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System Calibration of Terrestrial Laser Scanners by

Using Range and Indoor Calibration Fields

Hsuan-Sheng Lin 1*, Yi-Hsing Tseng 2, Miao-Hsiang Pen 3, Tze-An LiU4,
g
Ji-Shin Isai5, Ching-Min Chou®

Abstract
Due to its outstanding 3D modeling capabilities, Terrestrial Laser Scanner (TLS)

has been widely used in engineering surveying fields in recent years. However, different
types of errors exist in huge point cloud data, and they would affect the accuracy of point
cloud data through error propagation. The sources of these errors may come from
instrumental factors (if it is not be calibrated), environmental factors, human factors, etc.
In order to ensure the quality of the TLS data, systematic errors should be properly
calibrated and corrected before using it. In this study, the theory that the self-calibration
combined with the individual components calibration can more accurately simulate the
systematic error of TLS was proposed. And a calibration method combining standard
baseline field and indoor correction field is proposed for testing. This method overcomes
the limitation of indoor space size, and independently calibrate the TLS rangefinder in
the standard baseline field with a total length of 266 m. Then the calibration result
multiplication constant -103 ppm and the addition constant 1.4 mm are brought into the
self-calibration method as additional parameters, and the absolute average value of the
difference is reduced to 3.9 mm. According to the preliminary test results, using the
theory proposed in this study to perform TLS calibration and analyze systematic errors
can help users to more carefully understand the current measurement quality of the
instrument. Users can evaluate whether it is necessary to return to the factory for
inspection according to the calibration results.

Keywords: Calibration, Ground-based LIDAR, Systematic Error, Terrestrial Laser
Scanner
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HEARAE » WIE 2 Fow o S B R EUREL - IR ] R B N R i e R e —
HRE R EE) - RERBLREREMES T 2T A0AE ~ HIEE ~ Sofkz 2 RIECEE 4548 -
(FEE, 2004; PR kEZE, 2005; Z<EFE, 2007; 24325, 2008; Cuartero et al., 2010;
D. D. Lichti, 2010a, 2010b; J. C. K. Chow et al., 2013; Y=7#7%E, 2013; Muralikrishnan et
al., 2015)

Vertical Axis

Rotational motions
Origin of range ' . .ﬂ
measurements
f Horizontal or
! Trunnion Axis
B \

Collimation Axis

Vertical .
Encoder Circle i Y Ry
‘ In;immmt
horizontal
3
Angular origin of
elevation angle @ R il
measurements Sl y 0 _Angular origin of horizontal
p +—S" " direction measurements
Horizontal
Encoder Circle

Bl 1 a3 &FH RIZT L B(D. D. Lichti, 2010a)

81



B - g Bz TR 5/ VBRI

Laser rangefinder Record:

Computer | (distance p, Horizontal angle 8,
Vertical angle a, intensity i);
(p.0.a,i);

(p.0.a,i);

(p,0.a,i);

Servo motor rotation instrument
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Bl 5 %3 6 344 &k (RIEGLVZ400 # 4 %)

EffmEHEEANCEERAE  STRE—RERAAR At G A E - #EZF]
FAR& ] 3R] AHERE A FE R L RV BHARE O (B [FIRUIR R T U S G R i =
R HVEIL MET RS RGN BN RGNV AT LR - (BUET, 2004; Z2ERE,
2007; p¥ A5, 2008)

(Z) HhiE SR R A

S T R B A R P i e D R At U7 =0 R ] DU BIm R v O R R RS
HY=4EAATE ~ B SREE R B & - fRi AR 2 B 22 R AT 2 2 B (R AT
ForAlE 6 0 Hr S RImtEaYE NS L o P B A HIREEAI E - O RE )2
EIARE 2 YRS © o Ky S FI P HYEERE » o REes bR Zrf S Bl P B RAVEEE A »
O BEIKFA o (w 0 ¢ k) Byl R3S 2B 22 M AMAE W HEls i fE S8 - FzE
AR 2R T G A AR AR 2V B2 =0 mT B R =0(L) » A =(EE L BRI 22 M AT
Pre R BEAA M R E A S 80 (R 581, 2004; Derek D Lichti & Licht, 2006; D. D. Lichti,
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2007, 2010a, 2010b; Z%)EFE, 2007; w3k E 2, 2008; Habib et al., 2010; D. D. Lichti et

al. 2011; Z=/E7E, 2013; J. C. K. Chow et al., 2013; Lerma & Garcia-San-Miguel, 2014;
Ge, 2016) -

EICEEGECRE I ot e L ey il

Xij X1 [Xsi Xi] [Xss
32’?] = Rs(’fj)Rz(¢j)R1(wj){ Yl - ’Z/sf. }Z M(w; - ; ’Kj){ ? - ;’sf' }
J i sj 3 SJ (1)
cospjcosk;  cosw;sink; + sinw;sing;cosk; sinw;sink; — cos w; sin ¢; cos k;
M = |—cos ¢jsink; cosw;cosk; — sinw;sing;sink; sinw;cosk; + cos w;sin; sink;
sin ¢; —Sin wj cos ¢; COS Wj COS P;

