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1.Getting to Know RobotSLAM Engine

RobotSLAM Engine is a comprehensive handheld LiDAR data application
software with robust point cloud processing capabilities, which can handle up
to 300 GB of point cloud data and offers features like Point Cloud viewing, Point
Cloud Rendering, Point Cloud Clipping, Point Cloud Measurements, Format
Conversion, Point Cloud Statistics, Accuracy Assessment, Coordinate
Transformation, Point Cloud Segmentation, Manual Point Cloud Classification,
Earthwork Calculations and so on. Additionally, it supports importing and
preprocessing data from the RobotSLAM series of handheld LIiDAR Scanners,
including image registration, trajectory optimization, global adjustment, point

cloud colorization, and SLAM projects merge and point cloud export, etc.

1.1 Computer Configuration

Computer Minimum Recommended
Operating system Windows10/Windows11 64-bit
Graphics card GTX-3060/RX6600M or above (NVIDIA series recommended)
cPU Intel i7-11800H/AMD R7- Intel i7-12700H/AMD R7-6800H or
5800H or above above
Internal Memory 16GB or above 32GB or above
SSD 1TB or above 2T or above

1.2 Software Installation

Before start, please note the followings:
1, it is better to install the software in the Disk D not in the system Disk(if the
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client computer has two or more disks available;
2, it is a must to create the installation path without SPACE or SPECIAL
CHARACTERS, better only with English letters or numbers;

The postprocessing software is RobotSLAM Engine, it is necessary to install

both the Engine and Server at the same time as follows:

m RobotSLAM Engine V1.1.7-Update-EN.exe 2023/6/7 11:23
“ RobotSLAM Server V1.0.0-Setup-x64-EN.exe 2023/6/16 11:28

1%¢, double click” RobotSLAM_Server.exe” to install it;
2nd, double click” RobotSLAM Engine.exe” to install it, select “English(US) or
English(UK)"; click “ ~ —2P(Next)”; set the installation path;

ZhengTu LIDAR Technology

RobotSLAM

INSTALL

ZhengTu LIDAR Technology

1.3 apply a software license

1. Please copy the machine code to apply a license file:
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EERQDBA S X

2.click "BROWSE" to import the license file and click ACTIVATE;

2.Main Modules

2.1 Icons introduction

File Render Tool Pointcloud Image Model Project SLAM About

HeAPROBHS0DRECC  RBLB=HBL

2.1.1 File

-includes Open Project, Save Project, Add File (txt format GCPs or Checkpoints

coordinate file) and Insert file function:

ZICH Render Tool Pointcloud Img

-
D Open Project D H
@ Save Project

Add File
@ Insert File

=

2.1.2 Render(Point Rendering)

- includes Background, EyeDome Lighting, Model, Point cloud, Vector
5



File Tool Pointcloud Image Model Project SLAM About
g )

O@lla0o®®

iﬁ U Background

MAID M} EyeDome Lighting

K/ Pointcloud
2E4

c rf‘ Vector
|
V4

Submenu-Background
- give color to the main window:

MODELRENDER

Height min: @

Height max: —.

sl

Basic colors

HE .

PICK SCREEN COLOR |

Custom colors.

ADD TO CUSTOM COLORS

Submenu-Pointcloud

HIML:  #ffffff

SOUTH

-give color to point cloud, and decide the class to display or not display:

MODELRENDER

Height min: .

—
Height max: —. [.']
~

s
e
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POINT CLOUD RENDERING

Viewer:
Point Size:

Color by: (] Blendinte [ ] X-rayeffe

Range foi — = m

[ ] Roliover at max

- Created, Neve.
Unclassified

- Ground

- Low Vegetation

- Medium ..

High Vegetation

Building

B T - S R U~

1w Bnint

2.1.3 Tool

refer to the functions: 3D Measure, Camera roam, Control report output,

Datum points management, Homonymy point pairs management, format

conversion, Partial Viewer and Translate/Rotate.

File RenderPomthoud Image Model Project SLAM Ab

- D EII 3D Measure

MAIN VIEWER @’“‘ Camera roam
Control Report

Datum points management

Homonymy point pairs management

Format Conversion

Partial Viewer Ctrl+P

Translate/Rotate
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2.1.3.1 3D Measure

-Horizontal distance, Slant distance Dx,Dy,Dz, Area, etc.

