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Overview of our system

S-S: series-series

Open type coil 

(capacitor-less and ferrite-less)

Power control by HAR (secondary)

Sensorless detection (primary)

Maximum efficiency tracking (secondary)

Power off (primary)

Simultaneous power and maximum 

efficiency tracking control (secondary)

Coil type

detection

control A type

power off

control B type

control C type

Automatic driving using coil sensing
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Coil type

S-S: series-series

Open type coil 

(capacitor-less and ferrite-less)

Power control by HAR (secondary)

Sensorless detection (primary)

Maximum efficiency tracking (secondary)

Power off (primary)

Simultaneous power and maximum 

efficiency tracking control (secondary)

Coil type

detection

control A type

power off

control B type

control C type

Overview of our system
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DWPT Dynamic WPT

line type

coil type

At glance, it looks like the line type has a big advantage for charging time and control, but...

efficiency lower leakage magnetic field
cost

coil line

workability maintenance

advantages advantages
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Open type coil 

S-S: series-series

Open type coil 

(capacitor-less and ferrite-less)

Power control by HAR (secondary)

Sensorless detection (primary)

Maximum efficiency tracking (secondary)

Power off (primary)

Simultaneous power and maximum 

efficiency tracking control (secondary)

Coil type

detection

control A type

power off

control B type

control C type

Overview of our system
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Open type coil 

Open end coil for road side

No need of capacitor or ferrite

Ҝ low cost 

Parameters of actual coil

Plate size     1300 mm 400 mm

Coil size       1280 mm 380 mm

Wire 3.5 mm2 KIV wire

Layer gap     3.6 mm

Wire pitch 1.6 mm

No. of turns  40.5

Lead-in wire 2000 mm

Overview of the actual coil (Top view)

Overview of the actual coil (Side view)

NO capacitor

NO ferrite
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Open type coil 

Measured result

The actual coil self-resonates at 85.3 kHz.

ŸFeasibility of 85 kHz self-resonant

open end coil is confirmed.

Efficiency

Efficiency is 90% @ 100 mm 

Impedance frequency plots
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S-S: series-series

S-S: series-series

Open type coil 

(capacitor-less and ferrite-less)

Power control by HAR (secondary)

Sensorless detection (primary)

Maximum efficiency tracking (secondary)

Power off (primary)

Simultaneous power and maximum 

efficiency tracking control (secondary)

Coil type

detection

control A type

power off

control B type

control C type

Overview of our system
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2m, 45-50%

(less 1m, over 90% )

10MHz
Magnetic Resonant Coupling (MRC), 2007

André Kurs, AristeidisKaralis, Robert Moffatt, J. D. Joannopoulos, Peter Fisher, Marin Soljaļiĺ, 

ñWireless Power Transfer via Strongly Coupled Magnetic Resonances,ò in Science Express on 7 June 2007, Vol. 317. no. 5834, pp. 83 ï86.

Very large air gap with high 

efficiency surprised many 

people.
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History of IPT, before 2007

O. H. Stielauand G. A. Covic: ñDesignof looselycoupledinductive power transfersystemsò,Proc. 2000 Int.

Conf. PowerSystemTechnology,Vol. 1, pp. 85-90 (2000)

W. Chwei-Sen, G. A. Covic, and O. H. Stielau, ñPower transfer capability and bifurcation phenomena of loosely coupled inductive power transfer systems,ò IEEE 

Trans. Ind. Electron., vol. 51, no. 1, pp. 148ï157, Feb. 2004.

Magnetic resonant coupling 

(MRC)  used 

electromagnetic induction 

phenomenon (IPT) and 

resonance topologies is 

categorized as S-S 

compensation.
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History of IPT, after 2007

[1] O. H. StielauandG. A. Covic: ñDesignof looselycoupledinductivepowertransfersystemsò,Proc. 2000Int. Conf. PowerSystemTechnology,Vol. 1, pp. 85-90 (2000)

[2] C. Wang,G. A. Covic, S. Member,andO. H. Stielau, ñPowerTransferCapabilityandBifurcationPhenomenaof LooselyCoupledInductivePowerTransferSystemsò,

IEEE TransactionsonPowerElectronics,2004

[3] Xun, L., Ng, W.M., Lee,C.K., Hui, S.Y.R. ñOptimalOperationof ContactlessTransformerswith Resonancein SecondaryCircuitsò,In Proceedingsof theTwenty-Third

Annual IEEE Applied PowerElectronicsConferenceandExposition(APEC2008).

