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3D Accuracy

Introduction
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Usage in LiDAR applications

In LiDAR applications, GCPs are used for 2 reasons:

» Determination of the accuracy: this is performed by comparing the LiDAR point
cloud and targets with known coordinates.

» Global alignment of point cloud: to improve the precision and the accuracy of
the point cloud.

Notes:

» The precision is improved as the misalignment between lines are reduced.

» Accuracy is improved as the misalignment between the point cloud and GCPs is reduced.

In comparing the Computed GCT Center and the coordinates of the GCP we
can assess the deviation from the local point cloud to the GCP at the GCP
location: Thus, we can compute the LiDAR point cloud accuracy.

GCP GCT

* Monumented point for which geodesic + Device that defines a unique center
coordinates are known with a controlled
accuracy and precision.

» (may be provided by National Geodetic
Authority or made by the user.)
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GCT types

2D Ground Control Target types

Classic targets: Limitations:

« CheckerBoard :

* Concentric circle

Foatprint

LIDAR paint
intensity

GeoCue - Copyright 2023

the estimation of the center is dependent of the
sampling of low and high intensity (B&W) points
over the target.

Given the X,Y estimates of the center, the Z value
should be estimated by a spatial interpolation in a
neighborhood of the estimated center.
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3D GCT (Accuracy Star)

Specs
e Armlength 70cm;

e Reflector diameter 14cm;

Recommended installation height: at least 1,40m

Installation with GCP

In placing a GNSS antenna at the center we can make an estimation
of the 3D center. This point will play the role of reference
coordinates of the GCP.

Install the Accuracy Star over a survey nail or a monumented GCP by
levelling the tripod. The vertical separation between the survey nail
and a reference height of the Accuracy Star should be measured

accurately (H Offset).

=7

Advantages of Accuracy Star

It is accurate since the hexagon geometry enables us to
estimate the center from 3 to 6 clusters of points representing
the reflectors. Redundancy in the hexagon observation makes
the center estimate to be precise and robust.

The size and the separation of the reflectors has been
optimized to enable a good detection for most UAV LiDAR

L]
flight configuration.
It is unbiased since the redundancy of the six reflectors enables

us to estimate the center in a robust way.

The Z component comes from the vertical separation from the
ground of the reflectors. It is important to install the Accuracy
star at the highest possible elevation from the ground.
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Best practices

How many GCTs should | use?

It is recommended to deploy at least 3 GCTs to enable a possible rotation-translation transformation

Number of AS 1 2 3+
Translation Yes Yes Yes

Rotation + Translation No No Yes

Notes 1 GCT allows validation of the point cloud Accuracy and confirms that the dataset doesn’t have major issues.
The point cloud cannot be corrected (other than locally) but can be validated that it is within the expected accuracy
range of the system
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Where shoud | install my GCTs

» We recommend installing GCTs at locations where » Discrepancy between different lines can give relevant
positioning uncertainty is higher, in order to have a information on the survey local accuracy and may help
conservative estimate of accuracy. the user to understand some sources of errors that may

+ Example: for a long corridor survey, GCTs should depend on the lines

be installed at the beginning and at the end of the . |f you have multiple flights in an area performed on the

corridor, to measure the effect of IMU heading bias same day, you should use the same GCTs for all flights
along the corridor, especially if the UAV is flying at

low speed.
» Accuracy can be assessed in
- overlapping areas (intersections between lines)
+ non overlapping area (single line),

* line by line.

11

Local versus global accuracy of the survey

« If interested in the global accuracy, accuracy assessment and accuracy enhancement should be performed with
some AS distributed over the survey area.

« If interested only in local accuracy, the AS should be placed on the location of interest.

12
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Specific to Accuracy Stars

» For Accuracy Stars, the accuracy assessment is independent of the nature of the underlying terrain :
An Accuracy Star over a flat/gentle slope area or wet/dry or high/low reflectance will give the same
information; It is given by its own reflectors and not by the terrain.