Measurement object: (Y P ud v

Measurement mode: () ‘,'*‘Off ) @ Point @ /Distance ) .Area

LNIO¢

DX(M) DY(M) DZ(M) IORIZON DIS

0.033 -5.179 0.012 5.179

JONVLSIa

DELETE SELECTED RECORD CLEAR ALL RECORDS Displayed information:

ID

Dx(m)

Dy(m)

Dz(m)

Horizon distance (m)

Slant distance (m)

(@) Trajectory of camera
o~ Trajectory of IMU
~) Point cloud

[® 7FVIProom.las

Measurement object: ()

DELETE SELECTED RECORD || CLEARALL RECORDS Displayed information: _| Hi

FILELIST ~ MODELRENDER

LoG

[13:41:17] Program Initialized!
[13:41:28] SAUDE las Added successfully
[14:30:50] SAUDE.las Removed

2.1.3.2 Camera Roam

=

G= |
HoId the right mouse button, change the view direction of the 3D point cloud, and
then Click” Add key Frame,” continue to add several directions of the point cloud, and then
click” Start Roam”,
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Key frame(-3.891,-18.148,10.478,0.090,0.000,0.005,0.996

Key frame(-3.953,-20.182,9.872,0.198,-0.001,-0.006,0.980 ADD KEY FRAME

Key frame(-4.051,21.501,9.190,0.273,-0.004,:0.013,0.962
Key frame(-6.263,-21.058,8.533,0.323,-0.066,-0.188,0.925 DELETE KEY FRAME
Key frame(-8.140,-21.088,8.300,0.324,-0.125,0.337,0.875
Key frame(-0.864,-10.358,7.005,0.314,:0.195,0.491,0.789
Key frame(-10.168,-17.853,8.195,0.278,-0.221,-0.583,0.73
Key frame(-10.586,-15.998,7.947,-0.255,0.272,0.677,-0.63
ey frame(-10.222,-14.254,7.063,0.216,0.302,0.755,-0.54
Key frame(-9.211,-12.024,7.755,-0.164,0.349,0.835,-0.392

Then the point cloud will rotate like a small video. This roam function can

work when the user tries to make a demo video.

FILELIST

Key frame(-3.891,-

ADD KEY FRA
925 DELETE KEY FRAME
CLEAR ALL FRAMES

Key frame(-10.5¢
Key fram

Key fram

'SAVE KEY FRAMES TO FILE

FILELIST ~ MODELRENDER  POINT CLOUD RENDERI|

LoG

[13:41:17] Program Intiali
[13:41:28] SAUDE las Added st
[14:30:50] SAUDE Ias Remove
[14:31:01] 7FVIProom.las Added suc

FILELIST

y frame(-3.891,18.1
Key frame(-3

5 CLEARALL FRAMES
2 | LOADKEY FRAMES FROM FILE

FILELIST ~ MODELRENDER  POINT CLOUD RENDERI

LoG

:17] Program Initialized!



SOUTH

2.1.3.3 Control Report

fter load the txt format Checkpoints coordinates list with “Add file”,

File Render Tool Pointcloud Image Model Project SLAM About

HomP=eUplla®®

MAIN VIEWER Add File

And then click “Control Report” to check the elevation control report:

10
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ile Render Tool Pointcloud Image Model Project SLAM About

BROREOCD-NBLBEE

Control Report

File Render Tool Pointcloud Image Model Project SLAM About

HeRbPbROBHaRBORIESD

EEmQOan

Report

File Sort

UsE NUMBER
1w Pt1
m P2
Pt3
Pta

Pts
Ptz
s [m Pt8

Statistical threshold: ~ 0.01

erage Magnitude:
std deviation:

Root mean square:

440312.800
440291344
440276.783
440271318
440258.875
440261.878
440277.080
440290415

REOGEE

KNOWN Z
2564767.234 40.844
2564786.451 49.812
2564797.531 49.795
2564791.187 49.788
2564777565 49.764
2564762.343 49.770
2564750.031 49.776
2564741.284 49.800

Average Dz:

Minimum Dz:

Maximum Dz:

SCENEZ bz

49759
49761
49.784
49756
49751
49.803
49768
49.780

-0.085
0.051
0,011
0.032
0.013
0.033

-0.008
0.020

SOUTH

M| sTATISTICS

2.1.3.4 Datum Point Management and Homonymy point pairs

management

E hese two functions normally use together to bind the GCPs with point
cloud. This part will be described detailed in the Chapter 3.10.2(Horizontal and

Vertical accuracy report generation).

