H36E HI10W HL T 5 AR 2 4R Vol.36  No. 10
- 18 - JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION 2022 4E 10 A

DOLI: 10. 13382/j. jemi. B2205480

—MNEHNENERFIZITIRET

ELR REE ERET AWM
(LT RERFRR TR W 24100052, REFREEAGRAR  mil  226100)

W OERKEETANEAYMEEZ — AN TAEMAENS NS ZR Y5, ARSI T —F iR P0G PEAZ IR 28 14 1
PR OGN R 2R 5, T LA S e i Oy =0 £ A5 28 () P A 3 — A A B s TR P AR 2 9 e =2 T ) M B i L 2 B A L B
MR EENTIRE, ARG ER2E NS BT, IFE T MATLAB #4347 T 5 20, SERR A 28 W] ) 2
BITE 1 m DL IR 2Z BB RITE 1 mm DL I EEBSTE 50 m LA NIRRT R 22 BB HITE 1% B0 2, WIS, 35 8 PR k552
5 R B AN R B V8 S0E T A R G AR 2ZEFE b, oA ARG HEFR A T 07 ), AN AR B IR A I RN T #5 4L
SR BT T IR R R i

SRR U IR ; WOGIUEE ; 1 B Sfth e ; TE BRI & 5 DR 225047

hE4ZS . TH711;TN710 XEFRIRAG: A ERREFRSERE. 420.40

Design and error analysis of a two-arm laser ranging system

Wang Shinong'  Cheng Zhijun® Ren Chaoyang” Wan Shishuai'

(1. School of Electrical Engineering, Anhui Polytechnic University, Wuhu 241000, China;
2. Longxin Construction Group Co. , Ltd. , Nantong 226100, China)

Abstract ; Length is one of the seven basic physical quantities, which is widely used in people’s work and life. In this paper, a two-arm
laser ranging system composed of two laser ranging sensors is proposed. It can measure the distance between the instrument and any point
in space and between any two points in space in a non-contact way. It also has the function of measuring internal angle, external angle
and two-dimensional perpendicularity. The measurement error of the system is analyzed theoretically and simulated by MATLAB
software. The actual experimental test shows that the absolute error can be controlled within 1 mm when the measurement distance is less
than 1 m, and the relative error can be controlled within the order of 1%0 when the measurement distance is less than 50 m. And the
repeatability measurement experiment and measurement uncertainty evaluation verify the error index of the system, and point out the
direction for the system improvement. The instrument also has the advantages of low power consumption, low cost and easy portability,
so it has broad application prospects.

Keywords : two-arm ranging; laser ranging; angle encoder; perpendicularity measurement; error analysis

SCARRE 2 HAAR)™ W (9 T A5, 1R i do 2 BHIE A 5108
KeyHEFR,
LI Ty 3R] A DA fh e e A 42 fok >0
KRR RS 5 7 AT H A8 DR ST MU PIRD b i S B R RS IR 2 | b i 4
T Tl A= A B SN S5 S B T2 R . R BN s R ROR T2 ORI S8 A [ B 286 A9 3
BEH AT i A J , AT B A AR R T S 0 eI G BT o T o O R I A, A A
BOR, BOTH N RESE M7 A AR S AR I B R A R R R R B R 2 R R L, O BLAE

0 5l

i3

Wk H . 2022-05-11 Received Date: 2022-05-11
w LA TH  E R ARFIAEES (U21A20146) ZRUE B A SRBFH 550 H (KJ2021A0508) ¥ Bl



5510 3]

— RISV O CIN B RSB R 2 B <19 -

e filh AN B B AN T Ak ) T R TCRE N ) AR X
IR DGR | LR PR 5 S B D Sl 7
RN AR R T AN FE b 1 LR ARIBOR R A BE T 3
A7 AR He i U B 1ty 1 AT B T DA AR
PR RO AR A B B P R
ok S fh G 5t S o g R ABE | i M JRE R o JEE R
PT5 1) K S AR TR 76 A B R B Z R, (3
SRR T 2% ] PP TR P A 2 ) P A X AR AR I
ToE LB