» For Accuracy Stars, the accuracy assessment only depends on the flight conditions:

» Height, Speed -> parameters affecting point density
« Motion (long constant heading at low speed, angular rates, etc...)

13
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Measure Accuracy Stars in the field

o [ D e [ e [ K <> A
Accuscy S Memurement iy - - - S
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Processing workflow

1. Import GCP Example
2. Auto Find Payload: TV516
3.  Solve Flight Height: 75m
. Flight Speed: 5 m/s
4. Apply Correction
5.  Verification

16
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Step 1. Import Ground Control Points (from txt)

5/17/2023
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GCPs can be transformed during import if they are in
a different CRS

Projection/Vertical Change Only
» Applies no datum transformation

Transform from ITRF2014 Geographic Coordinates

Generalized Transformation

» Applies both datum and epoch transformations
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Import Control Points Wizard

Step 4 of 4 (Select a column and select the correct point data attribute)

Columns: - -
SAAme: (O XEasting Coordinate O sigma X
Name (Column 1) - -

Y (Column 2) O YiMorthing Coordinate O Sigma ¥
X (Column 3) . -

Z (Column 4) (O ZElevation Coordinate () Sigma Z

Type (Column 5) Op
H Offset (Column 6) -

O Name
(O Description

OType

(®H Offset
O sSlantHeight  m

O Unknown (Do not import)

Coordinate Reference System Options

Generalized Transformation (not recommended)

Source CRS Source Epoch | 2010
[ nAD83(2011) 1 UTH zone 16N + Elipsoid (Meters) =]
Project CRS Project Epoch | 2010

‘ NADS3(2011) / Alabama East + Elipsoid (Meters)

Preview of F\Data_Geocue\AS\Huntsvile_230224\AS_Huntsville_24 txt

Column 1 | Colunn 2 | Colunn 3 | Column
Nane | ¥ | ¥ | z

231 | 453080.630 | 116842.462 | 158.81
232 | 453101.021 | 116855.383 | 159.26
233 | 453142.966 | 116946.352 | 158.39
« >
Help Cancel < Back iex Finish
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Step 1. Import Ground Control Points (from shp)

5/17/2023

Control Pul 5 Elevation Field: Shape v Drive Mode:

* Must be in the same CRS as your LAS
» Must contain an attribute field for the Height Offset, ‘HOffset’

+ Must contain an attribute field for the target type, ‘Type’
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Step 2. Auto Find

Notes

. . 3D Accuracy will be run on the Active LAS Layer
» Find the Accuracy Stars on the point y y

cloud and compare to GCPs Active LAS Layer: | Triana_LAS_C230224_16 lﬂ
— Acouracy_Star ?
sty ctime [0
Tt T
Y x =

Intensity Coefficient: the proportion of
points that will be used based on
intensity.

Tripod Height: the approximate measure
from the ground to the base of the tripod
where is installed the AS.
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e Calculate DX, DY, DXY, DZ,

WY LP360 Control Points Report: Triana_LAS C230224 163537_QC F230224 163537 - =} x
DXYZ — e o Olioe pr st | [7
» Calculate statistics ol ChechPois
Quck set “|  unigue Hame reid: [rame | [lmessure ade ; A /ecomrany Star of b pracson =
« Generates comments on - HOffset = MessredX = Measured ¥ Sufse? ~ Zlocatn - DetaX  ~ Delia¥ X~ Detaz = DetaXVZ [- Comments ~ Refectors ldenticaton
. |mnm
results of the Auto Find L1061 116455.396 159.298  Meamred 013 0.0% 0.045 Relable Resuits very good
1061 116946.356 1504 Mesarsd 2004 00m 002 oo oow Relabie Resits very good
< >
Notes
. StatsecalSummary
3D accuracy will be run on the x v Planmetic Thvee dmensons verseal
ACtiVe LAS Layer Mean Error: 03\2 Mean Error: <0.017 Mean Error: 0.021 Mean Error: 0.0 Mean Error: .03
soom: 0004 soom: 0003 soom: o004 soOM 0005 sooM: 003
s 0007 sy 0005 Say 0007 Sepm oms s oa0s
| 1 Error Min, Max: [0.020, D.004  Error Min, Max; 0.029, 9.017]  Ervor Min, Max: [0.012,0.027]  Errar Min, Max: [0.027,0.045)  Error Min, Max: [0.036, 0.024)
Active LAS Layer: | Triana_LAS_C230224_16 ~ y 4 Error Range: 0.016  Error Range: 0.012  Eror Range: 0.015  Error Range: 0.018  Ervor Range: 0012
e e i
_— - RMSE: 0.014 I RMSE: 0.018 RMSE: 0.022 RMSE: 0.039 RMSE: 0.031 I
ASPRS Accuracy Class: 0.014 -
Statistical Pot Counts Comection M Catous fefervel S
[Es——— 3 ox — ™ R
Vertcai Measured 3 or — m =
Vithheld: 0of3  om — = — Rm
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Comment (on noise & density)