11
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R(LN Pointcloud Image Model Project SLAM About

3D Measure @

Camera roam

Control Report
XXX s eecces

Datum points management

Homonymy point pairs management

ececee
Format Conversion

Partial Viewer Ctrl+P

Translate/Rotate

2.1.3.5 Partial Viewer

File Render Pointcloud Image Model Project SLAM

@ E]I 3D Measure

MAIN VIEWER Camera roam

Eg Control Report
@ Datum points management
% Homonymy point pairs management
a Format Conversion

>
©
e
it

Q Translate/Rotate

Y

=

horizontal distance, open partial viewer to make a profile of the point cloud,

‘ Partial viewer is a useful function, for example, before measure

so that can see inside,

PARTIAL VIEWER POINT CLOUD RENDERING

—

200
N ED

LS
el

EEQABAC

Partial viewer to see details

12
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|CDD"5 %\D@I@

:Rsrmk s(m): 1.5 * Movingstep(m): 0.20 (] Slice m # [ Fixelevationtozero (1 O &

MAIN VIEWER o @ PARTIAL VIEWER
(|
(]
N

work with horizontal slice
2.1.3.6 Translate/Rotate (Point cloud Stitching)

Point cloud stitching means to stitch the point cloud by dragging and rotating,
this process involves adjusting the position and orientation of one group point
cloud data to create a seamless composite.

Notes: it is a must that the two-group data to stitch should have overlapping

regions.

13
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File RenderPointhoud Image Model Project SLAM About

@ EII 3D Measure @ (@)

MAIN VIEWER Camera roam
Control Report
@ Datum points management
% Homonymy point pairs management
a Format Conversion

@ Partial Viewer Ctrl+P

Translate/Rotate

s

O
O
o
5
[
=

EEQDORA ©XE

Then will pop up a toolbar-Translate/Rotate on the left:

14
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ORRESC 'RBLGEB L

EEQDOACXEE: =g

Hold middle mouse button to drag point cloud in Data 1 to the direction of

up, down, left or right;
Hold right mouse button to rotate Data 1;
When drag and rotate to the proper location, then finish and export the point

cloud,

HRECC RBLUB=HBL

R0

CLFEEEL

15
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File Render Tool Pointcloud Image Model Project SLAM About

9P RORIa02CO0L0RBLGE2 L

MAIN VIEWER

oo

R O
NE

BEQDRO O

PrivoL.Y:

Privot

MODELRENDER  POINT oLOUD RENDERING.

Translate Successfully!

16
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X 97
™ (@) J > -+ LENOVO (D) > Hotel > 20240513032750 > LAS 1E LAS thig %R
N HFE - =885~
& ) femE o] Hoh
| 1 20240513032750_0.las 5/13/2024 12:20 PM Laser Points Clo. 64,423 KB
| | 20240513032750_1.las 5/13/2024 12:20 PM Laser Points Clo... 46,448 KB
1 20240513032750_2.las 5/13/2024 12:20 PM Laser Points Clo. 34,075 KB
| 1 20240513032750_3.las 5/13/2024 12:20 PM Laser Points Clo.. 24,901 KB
| 20240513032750 4.las 5/13/2024 12:20 PM Laser Points Clo... 27,364 KB
| 20240513032750_5.las 5/13/2024 12:20 PM Laser Points Clo. 38,759 KB
| | 20240513032750 6.las 5/13/2024 12:20 PM Laser Points Clo... 36,608 KB
| 20240513032750 _7.las 5/13/2024 12:20 PM Laser Points Clo. 52,412 KB
| 20240513032750_8.las 5/13/2024 12:20 PM Laser Points Clo. 48,030 KB
.| 20240513032750 9.las 5/13/2024 12:20 PM Laser Points Clo... 60,290 KB
1 20240513032750_10.las 5/13/2024 12:20 PM Laser Points Clo. 57,704 KB
| 1 20240513032750_11.las 5/13/2024 12:20 PM Laser Points Clo... 70,973 KB
1 20240513032750_end.las 5/13/2024 12:20 PM Laser Points Clo... 81,401 KB
| Datal.las 8/5/2024 3:46 PM Laser Points Clo. 643,359 KB
L | | Datal_trans.las 8/5/2024 4:02 PM Laser Points Clo... 643,360 KB
' This is Data 1 after Drag and Rotate
(

Data after Translate/Rotate

2.2 Point Cloud Rendering

Point cloud rendering is to give color to point cloud by different methods, by RGB, Elevation,
GPS time, Intensity, Class, File, and so on:

17
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POINT CLOUD RENDERING

Viewer:

Point Size:

color by: [} Blendintensit [ ] X-rayeffect (r
Elevation
GPS Time
Intensity
Class
Echo
Point Source ID
File

Color Method Selection

By Elevation

18



POINT CLOUD RENDERING

Viewer:

Point size:

Color by:

Range for color gradient

=l
-

By GPS Time

MAIN VIEWER POINT CLOUD RENDERING

Colorby: | _Intensity

' color gradient:

Medium Ve
High Vegetat
Building

By Intensity

MAIN VIEWER POINT CLOUD RENDERING

Viewer.
Point Size:

Color by:

By Class

19
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POINT CLOUD RENDERING

By File

2.3 Format Conversion

RobotSLAM Engine can export standard LAS format point cloud files, sometimes,

the users may need other formats, txt, pts, xyz, or others. Here takes pts format

conversion as an example:

Steps

Pros

save path

File nar

1%t, load the files;

2" add the method “data filtering”;
31, change the save path;

4% add the file suffix;

5th select the format PTS;

20
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6™, do the format settings, click ok to get the pts format file.

