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A Study on Applications of Inductive Power Line Communications
in Electric Vehicles

Jeong, Jae Hwan

Department of Electronics and Communication Engineering,

Graduate School of Korea Maritime and Ocean University

Abstract

In this thesis, I propose the application of non-contact type inductive power line
communication to the high voltage cable of electric vehicle, which is emerging as
a representative vehicle to replace internal combustion engine cars. Electric vehicle
batteries require high energy density, light weight and high capacity batteries to
be sufficiently driveable on a single charge. And recently, various systems for deep
learning-based electric vehicles have been proposed and a large amount of power
lines have been added. Continuing to add power lines for additional functions will
increase the weight of the vehicle, thereby reducing the efficiency of the vehicle.
To address this weight problem, power line communication that can be
communicated using existing power lines will be a good solution. In the experiment,
non-contact type inductive power line communication method was applied and
ferrite coupler was used for the inductive coupler used for it. The ferrite coupler
has the characteristics of increasing coupling effects at higher voltages and having
lower losses. In addition, the channel analysis and communication bandwidth of
electric vehicle high voltage cables are measured to propose the applicability of
power line communication and prove that power line communication-based data
communication is possible through real-time image data transmission and deep
learning-based object recognition experiments.

KEY WORDS: Electric Vehicle, Inductive Power Line Communication, Channel
Analysis, Communication Bandwidth, Deep-Learning Object Detection
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Fig. 1. Configuration of inductive PLC (Power Line Communication)
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Table 2. Standard for PLC
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Table 3. Application field of PLC
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Fig. 4. B-H graph of ferrite coupler
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Fig. 5. Simulation results of magnetic flux density distribution of toroidal and cut core coupler
(1 A, 1 turn)
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Fig. 10. A ferrite coupler used in experiments
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Fig. 11. Bandwidth measurements of welding line using a cut core coupler
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Fig. 20. Electric vehicle PLC communication bandwidth measurement results
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Table 4. Electric vehicle PLC insertion loss and communication bandwidth measurement results

Pri | S d ) Peak Loss | Bandwidth
rimary coupler econdary coupler
Y & Y & (dB) (Mbps)
®High-voltage
& & @LDC(Power converter) -50 3.41
battery
High-voltage
GHig & @®External charger -40 12.8
battery
High-voltage
GHig & ®Inverter, motor -40 18.5
battery
High-voltage
OHig & @OPDU(Power distribution unit) -27 51.8
battery

_29_

Collection @ kmou



33 AYHE o] &% A AF
3249 F Ul 7HA 219 Ad AFoA HA 3Mbpsa oo T4l iy E
< Ze As ARl o] Fal vl F4lo] 7bed Aol oSttt
o] HolAe A7IAEA W] 1AF AolES ol&dl F=F ¥ TR
tolE] S4lo] 7Hsds AFo=m gl
[P-cam< ©]&3F AAZT FA HolH dF APNAE P-cames A #F
of HAIZ 22 Agriet dEE Edd —]—7}0}951‘3} [P-came.&2 X7 &
BEUEEPCoA A3 HES A 4 ot Fig. 21
I o] ANx"lES FA4stn APS JAPsA 12 Ayl 9 ZYE-PCY
o] yehdt ol §8 ArAEA W d¥AdS ol &8 4
3 B2 £52 dgsiA & Agdnte As &

O B 8 @& & =

(a) Configuration (b) Real-time image transfer

Fig. 21. The experiment of transfer real-time image based on IP-cam
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Fig. 22. Structure of SSD(Single Shot MultiBox Detector)
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Table 5. Version of the frameworks used in this paper

Frame Works Version
OS Raspbian
Python 3.5.3
OpenCV 34.1
TensorFlow 1.13
MS COCO 2018.09.05
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File Edit Shell Debug Options
2= dlole @ person
2= GOolE  person
2= Olole : person
2= GIolE  person
2= MlolE : person
2= Olole @ person
2= GolEe  person
2= dlolg : person
2= O0olE @ person
2= diole : bottle
9= glole : bottle
2= dlole : bottle
9t= oy bottle
2= 4ole : bottle
2= doley :© rperson
2= GIolE : person
Y= M olE : bottle
2= dlolg : bottle
2= Gole ¢ person
2F= dIolE : bottle
2= Oole : bottle
Y= {0lE : bottle
HE < Al i . B i il

Fig. 23. Deep-Learning object detection text data transfer experiment configuration and results

Fig. 24. The screen that detected 'person’
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