BUAT AU 0 RE AR e TS LA e B A, A
Pz ]S AE 2 A AHILIE G L A 22 R AR U 55 1) = 445
B MR BB H A, B aOR S R T —FE T
ORB HFAE X H M BET7 3%, I HA AR BE s A7 i
FEPORIE BRI PR B, 2 SRR A AR — ol
PRGN 55 LR L5 A 25 5 B9 XU W BE 7 3% ik B R T
TEIRAT I (4 H A (8] ki 48 10U H IR, FLAR
S AURSE T R E X I Y SE B R, O i
SCHXTAR G (Y B HEAT T HIE, AR T —
T T B A F50 ) o 5 O 0 T 0 e o o A
=AM 7 LT B R S AL M, X T
XCHAGEMER RS , i T3 R BB AW LA 2 57
PRAEIE RN AT L 25 P 18 b BT v | TRLIEL X 28 e A7k 5
JUAEEA CPU 12 5P RE BER By, Ik A S I PN 48
U, RIS A R GE 07 A /N LA RIS #5002 7 ThT B A 45
REIHERE

ARSCRE T —Fof o DA OG0B A2 i 4 14 U
POCINEL ARG, 01 SO I A% 2 o ) e A3
525 ] F AT T i D B [ A R A 2 ) B A AR
i, ARGEAE AT A R G B o A B MR A A AL AR
PR A OGN R 58 RFTBABH M RAE D RE T—1k S8l 1
— L SERRI R SE R 4 SRR T, AR 2R G Y I RS
BT B B0 E B E D BE [ I A DFE A A
PACSETT R A LR R, i B R R 5 | B
FP R SCRAR AR R I IR B i, A R A
EVIN IR RS T

1 BB R 5 R

AU SO B R G R 2 A R AL, I 1
Ro 7E APV R — A BOCE AR’ 1 b DE DL
TP RSO AR K 8L, O jORZE A7 PR e sl il i)
L AR o PO P e A S O O R A 5 8 1Y
FEAAT, B2 BOCHR R A D 5 2208 A A iR
B T A MBOCH A A B S 2 SR e,
BT d, PRI e A PR I ol — TR A AR 25 DT
FN5E A FATHYIRES (BRI o A 0°Z2 403 180°) B, P

POCHR 1] FE R LA 52 i — B AR B 0C B2k Bt OC ik
KA A L,

BT SUBF OGN B i

Fig. 1 Schematic diagram of binocular laser ranging
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Fig.2  Functional diagram of binocular laser ranging system
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Fig.3 Block diagram of system hardware
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Fig.4 Picture of prototype

3 RERESTFSLE

TEARRGE 1o N Ly, B35 22 73 S0l P 06 A% J%
a1 FNEOCAR IR 2 BYDR 25 P E , A BE By DN £ 158 2% Fh A
JE SRR A DR E | T RS 15 2% p PR AR R | NI S 4%
JEASTEVE B N e 8 1 E AT IR 22 REWE 2 R G TR bR B
Ko MHEE 1, SR (8, h=X(3) /AL L, iR
JEEEE [, Ly RN o iR 2ZZHYPRER, BIRAR 22
X T ZICREL y=f(x,, x,, -+, x,) , HHTE dy ATH]
RA 2R
of of of
dy :Txldxl + aTczdxz + o+ gndxn (4)
TEARRGEH, HHEAE 1, Ly Ao D222 AL, (AL,
1 Ao BB B R0 IME, 7T DI R I i dl e odiy,
Flde, FIFLA 1, 1225 AL, PIERITHRAR K (S) .
al/lﬁ alAB al/\ﬁ
Aly, =—Al,, + —Al, + —Aa =
al,. Al g Ja