[® Save Text File >
File type:
‘ ADD |

Y(m (m)/Height(m)
Longitude(deg)/.. Up(m)

‘ DELETE |

Format Conversion x

path

File name sufi T File format

y the file name, not the cont:

4] PTS Format

Format Conversion x

4030940_0.las (100%)
4030940.1.las (100%)

Data Filtering(0,

File format:

21
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T « 31haocji-0613data > 20230614030940 > LAS v G ELAS FER
=R £xas Feiy Fh

| 20230614030940_0.las 2023/7/14 11:4

[ 20230614030940_0 nature.las 51,755 KB
[] 20230614030940_0-pts.pts PTS i 326,910 KB
J 20230614030940_1.las 2023/7M1411:4 LAS 374 53.662 KB

Y 20230614030940_1_nature.las 2023/7/14 11:53 LAS ¥ 353,663 KB

' 20230614030940_1-pts.pts

™
[ ground.las

2.4 Point Cloud Statistics

Point cloud statistics is to calculate the number of the points in the LAS file.
Click “Point cloud”-> “Point Cloud Statistics”, select “Single file” , find the file path, and
click * Count” to “The number of points”.

ool [ENIIESINEN Image Model Project SLAM About
Export Point Cloud j %‘ o

Correction Based On IMT

e o e

Manual classification

Horizontal slice
® singlefile () Selected area COUNT

Point cloud segmentation

Filename
Point Cloud Statistics

Coordinate System: N Number of points

Elevation (m)

2.5 Point Cloud Segmentation

Point cloud segmentation is a tool, which can divide the point cloud file into several parts.
Please find the tool from Main Menu Bar Point cloud->Point cloud Segmentation

22
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pol BJLIEILIE Image Model Project SLA
Q l l Export Point Cloud [

Correction Based On IMT
Las Tools

0oe P
% Manual classification

BB Horizontal slice
Point cloud segmentation

@ Point Cloud Statistics

File Render Tool Pointcloud Image Model Project SLAM About

HeAPROBIECAEOD - REOISR A
S&HhUH

MAIN VIEWER

oo
O=
R

LN
4

O
i
i
&
)]
@
(=

EEODBAOCXEE: ol

Input the width and Height value, here set 40m ,for example, and got four blocks as
below:

23
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Click save and set the save path

24



R
"2

o
a
(5
[

RIARCOOCF RELDHE L

File saved.

SOUTH

| | Block4.las
| | Block3.las
| | Block2.las

| | Block1.las

8/8/2024 11:50 AM
8/8/2024 11:50 AM
8/8/2024 11:50 AM

8/8/2024 11:50 AM

Laser Points Clo...
Laser Points Clo...
Laser Points Clo...

Laser Points Clo...

378,739 KB
370,518 KB
84,812 KB

202,130 KB

25
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2.6 Horizontal Slice

Horizontal Slice function- helps to check the point cloud by horizontal or vertical view

Tool Pointcloud Image Model Project SLAM About

APROBISCDRECC RNBELI=B L
 Sliceelevation (m):  17.257 .+ W Slcethickness (m):  0.20 + Movingstep (m):  0.20 . [ sicemode 4~ & (] Fixelevationtozero (1 O &%

MAIN VIEWER @ ®  PARTIALVIEWER

ntozes
) RTIALY
=3
=]

Right click Partial viewer setting icon to set the Fixed width value:

26
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2&

c &

b&
o
int
it
[
=]
[
i

2.7 Manual Classification

This function is used to classify the point cloud manually, for example class one unclassified
point cloud to ground, vegetation, building, noise and so on.

