) NLSC-108-9

108 & B 3 B kA& Rl kit
(LMS) 7% 3% 4 P55

Development of LiDAR mobile
mapping system - 2019

i on
1 IER3F +

Final Report

I FESE PR Y R o
National Land Surveying
and Mapping Center

REFE Sy fHREG AL P
GEOSAT Aerospace &
Technology Inc.

PoE X K 108 & 12 * 26 P
December 26, 2019



T108 & B3 Bk E b pliy s A(IMS) (P £ 4k pbd | 1 TR

#&

%
g
.=
7
—h ‘m ¥
EA

mﬂ- J-xl«

—_\

ﬂ_.\\

FETIBF - AT R ER PGSR S 2 B U
»:'Li—%;pf‘jjﬁrmﬁg&@? B3Rl Y w3t 106 2 107 # & =
=k EH R g Lk L (LIDAR Mapplng System, LMS) > % & %
BERIE A RS R ST 1088 B MG BB L2 B
BRKXEAZAHF L TE2F g rEFTHRLE £2
Rp 2 peRyg ek d N2 e RRAQ R
ﬁfﬁ#ﬂ%m%$aﬁww%f%??%’?%%%ﬁﬁ
B4 i%%ﬁjuf;axj?)ﬁzﬁﬁ PR R 5 2 AR 8
¥

ERBPE g otk > i

14:

ARFRDEHBERE AT TR CRRIES

s kE > FEIEP e ThhE R B FF F RPN LE F
BEH R 2RI eHFETRTES0R U o iF & GNSS B r
TR " GNSS UL TIE e s RS R kI F ST s
&iﬁwﬁﬁ’@*%§&7Jﬂﬁﬁﬁ*ﬂﬁ’éﬁm%ég—ﬁ
S G R PR 2w AERE T Y
2RZEH B RAEF I EFRITRRE > IR ELEES T R
S g BT TR BN F Uﬂg%\ (igo o B o X 16 & 25
TEGNRET ARG 3B PR F RS ¥ M

Eiro>& X7
P

d\
‘4/

TR AEAHY B F I L RTRY TP
R ¢ 21 5L ﬁ%?q\:ﬂ,u\ﬂgﬁﬁigrﬁfg LU ‘ii\i%:}ijﬁflﬂ’“

AP EAHBEFIRRO F ) P AT B e 5 6T
FEES o SHEFERETR VR B SRS UK T
FERSEEFRY -

yﬂ%ﬁiﬁﬁﬁw BohRF AR > KN LMS ksuERiE
TerraMatch z_fih & 2 FH 2 A F 2 T X n 2 GV E* & PR R 20T
R PRRR LRI Y w2 B RIARAER G R P2 B ERLY
RF AR E BEPRTE *“%“141—3’55 =1 sp\;%_ hEx T o
Ao A R R 0 AR EZ zyféﬂbﬁ“&pq‘ REFE 227
PREREF TN % PEY wE mlﬁiiéﬂuosé;\ LMS T &
B AW a 0141 2 0.044 = = ~ = ‘am‘%/i,? 0.204 2 0.073 = & ; Bl
PRGN TR 2 2R A B A 0129 2 0139 2% o AR KW
BRI+ AE 2 i/%wé’?*%‘:-:“ BIBF L AT 7% o

iﬁﬁ@ﬂ@ﬁmWW#ﬁégi.Léﬁa@m5\mu\%
) s FOREEE AR R A T VL EastAn )~ ARl

‘ﬂ

Ay



F108 & i % &

kit A5 6 Rk S (IMS) (P ¥ 4R % | 1 (PR 2

MELNT 28 BRRE IAFENTLApHYETO T A D
PARFIUT AP RETA R ERE L Eo5- AR
AP2 P F A ApEs0 5o Ry ffera ZRd S iy
fel edh d IR XN ZERFESNT S ot 2 0 FEE
ForER AR RRATR S TR M‘%?H TR E
Hal R E R - B R A A BN Ao IR T e
ol vprupiEdE - 2 ELE

fe&Rlg Y I ITERB T 2 Terrasolid s fppe i@ * »
TerraSolid #- % TerraPhoto fg.i;k?ih B2 2 Mo Hine VR
NEGHTE R P S R B R R BRI T Lk