[4] N. Jamal,ñAStudyon Performancesof Different CompensationTopologiesfor LooselyCoupledInductivePowerTransferSystemò,IEEE InternationalConferenceon

ControlSystem,ComputingandEngineering,2013.

[5] L. V. Ratio,W. Zhang,S. Member,S. Wong,S. Member,C. K. Tse, andQ. Chen,ñAnalysisandComparisonof SecondarySeries- andParallel-CompensatedInductive

PowerTransferSystemsOperatingfor OptimalEfficiency andLoad-IndependentVoltage-TransferRatioò,IEEE Transactionson PowerElectronics,2014.

[6] K. Aditya, S. Member,S. S. Williamson,andS. Member,ñComparativeStudyof Series-SeriesandSeries-ParallelTopologyfor Long TrackEV ChargingApplicationò,

IEEE TransportationElectrificationConferenceandExpo(ITEC), 2014.

[7] Y. H. Sohn, B. H. Choi, E. S. Lee,G. C. Lim, G. Cho,andC. T. Rim, ñGeneralUnified Analysesof Two-CapacitorInductivePowerTransferSystems: Equivalenceof

Current-SourceSSandSPCompensations,òIEEE Trans. PowerElectron., 2015.

There are many paper about 

resonance topologies.
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History of IPT, after 2007

O. H. StielauandG. A. Covic: ñDesignof looselycoupledinductivepowertransfersystemsò,Proc. 2000Int. Conf. PowerSystemTechnology,Vol. 1, pp. 85-90 (2000)

Seamless  transient from S-S to N-N
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Comparison of N-N,N-S,S-N,S-S

N-N N-S

S-N S-S

(N: Non-resonant,  S: Series)
Seamless  transient from S-S to N-N

Takehiro Imura, Yoichi Hori, òSuperiorityof Magnetic Resonant Coupling at Large Air Gap in Wireless Power Transferó,42nd Annual

Conference of the IEEE Industrial Electronics Society (2016).
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N-N vs. S-S

N-N
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Secondary side

C1ŸÐ

C2ŸÐ

Comparison of N-N,N-S,S-N and S-S: C1 & C2
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(d) Ȇ

(e) cosȇZin 2

k=0.5 Comparison of N-N,N-S,S-N and S-S

RL is optimized to achieve 

maximum efficiency
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k=0.5

(c) cosȇZin 1
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Picked up at 4 conditions

Efficiency: Low

Power: Low

Efficiency: High

Power: Low

Efficiency: Low

Power: Large

Efficiency: High

Power: Large

N-N

N-S

S-N

S-S (f1 = f2)

P2

Ȇ

Takehiro Imura, Yoichi Hori, òSuperiorityof Magnetic Resonant Coupling at Large Air Gap in Wireless Power Transferó,42nd Annual

Conference of the IEEE Industrial Electronics Society (2016).



Automatic driving using coil sensing 19

S-S: series-series

Open type coil 

(capacitor-less and ferrite-less)

Power control by HAR (secondary)

Sensorless detection (primary)

Maximum efficiency tracking (secondary)

Power off (primary)

Simultaneous power and maximum 

efficiency tracking control (secondary)

Coil type

detection

control A type

power off

control B type

control C type

Overview of our system
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Dynamic Wireless Power Transfer: DWPT

It takes 0.18 sec (180 ms) to pass the 5m 

transmitting coil when the vehicle speed is 

100km/h.

The vehicle moves 27 mm in 1 msat 100 

km/h.

Quick detection and control is necessary.
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Dynamic Wireless Power Transfer: DWPT

0.18 sec

Quick detection and control is necessary.

It takes 0.18 sec (180 ms) to pass the 5m 

transmitting coil when the vehicle speed is 

100km/h.

The vehicle moves 27 mm in 1 msat 100 

km/h.
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DWPT Dynamic WPT

Sensor

Sensorless

passive

Sensorless

Active

Repeater

Sensor failure

Total loss

Total loss & EMC

lowest loss

i.e.) P-S

i.e.) S-S



Å Idea of vehicle detection

Transmitting current Ὅchanges depending on position of a receiver

DC Voltage 
Source

Road

Transmitter

Receiver

Inverter

DC Bus

Inverter Inverter

High output impedance Low output impedance

resonance

ὅ

Secondary coil

ὠ

Ὅ

ὒ

ὅ

Ὑ

Primary coil

ὠ

Ὅ

Ὑ

ὒ ὒὒ ὒ

Output impedance 

SensorlessTransmitting ON/OFF Switching System
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Daita Kobayashi,Katsuhiro Hata,Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power 

Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016



Å Searching voltage pulses

Envelope of the primary current is used to detect the approach of vehicles

Ὥ

Ὥ
Searching pulse(resonant frequency)

Narrow pulses to reduce standby power

Distant receiver

Close receiver

Transmitting start

Search continiued

Ὅ ͺ ͺ

Ὅ ͺ ͺ : Transmitting ON threshold 

Ὅ ͺ ͺ

ὺ

ὸ

Ὕ

Ὅ

SensorlessTransmitting ON/OFF Switching System
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Daita Kobayashi,Katsuhiro Hata,Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power 

Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016



1. Bundles of searching voltages are applied in an interval Ὕ

2. If Ὅ exceeds Ὅ ͺ ͺ , searching is stopped and waits until the next period

3. Power transfer starts if Ὅ does not exceed Ὅ ͺ ͺ for certain period

ὺ

Ὥ
Transfer start

Ὕ

Ὅ ͺ ͺ

Å Procedure of the proposed searching method

SensorlessTransmitting ON/OFF Switching System

25

Daita Kobayashi,Katsuhiro Hata,Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power 

Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016



Å Standby method of the secondary circuit (Half Active Rectifier)

The proposed secondary circuit (Half active rectifier : HAR) turns on two 
MOSFET and short the circuit (ὠ = 0) during standby mode (Short mode).
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Coupling coefficient and the peak value of  

the primary current

(pulse duty: 0.1, primary voltage : 18 V)

HAR

SensorlessTransmitting ON/OFF Switching System

Ὅalso depends on ὠ

26



Å Experiment

Primary coil Secondarycoil

L 417.1‘H 208.5‘H

C 6.03 nF 12.15 nF

R 1.83 ɋ 1.28ɋ

Parameters Meaning Value

Ὕ Searchingperiod 10 ms

Ὕ Pulse width 0.5‘Ó

Ὅ ͺ ͺ ON thresholdcurrent 300 mA

Ὅ ͺ ͺ OFF threshold differentiatedcurrent -4000 A/s

Ὧ OFF thresholdcoupling coefficient 0.06

Transmitting side Receiving side

18 V

ὒ

ὅ

ὠ

Ὑ

Inverter

ὠ

Ὅ

ὒ

ὅ

ὒ Ὑ

ὒ

ὅ

Ὁ
Ὑ

HAR

ὠ

Ὅ

Envelope
Ὅ

Envelope
Ὅ

DSP DSP
6 V

Experiment

Operating frequency : 100 kHz DC voltage source :18 V

DC/DC converter frequency : 10 kHz Battery voltage : 6 V

27



PWM 

inverter

Transmitter

Receive

r

Battery

DSP

Secondary 

circuit

Photo 

sensor

1/3 scale DWPT simulation setup

Primary coil Secondarycoil

L 417.1‘H 208.5‘H

C 6.03 nF 12.15 nF

R 1.83 ɋ 1.28ɋ

Parameters Meaning Value

Ὕ Searchingperiod 10 ms

Ὕ Pulse width 0.5‘Ó

Ὅ ͺ ͺ ON thresholdcurrent 300 mA

Ὅ ͺ ͺ OFF threshold differentiatedcurrent -4000 A/s

Ὧ OFF thresholdcoupling coefficient 0.06

Operating frequency : 100 kHz DC voltage source :18 V

DC/DC converter frequency : 10 kHz Battery voltage : 6 V

Experiment
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Receiver and Transmitter

20 40 cmTransmitter

20 20 cm

Receiver

Gap 10cm

DC/DC converter

Experiment
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Daita Kobayashi,Katsuhiro Hata,Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power 

Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016



DC-DC converter

DSP Sensor, etc..

Inverter

Primary Inverter, DC/DC converter, Controller 

Experiment
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Daita Kobayashi,Katsuhiro Hata,Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power 

Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016



Å Experimental movie

:primary voltage ὺ primary current Ὥ

Experiment
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Å Experimental movie

:primary voltage ὺ primary current Ὥ

Experiment

32



Å Voltage and current wave form

Search mode Transmitting mode

:primary voltage ὺ primary current Ὥ

Experiment
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Power transfer automatically switches ON/OFF while 10 km/h driving

:primary voltage ὺ primary current Ὥ

Experiment
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Daita Kobayashi,Katsuhiro Hata,Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power 

Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016



Primary and secondary current

Coupling coefficient (estimated) Inverter, HARflags(1 : ON)

Power was successfully transferred only when the two coils are close enough (Ὧ πȢπφ).