Notes: Also this function will helps to remove the moving people, cars or other objects.
Take Low point(noise points) classification as an example:

[ RobotSLAM Engine
File Render Tool Pointcloud Image Model Project SLAM About

QAGLE¥ O

MAIN VIEWER Browser Page

||
O=

KA

Browser Page

. RobotSLAM Engine

File Render Tool Pointcloud Image Model Project SLAM About

APROPIaEODRECEREFLGEHE

MAIN VIEWER Manual classification

Manual classification

(B RobotSLAM Engine

File Render Tool Pointcloud Image Model Project SLAM About

APROBIaSBOXR2EOC  RBELI= L

% Current viewer. v_Inputclasses: Class0-23 E: Target class: | [11U v selectiontools: [ L/J m & surfacemocer: Y @5
MAIN VIEWER

27
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set Target class

B RobotSLAM Engine

ile Render Tool Pointcloud Image Model Project SLAM About

RIaRBORECC - NEOLGBE

v Input classes: Cl E:: Targetclass: [7] ¥ Selection tools: Ef \i‘ L,J (\"1 QQ Surface model:

[3] Low Vegetation
[4] Medium Vegetation
[5] High Vegetation

6] Buildin

- RobotSLAM Engine

File Render Tool Pointcloud Image Model Project SLAM About

HoelPRORISRODIECC  RFLGEHE

urrent viewer: ¥ Inputclasses: Class 0-23 g:: Target ¢ partial Viewer ¥ | Selection too

MAIN VIEWER

m[m

click "Partial Viewer”

. RobotSLAM Engine

File Render Tool Pointcloud Image Model Project SLAM About
ROVRECC BELG=HE
t Selection tools: [T Q L/J m @ Surface

PARTIAL VIEWER
=

=

@ Set the displayed area for partial viewer (C)

- i DR .
right click” Set the displayed area for partial viewer”

b § Setting X

Fixed width (m)

Fixed step length (m)

set Fixed width value(0.1-0.5)

28
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. RobotSLAM Engine

File Render Tool Pointcloud Image Model Project SLAM About

APROBHaB02ECLE < 8
urrent viewer: v Inputclasses: Class 0-23

MAIN VIEWER

™S EE R

make a slice in left window with left mouse button

H RabotSLAM Engine

) N sutscemose: | @5

change the classification window to Partial Viewer (it is the right window)

B RobotSLAM Engine

Rectangular (@)

Select the “Selection tools”

(B rRobotSLAM Engine
File Render Tool Pointcloud Image Model Project SLAM About

REPRAOBRNSRODRECC "RNELG=AR

e v lInput classes: Class 0-23 2= targetclass v | selectiontools A L/J f”] <N surfacemode: ] @5
MAIN VIEWER g PARTIAL VIEWER Rectangular (Q)
LI e

Select tool "Rectangular” or other tools on the right

29
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class the noise point cloud to Low point class

[ RobotSLAM Engine

File Render Tool Pointcloud Image Model Project SLAM About

aABRE @ HRE O[T
: Currentviewer: _Partial Viewer v Input ck c 3 B= Targeta <

IEWER

The low point class (in red color in left window)

30
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File Render Tool Pointcloud Image Model Project SLAM About

REQEERBELOEHE

Export Paint Cloud ®

Export point cloud

Select Classes X

ASS

[1] Unclassified
[2] Ground
[3] Low Vegetation

[4] Medium Vegetation
X Range (m

¥ Range (m [5] High Vegetation

ZRange (m [6] Building

TRange(s) [7] Low Point (Noise)

Intensity Ra (8] Reserved

[m] Classes

[9] Water

[10] Rail

[11] Road Surface

[12] Reserved

[13] wire — Guard (Shield)

[14] Wire — Conductor (Phase)

Select “Created, Never Classified”, click OK and set the save path to export the point
cloud

31
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2.8 Ground Points Extraction (LAS tools)

If the user needs to extract the ground point cloud, there is a function called Las Tools.
1st, import the point cloud(right click “Point cloud”,

FILELIST

€ Datum points
& Trajectory of camera
Trajectory of IMU

e rT—

&9 Model

! vector | @)  FileInformation

®@ Hide Undisplayed Items

@  Show Allltems

Change Points Status

Remove All

2", Point cloud/Las Tools,

- RobotSLAM Engine

File Render Tool WNRULITE Image Model Project SLAM About

[Q B exportpoint Cloud YDRECCRBUPERE

MAIN VIEWER Correction Based On IMT

Las Tools

R
e

Manual classification
Horizontal slice
Point cloud segmentation

Point Cloud Statistics

o
)
)
(a
)
W
=

Las Tools

31: select terrain type and fine type, set Save Path, and then run.