¥
b (xy o yy o zy) BB RSB AR - (X, Y, 0 Z) BRI
A AT (Xgy o Yy > Zgj) Byl B A S0 h R 2 Pl A 2 i
(w0 @0 k) EyBEERAsHE 2By e A 2 TR F 28 M(wy 0 d) 0 1) B
YR X Y~ 7 W (0 o ;0 K) FEE AR -

N et B S B A (E T B AR Ry IR (pyy) B EEUIE (6,5
ay) HIEHRG - BOATREAD)SE R T > Rt & w2t -

pif=1’x5+y%i+zé (3)

ei]’ = tan_l <&>
Xij (4)
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{5 HAE R & B HTIEE B in = i L &8 2 BT HIEE AR i IS e B AR 4R 85 - T
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AT 2E (BHE5, 2007)
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FEETE PR B 1 A4 BRI A A LA N = Ry s ORI S( [8 11)
B B A = R IE S T A B A BRI A7 B AIRE 4R 77 13 JE B IE A Y B AE
ATREEE R - 3% = NRESIIEAAEE - 22 Leica #y4:lhfE (Leica TS09 PLUS
1" ) fEBRIESGIEEAE AR E M > 2UaEENDTA LIRSS AP EE - Ho
ROERERE AR SR AT B bR B S1 L - FIFROE
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FPoe BT AR IEATEL R B - SERe@iE Sl fmit(FXER - FEEILIER

R HETT &G S2 ~ S3 & S4 » EMIEEIRIEESLI e BIGE - ROEE fFEE
sT 5 BRI S NYRIE e8P - Ll f@ite S1 /E R&Uf L 4 nh( 58 S1~-S4)
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22 R EERIRRE R SR LA AT

— B B B e B B e
SE EEE  EHEYIMAE  sIME mAE
dY (mm) -9.0 x 10-12 0.6 05 -1.8 1.8
dX (mm) -4.7 x 10-13 0.6 05 ‘18 1.8
dZ (mm) -2.0 x 10-15 0.2 0.1 -0.8 0.6

# 3 RIEGL VZ-400 1%

#Ba | RIEGL VZ-400
St R (meas./sec) 122,000
HRUEEEE(m) 600 m
TR e i (°) 360°
2 H 5 A i E (%) 100°(+60°/-40°)
D3| ER R H 5mm @ 100 m

*Amm @ B m FEESSN B mAvEE & Amm

DA Leica TS09 PLUS 1" Ry fFife 4 8RR IEAE 2 AAAEE » 1 4 (B IE G A T
M > BT - ERBEUAE TR E - /K AEEIIE 306 & - i
HEEUHIE 306 & > L H T 452 S aRBIIE Ky 0.74 » S F{71E 0.928 ;5 B
EAEdT A BUHE B F 221

R T HETEAEBUIETREIS RS - o i EREEUII SLRI PR M SIS TE - 12 4
{@fIEREFGE A E - BB ARRIEE AT > o DU LS 80 (@i
TEAERZE AR R - i 4 nh 2 BB I FE A S 22 iy ATl BB 4 B b 2 i SRAE
EL¥f > vIEFE 320 4H(Y, X, 2)iE & - I BT 90T > SErEWFR 2 Fr
oo H o BEENEEEEE - HAH EREREEER 4 TONEN IR MM
FERE BT 0.6 mm o 5552 0.2 mm o

FHE 10 ~ & 11 15501 AHHS% 5 2 HA 3 S it A S EEERE Ar 266 m
KSR AL R 360° ~ HE E A H0 ] TR A i R R v DU RS (49 100°) 0 H
% 3 Al RIEGL VZ-400 i KA FERE & 600 m > = B BL/KSE R A Ei BN T &
7 EE T - ABFFELL RIEGL VZ-400 $I 1A 85 S B P BEb R 1 H4e ik
TTEMENEE » SFAHEERIE R AT -

(—) FEERIEEM

A ZE2 RS T HIEE R E T3 - DA 55 S e 1L Fets LB IEAR
ST RORIS/KPEERE - M A EEBOARY 20 KIS /K P RE B B = S M R R A
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HTHTE SRS HAGRE & 48 YMERE R L5 R IE 45

PEREAEETTEER AT » DL—IT ol iR S GG T RUER S H BOE (IIE 8 C) 4R 43H (3k
WHELS) R ENIES S > WHEEITETHES -

EAMEE R E Om-5m-~23m-~31m-~59m-~77m-~95m- 143 m
K266 m %5 9 WG fefEE BN O m Ik E O EFE R 5m-23m-31m -
59m~77m-~95m-~ 143 m kK 266 m SEREZREE RS IEARIEDN] ; MR R R RS EY 5 m
UG E O EF > B 23m-~31m~59m-~77m-~95m ~ 143 m K 266 m SEnEZEELF