* Reliable Results

* Noise Warning

* Noise Alert

* Low Density Warning
» Low Density Alert

+ Not Useable

» Not Enough Points

» Not Enough Detected Reflector Points
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Reflector Identification

> 5 Verygood
Good Good Average
Average Bad Bad
= 2 Very bad

Example with GCP

I LP360 Control Points Report: Triana_LAS_C230 LPLas - o
Auto Find Sove. Setangs. Export Report.
Control / Chedk Ponts
Quick Set: Unique Name Field: | Name [measire Mode

transformed from US State
Plane to UTM during import

* Results are
identical to dataset
without transformation

24
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7 - HOffset ~ MearedX - MeasredY - SufaeZ ~ Zloaton - DetaX - DelaY = DefaXY = DeftaZ
| L | szss7om | sssmssor | usssss [ meassed | oo ] oo loos [ oo ]
2 325 19.295  Messred 2023 0.025 0.0%
1061 0% NI 164N Mesmred  0.007 2014 0. 0024
Statstca Summary
X Y Parmetc Tvee dmensons verteal
Mean Eror: 0013 MeanEmor 0017 MeanEror Mean Error 0.08  MeanEror
oOM: 0003 SOOM: 0003 500 SoOM: 0.004  soOM
s 0005 Sy 0004 Sayr 0007 sz
Error Min, Max [0.013, 0,007 Ervor Min, Max [0.023, 0013 EvorMn, Ma Error M, Max 0.029,0.044  Ermor Min, Max 2
£rvor Range: 0011 coBaos 200 Eooeace S sac Q46 S faoe
ot oon [ oo R 00z e oo e
ASPRS Accuracy Cless: 0014 RSTERETIVOEE . T 2 e Lo
Statstoal Pont Counts Correction e e
Horizontal Messred 3 om — ™ — R«
Vertiesl Measred 3 op — 1 — &
witved 0of3 oz — —  Ra

Hep View Daclamer
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Step 3. Solve

+ Calculates translation

« Calculates rotation (if at
least 3 AS)

+ Auto Solve will automatically
recalculate if you
check/uncheck GCP in the
list

Notes

If the translation is combined to a
rotation, the rotation is defined from

an origin point (Ox, Oy, 0z). Therefore,

the translation is also relative to this
origin point.

Step 4. Apply correction

¢ Apply correction will apply the
translation and rotation on the
point cloud and create a new
LAS layer.
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Auto Find Solve. O auto Salve Apply Correcton... Setbings. Export Report. ?
ot ChackPans
Quakset. i Name Pk [Hne - prec:[3 | [

* HOffset + MessredX v MeassedY = SurfaceZ

Control Points Report Apply Correction

LAS Layer: Triana _LAS_C230224,_163537.QC.F:

ox:
oy
< o >
Y Vertea
Mean Eror 0038  MeanEror
sooM: 0.005  SoOM:
sy 0008 sz
Error M, Max: [0.027,0.045]  Error M, Max
Ermor Range: 0018  Error Range:
RMSE

009  RMSE:
ASPRS Accuracy Class:
Mn Conton Interval:

ASPRS Accuracy Class:

Correction

ox
oy:
oz

Hep View Discamer.