32
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I¥ Las Tools ? X

File List:

wilderness nature } metropolis

extra_fine ultra_fine ) hyper_fine

Save path:

4t load the las file saved for the previous step,

> Elements (F) > 31hacji-0613data > 20230614030940 > LAS v O | ELASHER A
ez =- m ¢
= - P EIH sem S
[ 20230614030940_0.las 2023/7/14 11:41 LAS Szi 351,754 KB
[[[120230614030940 0 nature.las ] 2023/7/14 11:50 LAS 3744 351,754 KB
[ 20230614030940_1.las 2023/7/14 11:41 LAS 374 353,662 KB
| [ 20230614020940_1_nature.las 2023/7/14 11:50 LAS 374 353,662 KB

64 (D)

5t: check “ALL OFF”, only display Ground to check it as below:

8 Roborsian fngine - 8 x
Pl hender To

BRGNS

POINT CLOUD RENDERING

Transparency

EEOBEASXEHE =

FLELIST

6™, export ground class.
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Export Point Cloud X

[] X Range(m)

] ¥ Range(m)
Z Range (m)
] TRange(s)

Intensity Range

Classes  [2]

Export ground class
a

File Render Tool Pointcloud Image Model Project SLAM About

HePROBIaBODREQE "RBLGBE

MAIN VIEWER

oo
(m[}

KA

ol

At Export Point Cloud X

() X Range (m)

EEOOOO

] ZRange (m)

] TRange (s)

2.9 Earthwork calculations

First, please choose the point cloud to calculate volume. And remove noise point as
much as possible.

This data is not complete, but you can learn how to remove the point.
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Removed the noise point by the Manual classification tool:

Las tools will extract ground points automatically,

[ RobotSLAM Engine

File Render Tool WZJLIELILE Image Model Project SLAM About

@, @ (4 Export Point Cloud

MAIN VIEWER " Correction Based On IMT

Las Tools
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For example, I choose a data like this. And I want to calculate the volume of the
ground.
And I use the las tools to remove the trees.

Las Tools

File List

D) wilderness @ nature ( C ) metropolis

) coarse ") fine O extrafine @ ultrafine () hyper_fine

Save path CifUser

And after this step, we will get the ground point.
Yellow point.
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FLELIST

After load the point clouds, click DEM production. And then to create TIN.

{8 RobotSLAM Engine

File Render Tool Pointcloud Image Model j SLAM About

. Q @ {:} & C) | & DEM production

TN region: JI] D TIN editing Earthwork Calculation

MAIN VIEWER

Choose the scope to calculate.
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8 RobotsLAM Engine

Then DEM is generated,

ated, Never Classiied

Undlassiied

GLELIST [INRENDERINC INBRUSF

After that, Output the DEM model. Don't forget to choose the class- ground.
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fer Tool Pointcloud Image Model Project SLAM About

RS EET 0
I ) e 22 9D <§ [ oo BB

ER

File format:

Gridlength

savePath:

B
P2

[ {[== =] fe)

Then choose this function.

8 RobotSLAM Engine
File Render Tool Pointcloud Image Model BZ{JZ@ SLAM About

Elevatlon of the virtual plane:

The elevation of the virtual plane representative datum.
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Choose this can choose boundary.




SOUTH

File Render Tool Pointcloud Image Model Project SLAM About

Moa@oasEGEEY O

Elevation of the virtual plane: * original terrain v Target terrain:

MAIN VIEWER

(m/m}
0=
R

N,
"4

EEORBAC

Region area
Excavation volume:

Fill volume:

Remove volume:

41



SOUTH
3. Data processing in RobotSLAM Engine software

Before Process data, open SLAM Manager, and load the project Folder,

File Render Tool Pointcloud Image Model Project BSWAYE About

@, @ {E}} & {:} RTK Configuration

MAIN VIEWER &) Merge SLAM Projects

00
S 0
R

SLAM Manager

File Render Tool Pointcloud Image Model Project SLAM About

MO &

MAIN VIEWER

I:I

O00R *OsEE

3.1 Data Processing (handheld mode)

Case 1: handheld data WITHOUT RTK,
just open the project by clicking “"SELECT DIR”, tick “Process Pointcloud”, and
then click “Start Process”; after that, wait processing finish, and export the

point cloud.
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SLAM MANAGER

Platform:

Scanning Type:

H v
min] v
Directory Path: ~ D:/1¢ 920 SELECT DIR

O Replay Process

Min Distance(m) 1.0

Max Distance(m): ~ 80.C

Msgcount: 0

0@@H/@u-ﬁ

Start Process

StartmsgSEQ: .