RGB /,‘3 ’E\":;IL s TN
2 2B dp 8 (RIEE

2

7

A R A 3D SR s — Adp B 3B f?»
’ equirectangular)iﬁ o TerraPhoto = {]* ¥ &

THETH RS G A D M A2 S e R
RS AL R € N E ’J_ET‘*“J_ﬁﬁi” 3

g BT I

"~

ERE
2% 4 =3 L N
(64,4 82 > B 5 B
£

-

d 1 EpEa 2R B ED Pk mrd
Bz g2 HA D W awww FEL 2

EERCERCE R R ’#&#wﬁw%ﬂfdmyﬁﬁ O ETE RN
PRSP AR L TRAFA P R

RGN B i O S A S GRS o L= e 4




108 & B 5B LEB &R 5 a(NS) (TR | 1 e dR

Abstract

In order to update the map rapidly, National Land Surveying and
Mapping Center (NLSC) completes LIDAR Mapping System (LMS) in
2017 and 2018. In order to ensure the quality of the results of the LMS, this
project focus on the issue of boresight and leverarm calibration in 2019.
Hence, we check the information about each kinds of mobile mapping
system in our country. Second, the references that discussing about the

calibration methods are also be collected.

A calibration procedure for LMS is proposed in this project. A good
calibration side is an open space with hard surface ground and without
disturbing objects such as cars or trees. At least on one side there should
be a larger building wall or another large vertical surface without many
detailed structures. The calibration drive may includes two drive paths in
opposite direction parallel to the vertical surface, two drive paths in
opposite direction perpendicular to the vertical surface and two diagonal
drive paths towards or away from the vertical surface. Another option is to
drive over an intersection of two road with at least two buildings next to
the crossing, both roads in opposite directions. There are six area that we
choose for calibration field in central Taiwan. It also compares these area

of advantages and disadvantages in this report.

In this project, a LMS calibration procedure has been proposed. All
necessary calibration procedures are implemented in Gueiren district,

Tainan. LMS with proposed calibration procedure can get the boresight

Slieus fAER G A2 P | Abstract “
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angle and lever arm results successfully. Then, the preliminary results
about point clouds of positioning accuracy in direct georeferencing mode
illustrate that the xy plan and 3D are around 0.141 and 0.204 m with NLSC

LiDAR Mapping System.

The weights of the platform including GNSS, IMU, lidar, digital
cameras, and PC are about about 70 kg. In order to install the equipment
easily, there are some suggestion that we propose in this project. The first
way is to provide training for the staff. The second way is to use an
auxiliary tool such as electric elevator and ladder. In addition, the
evaluation of the lightweight system design such as replacing some
materials with composite materials or cutting the original integrated design

into two pieces will help the staff to setup the equipment.

TerraPhoto is chosen for giving the color to the point cloud in this
project. TerraPhoto is widely used for the production of images from UAS
and LMS. Images from mobile systems can be used to calibrate multiple-
camera systems, to improve the positioning of the images from several
cameras of a system, to rectify images on the ground surface, and to create
source data for coloring LMS point clouds. The detail and image

processing are shown in this report.

Keypoints: LMS, Mobile Mapping System, GNSS, IMU, Lidar,

Boresight, Leverarm, Calibration
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[ 2-46 Asia Air Survey @ §%# & p 4 & st GeoMasterNeo(if p Hatake et al.,

2011)

# 2-6 GeoMasterNeo £ .1 (4 p Hatake etal., 2011)
Issue Remarks
Vehicle TOYOTA Rush 1500 CC: compct mini van
GNSS 12 channel L1/L2, 2Hz
IMU TerraControl:  Roll/Pitch 0.004 degree,

Heading 0.01degree

Laser RIEGL VQ250 * 2pcs
Pulse reception rate 300KHz/Scanning rate 100 scans/sec
Point density (40km/hr) 900 points/m”™2 (range 5 m)
Odometer Optical
Digital camera 1.2M Nikon & Olympus
Omni directional camera Ladybug 3
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.2 gle Boresight alignment method for mobile laser scanning systems
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731 = €0S dw sin 6k + sin dw sin §¢ cos Sk
Ty, = €0S 0w cos 6k — sin dw sin §¢ sin Sk
Ty3 = —sin dw cos 6@

