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Abstract: In order to obtain the actual position and normal vector information in the process of automatic
drilling and riveting for aircraft components assembly, an on-line measurement method based on multi-sensor
fusion included with vision and laser distance sensors is proposed. The method can obtain the correction of
hole position deviation in real time and guarantee the quality of riveting and drilling. Firstly, by establishing
the mapping relationship between the sensors and the reference coordinate system of the machine, the multi-
sensor fusion model for on-line measurement of drilling and riveting holes is obtained. Besides, the on-line
measurement principle of the hole position and orientation vector is given. Then, in order to simplify the
calibration process and improve the accuracy of the calibration, a calibration target suitable for both vision
and laser distance sensors is designed. Moreover, the calibration method about the position and orientation
vector measurement is given. Finally, through the test, the position error of the hole position on-line
measurement is no more than 0.2 mm, and the orientation error is within 0.3°, which can meet the accuracy
requirements of hole measurement during aircraft drilling and riveting.

Key words: automatic drilling and riveting ; multi-sensor fusion; on-line measurement; calibration

AL BC R T 2 0 RO ROR FLE AR A 7R 22 155 B A0 2 7 rp A A DR 1Y 85 0 £L
RIPE A5 55 (W RE S L TR R S LA SRR O S TS B R A AL A A7 BRSO 0.5 mm,
28 AETEMEAR RO R MY SLPRAME SRS B 2 SR RS BE O 220,57, 7 1 B AR Bl A0 4 AL /Y

I fm HHEA:2019-03-30;1&1T H#E : 2019-05-23

BIEESE B, B, 882, W4 F 0, E-mail: cwlme@nuaa.edu.cn,

S| A& W6 L, BRSC5E  3k T 2 A8 Bl A 1 A sh 8l AL A7 6 Ze I i 5 vk [T]. M8 A 28 R K 22441, 2020, 52(3)
388-393. PAN Guowei, CHEN Wenliang. Online measurement method for automatic drilling and riveting based on multi-
sensor fusion[J]. Journal of Nanjing University of Aeronautics & Astronautics,2020, 52(3):388-393.



% 3

i [ B, 55 R T AR RS Y B Sl B AL TR R N Ty vk 389

OB AE BT AL, 0 9K 2 S BUR L ARG BE 1R 22
AT — 25 5 Wi B 4 S PR, TR TRPLAE T A
Sy Bl B3 R v, Qe o T e R SRR Al 0 LS Y S B
{37 B AN W JE B A SR L Y TR A e
JO SOl 0 T R BT TR ) S R

T ARIESE R S AT AR SE T, EECR
P I 45 A B A LS, BRI R 07 A R o B A
i 1 LB I T RHLER IR i L B S AE LA 22, 4 A
TR IR B F I AL 1R 22 AR 4R T ] LK
JE o Zhu SETR B E AR AL AL LAY i
FUAL , ARAT T AL A 38 0 S B B0 B Ml 25 4, 45 1
T RALE AR IS M PR B IR B R . A
ST S 23 BT A I AR G BT TR AR AL F A
THTUWER CHLSE AR RN R RS 2F
e AEVESE T HLE N B Sl L B E 07 v
OT VLA A BBCR AR AL EAR . 38 FH A (R 58
BIEALAY AL B PSR . BR T OB BEAR A 3h
Bt A0 e £ LA Y T T E R 5 o o L R 0 R
Ko GORHER 5 BE AR £L A o R R 2% (5UR) A
JE M 5°, 9% 97 A i e AR 24 95061 i Jo I 4l 40
FLAE A 35 1] e R AT B0 42 FLASL B9 400 ik o R R 2, O
Hh LR 0 R A TR Sy A Al 4 ik 2 e 00 T
VR BN Tz RO I B AR R I R A
50/ 1R I e DX R 0 v ) A B, LA
T35 18] A58 30 R FL AL 9 il o Yuan SF15R AT 44> %
DA S g M A oty TR 3% 16 {5 8, 8 2o — o 0Uffg o BIL
FY SEAT I ) S35 A o Tian 55000 T #2 @ 55T
PLAR N B AL BE ) FL &R G (R B S i T —Fh
VO e ) B A SRS 1 1 1 M kR AR
3O I R AL A I B 5 69 3 1w 15 B0 THLAS A
i L2 RS R R R T HIL e Ak ) LRE R

