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Abstract— As the number of gadgets are 

increasing every day that enhances the use of 

power consumption. Wireless charging is a state 

of the art  technology that has various  

applications  in day to day life such as better 

portability of devices, deployment of sensors  in 

any kind of terrains and  also medical  sciences. 

In this paper, we are primarily focusing on the 

wireless power transmission using Wi-Fi signals. 

A Wi-Fi system that  delivers power to low-power 

sensors and devices and works with existing Wi-Fi  

chipsets.  An  antenna  is  required  to  capture   

RF  and microwave frequencies  of Wi-Fi signals 

in the surroundings. In this design a Rectenna  is 

used which converts the Wi-Fi signals into direct 

current(DC) that  powers the device. Our main 

focus in this  paper  is on the  Po-WiFi  system  

which  delivers  power while  having  a  minimal  

impact  on  user  experience.  The  Po- WiFi 

works on a strategy  that delivers power on 

multiple Wi-Fi channels  and  energy-harvesting 

hardware  that  can  efficiently harvest from 

multiple  Wi-Fi channels  simultaneously. 

Index     Terms— Rectenna, Po-WiFi,Energy-

Harvesting,Radio Frequency. 

 

Fig. 1: Wardenclyffe tower also known as Tesla’s 

tower at Long Island ,New York 

I.  INTRODUCTION 

The world is running short of all the Natural 

Resources due to their maximum utilisation around 

the globe. We are surrounded by the consistent 

transmission of radio waves which can be 

hazardous so to minimize the effect, there is a 

need to utilize those radio waves into a non 

hazardous nature. Radio waves have an inherited 

property that the electrical signals are 

perpendicular to the magnetic signals so these 

signals can be used as a power source wirelessly. 

Tesla had always tried to introduce worldwide 

wireless power distribution system but due to lack of 

funding and technology at that time he was not able 

to complete the task. We discuss about harvesting 

the RF signals emitted from the mobile and T.V 

antennas to further convert it into DC power for 

devices used in day to day lives.By capturing them 

and converting them  to  some useful form  we  

would  be  able  to  achieve enough power to drive a 

relatively low power circuit. In-spite advances 

wireless power transmission has been adopted for 

commercial uses. 

Radio  frequencies  are  between  3KHz  to  

300GHz  and Microwaves  requencies are between 

300MHz (0.3GHz) to 300GHz are present in 

environment which are commonly used 

 

II.  WHAT IS WI-FI POWER 

The transmission channel of a Wi-Fi router has 

been divided into three non-overlapping channels. 

The router is transmitting data using all the three 

channels. At the trans- mission side, the microwave 

power source generates power which is controlled 

by electronic control circuits. At a high . level, a 

router running Po- WiFi imitates a continuous trans- 

mission while minimizing the impact on its Wi-Fi 

clients and other Wi-Fi networks. It is unlikely that 

all the Wi-Fi channels are simultaneously occupied 

at the same instant. Thus, Po-WiFi seeking the 

opportunity injects superfluous broadcast traffic 

(called power packets) on non-overlapping Wi-Fi 
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channels to maximize the cumulative occupancy 

across the channels. Specifically, it injects 1500-

byte UDP broadcast datagrams with a 100 

us(microseconds) inter-packet delay at the highest 

802.11g bit rate of 54 Mbps on the three non- 

overlapping 2.4 GHz Wi- Fi channels (1, 6, and 11). 

These packets are harvested at the receiver end and 

used as power for the devices.  

 

III.  DESIGN AND IMPLEMENTATION 

To receive the waves form the surroundings an 

antenna with appropriate gain is required. The 

received signal form the  antenna  is  passed  

through  a  charge  pump  in  order to convert it 

to DC and make its level sufficient enough to 

charge the end device. Designing of all the required 

equipment is discussed in detail in this section. 

 

 

 

A. Rectifier-Aware Transmissions 

The Po-WiFi system has the ability to know the 

character- istics about the devices to which the 

power is being transmit- ted to. The system takes 

into account of all the properties of the receiver 

device and automatically tunes its transmission 

strategies to match the exact power 

requirements.Po-WiFi can modulate its occupancy 

to deliver energy to the harvester so that the sensor 

reaches its required threshold voltage just in time, 

minimizing the total channel occupancy. The 

rectifier does the job of converting incoming Wi-Fi 

signals from the harvester into low DC voltage, 

when the voltage reaches to a threshold value that 

is 2.4 V. 

