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Metal object detection in wireless charging systems combining
hyperspectral imaging and machine learning
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(1. College of Physics and Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China;
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Abstract : The intrusion of metal foreign objects will lower the efficiency and stability of wireless power transfer systems, even causing

safety issues, thus it is extremely essential to achieve metal object detection. Aiming at the problem that existing technologies are
subjected to blind-zone and cannot detect small foreign objects, a metal object detection method that combines deep learning-based object
segmentation and support vector machine (SVM) -based object classification is proposed. First, object segmentation is performed using a
YOLO v3 neural network based on RGB image of the charging area. Then the corresponding hyperspectral images of each object region
are classified by the SVM. Finally, an experimental platform is built to verify the effectiveness of the proposed method. Results show that
the proposed method not only detects tiny metal object such as a screw nut and a paper clip, but also has the potential to detect metal
objects wrapped by non-metal material. Compared with the pixel-by-pixel detection using SVM alone, the proposed method improves the
detection speed by about 38. 9%.
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Fig. 1 Composition of electric vehicle WPT system
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Fig.2 Eddy current effect of a metal
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Fig.5 Block diagram of the proposed MOD method

2.1 BREEE

ok SR B 7 I B Y RS R | v DG U B 8% [ 25
BRI H AR 42 (a5 B AGIEE B, A 2B &5
PERMES: A B RS L R g 2 R R
PR Al A=Yy b 2F 4R ) RS T
BAFIROR . 6 R T LU & A & — A R S
B 3 AN RS TES R B, Wik, —4>
FOGTHE R E SO — A F i, A TR WA T
FECIE I B HE R OGIEAE B . B TR, — K EDLE
FEMRAL S B B0 2 L2 & 06 E B
K H R HA AR = 65 S5 3R ARE, 36 F ]
DIAT BT B ATT AT 4328 DA T 58 BURERE A4 B Y 4 5011, A
BTSRRI RIS & £ ook, &8 1) &GS ih
LRI I SRR B AR AR RN Y S R
TR 7E 500 ~ 750 nm A TE N, SRR R
PR o RN ERCR TR N RR RN, A2
VR & AR SGE LR AR R 0 RIS E SR UIZE SVM
Ay SRR SRS RTINS AR 1 2 0] 531 TE 26 7 Ha IX
W LEE G R SR RY .
2.2 YOLO W%

1) K HESE

AR AT YOLOV3 1R K H An A I 19 4% | 32 5 1 L)
THEEE.

(1) BNAE L TS R G X 4 Ja S5 WA I i) vE
PEFNSE A B B K

(2) BB AL TR RGN &8 R YR 2 R
JINBESRURE 25 2] 45 BE A5 o LR A 7w 2 40

YOLO MIZ5AE R — By BE AR I 5 35, Rt s¢ s T B
FrE e fr 55325 M L F BT BE 7 5, 4 R-CNN | Fast R-
CNN %5 60 B TP, AT DA S 04 T S 400 1) D A
[FIET YOLO SR A Bl /NP (A 4G D 1) 22 RUJE T 000 ) 8%
T AT B F S BN RS S S AR N



©242 - S 1[I I IV = 3

36 45

O AEMGRI 500 S x S AW, FLI 26 R A B T
TR/ PR A Gn SR R T ARG R, P RE 2 S B 4 iy B AR
A DUAE (1) O fU B ANTE 42 B S 9 b, AT S T S 400
BOKERE s D3 Ah 1k KA A% AT RE S A — > s th L 5 2
A S SR IS B

@ b3k % 53 19 B — A~ A& A2 L B A $if HE (anchor
box) , BEAHHHEER 23 2 i — D TIAE . BRI S, B —1
T HE 5 S ANE, B %, v, w, b A1 EAEE
Pr( Object) x loU(truth&pred) ,H:" (x, v) J2& FUNHE AY
HL AR w0 FI R G5 550 26 s TN HE 1) B 5 A s B 5 IRT 4R
AT FE R BE Y LU, B AR U AE L H bR Y
AT 12 AR Y v B2, G SR b HE i £, 55 114 IO A% vh
AFEAESH), EAERE RS 0, 0, 545 B2 2 ELAH ( ground
truth ) HE 5 FUMAE B 22 H- L (1oU) |, TEPI YN ZRRT B 74
TAAERT Pr( Object) = 1,750 Pr( Object) = 0,

QR PIE T P8 T ¢ 2N HEE, Ko A
SO S IEATREIN, BT LA C=1, BEE BRI 4 250
BRGNS/ ISR 53 0 ) 18 SCRR R T A% 336 3 R J2 I 2% Hsf
B ATRESTA IR, BURE A ™ 46 T 1 A0 3 N RS 1Y
Yo h TR A SOR FHER 22 45 ( ResNet) Rk
JE 22 2 A5 R 4 0 B IR 2 M 4 A R 2 R 2%
WREFEWBN N RS S B8 SURFIE . 3R 22 B &l 6 Jir
IR A GER AL I % 25 B SR IS A sk 25 I 2% Tl T
P 1 2 R B, 25 RS X R I Se A T A 24 TR A 7
Yk, FRIEMZEIISE I Z) T 10 & | 5 B o M 46 1 TR B2
VSN, U A e Y H B R A T R, BRI AT
P BIHHA A [ERE 2 0 H bn A o0 2 AR R BE Lo 1
T M2 )2 %t 2 R B MR AR, TR A R =
N ZRER A ] 380 5 328 A0 IR 0 2% 558 ] LAAR A B 4 )
TEARETT