731 = sin dw sin 6k — cos dw sin 8¢ cos Sk

T3, = Sin dw cos 6k + cos dw sin §¢ sin Sk

T33 = COS 0w COS 6P
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Sw = tan" 1 (—=)
33
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-
Sk = tan~ 1 (—2)
T11

sphd TEEEF R (B HIFF I B i Mz Bt E
¥ IF#\%‘rﬁ;c’Lfi?:}pj%7 Lif— Azit 7 7 = T 4 R fZ(Mostafa, 2002;
Pinto and Forlani, 2002) -

% 2-8 4% A H RN F AR phd K R B R o

# 2-8 B 1§ N F T AT 2 b & 5 2t (4 p Ellum and EI-Sheimy, 2003)

FoE e i Ty
ERER(ET N EEREPELSE "R L
HE A xw) (B 2 %73 ZRFE= By

$3E T REE (B HEG R
ﬁrgb;'ﬁki’; u ﬁb,\‘;_}ﬁié?gﬁ | q—?}\iari&f‘y’\i
b
A S B OBF 2 phh A | B Rlcg SRS
T d TR TEHRE P =SBt B A
o Azie 75k 42 B RS 4T
L

233 4P P * gk LT E

R S R e 5

SEE AR WS 5 4 e 5 | s e T

—m)



F108 & % B PLE & SL(LMS) T ¥ k% | 1 P3R4

AR RS REAAPF LITE o 4
Horit sl 2 A BT B B PR iE
= #th‘f?P\ i ’\ﬁt—; LIF?‘F" v iR ¥ kAR 2 Australis 388 e (7
FRWERP (D)W FaF 2P IPF TS T F TR
B FgE; (2% v)I;Jc Fraser(1997) » % i *a & & 2 {4
A SRR € N dp RSk > 4o 2-63 T LW o 4P
Wiy 2 b TR FE - & g 45 Rp - TRIE 0
4590~ 135~ 180 ~ 225+~ 270 ~ 315 & FE4p & > &5 1 wip ks
BiRp T S QM P HEE LS g A p Bk FlE <
£ 5 30 RE 45 K 0 AW Ap s 4p (R 2-64(0)) ~ 1 ¥ o
#% 90 & (B 2-64 (b)) 2 % ¥ = = *xd& 90 & (B 2-64(c))3 f& & & p
o T fﬁ"%‘ﬁ*ﬁ?‘bﬂ?*@iﬂﬁ‘ LipE 8k L 24%BYT S (4)Ap
WERhE FIE 4 &5 00 RipHE > » B 4p s 4p (B 2- 65(a))£
ﬁﬁﬁlra»‘é«*v@g%)i(@z65(b))ﬁo€*ﬁﬁ€1}ﬂ Lip#E 8 % 16
B '(5)#@%7%%5% T H o R s TR F T 5%

JQ‘“@ 2-66; (6)#- T e » AR AR S el 5 «L’F%é’r”%’%ﬂ %
kT A E > BF L%\"a‘ °

Bl 2-63 4p 18 F TAp FALE T R B

4@%&%

S

et

Bl 2-64 Ap ¥ 5 < 4p &> V(X & 45 R)

T P Y T e




T108 = B B kA8 plig c(IMS) T ¥ 3p% | 1 Fadp4

Bl 2-65 Ap 8 5 < 4p %> (% & 90 B)

AL EN -

] 2-66 4p % & TLip b b

= ~ TerraSolid #x %4 2. TerraPhoto #- % » H x i Solve camera
parameteers ¥ F TP > i f¥cz A BLE FH e R ETE R
T ()FHE S F G TR T
Bt BB AL 2-67 ror 0 BIP 2d 2 FJ = 4
A EdpmEi ;s (2)% » B2 M F 30 E 4 Solve camera
parameters - iE ¥ f2 5 0 BLE F 4G 8 0 4oB 2-68 #ror 5 (3)iF
Bryvipe FF A BE S RERBEIINA R LT R4
RN A S

B 2-67 Ap ¥ 5 < 4p#& > V(4 p http://www.terrasolid.com/)

FRE P PMS 2 F RS | g fEORR G L P



F108 # B 38 B ki # e iplig h Su(LMS) T4k pb % | 1 PR 2

Wl 2-68 48 5 <2 % /i & (4 p http://www.terrasolid.com/)
234 4P SR L NP o e plek i

