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Research on the flatness detection method for cap
of the new energy power battery

Wang Wei', Zhang Kaiyan', Liu Yachuan', Huang Yuchun®

(1.School of Mechanical Engineering, Hubei University of Technology, Wuhan 430068, China;
2.School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430072, China)

Abstract: To realize on-line detection of local flatness of workpieces with planar features (e.g., cap of power battery), a flatness
detection method based on point cloud is proposed. First, the point cloud is acquired by a 3D laser-scanning sensor, and the unit normal
vector of the main plane in the workpiece is achieved by a clustering algorithm. The point cloud is rotated to fulfill tilt of the point cloud
alignment. Then, the rotated point cloud is transformed into a grayscale image. Template matching is performed with the grayscale image
of the standard workpiece to obtain the offset angle and deflection angle between the measured workpiece and the standard workpiece. In
this way, the point cloud is calibrated. A point set is intercepted from the aligned point cloud in a given region, and the flatness
estimation is implemented using the least square method. The proposed method is applied to the online flatness detection of the
automotive battery terminal plate. It is compared with the methods based on the ICP algorithm and the three-coordinate measuring
instrument. Experimental results show that the proposed method can save 62% of the time, which also has consistent detection results
with two methods. As a simple, efficient and reliable technique, the proposed method has broad application prospects and reference value
in the field of precision parts manufacturing.

Keywords : power battery cap; flatness detection; point cloud; hybrid alignment method
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Fig.1 Preprocessing flowchart for point cloud
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3.2 XRFEE5ERIER

] KEYENCE LJ-V7200 R 45 M AL R as k17 i =
KA ZALEARAE X R AERIEE A 100 wm, Yl SR A 1]
B 50 pm, R BE R 24 h 1.56 m/s, A HL K
IMAGINGSOURCE DMK33GX264e, PC #Lit & CPU intel
i7-7700k , N 8 G, Windows 7 64 bit [ #:/E RS

T R Y A7 TR, T 6 R AR B R AT R M, 0
Mt R AR 3 B, B 3(a) ((c) BRI G M = 1) =
el 5 H Z b R 0 G 7 s 4 B (E AL B 5 B
T S X ) = eI S BT AN 3(b) L (e) BT
7 s e A v 0 D 2 B A ST USSR 45 SR
Bl 3(e) () i,

gr10° 2.5710°

7

p 20}
RS 15
<4 <
= 5 10}
I %

f 05}

—?00 -80 —60 -40 -20 0 20 Q?OO -80 -60 -40 -20 0 20

Z8h 77 1) 7 B /mm Z8h 77 1#) ¥ B /mm
(a) K= H 7 B (R A (b) K= E 7 E(BEALEE)
(a) Point cloud histogram (raw data) (b) Point cloud histogram (threshold)
2.5.°10°
2.0f 5
= £z
1O " —T%
403 200
0.5 ‘ L/,,O)f] 10 Ol(i?l‘fg
0 00 -80 —60 -40 -20 0 20
Zil1 77 11 75 B /mm
(0) R=HITE(PEES) (d) REZHWERRHB)

(c) Point cloud histogram (median filtering) (d) Point cloud 3D view (raw data)



222 S/ L R ¥

Fal1E

SN O W

z/mm

-1
-15
403 200
J)/,?]i?lo 530 10(’)'(3(9\
X

0 50
P =10 —z00
Py, 2207105 mm

(e) M Z = 4EA B (B AL 21 () A= =4ENL B (h (E 38 )
(e) Point cloud 3D view (threshold) (f) Point cloud 3D view (median filtering)

K3 =ik
Fig.3 Noise filtering for point cloud

3.3 ARMERE

ST 5 2z TR RE R RO 2 S T 2 35 1)
V g SR E PR B, X S bR [ - e il T 5 1 0
AR IEOR RIECH B985 (B3R n) 40505 Vo iR A
BT T - TR ] 28 R 0 SR A [ 4 T
B R D5 5 B, DN A B0 AL T 5
VS AR AV (F AR o T 00 R S 5 RR G BE B 3%
fiE) o F 4TI, B AL BRI, AV (S ALk
TS, IR B n = 12 000, AV (975 {61 Bl # T4
SE I E T HEZ JE A