Auto Find Salve. [Jauto save Apply Correction. Settngs. Export Report. ?
Control / Check Points
Quick Set Unique Name Field:  Name [IMeasure Mode: . v . el |
v HOffset + MeasredX ~ MeasredY = SurfaceZ « Deax - Deltaxrz ~ Refl
lmnm- 5000.64 | 158.845 mm-m:-ummmz-
159.298 Messred Relable Results very good
158.420 Measured Relable Results very good
| 1P360 Control Points Report Apply Correction
LAS Layer: Trians_LAS_C230224_163537_QC_F230224_163537
1
[ ox uwesue ™ Re 001
oy 2 Ty Ry: 2013
< oz T RE 0.001 "
Statstal Summary
X v \ Vertcal
Mean Error 0012 MeanError Mean Error
SOoM: 0.004  SOOM: SoOM:
sx 0007 sy Sxy 0007 Suyx sz
Error Min, Max [0.020, 0.004]  Error Min, Max. 10,024, Error M, Max: [0.012,0.027]  Error Min, Max: Exror Min, Max [2.03%
Ervor Range: 0016  Eror Range: Ervor Range: 0015 ErorRange Ervor Range:
RMsE 0014 RMSE: RMSE 002  RMSE: RMSE
ASPRS Accuracy Class: 0.014  ASPRS Accuracy Class: ASPRS Accuracy Cass: 0.018 ASPRS Accuracy Class:
Stavstical Pont Counts Correction b e
Hortzontal Measured 3 ox ussBLAL T 0012  Rx <013
vertcal Measured: 3 op 08222 Ty 2017 Ry 2013
Vithheld 0of3 oz 158854 Te 0031 Re .00
Help View Disclames. o Cancel
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Step 5. Verification

5/17/2023
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! LP360 Control Points Report: LAS Layer_1 - o X
Auto Fnd Solve. Cauto saive Settngs. Export Report.. ?

Contral / Check Paints

Run Auto Find on the new Quekset Ui Name P [Name ClMessre Hode ; s 1B
Ty S e Ep——s e —— - oeaz pimn s——
LAS layer ll!:-mm:-mi-umm_

Measured ©0.007 0.008 0.008 Rehable Resuits Very good
o Messred oos oo 0009 Rty Voyood
Step 4. Apply correction
c >
S—
X ¥ Planimetric Three dmensions Vertical
vean e ooz emerer o001 Memerer 0005 Meanrer 0005 Memerr oz
SDOM: 0.004 SOOM: 0.003 SOOM: 0.001 SDOM: 0.000
Error Min, Max -0.010, 0.005] Error Min, Max [-0.007, 0.006] Error Min, Max: [0.008,0.010]  Error Min, Max
s harce 0002 _ o fange
o Soos R
ASPRS Acauracy Class: SPRS ACOUTaCY LIass:
Statstical Pont Counts Correcton Min Contour Interval: 0.009
Horaontl Measurec 3 ox T - o
Vertcal Measured: 3 Oy: Ty: Ry:
Wbt o3 oo - u ey
b Vew Dadome C=1 o=
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Additional workflow

¥ L9360 Controt Points Regort LAS Layer_1 - ]

Auto Find Sobve. Dlaves sohve Settrgs. Export Report.

You can also mix Accuracy Stars
with checkerboards by manually
selecting the checkerboard'’s
planimetric center in the point cloud
using Measure Mode.

MesaredX  + Measured Y

et -
o oo

= o

pu— — s

e e e

pi ez

s — —

P =

et et ¢ o s .

e esnred = o s .

o notm  or " n,

o Vow o, C= o=

GeoCue - Copyright 2023

14



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Advantages of Accuracy Star
	Slide 9
	Slide 10: How many GCTs should I use?
	Slide 11
	Slide 12
	Slide 13
	Slide 14: How-to
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28

