lines," IEEE Transactions on Power Electronics, 
vol. 33, no. 12, pp. 10308-10316, 2018, doi: 
10.1109/TPEL.2017.2775961. 

[11]  H. Tzu-Chi, Y. Yao-Yi, L. Yu-Huei, D. Ming-Jhe, C. Shih-
Hsien, and C. Ke-Horng, "A battery-free energy harvesting 
system with the switch capacitor sampler (SCS) technique for 
high power factor in smart meter applications," in 2011 
IEEE/IFIP 19th International Conference on VLSI and 
System-on-Chip, 3-5 Oct. 2011 2011, pp. 359-362, doi: 
10.1109/VLSISoC.2011.6081609.  

[12] S. Yuan, Y. Huang, J. Zhou, Q. Xu, C. Song, and G. Yuan, "A 
High-Efficiency Helical Core for Magnetic Field Energy 
Harvesting," IEEE Transactions on Power Electronics, vol. 
32, no. 7, pp. 5365-5376, 2017, doi: 
10.1109/TPEL.2016.2610323. 

[13]  G. Yu, Z. Donglai, and H. Zhu, "Adaptive impedance 
matching optimal control method for cascaded DC-DC power 
supply system," in IECON 2017 - 43rd Annual Conference of 
the IEEE Industrial Electronics Society, 29 Oct.-1 Nov. 2017 
2017, pp. 751-755, doi: 10.1109/IECON.2017.8216130.  

[14]  Y. Xu, D. S. Ha, and M. Xu, "Energy harvesting circuit with 
input matching in boundary conduction mode for 
electromagnetic generators," in 2017 IEEE International 

Symposium on Circuits and Systems (ISCAS), 28-31 May 2017 
2017, pp. 1-4, doi: 10.1109/ISCAS.2017.8050864.  

[15]  Y. Huang, N. Shinohara, and T. Mitani, "Theoretical analysis 
on DC-DC converter for impedance matching of a rectifying 
circuit in wireless power transfer," in 2015 IEEE International 
Symposium on Radio-Frequency Integration Technology 
(RFIT), 26-28 Aug. 2015 2015, pp. 229-231, doi: 
10.1109/RFIT.2015.7377943.  

[16] Y. Jiang, J. A. A. Qahouq, and T. A. Haskew, "Adaptive Step 
Size With Adaptive-Perturbation-Frequency Digital MPPT 
Controller for a Single-Sensor Photovoltaic Solar System," 
IEEE Transactions on Power Electronics, vol. 28, no. 7, pp. 
3195-3205, 2013, doi: 10.1109/TPEL.2012.2220158. 

[17]  X. Zhao, T. Keutel, M. Baldauf, and O. Kanoun, "Energy 
harvesting for overhead power line monitoring," in 
International Multi-Conference on Systems, Signals & 
Devices, 20-23 March 2012 2012, pp. 1-5, doi: 
10.1109/SSD.2012.6198106.  

[18]  X. Zeng, B. Li, H. Li, S. Chen, and Y. Chen, "Non-invasive 
energy harvesting for wireless sensors from electromagnetic 
fields around 10kV three-core power cables," in 2017 1st 
International Conference on Electrical Materials and Power 
Equipment (ICEMPE), 14-17 May 2017 2017, pp. 536-539, 
doi: 10.1109/ICEMPE.2017.7982197.  

[19]  M. Yao and M. Zhao, "Research on electric energy harvesting 
from high-voltage transmission line," in 2013 3rd 
International Conference on Electric Power and Energy 
Conversion Systems, 2-4 Oct. 2013 2013, pp. 1-4, doi: 
10.1109/EPECS.2013.6713052.  

[20]  A. Obaid and X. Fernando, "Wireless energy harvesting from 
ambient sources for cognitive networks in rural communities," 
in 2017 IEEE Canada International Humanitarian Technology 
Conference (IHTC), 21-22 July 2017 2017, pp. 139-143, doi: 
10.1109/IHTC.2017.8058175.  

[21]  Q. Sun, S. Patil, N. Sun, and B. Lehman, "Modeling and 
optimization of an inductive magnetic harvester considering 
nonlinear effects," in 2013 IEEE 14th Workshop on Control 
and Modeling for Power Electronics (COMPEL), 23-26 June 
2013 2013, pp. 1-6, doi: 10.1109/COMPEL.2013.6626463.  

[22] T. Esram and P. L. Chapman, "Comparison of Photovoltaic 
Array Maximum Power Point Tracking Techniques," in IEEE 
Transactions on Energy Conversion, vol. 22, no. 2, pp. 439-
449, June 2007. doi: 10.1109/TEC.2006.874230 

[23] D. Shmilovitz, "On the control of photovoltaic maximum 
power point tracker via output parameters," in IEE 
Proceedings - Electric Power Applications, vol. 152, no. 2, pp. 
239-248, 4 March 2005. doi: 10.1049/ip-epa:20040978 

[24] D. Shmilovitz, "On the control of photovoltaic maximum 
power point tracker via output parameters," in IEE 
Proceedings - Electric Power Applications, vol. 152, no. 2, pp. 
239-248, 4 March 2005. doi: 10.1049/ip-epa:20040978 

https://ieeexplore.ieee.org/ielx7/7945567/7953794/07953847.pdf?tp=&arnumber=7953847&isnumber=7953794&ref
https://ieeexplore.ieee.org/ielx7/7945567/7953794/07953847.pdf?tp=&arnumber=7953847&isnumber=7953794&ref

	I. Introduction
	II. Preliminaries
	A. Harvesting Core
	B. Existing and Relevant Energy Harvesting Circuits for Powerlines
	C. MPPT and P&O

	III. Proposed Design
	A. System Block Diagram
	B. Power Stage
	C. Maximum Power Point Tracking using P&O

	IV. Experimental Results
	A. Prototype and Experiment Setup
	B. Power and Efficiency
	Under a specific source impedance, a resistor is directly connected equal to source impedance and maximum power available is measured. Then the circuit is operated for MPP under 100Ω of load resistance and power is measured. The two powers are compare...
	C. Power Losses
	D. Voltage Regulation

	V. Conclusions
	References