0.03 &

A1
T2
— T3
T
TS
0.02 |
=
£
[
0.014|
|
.
8 B\g',‘é\‘*—i,,a,ﬂo*

070.1020304050607080910111213141.5161.7181.920

n
P4 e SBOM J2 1T T R AR AR R PR R
Fig.4 Influence of sampling points on the stability of calculation

results of principal plane normal vectors

SR IE J5 1 2 2= TE L E T (XOY 505 HP47)
AT e Rl A% AL IE S R I 5 B, B 5 (a) iR
ARHE IE S5 B 825 5 (b) Bt R - A2 i o5 = K
&5 18 5 (e ) Bt S HIZ i br o B9 AR AL BT SR 46 B 9 AR R
AR FEV NE A HER AR ; 1 5 (d) B 7 iy 32 I A A
RIS 1 S (e) BT 7R o i o K R 1 5 A5 Al 6 86 A A1 DG T
J& ARG 5V 5 15 B B G S (F) JITs Ry 58 il
MHERT TR R = B

SPTAT HAM ¥ A TEHS B LA R 2 T R 02 28 56 2
Xof I 7 R TR SE PR R S I, 28 3 26 AR o sk (lter-
ative closest point, ICP) O ML SRR g Xk B, %) 8 b
ANELZE W 5 s FEA S B HEAT HAM ¥5 A2 8 ICP Y54

(a) K= B 7 BRI HAm) (b) Rz H 7 B (REAL R

(a) Point cloud histogram (raw data)  (b) Point cloud histogram (threshold)

= \
(d) AU = HERE (R I M)

(d) Point cloud 3D view
(raw data)

(¢) Kz EI7 B (P IER)
(c) Point cloud histogram
(median filtering)

z/mm

-

0 5
2, = 500
Ty 192000750 g

(e) Rz = 4R EI (R AL BE)
(e) Point cloud 3D view
(threshold)

BIS  Jerfir N sl A E

Fig.5 Point cloud alignment in the datum plane

(O BIERR A= =40
(f) 3D view of the point cloud aligned

e, FEHEE T KD A 20 () ICP Bk XA HE JS 1 i = ik
T 2RI . IR M HE R IR RS 1 iR 253 PR 1
107" mm 38 35— YRR v 5 31 54 A A o T R A5 R
HER =5 Z #oy m e i (AR ) X PREN B =
TESE Z W5 1) 00 Tk 2 A R (AmAe £ ) DA SO A = 2Z TR Y
TR, R 3 A EAEAE R HE T R BRS BETEAT S
Xt HAM 5 1CP W75 s i A ks B2 PP 25 A dn & 1
TNo GEHFRIA HAM SRAERSIING FE DL RS i fa e 1t 2
¥ ICP 3,
3.4 FTHEHETE

MG MHEG , 75 5 1646 2 XN 41 BURy 22 3F
PRI EMN S FHE. WEUER T HAM &)
T Y R 2 T Ak 3 R b T 55 1 T RE A I A R Y P A
BEIE T H 3 BN 7% 5 SRR I FEA #4748 &
DX 3P T 2 P B R BRI . 2R 1 O ik AR ST 4
A HAM 3L 04515 2009 8 = TR HE T, R4S @ IX
BNREUS = 78, A S/ ZF A 15 24 D7 X 35k
P TET R 22 . 56 2 Py i R FH 48 B TCP A o 15 %
BTG 78 KN RS = 74, M &
/NI AR B A N DX B ST TR R 25, A 3 ROk
SR P ik o = A bR I AL, X 40 R X AT 9 5 I
KPP T B R 2% T AR S S e AR N
Fe6fr ~, Bt HH = & % Wl & #Hl & 5 4
HEXAGONColoBAL classic SR 05. 0205, il & ¥ 4% 5 4



5 2 1]

VE R — R RE SN 4 e T S T R T B 3

#1 HAM 5 ICP EHIRERBESTLL

Table 1 Comparison of alignment accuracy between HAM and ICP method

HAM J5ik ICP J5ik
BEASF S
g MR/ () WAfMmERZE/ () CFBERZE/mm BRMIRZE/(C)  WATAIRE/(°)  FRERE/mm
1 0.005 7 0 0.000 7 0.011 4 0.058 4 0.097 3
2 0.002 0 0.012 8 0.050 5 0.058 9 0.067 0 2.057 3
3 0.009 1 0.014 6 0.063 4 0.020 0 0.0377 1.477 4
4 0.005 8 0.033 8 0.145 6 0.016 2 -0.117 4 0.683 4
5 0.008 0 0.022 1 0.1422 0.005 9 -0.263 5 1.102 3
6 0.0129 0.007 5 0. 066 1 0.0115 -0.267 8 1.8224
7 0. 006 2 0.037 2 0.145 6 0.0159 -0.304 7 1.219 1
8 0.001 1 0.002 4 0.162 8 0.024 5 -0.3719 1.674 1
- Hfi 0.002 7 0.011 1 0.0519 0.010 6 -0.145 3 0.544 9
i 0.003 6 0.0129 0.055 5 0.014 9 0.0155 0.649 8
3.5 ZHROH
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(a) Coordinate measuring machine
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(b) Flatness measurement with nine-point
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Fig.6  Flatness measuring with coordinate measuring machine