Lie = lgecosa lpe — L ccoso

Al + Al +

2 2
Lic +lpe = 2yl yccosa

2 2
Lic * 1y = 2l yccosa

Lyclgesino

Aa (5)

lic + lzc =21, 1y cosa

FT X AL, FEA B I 1R 25 2 8] 19 56 R iF
T84T, 76 MATLAB shxf X (5) AT T E, 1, Al d
HRFEFEHLIL R /N HUE, 53590 /2 180 Fl 14.5 mm, 7
&5 L, BIEBCH 50 000 mm IR E B 1222, S AE
0° 1 180° 2 ] JG % 22 Hb A8 4k, 1M 1, 43 %I HL 10 000,
20 000,30 000,40 000 F1 50 000 mm 5 A [a] (R, F-A
FE Ly 165 DAFEBUE T A iR 22480 1 mm, WA S

ATLVE L AE S FORETE ST o #E[0°, 180° ] X [H] P
AR ALy, IBHEIR TR -1, +1] XN, Ktk 7]
DA AR 4518 . 24 o WA SR 220, 1, 100 &R 22
REFN Ly Ly WOM B IR 22 AR — 3 P A SRS
Lic Lye POSEINTAE R

1.0 4
08 | —— 1,=10 000
06 | —=— [,.=20 000
1,,=30 000
0.4 —a— [, =40 000
E o2l —<— 1, =50 000
3 O
-0.2
-0.4
-06
038 N
1.0 ‘.\;§:N
0 20 40 60 80 100 120 140 160 180

(%)
5 Al X AL, FR2IR
Fig.5 Effect of Al,, on Al,,

FEE 6 1, BIERCH 50 000 mm F HEAIRE 1,
59K H 10 000,20 000,30 000,40 000 F1 50 000 mm 5 >
AN EAE T HAL AT 1R 25, T o« E[0°, 180° ] X [H] P
AR AR I HLAE RS0 o 1R 2540 2 0. 01°, AAIEL 6 AT LA
F 2 1, BORFE R, o 1 [ 52 52 22 3 AL, (495200
TAR—FER BEE 1, BB, ALy, 4% {8 1Y B RAE ML AE
AW, R, TR AR 458 A o IR ZEIEE
TR PR A RGN S P BT

0
_5 L
_10 .
£
£
= 5t
<
—o—1,.=10000
-20
—&— [, =20 000
1,=30 000
25 —&— 1,740 000
i —<— 1,250 000
-30

2‘0 4‘0 6‘0 8‘0 160 1‘20 1;‘0 1‘60 1;30
o(°)
B 6 AaXfAl, H5ZN
Fig. 6 Effect of Aa on Al,,

T30 1 AN OGRS A 5T B0 R DA (EB
ZOr SR (9 ZE A R FEFAT, H DA (EB ZE A
CD CE PRAFAE [l — 10, WX A 2 AN BE I A2,



<22 - LSRR R e o

5536 4%

Wesh 1, BIINEERAR R, 75/ 7 v A HOER
EB B FAVE A5 FATIF I SMI R 5% | A5 A7 T 0L
AN R B EB IR 1, T2 EF A
JE 1o BERHRIEC(3) TH SR B AR IR JE
Ly T PANHOE A Z [0 SE PR B 2R B AF B9 1,
RYE = AR R I 1, —ERT 1, B AL, L
A, WSREOIR EB i) PO e 2 845 AL, 28R —
AN IE%L

C
P 7 BOCHKJ5 T e X 1, D e 25 R (R 52 0
Fig.7 Effect of laser beam horizontal deflection

on measurement results of /,,

FEE 8 h A EOEH EB B4 M = MIE ABC {#§F
FE A —A V1 iR AR BT ) b1 S A, AR A
A R AN 1, T2 1o BERFARAE SR (3) 15
HYZE R E 1, O R Z AN PR R 1o