To  a  first approximation, the  harvesters  

behaviour  can be modelled as a DC voltage source 

charging a capacitor through a resistor. The 

difference, however, is that the approximated 

resistance value depends on the impedance of the 

harvesters diodes, which is a function of Pin  and 

C. The voltage as a function of time can be written 

as 

 

where V0 is the initial voltage,  is the time 

constant, and Vmax   is the maximum achievable 

voltage. Note that both and Vmax   are functions 

of the average power after multiple path reflections 

is Pin  and the channel occupancy C. 

The key properties of the model fitting are: 1) 
Vmax    is inverse-linearly proportional to the 

input power and channel occupancy; 2) the time 

constant   is exponentially propor- tional to the 

input power and/or the channel occupancy; and 

3) it takes exponentially more time for the same 

increment in the voltage at a higher voltage value 

than at a lower one. 

B. Harvester Design 

Shown  in,  figure 2  Po-WiFi  co-  designs  the  

matching network, rectifier, and DCDC con- verter 

to achieve good impedance matching across Wi-Fi 

bands. The figure shows the optimized DCDC 

converters for both battery-free and battery-

recharging versions of the harvester. 

 

Fig. 2: Po-WiFi Harvester Schematic Design 
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•   Rectenna:- 

The compact rectenna has been engineered to 

capture the shorter in length, radio frequency waves 

emitted by wireless devices employing high 

frequency radio waves. The rectenna can convert 

radio waves moving around in the air, to 

electricity. It is a combination of rectifier and 

antenna, where antenna is used to detect signals 

and conversion of current is performed by 

rectifier by a process called rectification. 

Built in filters actively weed out frequencies 

outside of the 2.4 GHz 6 GHz range. This allows 

for confident measurement of sources within the 

desired frequency range i.e. it only detects RF 

radiation generated by WLAN/Wi-Fi (2.4  5.0 

GHz). When the power packets are sent by the Po-

WiFi ,the rectifier’s capacitor charges exponentially 

but during the sleep period it discharges 

exponentially. Thus to reduce the discharging 

ability, it uses channel occupancy modulation as 

described below. 

 

 

Fig. 3: RF Harvester System 

 

 

 

Fig. 4: Low DC Output of Rectenna 

Shown  in,  figure 4  is  the  harvester  signal  

which  is converted into low DC output voltage by a 

rectifier. It is fed to DC-DC converter to reach the 

required threshold voltage. 

•   DCDC Converter Design:- 

The low output DC voltage of Rectenna is fed to 

the DC-DC converter so as to attain the non zero 

threshold voltage of a device and make the input 

impedance of the Rectenna less variable across the 

three Wi-Fi channels. In a battery-free design, all 

the hardware components must boot up from 0 V 

which is known as the cold start  problem.  

Practical  DCDC  converters,  however, have a non-

zero minimum voltage threshold. Once the 

threshold value is attained, the Sieko Charge Pump 

connects the storage capacitor to the output, 

powering the micro-controller and sensors. 

A DCDC converter can be further optimized while 

recharging a battery. The battery provides minimum 

voltage  levels  and  hence  the  devices  need  not  

boot up  from  0V.  A  boost  converter,  a  battery  

charger, voltage monitoring solutions and a buck 

converter are used  to  boost  the  DC-DC  

converter  to  achieve  the required  voltage  

required  to  charge  the  battery.  The input 

impedance of a DC-DC converter is tuned with the 

rectifier’s impedance to minimize the variation 

across the Wi-Fi channels. 

Impedance Matching Network Design:- Some 

fractions of the harvested radio frequency waves 

reflects back due to a difference in the impedance 

level of the rectenna and harvester having the 

impedance level of the antenna at 50 ohms. This 

mismatch in the impedance values is creating a 

reduction in the available RF power high- 

frequency inductors in 0402 footprint which have 

min- imal parasitics and a quality factor of 100 at 

2.45 GHz 

. The resulting matching network consumes less 

board area than traditional transmission lines and 

distributed- elementbased matching networks and 

can be modified to meet different system 

parameters without any loss. A 6.8 nH and 1.5 pF 

was used as the LC matching network for the 

battery-free harvester, and 6.8 nH and 

1.3 pF for the battery-recharging harvester Shown 

in, figure 7 is the graph showing the ratio of 
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reflected power to the incident power. 