PRI AR AEEA T o U B3 3 RO i DN AT A i
SRR Ik 2R

X HESEHR A5 SRR, 3 Ty vk BT E SR B —E
HAM 35 28t ICP 35 J2 X% i) — 41 i = 2R A TR B9 07
X RHE SRR X S DX P A e o = A AT R/
TV NSRBI o (HAHA SO $R ) HAM
LSRN ICP 1k BEAT 55 AL HEAR LE , i ORI X
d R 37% e A7 o R ZAAR O I B BT SE T ik
HLERCRTPRP 7 w0, £ B e S 51T E 1 S
B MELLSE A S WS PRSP IR TR 22 BeAh, 5 3 FhT
TR B TR L ARG SR A I 8] LK A b 55 AP
FAAEBORIYZERE . TR, AR SO $ i 7 vk S 3 5 T 3
Ge e R BB 5

4 & it

AT SRR BAT - T RHE B0 2, 76 R RO 3
AR =4E i =, w77 1 [ e R DL K K T
PR AR DE BE PR AS ] T BE 3 20 52 B = 2 i = A, 9%
JE IR R X ) = 4 5 4 A TP T P . 7R
PO B 7 b T i AR AP 5 R Y L R BURS TR
R AR

TERI PSR S RIS AR DT E 35030 2647 a5 = M i 9 o 7
R AT SR AT TOAR R B EUE B R AR AL 524
i ICP JPIEAR L ABUCK RS T2 % EAFEDE , 1M HLE
AR BRI o R ] DURESR BT A =2 i = 1
(A ASAR B P4 IR S M HE T vk T AAE B 2 1Y
AR FI NI, WA LR ICT PR, Dbl g A fa il &
GEt AR X MO E A B 3o, M S PLAR L



224 R H41%
R2 3IMAREGEMNGHFEE SR
Table 2 Flatness and time consumption with three different methods
HAM % 2L ICP 3% AR AL
75/ IX sk EMc bR ik | IEMH bR ik | EMH  HebRiE SR )
R R FEMT/s R N FET/s R R FEIF/min
AHf/mm  /mm AEH/mm HM/mm  /mm  FEH/mm Hm/mm  /mm  FEHE/mm

1 0.0192 0.0156 0.0163 1. 801 0.0192 0.0143 0.0163 4.880 0.0188 0.0116 0.0157 >2

2 0.0187 0.0154 0.0162 1.796 0.0187 0.0136 0.0163 4.819 0.0192 0.0133 0.0156 >2

3 0.0182 0.0157 0.0167 1. 828 0.0182 0.0135 0.0165 4.876 0.0152 0.0199 0.0147 >2

4 0.0185 0.0155 0.0163 1.845 0.0186 0.0178 0.0163 4.845 0.0170 0.0197 0.0149 >2

5 0.0189 0.0165 0.0165 1.873 0.0189 0.0183 0.0165 4.846 0.0184 0.0132 0.0157 >2

& KAE 0.0192 0.0165 0.0167 1.873 0.0192 0.0183 0.0165 4.880 0.0192 0.0199 0.0157 -

2/ ME 0.0182 0.0154 0.0162 1.796 0.0182 0.0135 0.0163 4.819 0.0152 0.0116 0.0147 -
22 0.0010 0.0011 0.0005 0.077 0.0010 0.0048 0.0002 0.0610 0.0040 0.0083 0.0010 -
SEY{E 0.0187 0.0157 0.0164 1.8286 0.0187 0.0155 0.0164 4.8532 0.0177 0.0155 0.0153 -
FRifE2E 0.0003 0.0003 0.0002 0.0285 0.0003 0.0021 0.0001 0.0225 0.0015 0.0035 0.0004 -
e, AT LASEERN A8 0 RS 43 JUAR] R SF R Avr 2 22 RONG X CH, ZENG Y Y, ZHANG Y, et al. Design of
AL o flatness measuring machine [ J ]. New Technology & New

B X R ARSI L, n] DL 3 B AT oAl Process, 2013(3) : 65-66.
A S e kSRR A, B A sk LS LRI ARRT SR BT W DR BT[] TR
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