FY Ll R B Rl AL 5 vk T
B Ao I AL A B A RO I I S I
05 B TR R R iR A iR B I AR D
W R AL AL A FE L BB IE o AR SCEEXS A Bl
B FLAE ) A R DN 3 e i 5 A RO I B A
o i BOR PR I AL AR B o BT AT T L S AN
T i) 0 9 8 — o R W, — Y ST BT S B 2 A T
OB E ol CHLAG AL A2 I e, Bk T AR
SCf 0 7 3 A R

1 ZERMENE RS

1.1 B RmHITS
AR SCLL R B ZS AR R H R 89 A 3
BIBL 0 5SS G, % B B PL 2 B e T A Bl Y

b R R v AT AR A T A e A S R I
R B FC AL A AL ™, i 1 s o
pARE'S

bR

K1 AL

Fig.1 Automatic drilling and riveting machine
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Fig.2 Upper tool and the measurement sensors
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Fig.3 Mapping relation of the multi-sensor fusion

3o il AR BILAR A5 Y R AE AL AL B AR R A T
PO B A SRR AT A R A L S B 3% 1) 4% 6L, AT
PLAR AT

T. 0

(lhanO)—(O Tﬁ)(l)l.ln(,O) (1)

Kb p M n RO B AR FLAL B AL E FE 1] 5 p K
{OF By UL & A HR 5 ny F{OL T B FLAL I 1] A2
b5 5 T O S FHO, 1] 1 A8 b5 78 e 56 B 5 T, 0 {O A
{O 18] 1 A AR 722 4 5 1

5 ST O SH O, 8] B 55 4 50 B, AR 41 A 5
BBz Bl B G & i, F SRS B0 P45 9K 3l b
f 8K e

d=(dvd.,.d,) =

@)
. T, O0\T,. 0 T
“Ho nﬂo T)mlndw}

"
U L3 I 2 RO L L DA B B AL
R 525 025 8, 3 3o T 2 2 P o B 3 8 L
S T SR 2 AR 05 2 R A B
B L R B R
2.2 AEEBENE

LR 0 3o R SR U T AL A A
BRI B L 30 300 5 350 50 900 5k 55 L
B4R . AR Z AR R O, uv, it B0}
HIHURAL P T8 A8 45 R O,y 18 M{O,).

P4 A T

Fig.4 Principle of position measurement
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Fig.5 Principle of orientation measurement
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Fig.6  Calibration experiment

= AR BRI B SRS AR E M A AR IR A
élé*mu&ﬁﬁﬂ%%@z , Horp 1~6 4 1 7 FE Y
ZHANFE 1R .

®1 MNEFTHEARESY

Table 1 Parameters of measuring plane equation

i A b C d

1 0.000 O 0.000 0 1.000 O 85.000 0
2 0.000 O 0.000 0 1.000 O 100.000 O
3 0.000 O —0.087 2 0.996 2 84.676 5
4 0.000 O —0.173 6 0.984 8 98.480 8
5 0.104 5 0.000 0 0.994 5 84.534 4
6 0.139 2 0.000 0 0.990 3 99.026 8
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Fig.7 Camera calibration
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Fig.8 Orientation measurement calibration
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Fig.9 Measurement experiment
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Table 2 Results of measurement points

Ik a5 = AR AR N AL (P, N,)

Z AR IR I A 22 (P N)

1 (133.849,—177.388,92.532,0,0.105,0.995)
2 (133.849,—113.642,86.761,0,0.105,0.995)
3 (133.849,—49.896,80.991,0,0.105,0.995)
4 (133.849,13.85,75.22,0, 0.105,0.995)

5 (133.849,90.333,72.225,0,0,1)

6 (133.849,154.333,70.423,0,0,1)

7 (87.849,194.333,70,0,0,1)

8 (17.849,190.333,70,0,0,1)

(133.803,—177.305,92.607,0.015,0.117,0.993)
(133.852,—113.622,86.610,0.004,0.12,0.993)
(133.861,—49.887,80.151,0.013,0.115,0.993)
(133.85,13.821,75.244,0.004,0.11,0.994)
(133.762,90.348,72.337,0.002,0.01,0.999)
(133.793,154.219,70.504,0.001,0.004,0.999)
(87.812,194.298,70.096,0.003,0.007,0.999)
(17.828,190.356,70.163,0.01,0.005,0.999)
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