Case 2: Handheld Data with RTK Fixed
Step 1: open the project by clicking "SELECT DIR" tick “Process Pointcloud”,
and then click “Start Process”;

SLAM MANAGER

Platform:
Scanning Type:

H v
) v
Directory Path: D:/194-NF. 1920 SELECT DIR
@ Clou O Replay Process

Min Distance(m):  1.C Max Distance(m): ~ 80.0

Msg co

OO@H/@%‘W

Start Process

Startmsg SEQ:

Step 2: Reply the data with GNSS adjustment,

tick * Reply Process” and “Adjust with GNSS”, after that, click Start
Process to reply the data,

® Rendering

SLAM MANAGER & ®

Platform:

Scanning Type:

20min)
Directory Path: DI/r SELECT DIR

() Process PointCloud (® Replay Process

() Adjust with loop M| Adjust wwthNSS‘ EPSG SETTING

RTK XY Threshold(m): ~ 0.05 * RTK ZThreshold(m)  0.10

OOOR"OmEW

After reply, it is necessary to Adjust Trajectory, click Adjust Trajectory icon to

start the adjustment:
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SLAM MANAGER

Platform:

Scanning Type:

Directory Path:

() Process PointCloud

Adjust with loop

RTK XY Threshold(m): %

OCO0OR”*®%w
.

m /- a8

Adjust Trajectory

Vert File:
Edge File:

GCP File:

Prev.Frame(s):

M| Adjust with GNSS

SOUTH

®) Replay Process

EPSG SETTING
A

RTK Z Threshold(m) 1

B

] Show Axis

After adjustment trajectory, the RTK points will show on the trajectory as

below:

O X o0 - P oF- - 1

3.2 Data Processing (Backpack-mode)

For backpack working mode, set Platform to “Backpack”, and then click “Start

Process”,

Backpack working mode
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SLAM MANAGER

Platform:

Scanning Type: Handheld
|Backpack |

Directory Path: AutoMobile
UAY

(® Process PointCloud () Replay Process

Min Distance(m): 1.0 Max Distance(m):

Msgcount: 0 StartmsgSEQ: 0O

O0OKR OwiBW

Laser File:

IMU File:
GNSS File:

IMG File:

3.3 Data Processing (SUV-mode)

SLAM MANAGER

Platform:

Scanning Type: Handheld
Racknack

Directory Path: panadant AutoMobile

AV

® Process PointCloud Replay Process

Min Distance(m): 1 . Max Distance(m)

Msg count: Start msg SEQ

O0OR *O&FEx

Laser File:
IMU File:
GNSS File:

IMG File:

Set Scanning Type-
AutoMobile

3.4 Data Processing (UAV-mode)

Before process UAV-based RobotSLAM data, set Scanning type "UAV”, other settings keep
in default, and click "Start Process”,
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SLAM MANAGER

Platform:

Scanning Type:

B
Directory Path: al AutoMobile
! i

Replay Process

Min Distance(m): 1

Msg count

OO0OR *©

IMU File:

SLAM MANAGER

Platform:

Scanning Type:
Directory Path: Dy/panadanutcar

(®) Process PointCloud ") Replay Process

Y
Min Distance(m): 0 = Max Distance(m): 80.0 = ;

Msg c Start msg SEQ: C

O0OR *OEEx

Laser File:
IMU File:
GNSS File:

IMG File:

USV-mode Use default setting
If RTK function works during the scan, when finish process, set the EPSG, and

click “Reply Process”,
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SLAM MANAGER

Platform:

Scanning Type:

v
) v
Directory Path: 814145711 SELECT DIR

() Process PointCloud (® Replay Process

] Adjust with loop (W) Adjustwith GNSS | EPSG SETTING
v

RTK XY Threshold(m):  0.03 : RTK Z Threshold{m)

OOOR *OE @

3.6 Data Processing (long time)

If the scan time is more than 20 mins, normally, it is better to make a scan
within 20minutes, if a single scan time is more than 20 mins, please set the
Scanning Type to LongTime(>20 min).

SLAM MANAGER

Platform:

Scanning Type:
___| Standard (<20min)

Directory Path: E/ 31414571 -—
— Outdoor (RTK enable
") Process PointCloud @) Heplay Frocess

[ ] Adjust with loop (m] AdjustwithGNSS | EPSG SETTING

A A

RTK XY Threshold(m):  0.05 RTK Z Threshold(m) 0.10

O00OR *OEE&

v

3.7 Data Processing (Outdoor RTK enabled)

For outdoor open scenarios, if when try to process with the default setting,
there is something wrong with the process, please try with the Scanning type:

Outdoor(RTK Enabled);
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Road Application
Outdoor scenarios with less features (Like road or outdoor Mining, or etc.)