TERENGEH > HoA 15 ik > 4nfE 12 Fos e

% 4~ 22 5 BHIPERSIEAVAE S - Bl 15 JHIBERHEA 4 SHIihRe TE ARSI B - IR
BI85 Ry 11 41 > 32 5 BUR THIE S C ~ RFE 8 S DU EGITEAEERE (D)
RIEAIREERE (Dy, ~ Do) ZEHVERGEHEE » FELFHEIIE# C FsRE® S 1y
=R srEt R A 2% =-(5)-1 EEf -

0 5 23 31 59 77 95 143 266
m m m m m m m m m
Scan 1 ‘_-P
#
——-
>
>
>
>
>
Scan 2 H
—
——-
>
>
>
>

Bl 12 % *HE0E A s 15 Pk A B

% 4 PIFERLT = %

SIS D,,-Ds D¢-Ds
Om.5m 0.0064 0.0073
Om_31m 0.0071 0.0053
Om_ 59m 0.0034 -0.0013
Om_77m 0.0091 0.0026
Om_95m 0.0049 -0.0035

0m_143 m 0.0139 0.0006
5m_23m -0.0251 -0.0255
5m 31 m 0.014 0.0127
5m_59m 0.0073 0.0031
5m_77m 0.0057 -0.0004
5m 95m 0.0069 -0.001
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35 PlEER D AR L

HIESE (=1
JNE % C (mm) 1.4
FEHELS (ppm) -103
RIERIR 2 Z5M&ET HE REE
D,,-Dg (mm) 4.8 10.0
D¢-Ds (mm) -0.009 9.1

(Z) EARESEHN

AHIEZE AR I B8 A e s B = W R RSB R T ROR G =42
A EERGERT T 20 RIS AR A B B B 2 IR IE S A AR A AR
HELTEER T -

FENRIESEE S1 - S2~ S3 K S4 5 4 @G Wt Ag S 4iak 20 {(&dn
PR - A EIEE 4 (ERIERE >S4 80 (EARCIEAR - REHhm & St BRI ARt
EWRIESNEEE (S1~S4) E - FAPROEEE OE PR > ST AlE R ~ B
7y~ BT R (R HEEE) fmiblFse - 5ehl S1 S@EmmiERR - fF
#EFT S2 > S3 - Jx S4 - FHEALEIA 4 2 4k 16 k- 40E 13 Fis -

1 16 LA R - HETT AR SRR A P2 - n]JELS 80 (B IEFERIYIZE
AR S XYZ A iy BIEAR IEAAAE EEAREE Y - (SRS BNV 2R
{H > 2 6 J3LIgRrh TO13~T021 Ryffl » FIER gl R Ay 5 2= 8 7y B

R T GG EIMEREA GG IR RIS R SRR R - BRIRR
5 BV BRI E BUE BIUESEIIA B RS A B RS ROKS 80 [EFEAR
AR ENE - AR R EE Y SRR EREAR XYZ AR
7= 0 WETHTIRESTE - & 7 5IHIIASUE2 EEi S a2 8 LAVHBRREE - S5
sTREEZ S —=-(5)2 > =-(%)-3 =i -

WEBUE AT LUAH - A IE FIRZ T AN I] DUR i 3 B i e A AR L ey
B BRAEGIEAR - B LSRRI a2 BB NEE » DURAGEs =5
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PRIEZE ~ E3RE - DAkt~ BT~ 22T WEE:
I PR EASIE | Sa=IMEEEGIGHE AR IES

T % o W N\ 2. o N\ 1.
| hall: |-
rf = 1t ="
L uEmE o o B@mEm)
o ¥ B
| 1 @ (4 ™ 20
| T2 ® |, |
| ;f;.ﬂ 8] 4] ;l;’ij & 451
1 * = BB ms he (51) s
e T3S e T T LA L oL 4% B4R
— — ———) — — — —
478 ¢l
% W N\ 3. 04 N\ 4.
03 -] T03 4]
[t [
0| 0|
Le® 8 « B .
TE s ™ _
® | ® |
;-2 & 4] ﬁ [ 7]
& B s - (51) mss
W W 0 i L 0 i
T asem S
B 13 P KREFHFRT R B
4 6 TOL3~TO21 & dhd c1E £ 264 Hed
REIEAZREA AR EAE (M) AR P B HE () 2= (m)
T013 X 201.38600 201.39237 -0.00637
TO13 Y 4999.68200 4999.69230 -0.01030
T013 Z 1.56500 1.56312 0.00188
T014 X 201.39200 201.39769 -0.00569
T014 Y 4999.68400 4999.69141 -0.00741
T014 Z 2.08270 2.08282 -0.00012
T021 X 201.39600 201.39928 -0.00328
T021 Y 5000.53900 5000.54225 -0.00325
T021 Z 0.18840 0.19223 -0.00383
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Fo 7 R ERGRE A%

FIMABIES & REE

A AE EHE g (m) 0.004054625 0.003997958
RMS #zg8 +0.00509 +0.00506
RMS X (m) +0.00401 +0.00392
RMSY (m) +0.00536 +0.00505
RMS Z (m) +0.00574 +0.00600
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