 

Fig. 5: Harvester return loss 

 

IV.  ANALYSIS AND IMPACT ON WI-FI 

CLIENTS 

The harvester is built using 2-layer 20 mils Rodgers 

4350 substrate printed circuit boards (PCBs). Unlike 

FR4, Rodgers substrate has low losses at 2.4 GHz 

and does not degrade the sensitivity and efficiency 

of the harvester. The router is using three chip-sets 

via amplifiers to 6 dBi Wi-Fi antennas separated 

by 6.5 cm. The router provides Internet access to 

its associated clients on channel 1 via NAT and 

transmits at 30 dBm, which is within the FCC limit 

for the ISM band. With all these conditions the 

router was experimented at a busy office network 

where the average cumulative occupancy was about 

90 percent. The router’s channel contained both 

the power and the data packets to verify with this 

aircrack- ngs airmon-ng tools were used to add a 

monitor interface to each of the routers active 

wireless interfaces. The tool tshark was used to 

extract frames sent by the router, recording the 

corresponding  

 

The system is designed to provide high cumulative 

channel occupancies for power delivery while 

minimizing the effect on Wi-Fi traffic. To evaluate 

this, a Po-WiFi router is deployed  and its effect 

on Wi-Fi traffic is analyzed. The following four 

schemes are compared:- 

• Baseline. Po-WiFi is disabled on the router, i.e., 

the router introduces no extra traffic on any of 

its interfaces. 

• BlindUDP. The router transmits UDP 

broadcast traffic at 1 Mbps so as to maximize 

its channel occupancy. 

• Po-WiFi. The router sends UDP broadcast 

traffic at 54 Mbps and uses the queue 

threshold check. 

• NoQueue. The router sends UDP broadcast 

traffic at 54 Mbps but disables the queue 

threshold check. 

The traffic patterns of the Po-WiFi router for 

UDP,TCP and PLT(page load time) are 

evaluated. 

•  Impact on UDP:- UDP is a common transport 

protocol used in media applications. Fig. 6(a) plots 

the average UDP throughput as a function of the 

eleven tested UDP data rates. The figure shows that 

BlindUDP significantly reduces throughput. With 

NoQueue, the  routers kernel does not prioritize the 

clients iperf traffic over the power traffic. With Po-

WiFi, however, the  clients iperf traffic achieves 

roughly the same rate as  the baseline. This result 

demonstrates that Po-WiFi  effectively prioritizes 

client’s traffic above its power  traffic. That 

evaluates to the mean cumulative occupancy, on the 

other hand is 

97.6 percent, demonstrating that Po-WiFi can 

efficiently deliver power even in the presence of 

UDP download traffic. 

•   Impact on TCP:- The router is configured 

to run the default Wi-Fi rate adaptation 

algorithm.Fig. 6(b) plots CDFs  of  the  measured  

throughput  values  across  all the experiments. The 

plot shows that BlindUDP significantly degrades 

TCP throughput. As before, since No- Queue does 

not prioritize the client traffic over the  

power packets, it roughly halves the achievable 

through- put.  Po- WiFi sometimes achieves 

higher throughput than  the  base-  line.  Hence  it  

is  very  clear  that  the Po-Wifi does not have 

significant impact on the TCP throughput.  Fig. 

7(b) plots the CDFs of the channel occupancies 

for PoWiFi during the above experiments. The 

figure shows that Po-WiFi has a mean cumulative 
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occupancy of 100.9 percent and hence can 

efficiently deliver power. 

•   Impact on PLT:- The traffic is recorded 

with tcpdump and analyzed offline to determine 

page load time and channel occupancy. The router 

uses the default rate adaptation to modify its Wi-Fi 

bit rate.Fig. 6(c) shows that BlindUDP significantly 

deteriorates the PLT. This happens because the 1 

Mbps power traffic occupies a much larger fraction 

of the medium .With the average delay of 294 ms 

over the baseline, NoQueue improves PLT  over  

BlindUDP.  Po-WiFi  further  minimizes the delay 

to 101 ms, averaged across websites. This residual 

delay is due to the computational overhead which 

slows down the OS adding further delays. These 

delays can further be reduced by increasing the 

processing power to the hardware. Hence in the 

impact of PLT a mean cumulative occupancy of 

87.6 percent is obtained. 

 

V.  HARVESTER ANALYSIS 

The  harverster’s  performance totally  depends  

upon  the impedance  matching at  the  antenna  to  

maximize the  RF energy  gain  to  the  Rectifier.  

This  in  turn  increases  the ability to convert RF 

energy into DC power. If the antennas impedance 

differs from the harvesters, a portion of the inci- 

dent RF signal will be reflected back and cannot be 

converted into DC power. The amount of 

reflection is determined by the  impedance 

difference.The Impedance matching circuit 

minimizes this difference.Impedance matching 

performance is measured using return loss: ratio of 

reflected power to the incident power. 

