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Fig. 14.  Relationship between duty cycle and Δτ 

 

Figure 15 shows the overall efficiency with communication. 
It shows that the power transfer’s efficiency drops only a little 
bit when sending 2 normal messages per 0.5 sec.  

The proposed working mechanism is shown in Fig. 16. First, 1Q  

operates, based on the ZVS, to transfer power such as those illustrated 

in Figs. 4 to 7. Then 2Q works with pulse weight modulation to 

transfer data (Figs. 11 and 13) of the normal or emergency messages 
(Figs. 17 to 19). 

 
Fig. 15. Insignificant efficiency drop of the simultaneous wireless power 
and data transfer 

Referring to the system structure illustrated in Fig. 16, the 
secondary unit sends data along the following steps: 
1) Arrange the normal messages into a queue to prevent data 

congestion. The emergency message possesses the highest 
priority. I will not be placed in the queue.  

2) Pack data according to the protocol listed in Table I. 
3) If data exists, it is then sent to the TX station according to the 

clock (related to 
sI ), one bit per clock.  

4) If data is normal message or emergency message, then send a data 
bit (for the normal message) or whole data set (for the emergency 
message including data, checksum and stop segments). The data 
bit synchronizes to the clock related to Is. 

The working principles of the primary unit are 
1) The primary unit works in a synchronous manner with clock 

(related to 
cV ) to pick up data at the shadow section. 

2) Data is sent through the gate, one bit per clock. 
3) If all clocks detected are  1CT , the controller places a bit “1” to 

the FIFO queue. This will be referred as the start bit of the normal 
message.  

On the other hand, if  0ZT  is detected, a bit “0” is pushed into 

the FIFO queue. It will be regarded as the start bit of an 
emergency message. Then, the subsequent bits will be collected 
sequentially and composed as an emergency message for 
decode. 

4) Receive a pack completely and check correctness of the data 
(explained in Section III).   
 

Fig. 16 System block diagram 
 

C. Emergency message 
During power transmission, if there is over charging voltage or 

current, the system can, with the highest priority, stop transfer 
immediately through emergency communication.  

To examine the practical concern of degradation of the power 
transmission efficiency when data is simultaneously transmitted with 
the AC power. Experiments have been conducted by considering 
reduction of the duty cycle of 

2Q  from 94% to 89% to induce an extra 

time delay 3 s   . The results are displayed in Figs. 17 to 19. It is 

seen that when the output power is settled to 300W, it can’t detect the 
start bit at the primary side, because  0'ZT  has out of the linear 

operational region (Fig. 14). However, it is seen from Figs. 18 and19 
that when the output power are settled to 400 to 700W, the primary 
unit can decode data correctly.  

 

 
Fig. 17. Simultaneous wireless 300W and emergency message transfer 
at 3 s   . 
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Fig. 18. Simultaneous wireless 400W and emergency message transfer 
at 3 s    

 

 
Fig. 19. Simultaneous wireless 700W and emergency message   
transfer at 3 s   . 

 

IV. EXPERIMENTAL VERIFICATION 

The primary unit is operated based on the ZVS method. Since the 

operational frequency may change with the load LR , 1Q  is tuned to 

work under zero voltage switching to achieve lower switching loss 

with higher efficiency. For instance, when the load LR  changes or a 

vertical shift of the gap between Lp and Ls happens, it will cause a 
change of the operational frequency between 19kHz and 24kHz. 
Therefore,  1CT  in Figs. 4 to 7 is unlikely to be fixed. To tackle, we 

apply a preamble pattern detection technique during data transmission, 
which places a preamble period ahead of the data segment as 
illustrated in Fig. 9. The following experiments are conducted to check 
whether the data transmission quality still remains when there is a load 
change or a shift between two power transmission pads. The circuit 
parameters of the proposed IPT system are listed in Table II. Δref is set 
to be / 2  in all experiments. The hardware construction and 
testing scenario are shown in Figs. 20 and 21 respectively. The 
primary and secondary units are equipped with an ARM Cortex-M0 
CPU to handle human-computer interaction, power transmission and 
information decoding. The operational frequency of CPU is 24MHz 
which is enough to meet the current requirements.  

