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New encoding rule and reading method for the digital leveling ruler

Huang Qiuhong,Pan Shasha, Liu Chao,Zhu Lingjian,Zhao Min
(School of Mechanical and Precision Instrument Engineering, Xi'an University of Technology, Xi'an 710048, China)

Abstract: To meet the requirements of high-precision and large-distance digital leveling measurement, a new two-dimensional composite
encoding rule for the digital level ruler is proposed in this article. The leveling ruler consists of two column-coded bars, including an
absolute-coded bar and a relative-coded bar. The absolute coded column consists of black and white stripes of different widths, and
several coded bars along the ruler are combined to form a code segment adopting a binary-decimal coding rule, which uniquely
determines the absolute position of the code segment on the ruler. The relative coded column consists of black and white stripes of equal
width and relatively large size. The position on the ruler is represented by reference codes that exist simultaneously in the relative coded
column and the absolute coded column. According to the proposed coding rules, an accurate reading method for the sight line is
designed. The experiments of height difference ,repeatavility and long visual distonce are carned out on teh designed level rkuler. The
results show that the measurement time of the 2-D composite code is less than 1. 57 s within 30 m, the barcode recognition rate is 100% ,
and the maximum deviation is less than 0. 09 mm, which has the advantages of fast, accurate recognition and stability.

Keywords : two-dimensional composite coding; binary-decimal decoding; relative bars; segment absolute position; sight-line precision

height

(TOPCON DL/SDL 5 ) 45 22 F 7K Wi b R 2 % A0 0]
[ o AR 4k L BT G R A% T RAB 4 As ) 9K, H
I A ) 7K T 0 AT SR A [ MR, BRI 8 B K

0 35l

il

Gt K bR ROE I TAKMER S I 4y 2, 55
FOR AR EAE Y, B2 B T U0RE W | TR Ak
MBI S 2 22402 F 1990 AEFE R A RN A
B K HEI NA2000 LUK )[R A B LAAT 25 A5 ( Trimble
Dini &%) AHK 4 (R Leica NA R ) A7 g 15

S H 9. 2023-10- 16 Received Date; 2023-10-16
w FEAIH | PeFT A E G &I (2023-ZDLGY-14) 11 H ¥ B

T I8 £ S I DU R K I S AR SR A 20T A 3 A JE BE
R v 73 3R 1) MG AR SRR (R 5 Jig | Ol — 4 25
TR I i B T AT RE WL AR AR
BIMSAE AN TR HIRE RS S 4R 4 A | B A
i LRSI 2> TR RS S AR R O 5



5512 1

BAKLL 45— BT K bR RO 2 G B AL DU B R By 245

LR RO CE T W 9 4K R e i R0 1 S, R T
TR K R B S0, T [ 250 X Sk 6-8 ]
P ey 58 SR A 207 A b R A% 14 S A 7
5o LIRSS R GRS 7 5 A K AR R i ik
Fr 7 2t (EHC A 2 10 2 B P 58 AN A 1 SR 31 A 00 1)
IBF AR HAE I 10 T R e R A R 23Rl e e
JEE A FURIT, 2R LB AH 5 4K bR R I B &R 58
T,