The harvester is connected to a vector network 

analyzer that transmits RF signals across the entire 

Wi-Fi band to compute the return loss . Both the 

Battery -free and battery charging, across 

2.4012.473 GHz, achieve a return loss of less than 

-10 dB, which in most RF circuits and systems is 

acceptable . This translates to less than 0.5 dB of 

lost power, which is negligible. 

The rectifier converts the RF signals at the 

harvester into DC output voltage. This conversion 

is typically low due to the  inherent non-linearities 

and threshold voltage drop of diodes.By 

connecting the hardware to the output of a Wi-Fi 

transmitter and a continuous wave transmitter,it is 

observed that compared to continuous wave, Wi-Fi 

transmissions have 0.5 dB higher sensitivity which 

increases the operating range by 6 percent. The 

harvesters output power scales with the input 

power. 

The battery-charging harvester operates down to -

19.3 dBm, compared to -17.8 dBm for the battery-

free harvester as it does not have the cold start 

limitation. Specifically, a battery-free harvester has 

to start all its hardware components from cold start 

(0 V). 

 

Fig. 6: Effect on Wi-Fi traffic 

The harvesters operates efficiently across Wi-Fi 
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channels 

1, 6 and 11 which results in an optimized 

multi-channel harvester design that ensures 

efficient power harvesting. 

Shown in, figure 7 is the plot showing higher 

operating ranges for the battery charging and 

battery free harvester. 

 

VI.  SENSOR APPLICATIONS 

A. Powering Camera 

A low-power VGA image sensor OV7670 is used 

from Omni-vision, and interface it with an 

MSP430FR5969 micro- controller. The firmware is 

optimized for power and achieve a  per-image  

capture  energy  of  10.4  mJ.  On  the  battery- free  

camera, an  ultra-low  leakage AVX  BestCap 6.8  

mF super-capacitor is used as the storage element. 

The battery- recharging camera consists of the 

same hardware as before, but uses the wirelessly 

rechargeable 1 mAh lithium-ion coin- cell battery at 

3.0 V. 

 

Fig. 7: Available output power at the harvester 

 

 

B. Powering Temperature sensors 

The harvester powers an LMT84 temperature 

sensor and an  MSP430FR5969 micro-controller to  

read  and  transmit sensor data.The sensor for power 

was optimized and the en- tire measurement and 

data-transmission operation uses only 

2.77 J. Whereas the battery-recharging sensor, 

consists of the rectifier followed by the TI bq25570 

power-management chip to wirelessly recharge two 

AAA 750 mAh low discharge current NiMH battery 

at 2.4 V. 

 

 

C. Other Applications 

This technology can be widely used to power the 

mobile devices and other low powered home 

appliances. 

 

VII.  MERITS AND DEM ERITS 

A. Merits 

The system would reduce the cost of electrical 

energy used by the consumer and rid the landscape 

of wires and trans- mission towers. The electrical 

energy can be economically transmitted without 

wires to any terrestrial distance, so there will be no 

transmission and distribution loss. The efficiency of 

the transmission can be as high as 95 or 96 per 

cent, and there are practically no losses. The system 

will also let the user access the full portability of 

the device enabling the devices to charge portably. 

With the help of this technology the sensors can be 

placed in any terrain at distances and powered 

respectively. 

B. Demerits 

If large amounts of power(that is the power 

packets) is being transmitted then it may be 

hazardous to the human being’s biological 

components and also if the power packets are more 

in number then it damages the data packets along 

with they are sent to the receiver’s side, and 

indirectly the ability of the Po-Wifi routers to send 

the power packets along with the data packets is 

lost. 

 

VIII.  CONCLUSIONS 
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The concept of the wireless power transmission 

was first experimented by Nikola Tesla but due to 

the lack of resources his technology did not work . 

For the previous decades computers were tethered 

by their power cords and were useless  without  a  

nearby  power  outlets  .With  the  advent of 

developments in the Internet of Things(IoT), the 

major concern is to provide constant power supply 

to all of the devices which may be embedded into 

everyday objects and can achieve sensing , 

computation and communication, with- out the need 

to charge those devices or sensors periodically. This 

paper provides the idea of a technology called the 

Po- Wifi which can be used to power these low 

powered devices using the harnessed Wi-Fi signals 

.Wireless communication liberated these devices to 

perform their respective operations as long as their 

batteries were recharged. 

References are important to the reader; therefore, 

each citation  must be  complete and  correct. If  at  

all  possible, references should be commonly 

available publications. 
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