T A SCHIFGE Y 4 J S P ARG DN A2 T ) YR 2 e 4 St
B S BR R 13 55, B SRASIN 5 v HAG 5 v 1) S v ALk
KBy e B BUCE AR ES . M TR iEG R
2, TR AT 73 B 46 FEUTE AN 52 ) ) 246 %) R 2 BCRE T Y i
T BAEAD MR E MBS, EnEER T,
HIT— 2R E L 0 i A 38 18 A5 > 138 1 R 1 7 4 FRARAE
ARG v 7r B AR rh ) i 1 2 5 T — 2 AR R Y
X7 3 T AT A4S PR OB PR 3k 22 e an 18 6 (b)
Fs

TESEPRBY L s g 5 Ry RS B 2R
PRI G SR I 245 R 8% X6 A [) RUBE (9 S 0 RRAE A 7 4 RO e
LSE A, FE B R 2 M2 i ARG 2 B N 4% 3 R AL
BABNREAN 250 PR A5 B RHE, g S0
FIEAREE ; w2 00 00 28 B 0% 4 B3 v 908 A 2 Y
fiE, SRTT X SEAFAEBCHLE 0 BERAERA R, IER A,
A2 0 0 248 XoF /N RUBE S B A D S Ty, S =22, v J2

EES

R AT

F(x) | ReLU X

R A

E R
ReLU
F(x)+x
(a) hrdERRZE R (b) TRBEVT 43 B AR kR 22 5t
(a) Standard residual block (b) Depth separable

convolutional residual block

Ko ki
Fig. 6 Residual blocks

DA 245 X6 R RUE S0 ARG D S et . Ry T PRI D9 8%
RIS TR] RUBE 19 55400, AR SCOR 22 RUBE 9 T80 1) 6%, 2n
B 7 fin, BT RATETE2 Ml )2 Ll Ry
T, FF LK AR RSF S x S B8 A 13%13 Fl1 26%26, FHik
FRIE ] i B — MR R SRR WS 3 i A R AE
A MG A A 1 3 FOR TR RS B3 FAE, PR, PR RS R R
JEE R RRAE P A g 2B 1 6 RIS TR) RST B A

BERI B BREHS
WA > Stride=2 > Stride=2 > Stride=2
416x416x3
208x208x32 104x104x64 52x52x128
RFERS R4 J
IR R BE Stride=2 Stride=2
13x13x256 26x26x256

EREE
26x26x256 AR E

Bl 7 22 RUEE E ARSI 9 28 HE SR

Fig. 7 Framework of the multi-scale object detection network

2) Pk gL
ASCR A0 2k BB i B AR B AR L B AR
FEMS A H AR B BE R 3 ANERAA > B,

SxS M

Loss = A, > S IV[(d =3)> + (v =3))%] +
i=0 j=0

2

SXS M

A 3 X I = Jil) + (i =) -

w

I "o

i=0 j=0
s M

3 Clog(Cl) + (1 -C))log(1 - €) ] -
ji=0

I;’."”""[(j”;log(C’;) + (1 —(:"l:)log(l - C]IH -

y

A

ot 2

i=0 j

obj pi j ~ .
17 2 [Pdog(PL) + (1 =P )log(1 = Pi) ] (6)

SxS§ M
=0

w

SxS

i



o 8 H

255 R EIE ABLAR 7 > B JCL 58 L T S A - 243 -

Ko (af,y)) JEFIZ A B BOAE o0 Al b, (¥,50) 2
BRI TUAE Y POy A bR, 127 R B A S 75 00 S5 T
2 FRRPR , 0 A 5 U2 FAR IRy
L AWEET0, 1Y =1 =177 5 A, VR 250 P
AR IR N T X 5% 24 bR B Bk, R/ A, =2 -
Wiy (k) WA R BIAE RN, (), b)) R

~

WAER RN s € R BUNAE Py &4 BARIA N B (5,
FRASAE, C MBUEHRE (i) A PIHER 75 17 3

A~ FARYE 58 B4 ¢ = 1,80, ¢ =0;
Aoy JTVEAT ZRH0, A IR VLB HE I R 07055 2% H A T 435
FE S5 2% BRI TR, 9 L% R B K 4 PSR £ A 1
R 75 B 20 5 T 4 1 TR AN DA O A S i %
Ay = 0.55 P RIRES (i,7) TRIAE i) B bR & T35 C