R FRE g 100 ERFES R 5T Sibpl A Bl 7%
1R E R T A B (de 6 SRt e SR A AR s) R
BPTE PN PR A R A 2 5 R TR D AR
- 4 LE%%‘B = #Btﬁ PAR G - FRARE o B S b F g T K 2 R
U THFTREE B F e ARAT RAEEF

1. AP = = 2@ % 3 % g0k Australis 22 p % 1 F %> 3 N R
PG Sk T A % 4o 2-69 2 B 2-70 A1 F o

1 2-69 % N TR BB oz AP~ =% RH(H p ¥ > 2011)

B HOLRF AT | EER Fp LIS 2 5 Rk g




T108 = B B kA H Rl L A(IMS) T £ 4% | 1 iFlpap4

METRIC CALIBRATION PARAMETERS
Resolution = 4592 x 3036 pixels
Pixel width = 0.0051mm, Pixel height = 0.0051mm

VALUE STANDARD ERROR
Principal distance ¢z 15.8540mm 0.001mm
Principal point offset in x-mage coordnate ~ xp= <0.0688mm 0.001mm
Principal poin: offset in y-mage coordnate  yp= 0.2443mm 0.000mm
3rd-order term of radial distortion corection  K1= 250988e-004  1.3130e-008
Sth-order term of radial distortion correction  K2=-1.32011e006  2.0705-008
Tth-order term of radial distortion correction  K3=-8.81883¢010  1.0150e-010
Coefficient of decentering distortion P1= 73696005 91866007
Coefficient of decentering distortion P2= 51209005 6.941e-007

B 2-70 ) = i %A % (45 p i i 0 2011)
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294 2 el A R T L (52 B % (4 p iy 0 2011)

AP ¥ - 5 5= 5 %= 5 EH o
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iR
0.026 0.018 0.009 0.021 0.024
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4.

Camera - Z,20190213LMS\pj2\C1.cal

File Toals

(o] & ==

Camera:; [Free definition v] Apply
Description: | MLSC_1
Image width: | 3376 pixels
Image height: | 2704 pixels
Pixel size: | 3.700000 micron
Margin: | 0 pixels
Bad areas: 0 Poorareas: 0 [| Panoramic

QOrientation: [ Maobile, side looking - ]

Position:
Rectify center:

Timing offset:
Exposure:
Lever arm X
LeverarmY:
Lever arm Z:
Heading:
Rall:

Pitch:

bt
¥
z

Define as:
Radial A3:
Radial A5:
Radial AT:

Tangential P1:
Tangential P2:

2.20
0.0

0.0000
0.00000
0.000
0.000
0.000
0.00000
0.00000
0.00000

Principal point

-40.1081081
7.4594595
-2210.4324324

Lens distortion

m abowve ground

% from bottom

Timing and misalignment

seconds

seconds

m right

m forward

m up

degrees clockwise
left wing up

nose up

right from center

down from center

Function

-3.4242309E-008

2.873638E-015
3.644922E-022

0.000000E+000
0.000000E+000

pixels
pixels
pixels
pixels
pixels

pixels
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[+

I TPhoto - 0509 o B (=]
Mission | Points Images Rectify View Utility Help

Mew missian. .

Open mission._.

Edit missian...
Save missian

Save mission As_

Import Lynx survey... |
Import Pictometry survey... yiew image... Show location

®] 5-10 = = TerraPhoto & %

5, HETBLER LA TAABEZ M S8c4oB 5-11 0 EH4p 18
2 Edit #47 %iB 2 5 AP 5 F 4o B) 5-12 977 o

Mission @

Platform: | Mobile -
Description: | 0309
Date:
Operator:
Location:
Scale from: ’I(eyinvalue -

Scale factor: | 1.00000000

Qutput directories

Temporary files: | Z120190213LMS\pj2\temp
Rectified images:

Cameras
Marmal Add...

cam?2 C2 cal Marmal
cam3 C3.cal Marmal
camd C4 cal Marmal .
cam53 C5.cal Marmal
camb Cé.cal Marmal

’ oK ] ’ Cancel ]

BIS-IlR 2B hp LB TR RS2 P S8k
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e
Z

Mission camera

Camera file: | Z4,20190213LMS\pj2\C1 cal

Positions: |Narmal ~

MNumbering: [Lastfour numbers -

Format: | JPEG A

[[] Favor coloring paints
Rotate image for viewing

Image directories

(23]

Z320190213LM S\ ImagesiCam1y,

Add...
Edit

Delete

Bl 5-12 & A Apd¢ 5 T 5 BAh % 2 AW Sdic

p 5 oh S R N 4o ] 5-13

by

e

Bl 5-13 3K &P 7 b 2 st
SR FEOR G AP | HLE Bl s D R
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7. EHEH B4R Y AoB 5-14 917 o

I TPhoto - 0509 o @ ([
Mission Points | Images | Rectify View Utility Help
Load list...