 
Fig. 20. The prototype power/data transmission modules 

 
To evaluate the proposed method, performance of transmitting 

power and data from the secondary side to the primary side is tested 
extensively. The data transmission quality is measured by considering 
the index defined as 

 
Data trasmission quality %

 

pass count

total count
      (16)  

where the total count, as indicated in Table I, is 1000 normal messages 
transmitted from the secondary unit, and pass count is the number of 
the correct data packet received at the primary unit defined by 

1)'2 (   sDataChecksum  (17)  

If checksum is equal to Data2's +1, the data received is recognized as 
correct.  

TABLE II. PARAMETERS OF THE IPT EXPERIMENTAL SYSTEM. 
nominal frequency 22 kHz 
Rated power 700W 

Rate load 40Ω 
Primary inductance 70uH 
Primary capacitance 0.35uF 
Primary outer diameter 165mm 
Primary windings 20 turns 
Mutual inductance 26.1uH 
Secondary inductance 69.4uH 
Secondary capacitance 0.35uH 

Secondary outer diameter 165mm 
Secondary windings 20 turns 

 

 

Fig. 21.  Test scenario of the wireless power/data transmission system 
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Fig. 22 shows the results of data transmission quality. The index is 

recorded by adjusting the gap between Ls and Lp from -30mm to 
+30mm. From the experimental results it is observed that an increase 
of   yields effect on the index improvement. Furthermore, the 
index can be maintained up to 85% when the air gap remains between 
-10mm and +10mm and   is kept in between 3 s  and 5 s .  

 
Fig. 22. Quality of data transmission for the different lateral offsets 
between Ls and Lp with the air gap fixed at 25mm 

 
Fig. 23 presents the effect of power output on data transmission 

quality. The system achieves an excellent performance when it 
operates between 400 to 700W. 

 

Fig. 23. Quality of data transmission under different output power 

  Fig. 24 indicates that the optimal air gap between Lp and Ls is 
between 15mm and 25mm in this system. It is noted that the 
experimental result was obtained based on the prototype of the current 
design. The optimal air gap between transceiver and receiver changes 
with the system.  

 

Fig. 24. Quality of data transmission under different gap between two 
pads 

V. CONCLUSION 

This work proposes a prototype simultaneous wireless power/data 
transfer for electric vehicle charging solutions. The proposed system 
possesses the following advantages: 

1) The design is practical. The controller at the primary side can 
control and adjust the output current to achieve steady-state 
compensation at the secondary side via wireless communication.  

2) The proposed system improves the security during energy charge. 
When an emergency contingency appears at the secondary side, 
the system can inform the primary side with the highest priority 
channel within 1/120 sec. 

3) The contactless charging and discharging technology is to be 
used for energy exchange between car batteries and apartment 
complex’s energy storage tank (V2G and G2V). The excessive 
energy stored in the vehicle battery could be transferred to the 
apartment complex’s energy storage tank, and vice versa, via 
contactless energy transfer technique. [31]  

In addition to power transfer, data related to battery status, vehicle 
status or ID code, etc can be simultaneously transferred between the 
grid and vehicle in a compact scheme in real time. Experimental 
verification has been successfully conducted to verify applicability of 
the proposed design. 

REFERENCES 
[1] J. Dai and D. Ludois, “A survey of wireless power transfer and a critical 

comparison of inductive and capacitive coupling for small gap 
applications,” IEEE Trans. Power Electron., vol. 30, no. 11, pp. 
6017–6029, Nov. 2015. 

[2] H. H. Wu, A. Gilchrist, K. Sealy, P. Israelsen, and J. Muhs, “A review on 
inductive charging for electric vehicles,” in Proc. IEEE Int. Electric 
Machines & Drives Conf., 2011, pp. 143–147. 

[3] S. Wang, K. Izaki, I. Hirota, H. Yamashita, H. Omori, and M. Nakaoka, 
“Induction-heated cooking appliance using new quasi-resonant 
ZVS-PWM inverter with power factor correction,” IEEE Trans. Ind. 
Appl., vol. 34, no. 4, pp. 705–712, Jul./Aug. 1998. 

[4] F. Sanz, C. Sagues, and S. Llorente, “Induction heating appliance with a 
mobile double-coil inductor,” IEEE Trans. Ind. Appl., vol. 51, no. 3, pp. 
1945–1952,  Jun. 2015. 

[5] C. S. Wang, O. H. Stielau, and G. A. Covic, “Design considerations for a 
contactless electric vehicle battery charger,” IEEE Trans. Ind. Electron., 
vol. 52, no. 5, pp. 1308–1314, Oct. 2005. 

