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A Study on Fingerprint-Based Coil Alignment Improvement Technique for
Magnetic Resonant Wireless Power Transfer System
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Abstract

This paper proposes fingerprint-based positioning methods which can be used in a magnetic resonant wireless power transfer(WPT)
system and verifies their performance. A new receiver coil with small orthogonal auxiliary coils is proposed to measure magnetic field
signals in three axial directions. The magnitude and phase characteristics of the three-axis electromotive force can be obtained by using
the proposed coil. To predict a position with the measured values, we propose a lookup table-based method and linear discriminant
analysis-based method. For verification, the proposed methods are applied to predict 75 positions of the 6.78 MHz WPT system, and
the performances such as accuracy and computation time are compared.

Key words: Positioning Method, Machine Learning, Wireless Power Transfer, Time-Varying Magnetic Field

.M & A7) 218 FAAGAE 7)ES
ZEit | AR AY $540] 7Hssthe mﬂ

Fo] A& 20189 % Sh=ATFAITe o] 3871191 7] 2 A DAY (NRF-2017RID1AIB03032927) 9] A QPO 2 AFH A5
o] =& 201831 E ZAxtstwe] A7d wd Aol ojste] ATHAZ,

A=t gty A2 g5 82K Department of Electronics, Information and Communication Engineering, Konkuk University)
- Manuscript received November 19, 2018 ; Revised December 14, 2018 ; Accepted January 18, 2019. (ID No. 20181119-04S)
+ Corresponding Author: Hyunchul Ku (e-mail: hcku@konkuk.ac.kr)

38 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



A A2 73 e vt A e A7a 59 ) Main coil
3 rlnfo] A ol Q1A AU AAM 59 24F ¢ &Pov(vin-m'fl:aﬁ;ﬁk:sio Auxiliary coil

(X,Y axis probe)
wpol 27kA] & ool HEo AEE T i,
}1\_ [¢)

AT A 71w e e Al Aol e4E A
Biel 7F 2ol gt ARl slem, ol & 3
Ast7] g8l vetEd A48, gaE ALY, b 7Y
FAH ARG Fo] At R E A Atk 44 29 0Z 1. AokE 4a e H)

- . = . U orT— =
o AR AHE shepeta, 248 gEel Ay 48 WY Fig. 1. The conﬁguratlo of the proposing Rx coil.
S A & F dE 59 7€ o] Bashd, A2
A2 22 A Y SR ARASE MERF UL gam ) 2e) g ARG Relgie] AL = 9o of
= - = o o= W —= A

U2 uE 999 242 !— |= GPSY Wi-Fi, Bluetooth o 7)ukste] A e Tele] Heje 17 12 BT
Y 2T E o] & 71E F9] VM HLo] 01%“:}[5] B =R s £44 FUo] 729 HsA A8
SR FAAEAT TATE GAV, QUL ALE g pgan wa 298 239 A19e FeEE,
o] AAtge] AR AN E A FAsior & 2L DAAEAE )5S 7o) £ S YEE Tx 7Y
/\40] 01\:]— TRAUAAFHAS o= E TSE T »t= X A=
OH ;\Zu. o R, e ey Y3 A VRS Ay, BE FYe] Ay

R O I R FEEE R EE R REYE
= /ISR AW AZIES Sl S NS AVT o0 e sz 489 4 gouz 1 a7

- = = s STo 2 T AMA——
ARSI TS SRR WAL AN 22 HE 209 9 200t an a9 792 oeas pusy
e 7138 AEE FH8, #88 JEEFE 7] N - -
o lol2 BA=l A A" JEEE T8 22 BT

SEE 37]9} 718 7k 9173 Apol & A ske A Vs AC A9l R.= 22 AT L= AY 24 3
S E walo] 29 7|Wo|th WAZYUE w02 LUT 5= © flge =— Ale, Lgw a T o -

T N °‘°]‘34 L= 7% ‘”5«] A 2R REE 7S
(Look-Up Table)& ©]-&-3+ 7I'd 3} 7174 8k<5 71" & LDA

H

(Linear Discriminant Analysis)E ©]-&3t= F7FA W2&
AABEL, 11 AdEe v ekl

2o 183} 720] AT, 24l E 1 24 Gy Co . CY‘E % 2990 dgste AR AEA

23l 3% mgH o de]9 AAE e, 33 TA T wy =27f 2 W C =1/w’L FE 7F
29 duEEel tsf At 434 A % 3l AL, 27t fo oA SRS @k My, Mgy, My
ARbe 71 FRAS AST olF ABCE U
ST p— S
1. 292 44 3Y L [ACDC Comertr
Msz ; [ADC >
AlRbstE 71WE FEs] s 54 A A¢ 34 iy | Batery
2 AR 7 F8E FEeE £4 299 4A0) 2 % j T | e
Aotk el AA del= FHedo]l M oJsto e
Argol 7hssdtth 2710l ZYd freste 7]dg ] A , F oy L
71 A7 A7), AN A7 sk, A7) B 7~
T YAzto B AAHEL & EX Zo] Yo7 = In this work R
ek 2L A, AT 5 BFORY A7)l o J8 2. Aletetes Al2Ee 32k
Aut 71Ago] FEEERE FUE 3207 FH35HA Hl Fig. 2. Schematic of the proposing system.

39



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 1, Jan. 2019.

€ Xﬂﬂlo}l 29 15 98 veng Faa

o2 wetog o AUt 7o) 54 8
bute) 5 S/HE BT o ATk V,, Vi, Ve 47 25,
X%, Y& I f=8 7148 A 7019, 6,4,
0,y T 253 XF, 253 Y4 228 f528 7149
7Fe) YAF Apojolt). o] w YutA O Z 7o H3PEH
que 4 $4 2ULRH FEEE 9EL 23
Bl 1302 s 2

Eilt 71%‘1%‘ 7lt9_i ZJ%@E}.