Compute list...

Close list

|

ave list

(]

awv

[41]

Define color corrections

Identify Show location
Transform positions...

! 1

T B Bolnts
Detine tie poit

Adjust positions

Add.. pion | | i

Edit..
Bl 5-14 EHAp 7

8. EP4id FiudoB 5-15 fr o

-

0 214651.348 2676258.028 Transform loaded points...
o 214851 348 2676259025 y .
Transform known points...
| Show location | Madified: B Output control report...
Assign color to points...
TerraScan Compute distance...

™ Compute normal vectars...
SYEAENIVIES AN - (AR

- Extract color from images...

Extract echo properties...

o

Bl 5-15 55454 Fa
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T108 d B H B A BRIE

A BL(LMS) ek 3 pESe | 1 TRRaR 2

L AR PSS T 2 SRR R

[ I 47 S 4 s SUANE O SV STL

SRR A

| |
| |
P,13 ¥ po1

n o

IP E N h
PO1 175665.047 2537384.856 34.800
P02 175661.979 2537380.898 34.811
P03 175658.871 2537376.996 34.833
P04 175655.730 2537373.105 34.828
P05 175652.585 2537369.266 34.757
P06 175652.765 2537374.266 34.767
PO7 175652.923 2537379.204 34.735
P08 175653.163 2537384.228 34.757
P09 175653.532 2537389.369 34.785
P10 175656.265 2537385.047 34.871
P11 175658.978 2537380.849 34.827
P12 175661.650 2537376.629 34.796
P13 175664.332 2537372.484 34.717
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LR R R Rl & A LR

IP E N h
P17 175875.487 2537472.564 36.636
P18 175875.259 2537471.726 36.654
P19 175907.738 2537479.231 36.047
P20 175907.747 2537473.861 36.112
P21 175896.057 2537486.256 39.851
P22 175905.042 2537486.567 39.839
P23 175902.349 2537486.469 41.930
P24 175902.337 2537486.472 45.675
P25 175905.281 2537486.588 51.825
P26 175891.601 2537486.120 51.873
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P17

175875.487

2537472.564

36.636

175875.345

2537472.579

36.552

0.143

0.166

P18

175875.259

2537477.726

36.654

175875.439

2537477.765

36.605

0.184

0.191

P19

175907.738

2537479.231

36.047

175907.881

2537479.228

35.986

0.143

0.155

P20

175907.747

2537473.861

36.112

175907.603

2537473.871

36.025

0.144

0.169

P22

175905.042

2537486.567

39.839

175905.167

2537486.593

39.776

0.128

0.142

P23

175902.349

2537486.469

41.930

175902.471

2537486.480

41.873

0.122

0.135

P24

175902.337

2537486.472

45.675

175902.428

2537486.494

45.586

0.094

0.129

P25

175905.281

2537486.588

51.825

175905.173

2537486.663

51.834

0.131

0.132

P26

175891.601

2537486.120

51.873

175891.653

2537486.125

51.784

0.052

0.103
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STD
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0.132