HRIEE 8 1 =ML KRR, % (6) F(7) AT LL#E
155,

L. =0, + [,tan’0 (6)
1 —cosf_1 - cosf Lis

-2 — 7
cosf cost cosy EB] M

T IO AT RS B A LB 3 R A SO R
EB B J7 nMmFE /1 0 — AR/, L tand F1( 1-cosh) /
cosf FIEE S LB/, A BIALTF 1077 R 107 AUE 2,

2 _ 2 2
lAF’ - lAB + lER

C
Kl 8 WOLHRTE 7 W iSRS 1, DR A5

Fig. 8 Effect of laser beam vertical deflection on

measurement results of /,,

FrA (6) F(7) /T LAE L, B L, 2 (A 25 2 B
MLyl R y Y JFH Y 1, KT 1, H oy #E
0°5% 180° AT iR 2 A B KA, 1Ml 78 S PRl 65, L, Ry
BIR/ANER ZE A B OC R K E 1, L, MAELAE M o
A

Fie B AR B X RE LA A R O AR SR AR R4 T 07
PR AR 1 T =98 ABC B IE RS A [ Asf
FARE i e BB R AR B A, O T ORREAIL Y SR R
TVl AT T BRI R SCE0  AER 1P, L e Fl a1
Wi 25 ZWEANTE L, THRERARYE 1, Ly, T o I o
EHR(3) B, 1, SEPREJE bR e R &5,
IFE 1 FTLIE AL EELE 1 149 mm P70 BB A 19 266 o152
FZALAEL1 mm LAY, TAE SO m 000 ] P AH G 22 BE 5
TITE 1% P, T SZ B0 T 4 B 25 A9 R A B i, i
SCHK[ 12] 35T ORB HF#AF X H ML R 47 T 1 800 mm
T FBI PR A 00 B S 8, S H1R 258 2,042 mm,, SCRK[ 13] 3%
TR E PRGN B IEE 2R 48 HEF T T 1200 mm 3 4
AN EE S0, I iR 25588 T 2. 83% LAPY, SCHR[ 18] XYL
H AR A IR R G AR B 2SR 3 120 mm B, IS AR X 22
H1.57%., 3R AT DL & B, AS AR A I P
HE EEFIREAIL AR 55 77 T AR B W S A3

F1 HYEFRUEER

Table 1 Actual measurement results of prototype

Fe Lo MEME/mm Ly, PEAE/mm a MEAE/(°) Lig WHRAAE/mm [ SEBRE/mm [, LXHR2E/mm 1, FIXHR 2/ %o
1 502 483 30. 04 256 256 0 0
2 645 386 20.43 314 314 0 0
3 297 794 17. 69 519 519 0 0
4 987 994 55.95 929 928 1 1.1
5 1581 990 46.33 1148 1149 -1 -0.9
6 13 245 9 168 48. 65 9952 9947 5 0.5
7 16 479 15 236 62.78 16 553 16 540 13 0.8
8 22 165 28 748 60. 53 26 283 26 266 17 0.6
9 29 945 36 174 67.84 37 257 37 266 -9 -0.2
10 36 857 38 763 75.74 46 445 46 394 51 1.1
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Table 2 Repeated measurement results of prototype
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1 19 051 19 028 30. 46 10 003 3 0.3
2 17 374 13 134 34. 88 9 998 -2 -0.2
3 16 051 14 528 37.78 10 004 4 0.4
4 15 248 10 051 40.39 10 003 3 0.3
5 9 688 14 500 43.39 9 997 -3 -0.3
6 11371 13 874 45.33 9 998 -2 -0.2
7 9 310 12 825 50. 73 10 000 0 0.0
8 10 312 11 646 53.79 10 004 4 0.4
9 10 836 10 025 57.11 9997 -3 -0.3
10 8 676 10 874 60. 33 10 006 6 0.6
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