Ὅ , Ὅ , Ὅͅ ͺ

(at transfer start)

35

Experiment

Å 10 km/h 

Start WPT startWPT start



Primary and secondary current

Ὅ , Ὅ , Ὅͅ ͺ (at transfer start) 36

Experiment Start

WPT period

No vehicle Detected

Detection period

METC

WPT start

HAR

HAR: Half Active Rectifier

METC: 

Maximum Efficient Tracking Control



Primary and secondary current

Coupling coefficient (estimated) Inverter, HARflags(1 : ON)

Power was successfully transferred only when the two coils are close enough (Ὧ πȢπφ).

ͺ (cutoff=100kHz)

37

Experiment
Å 10 km/h 

EndWPT period

METC

0.2ms

METC:

Maximum efficiency tracking control



Å standby power

Search mode Transmitting mode

Average power 7.228 mW Average power 10.02 W

Average power consumption in search mode is less than 1/1000 of transmitting mode

Experiment

38

Daita Kobayashi,Katsuhiro Hata,Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power 

Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016
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Power control by HAR 

S-S: series-series

Open type coil 

(capacitor-less and ferrite-less)

Power control by HAR (secondary)

Sensorless detection (primary)

Maximum efficiency tracking (secondary)

Power off (primary)

Simultaneous power and maximum 

efficiency tracking control (secondary)

Coil type

detection

control A type

power off

control B type

control C type

Overview of our system
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HAR: half active rectifier

Power shut down, P1ԇ0

secondary side voltage control

power control by secondary 

efficiency control by secondary

stability of secondary

( )

2

2
'
2

r

L
Z mw
= ԇÐ

I1ԇ0

P1ԇ0

short
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HAR: half active rectifier

rectification

mode
short

mode

Power shut down, P1ԇ0

secondary side voltage control

power control by secondary 

efficiency control by secondary

stability of secondary
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S-S: series-series

Open type coil 

(capacitor-less and ferrite-less)

Power control by HAR (secondary)

Sensorless detection (primary)

Maximum efficiency tracking (secondary)

Power off (primary)

Simultaneous power and maximum 

efficiency tracking control (secondary)

Coil type

detection

control A type

power off

control B type

control C type

Overview of our system



Relationship between load Ὑand efficiency –

ÅMaximum-efficiency load

Normally, secondary storage system determines secondary equivalent load 

Equivalent circuit of magnetic resonant coupling

There is a maximum-efficiency load Ὑ

on the circuit of magnetic resonance coupling

Optimal Secondary side structure

Efficiency

Å Controllable secondary side

Need of controllable secondary side to change the secondary equivalent load to ╡╛Ɫ□╪●

43

Maximum efficiency tracking
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Control to ὠ

Å Maximum efficiency control with secondary DC/DC converter

Secondary DC/DC converter controls secondary equivalent load to Ὑ by controlling ὠ

ὠ

Receiver

Rectifier DC/DC 

converter

Battery

or

Capacitor

Maximum-efficiency 

load 

Maximum-efficiency voltage 

KVL equation 

Real-time maximum efficiency control for dynamic wireless power transfer system

Proposed method

ὠ

44

Maximum efficiency tracking



Å Ὧestimation only with secondary (EVsô) information
no communication between sides

Å Ὧestimation online because Ὧdrastically changes in DWPT system.

Real-time Ὧestimation from ὠȟὍ

Real-time coupling coefficient estimation

Need of information of coupling coefficient ▓to calculate ὠ

Ὧis not directly measurable

However..
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Maximum efficiency tracking

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless 

Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015



Modeling and control of DC/DC converter with state space averaging method
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Ὠὸ: Duty ratio of upper switch

This non-linear model is linearized with a equilibrium point and a small signal model around the point
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Maximum efficiency tracking

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless 

Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015



Linearization of a state space model
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Maximum efficiency tracking

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless 

Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015



Block diagram of k estimation and maximum efficiency control
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Maximum efficiency tracking

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless 

Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015



PWM 

inverter

Transmitte

r

Receive

r

Battery

DSP

Secondary 

circuit

Photo sensor

Experimental setup

Primary coil Secondarycoil

L 417.1‘H 208.5‘H

C 6.03 nF 12.15 nF

R 1.83 ɋ 1.28ɋ

Operating frequency : 100 kHz DC voltage source :18 V

DC/DC converter frequency : 10 kHz Battery voltage : 6 V

1/3 scale DWPT simulation setup

DC-DC converter

L 1000‘H

C 1000‘&

R 0.2 ɋ
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Maximum efficiency tracking



Experimental setup

Receiver and Transmitter

20 40 cmTransmitter

20 20 cmReceiver

Gap 10cm

DC/DC converter
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Maximum efficiency tracking

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless 

Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015



DC-DC converter

DSP Sensor,etc..