0.08

—Z axis

0.06 | i
I~ > X axis
= 004 Y axis
— V
5 .
g p\m
T \ :
= N\ :
=] 0 . J
i~ : W
T 002
o
=
- -0.04
=

-0.06 W

-0.08
0 30 60 90 120 150 180 210 240 270 300 330 360

Data

8 3. Ak ZdellA Z4E 3% 714
Fig. 3. Measured 3-axis electromotive force in the proposed
coil.

40

B A ALY 228 Jtes A}ff EREE

oﬂl&—t— AAzaE waves 4 1—3— A%, LUT
IBE & 2 8 24 U dolEe AL
2 $91E A3k LUT 484 332 4

Og‘:l',
e
e
oX,
Fo o
K
e
iol
>
2
rir
N
It
)
[

arg min |lu |
min 1 1udl N
_ max
51T i=1,...m
W ;2 LUT 38 L9 [i,5]0 AR daoln, g
-‘H% 8 doly & pe [1,5] g da
SAE udth s, & i &, F A e 2ol
Fe 54 240l 09 A0 02, 7 229 2
0 ©174, 1 o3tz A tstslr] sl A== 3
(Scale factor)o] 2 (= YeRd = Qith o]9
St A AE 84V, Vi, V& o183t 3719 $1x]dl
3 5918 Y o] Ast FFE I8 42 B
m, 3G Al = A F o] HAstHEE 2¥

|lij_dj|’ j=1..n Q)

()

]
2

of

ﬁO::.

i

=
7}
1A
H
A

I

-

=
7}
E
h=4
}

o & = rx b 2
2

D (Input matrix) |t — ;] (sp)
Attribute Vz VW W [3.75 0.93 0.27]
Data [7.2 1.96 0.26] 2 [0.21 0.07 0.04]
l 3 (400 022 0.24]

|

—

L (LUT matrix) |ty — d;|/s;
1 [345 1.03 053] 1 [0.93 1 1]
2 [7.41 1.82 0.30] 2 [0.05 0.07 0.14]
3 (112 218 0.02] 3 [1.00 0.23 0.88]
A8 4. 591 34 ¢ A (LUT 71%h

Fig. 4. Example of positioning process (LUT based).



QA= doleel 947 AgEh
@9, dole $RE WO = AR5 ol b
& 291 7ol A2 P ATHL AN B =
BAE 1A 718 3 LDA $4S AL, LUT
3hel 4% Aol vEEH stk LDAE Wo)% o]
23 7IMOE % HOlHEYE AF $5L A4E]
A% BFES FBAL FF AL HolHE AF
o $RAH. 9 HojEt 54 2o
AEE 4 (0% ANE 4 Ak

_ o rw-1, 1 opo
S (x)=z %" ‘uy 2ﬂk2 pptlog m, 3)

ol W g = 9] dolE g UET WEEA nif
9] Q4F o]&3l= A nx1 A7Y BHolt}, u, =
kA S 29 g5 dolE 9 84 ] Wi YEE
nx 13719 go|th. X & 7} SHlolH 247k ¥
A AERE pxn A7)0t 7 HA S5 HolH &
g Sl 27t 2AA sz dlolE 9] Hgoltt 4 (3)014]
mNe Fe 2ol af 6, (x) (k=1,....m)S Ax3 &
ol 7 A e FHAE 9 1—‘3— F74 itk LDA
g 08 7MIEkE 71 £9ate Abgete HE o
T o, B =R 71272 LDAE ©|&33th
91 719 AR A A8 F8& 19 5= HeER AT

N, HE 2

ol

Aloket 71S A5317] $18 6.78 MHz #A47] 571 F4

[Positioning phase]

\@x coil

Vemr af each axis

Attribute
extraction

V2.V, Vy, 0zx, 02y

Generating data for
based positioning based
Error Probability
calculation calculation
Result

Class

J8 5. At 29 9%
Fig. 5. The progress of the proposed positioning methods.

299 v 1 i?——l" S99 Fez
= _7,; .‘?’_.01-‘4' 3L

CEEE LR

ot

EREPEREE Bz 7o)
A RRE B8O 2 TS A B AL FA3G
AR TQES o3 291 /WY RN A

I 19 8% EA ]s}oﬂu} o] wj A £l :f%l
I

1 g ejo] 22 inner/outer diameterS

7HH B IUES AE)F FEo]EE height, length

Auxiliarycoil

!

BERRE R FREDEFRED
Fig. 6. Fabricated Tx coil and Rx coil.

O5cilloscoper orral

generator

B o
(Connecteditorthe
oscilloscope)

,

T Coil
(Connected to the
Signal.eenerator)

a8 7. 49 34
Fig. 7. Experimental environment.

41



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 1, Jan. 2019.

1.2 2499 R
Table 1. Specification of each coil.

Coil type Tx Rx(z) Rx(x) Rx(y)
Resistance({2) 8.62 94 24 23
Inductance( 1 H) 9.5 9.92 1.8 1.8

Inner length(mm) 70 N/A
Outer length(mm) 83 (Helical coil)
Height(mm) NA 40
Length(mm) (Spiral coil) 40
Width(mm) 4.5
Turns 6 17
Q-factor 46.9 ‘ 449 56.7 544

J8 8. Y g§yE ey
Fig. 8. The parameters of each coil type.
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Case 1 Case 2 Case 3

Accu- | Processing | Accu- | Processing | Accu- | Processing
racy speed racy speed racy speed
(%) | (ms/data) | (%) | (ms/data) | (%) | (ms/data)
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