5 R B2 AR AR RO o 137 2L, — 4 g = 2 o
FREARLEAL5E I 2 G E A T IZ WF S HM . Barone
SEUOR oy PR R b R A SOE U L 1R R
VERARE B T AL AR bR E | SRS R HL A AR 2
FAZSRL ot i 15053 S5 0 = A R 0 o, 7R AR5
17 4 1 HANEAR A R ZE R bR E RGBT, Yang
S5 OTR AR F M R /IR E AR TR R R B
O ML A A B A ) R /I A7 (1 75 o o 9 T A R
M2 ARIR GBS AE AR IR S =4, R
BN eIk IR G T bR E . WG
SE T S ANEE bR 2R SR T A7 i AR BCR PR 8, OF
DFET 5 m MIGEAE T AR, 25 2 26 [m] bR AR
FIHRIHEER A RS 3D w2 Kl , SRAEF T AR e SR AR AL
HeBR AR5 LIDAR Aets 28 9 3% 1) i, S BRI B - O TR
IREH SR FORS FE AR 5E . Chan-Ley 17 B3R M
I PR IE ) 2 S B A , )T B8 AR ML ) B3 52 4 1k R 5 5
B SCBR AL = e = P BRI E, FaE
ST B ST AR E 1) BB AR T T R I A
378 ek A R S XS 5 L 458 S 7 114 S DX S )
RO, WA AE R B AT 4 25 0] 235 1 4 719 7
T A , 34— AR B 52 O H AHHLAY =5 RS AR E o Sato
A POHEAT T G B S b T R RS B SR HLAR E 1 B 5T
A = LEAAR A SR E R G R AR HE R AR L LRI
Sy D A L SR R BE A /N R A 0 o R
R SCA R 7K

PRI | % SCAR 38 K A IR K HE ASCAR DG >
S SR I 0N I AL 3 DR DN Y LA R AR AR
2~3 m KAEAR A BE A 9 B0 4 g o BE IR B R 42
H— T AL 5 g T B BT RN B K AR R, DL AR
NI T 20 LA R S A 0 R g [ i A 0
2R, D [ A R R JEE K I A AR A A T 5 A S B 4 4
U

1 HrKENERERRE
K D 5 2R 48 S 2 K A R Rk

EA (& BRI R GT | PR A IR A A0 PR A5 S A6
B0 R AR b R 2R B Dl 2 R e R

TE G AR IS L PRI AR I 28 58 X b R 260 45
PRGN, 7 At 0 HOK P L il 7 ) A R L 9 g

T K DR ROAY 7330 Fh AT 7 HE 9 ) 38 2R 2 A
T SRS R A2 5 RAE T TR E A R R K&
A2 I AR R B RO AT I 1 AR, %o s R PR E A T fifp A
AR B MERT I, SCBUKMED 4, AR B, (R
SR AE AN R /L | SRR i) G AT R A 5 P R , 4%
TR G AR T AR RO, AR 3R ARG R, IR UG I A =
B S5 AR AR 2 5 e A R o — i E | 2 Ja 2k
SRS L B A A 1, 0 0 SR D R G Y KT
GRS R YN o O VA= R

2 EEHERNEDAR

DM 45 (1) B A A Rl 5 R 03 e B S 2
o h—E KB MIFERTE T 578 1 hs R iR oL
B, AR R R0 2R B e R GU /K-
2L 10 e B2 Y [ 5 20 B RSO AR R L, 570 Sl Al 221
BErbul UL TH R RS I L, KT IR R B ARG
T 0 AR T R B B IR 2 233 A 4 22
50 RIS S VL BC L,

SO KN 5 A OB 9 J5 K, AR SCHE ) — kR
FORWEDR RO S5 2 i KLU, LA 233 4RI b R ) S
FA A, K A R F 246 X 4 it -5 A T 2 ) 19 91 2% £ g
(i 45K CDID ) , 4 XF 2t i 3 7 43 X 2 S0 R
A AR GRS T K IRk Y R R, 4
AR N L R AR SR S P 1 R

-~ =
-
—- W=
||
N —%

Bl 4 gmfihbn Ry R iR Ak 8r %
Fig. 1 Partial stripe pattern of 2D barcoded
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Fig.2 Partial absolute encoded barcodes
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Fig. 4 Software diagram of leveling rod recognition and detection
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Fig. 8 Line-chart of sight-height difference experiment
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P/ m 4 318/ mm I R AR 22/ mm
40 1 350. 71 0. 08
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65 1528.64 0.27
70 1 548.50 0.39
75 1 636.72 0.34
80 1 669. 34 0.38
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