Inverter

Primary Inverter, DC/DC converter, Controller 

Experimental setup
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Maximum efficiency tracking

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless 

Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015



20 km/h

Experimental movie
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Maximum efficiency tracking

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless 

Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015
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ÅExperimental Result : Ὧestimation

Å No estimation delay the static Ὧestimation equation is applicable

Å RLS filter has obvious effect
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Response can be improved by adjustment of DC-link capacitor and the feedback controller gain

Å Experimental Result : Secondary voltage ὺ

Upper switch duty ratio Ὠὸ Secondary voltage ὺ
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Å DC to DC efficiency has improved by 10%  at 20 km/h

The proposed real-time control is sufficiently applicable to dynamic wireless power transfer system.

ÅExperimental Result: DC to DCefficiency
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Automatic driving using coil sensing 56

S-S: series-series

Open type coil 

(capacitor-less and ferrite-less)

Power control by HAR (secondary)

Sensorless detection (primary)

Maximum efficiency tracking (secondary)

Power off (primary)

Simultaneous power and maximum 

efficiency tracking control (secondary)

Coil type

detection

control A type

power off

control B type

control C type

Overview of our system



ÇOperation point:

ÇOperation point:

Å Operation point with efficiency 

control only by secondary

Operation range with proposed 

control

maximum efficiency

power

Power is FIXED

Power is VARIABLE

Simultaneous power and maximum efficiency tracking control 

Only secondary control

Typical

Typical solution needs V1 

control for power

(primary side)

It was impossible to control power and efficiency 

simultaneously only secondary side.



SecondarysidePrimaryside

Power control (HAR) Efficiency control

Controlledaveragepower is ὖ while efficiency controlledby the

DC link voltageὠ . The half active rectifier (HAR) is used for

powercontrolandthebuckconverteris usedfor efficiencycontrol.

ÇReferencecircuit : WPT with SScompensation

ὤ

Simultaneous power and maximum efficiency tracking control 

Only secondary control

short mode
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Simultaneous power and maximum efficiency tracking control 

Concept

Typical

Proposal Maximum efficiency and power control

Only secondary control

short 

mode

short 

mode

rectification 

mode

rect.

mode

PDC PDC
PDC

PDC PL

short 

mode

short 

mode

Power

efficiency

Only efficiency or power control

Here, only efficiency is 

controlled.

power can not be 

controlled.

Fixed power



ÇExperimental results: secondarypower

Efficiency only control 

(diode bridge + DC/DC)

Proposed control (efficiency & power)

(HAR + DC/DC)

Power cannot be controlled due to diode 

bridge, max efficiency condition

Average power controlled,

robustness to power step

V1 is fixed

Giorgio Lovison, Takehiro Imura, Yoichi Hori, Secondary-side-only Simultaneous Power and Efficiency Control by Online Mutual Inductance 

Estimation for Dynamic Wireless Power Transfer, 42nd Annual Conference of the IEEE Industrial Electronics Society , pp. 4553-4558, 2016



ÇExperimental results: DC-to-DC efficiency

Efficiency only control 

(diode bridge + DC/DC)

Proposed control (efficiency & power)

(HAR + DC/DC)

Max efficiency condition Average efficiency 4% lower than max,

unchanged with power step

Almost maximum efficiency is achievedTypical

Giorgio Lovison, Takehiro Imura, Yoichi Hori, Secondary-side-only Simultaneous Power and Efficiency Control by Online Mutual Inductance 

Estimation for Dynamic Wireless Power Transfer, 42nd Annual Conference of the IEEE Industrial Electronics Society , pp. 4553-4558, 2016
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S-S: series-series

Open type coil 

(capacitor-less and ferrite-less)

Power control by HAR (secondary)

Sensorless detection (primary)

Maximum efficiency tracking (secondary)

Power off (primary)

Simultaneous power and maximum 

efficiency tracking control (secondary)

Coil type

detection

control A type

power off

control B type

control C type

Overview of our system
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Automatic driving using coil sensing

Lane Following Control