[6] X. Qu, H. Han, S. C. Wong, C. K. Tse, and W. Chen, “Hybrid IPT 
topologies with constant current or constant voltage output for battery 
charging applications,” IEEE Trans. Power Electron., vol. 30, no. 11, pp. 
6329–6337, Nov. 2015. 

[7] M. Budhia, J. T. Boys, G. A. Covic, and C. Y. Huang, “Development of a 
single-sided flux magnetic coupler for electric vehicle IPT charging 
systems,” IEEE Trans. Ind. Electron., vol. 60, no. 1, pp. 318–328, Jun. 
2013. 

[8] M. Etezadi-Amoli, K. Choma, and J. Stefani, “Rapid-charge electric 
vehicle stations,” IEEE Trans. Power Del., vol. 25, no. 3, pp. 1883–1887, 
Jul. 2010.  

[9] C. H. Ou, H. Liang, and W. Zhuang, “Investigating wireless charging and 
mobility of electric vehicles on electricity market,” IEEE Trans. Ind. 
Electron., vol. 62, no. 5, pp. 3123–3133, May 2015. 

[10] T. Diekhans, and R. W. D. Doncker, “A dual-side controlled inductive 
power transfer system optimized for large coupling factor variations and 
partial load,” IEEE Trans. Power Electron., vol. 30, no. 11, pp. 
6320–6328, Nov. 2015. 

[11] U. K. Madawala, M. Neath, and D. J. Thrimawithana, “A 
Power–frequency controller for bidirectional inductive power transfer 
systems,” IEEE Trans. Ind. Electronics., vol. 60, no. 1, pp. 310–317, Jan. 
2013. 

[12] D. J. Thrimawithana, U. K. Madawala, and M. Neath, “A synchronization 
technique for bidirectional IPT systems,” IEEE Trans. Ind. Electron., vol. 
60, no. 1, pp. 301–309, Jan. 2013. 

[13] U. K. Madawala, and D. J. Thrimawithana, “A bidirectional inductive 
power interface for electric vehicles in V2G systems,” IEEE Trans. Ind. 
Electron., vol. 58, no. 10, pp. 4789–4796, Oct. 2011. 

[14] Y. Ma, T. Houghton, A. Cruden, and D. Infield, “Modeling the benefits of 
vehicle-to-grid technology to a power system,” IEEE Trans. Power Syst. 
vol. 27, no. 2, pp. 1012–1020, May 2012. 

[15] Y. Jang, and M. M. Jovanovic, “A Contactless Electrical Energy 
Transmission System for Portable-Telephone Battery Chargers,” IEEE 
Trans. Ind. Electron., vol. 50, no. 3, pp. 520–527, Jun. 2003. 

[16] G. B. Joun, and B. H. Cho, “An energy transmission system for an 
artificial heart using leakage inductance compensation of transcutaneous 



0278-0046 (c) 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TIE.2016.2608765, IEEE
Transactions on Industrial Electronics

IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS 

 
transformer,” IEEE Trans. Power Electron., vol. 13, no. 6, pp. 1013–1022, 
Nov. 1998.  

[17] Q. Xu, D. Hu, B. Duan, and J. He, “A fully implantable stimulator with 
wireless power and data transmission for experimental investigation of 
epidural spinal cord stimulation,” IEEE Trans. Neural Syst. Rehabil. Eng., 
vol. 23, no. 4, pp. 683–692, Jul. 2015. 

[18] S. Jeong, Y. J. Jang, and D. Kum, “Economic Analysis of the Dynamic 
Charging Electric Vehicle,” IEEE Trans. Power Electron., vol. 30, no. 11, 
pp. 6368–6377, Nov. 2015. 

[19] G. Nagendra, L. Chen, G. A. Covic, and J. T. Boys, “Detection of EVs on 
IPT highways,” IEEE J. Emerg. Sel. Topics Power Electron., vol. 2, no. 3, 
pp. 584–597, Sep. 2014. 

[20] P. Athalye, D. Maksimovic, and R. Erickson, “High-performance 
front-end converter for avionics applications,” IEEE Trans. Aerosp. 
Electron. Syst., vol. 39, no. 2, pp. 462–470, Apr. 2003. 

[21] T. Bieler, M. Perrottet, V. Nguyen, and Y. Perriard, “Wireless power and 
data transmission,” IEEE Trans. Ind. Electron., vol. 38, no. 5, pp. 
1266–1272, Sep. 2002. 