0.149

Wt B R R T A

T ariE

ERE

E

N

h

E

N

h

- 7

175875.487

2537472.564

36.636

175875.319

2537472.608

36.586

0.174

0.181

175875.259

2537477.726

36.654

175875.464

2537477.738

36.638

0.205

0.206

175907.738

2537479.231

36.047

175907.914

2537479.199

36.018

0.179

0.181

175907.747

2537473.861

36.112

175907.573

2537473.901

36.058

0.179

0.187

175905.042

2537486.567

39.839

175905.059

2537486.603

39.751

0.040

0.097

175902.349

2537486.469

41.930

175902.405

2537486.527

41.826

0.081

0.132

175902.337

2537486.472

45.675

175902.414

2537486.430

45.491

0.088

0.204

175905.281

2537486.588

51.825

175905.368

2537486.502

51.537

0.122

0.313

175891.601

2537486.120

51.873

175891.614

2537486.010

51.644

0.111

0.254
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P17

175875.487

2537472.564

36.636

175875.344

2537472.597

36.534

0.147

0.179

P18

175875.259

2537477.726

36.654

175875.432

2537477.763

36.588

0.177

0.189

P19

175907.738

2537479.231

36.047

175907.570

2537479.235

35.956

0.168

0.191

P20

175907.747

2537473.861

36.112

175907.622

2537473.871

36.008

0.125

0.163

P22

175905.042

2537486.567

39.839

175905.140

2537486.574

39.766

0.098

0.122
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175902.349

2537486.469

41.930

175902.456

2537486.468

41.860

0.107

0.128

P24

175902.337

2537486.472

45.675

175902.545

2537486.441

45.630

0.210

0.215

P25

175905.281

2537486.588

51.825
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0.213
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P26

175891.601
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51.873

175891.732

2537486.075

51.894

0.139

0.140

AVG

0.154

0.171

STD

0.042

0.035

RMS

0.159

0.174
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P17

175875.487

2537472.564

36.636

175875.345

2537472.579

36.552

0.143

0.166

P18

175875.259

2537477.726

36.654
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2537477.765

36.605
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0.191
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0.143
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P24
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45.675
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45.586

0.094

0.129

P25

175905.281

2537486.588

51.825

175905.173

2537486.663

51.834

0.131

0.132

P26

175891.601

2537486.120

51.873

175891.653

2537486.125

51.784

0.052

0.103
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P17

175875.487

2537472.564

36.636

175875.517

2537472.551

36.558

0.085

P18

175875.259

2537477.726

36.654

175875.272
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36.587

0.069
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175907.738

2537479.231
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175905.042
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175902.349
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41.930
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175902.337
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175905.295

2537486.597

51.772

0.056

P25

175905.281

2537486.588

51.825

175891.605

2537486.127

51.820

0.054

P26

175891.601

2537486.120

51.873

175875.517

2537472.551

36.558

0.085
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P17

175875.487

2537472.564

36.636

175875.378

2537472.561

36.610

0.109

0.112

P18

175875.259

2537477.726

36.654

175875.383

2537477.742

36.750

0.125

0.157

P19

175907.738

2537479.231

36.047

175907.875

2537479.307

36.070

0.157

0.158

P20

175907.747

2537473.861

36.112

175907.805

2537473.993

36.100

0.144

0.144

P22

175905.042

2537486.567

39.839

175905.065

2537486.667

39.890

0.103

0.115

P23

175902.349

2537486.469

41.930

175902.454

2537486.411

41.950

0.120

0.122

P24

175902.337

2537486.472

45.675

175902.456

2537486.545

45.760

0.140

0.163

P25

175905.281

2537486.588

51.825

175905.212

2537486.696

51.790

0.128

0.133

AVG

0.128

0.138

STD

0.018

0.021

RMS

0.129

0.139
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T108 & 3 B kEH & pIE L S(MS) T2 5% ) 1 iFiidF4

B g5 ARAERER

F MMS > & P22 8 R 4o 71

o © i £ 7l i
E N h E N h T g
EQ017 | 175441.650 | 2537384.079 | 39.450 | 175449.280 | 2537385.412 | 42.369 | 7.745 | 8.277
E025 | 175441.644 | 2537384.081 | 34.951 | 175449.292 | 2537385.253 | 33.501 | 7.738 | 7.872
E120 | 175479.049 | 2537368.576 | 53.427 | 175486.241 | 2537377.806 | 60.224 | 11.701 | 13.532
E121 | 175479.043 | 2537368.573 | 48.930 | 175483.129 | 2537375.709 | 51.020 | 8.223 | 8.485
E323 | 175446.007 | 2537338.42 | 46.395 | 175453.405 | 2537335.466 | 56.061 | 7.965 | 12.525
E325 | 175446.007 | 2537338.422 | 38.200 | 175453.431 | 2537335.477 | 39.850 | 7.987 | 8.155
E488 | 175425.013 | 2537375.468 | 35.760 | 175416.539 | 2537378.673 | 35.009 | 9.060 | 9.084
E495 | 175425.204 | 2537376.117 | 34.521 | 175416.999 | 2537379.487 | 32.662 | 8.869 | 9.062
AVG | 8.661 | 9.624
STD | 1.238 | 2.020
RMS | 8.749 | 9.834
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