(MER | P, S hRieHE fh i 47 7 I8 26 5 (9 508,
SR € 25, AR 1, 5% 0,
2.3 ZHEABHS ISR

T PR R 3 5 Pl AN S 1 e i B
CGEE ) B, 2Tl B R X, SVM 2 728 2 i
Sy I — R B UL AR ST it S 4y
DRI SRR AN ) 5% ) 4 0 8 AT A P — A
SV, SRR R 473 ) oh | Bl a6 1 (14 2 22 51
YRR (1 0 24, B 24 ) 0 R g R )
SRR SR 150 1 T b A S R 4 A
e DRI 3 A R 432K 2 A e O s B
IR ALERE . 52 MR, SVM 3 ik O o 4 B9 1,
ST L RRE AR S, AT LA ) A 402 T, o ek A
BRI, SERAZALE], SVM AR S e
(OB, ASACHRI , SVM (R B35 i 5t 2 o A
BRI ) 5 24 5 G 2 1], O 2% 7E L 25 (A PR 31— A
LRNES 2K IO T, DAL, 6 BRI % 43 55 P SVM
AT LA FE 43R 0 G O () A i 5 8, TR B30 4T
ORI R, T LA B /0 1 1) 2 R A R 4 B 25 1
IIAHERE

5 W P15 P L PR 7 R RSN B 1 B i 5
HAWEART 4, BIRH N AGER T 4 09800 5
coyxy e R HOMBIOARS R y oo yy =+ 1, JW3SIESR
PEAS B @ AR A 2,(i = 1,2, -+, N) I B e i 2
[E], B0z =@(x,) o SVM [ BAREM AT 1) PR
AR o B 0 3 54 R S

g(z2)=wz+b=0 (7)
e Al b ST T A R F AR 22 58,

I 75830 O T AT B A B 6 B 2K P B
TR 9 S F i 2 B RS ) . AR AT w0 ARG
LBW b B AT AR

<

y(w'o(x,) +b) +& =1 (8)
A, & REM AT &
FETF SVM 432588 19 B b e B4R 3 — A~ /Ml
BRI A R 22 BT, AR BT .
minf 5wl +c X
yi(w'e(x) +b) +& =1
£=0VY ie {1, N}
K. C BRIENMESE(IET R , £/ SVM X454 #E

AIIETITEIE
XF(9) FEATHIAR ) H Bz 5, i 153

1 N N -
L=y lwl?+CEE - Faly(w () +b) -

(9)

1 +§i] - Z/‘Ligi (10)
K o Fl, SEPAE T H REL

XF2(10) 505K w, b A&, W SHIELSHET 0,
CIEES

L N

h=0 = w= zaiyiqp(xi)

ow im1

oL, N

a—b’:o = ;aiy,.zo (11)
aiszo = C=(xi+/¢i
H52R(1) FAZ (10) 5, 2(9) 10 A AL o) B 5

BT X EIE
maxiﬂmize z\, o, - %z\, aia]yiyjk(xi 9xj)
o (12)

N
subject t00 < @, < CVYi and 2 a;y, =0
i=1

N
=1

K b(x,m) = () - o(x) ERREL

T A RS D R 2 2 8000 B I 30 AR
HJE, N o (x,) - o(x,) MRIBTE S IR 1Y T2 =5 ) v it
B X MO ENCR D T, ASCh R HIEN(13)
S 7 1 e ST eR RS, PR B B A T f T4 S 80 1
IR R RCR
i ( n%—%nj
k(x;,x,) =exp|l - ————— (13)

20

XA I, T J 0] AT LA S ok ) By G
e BT (W — MR R, DR SR RN T

fGo) = sen(g(2)) = sgn( X ak(x,0) +6) (14)

T A6 SV IRy LG M R (M =
2) A OAR ( one-against-rest) £ R & M 4~ 43
K SVM A S oe ST m IR 1K 5
55 m SRR A B . SRS RS M A R Y



.44 - B E S AR

536 %

B R A X L T 2 B A — L, AT 5 R R
e 2GS SN

y =argmaxg'(x) = argmax ( Z violk(x,x) +b,),
(%) =sgn(g'(x)) (15)

3 KBERSHT

3.1 HIEEHIME

OGS EEREEE & i 8 i, Horp i 6 AH AL
RIS SHIS VNIR, G431 2 448x2 048, L4 51 4>
IR AP B, 2R A OGS I Y il 450 ~ 950 nm , 414
FEEE 1 nm, K 4 8] B2 10 nm/ 3 BE, 6/ B2 I B
0.22 m, F AL E DGR UG ITH0 5 48 S P e I 53 1
AT LA B 2 ; Intel Core-i7@ 3. 6GHz CPU,32 GB N
T, TATAN XP GPU,12 GB 7%,

rill 54

K8 &JE YRGB

Fig. 8 Platform of metal foreign object hyperspectral imaging
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Fig.9 Hyperspectral curves of different material
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Fig. 11  Hinge loss curve of SVM model
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Fig. 12 Experimental results of metal object detection
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