[22] J. Wu, C. Zhao, Z. Lin, J. Du, Y. Hu, and X. He, “Wireless power and data 
transfer via a common inductive link using frequency division 
multiplexing,” IEEE Trans. Ind. Electron., vol. 62, no. 12, pp. 7810–7820, 
Dec. 2015. 

[23] Y. Sun, P. X. Yan, Z. H. Wang, and Y. Y. Luan, “The parallel 
transmission of power and data with the shared channel for an inductive 
power transfer system”, IEEE Trans. Power Electron., vol. 31, no. 8, pp. 
5495–5502, Aug. 2016. 

[24] S. J. Huang, T. S. Lee, and T. H. Huang, “Inductive power transfer 
systems for PT-based ozone-driven circuit with flexible capacity 
operation and frequency-tracking mechanism,” IEEE Trans. Ind. 
Electron., vol. 61, no. 12, pp. 6691–6699, Dec. 2014. 

[25] Z. H. Wang, Y. P. Li, Y. Sun, C. S. Tang, X. Lv, “Load detection model of 
voltage-fed inductive power transfer system,” IEEE Trans.  Power 
Electron., vol. 28, no. 11, pp. 5233–5243, Nov. 2013. 

[26] K. Dostert, Powerline Communications, Prentice-Hall, 2001. 
[27] M. H. Shwehdi, A. Z. Khan, “A power line data communication interface 

using spread spectrum technology in home automation,” IEEE Trans. 
Power Del., vol. 11, no. 3, pp. 1232–1237, Jul. 1996. 

[28] I. Sheikhian, N. Kaminski, S. Vob, W. Scholz, and E. Herweg, 
“Optimisation of the reverse conducting IGBT for zero-voltage switching 
applications such as induction cookers,” IET Circuits Devices Syst., vol. 8, 
no. 3, pp. 176–181, Nov. 2013. 

[29] C. S. Wang, G. A. Covic, and O. H. Stielau, “Power transfer capability 
and bifurcation phenomena of loosely coupled inductive power transfer 
system,” IEEE Trans. Ind. Electron., vol. 51, no. 1, pp. 148–157, Feb. 
2004. 

[30] W. D. Stanley and J. M Jeffords, Electronic Communications: Principles 
and Systems. Delmar Cengage Learning, 2005. 

[31] C. L. Lin, I. J. Yeh and M. T. Wu, Device of Electricity Charging System 
from Parking Lot’s Cars to an Apartment Complex, Patent, I 505224, 
Taiwan, 2015. 

 

Chih-Cheng Huang was born in Taichung, Taiwan, 
in 1970. He received his M.S. degree in electrical 
engineering from National Chung Hsing University 
in 2012. Currently he is pursuing the Ph.D. degree. 
His research interests include industrial electronics, 
optimization techniques in power system economics 
and applications. 

 

 
Chun-Liang Lin (SM’02) was born in Tainan, 
Taiwan, in 1958. He received the Ph.D. degree in 
aeronautical and astronautical engineering from the 
National Cheng Kung University, Tainan, Taiwan, 
in 1991. From 1995 to 2003, he was an Associate 
Professor and Professor with the Department of 
Automatic Control Engineering, Feng Chia 
University, Taichung, Taiwan. Currently he is Chair 
Professor with the Department of Electrical 
Engineering, Taichung, Taiwan. His research 

interests include guidance and control, intelligent control, network control, and 
synthetic biology. Dr. Lin was Chair of IEEE Control Systems Society, Taipei 
Chapter from 2012 to 2015. Dr. Lin received the Distinguished Research 
Award three times from the National Science Council of Taiwan in 2000, 2003, 
and 2010, respectively. 

 
Yuan-Kang Wu (M’06) received his Ph.D. degree in 
electronic and electrical engineering from the 
University of Strathclyde, Glasgow, U.K., in 2004. 
He was a Researcher at the Industrial Technology 
Research Institute, Hsinchu, Taiwan, and an Engineer 
at the Taiwan Electric Research and Testing Center, 
Taiwan. He is currently an Associate Professor in the 
Department of Electrical Engineering, National 
Chung-Cheng University, Chiayi, Taiwan, working in 
the area of wind turbine modeling, power electronics, 
wind power systems, offshore wind farm planning, 

renewable energy forecasting techniques, power system control and 
management, distributed generation, and smart grid control. 

 