SLAM MANAGER

Platform:
Scanning Type:

__ Standard (<20min)

Directory Path:  E 371 | opaTime (>20min)

Outdoor (RTKenabled) | |

(@ Process PointCloud ) REpiay FTOCESS

Min Distance(m): 0 Max Distance(m):

Msgcount: O Start msg SEQ:

oOoOKR *eowEl

3.8 Trajectory Optimization (loop optimization)

Sometimes, while finish processing, zoom in the left window to the location of
start scanning point, increase the value of “"Near scans” and check “Show
Axis”,

when finish processing, the start scanning point or the ending point doesn’t go
the location as scheduled or the point cloud appears offset at the end of the

trajectory, in that case, it is necessary to do the trajectory optimization.

BnEQDBR e X
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1l RobotSLAM Engine - o X

File Render Tool Pointcloud Image Model Project SLAM About

s@aEGtTo

Univer v
EIN
£PSG Code: us e Loop Detection

ooOR*eoTE:2

22 000

Click one point on the starting line, and the other point on the ending line, so
that check whether the point cloud is misaligned in the joint area. Under
normal status, in the joint area, there is only one layer of ground point cloud

from vertical view; if there two layers of ground point cloud, it is abnormal

and need to be adjusted.

File Render Tool Pointcloud Image Model Project SLAM About

If the point cloud is misaligned or point cloud has deviations in joint area,

please adjust with LOOP DETECTION method to optimize the point cloud:

The starting point and ending point don’t go to the same position
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SLAM MANAGER

Platform:

Scanning Type:

- v
Standard (<20min) v
Directory Path:  E: 3/20240814145711 | SELECT DIR I

() Process PointCloud (@ Replay Process

(W] Adjust with loop | | Adjust with GNSS | EPSG SETTING
& + =
O0OR "B W
= —_

Optimize the point cloud with LOOP DETECTION optimization

3.9 Merge Projects (Projects Stitching)

In the case of large-area multiple collections, perform multiple stitching

according to the overlapping areas.

1. create a new folder, then open the A software.

2. select the new folder here in Merge Project.

Merge Project: ‘ SELECT DIR ‘

Add Project: ‘ SELECT DIR ‘ -

BEGIN ‘

3. select the folder you want to splice here one by one in Add Project and then

choose to start.
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Merge Project:

Add Project:

BEGIN

E:/A-RobotSLAM/data1218/20231218163216-1
E:/A-RobotSLAM/data1218/20231218164459-2

4. Then click SLAM Manager , open the new folder, click on the point

cloud Replay, then find the loop frame match, and click optimize / after

the match is completed, finally click m to save the trajectory.

EERODGO G XEE
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3.10 Accuracy Assessment

3.10.1 Import checkpoint file and generate the
vertical accuracy report
If the user already has some checkpoints before scanning, and when collect

data, the RTK function works, and receive absolute coordinates. Please import

the checkpoints coordinate file, and check the accuracy report by clicking

“Control report”.
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[ RobotSLAM Engine

Render Tool Pointcloud Image Meodel Proj

MAIN VIEWER

Project  SLAM

B¢

Minimum

Marimem 0z
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3.10.2 Horizontal and Vertical accuracy report
generation
After get the absolution point cloud, the horizontal and vertical accuracy can be

verified by the following method:

First, import the point cloud with absolute coordinates

SE‘,‘W
o=
KA
N
o
i
]
i}
[
=

Qo X

(5

L=

Set file type to Datum points,

Filename:

File type:

| Point cloud
INES:| Trajectory of camera

Trajectory of IMU
Separathr 1L D B

Here are the first lines of this file. Choose an attribute for each column:

Skip fi

APPLY [ APPLY ALL | CANCEL
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The GCPs or Checkpoints are imported as below:
IPROBISORREOC DNBLOBBL

EEQDBA O XEE

Click “Datum points management”,

File Render Tool Pointcloud Image Model Project SLAM About

Me2EPROBIHa@®REOL B UGEEH L

D& um points management
MAIN VIEWER

(|
w7
R

LN
"4

O
|
pi
5
=
1
(=

PRRECERNELOG=HB L

Then, click "Homonymy point parrs management”
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Ha2OPROEIa@@RCODIRNBLIBB L

Homonymy point pairs management

MAIN VIEWER

- ilmsfmilis fe

And create a new file,

MombBRO = O+ RBLBLR L

MAIN VIEWER

([}
0=

A
N

LN
4

o
i
p
&
)
1
]

ode: (O Selectafile onyour hard disk (®) Create anew file

CANCEL

Input the file name and save it,

& i |

™ > This computer > LENOVO (D:) > 130-Nigeria > - c 1E 130-Nigeria thiiZ »
|- R = )
& R XA xm Kok
Video tutorial 20240423021242 4/23/202410:57 AM 3tk
130-Nigeria 20240424100059 4/24/202410:13 AM  Xfsk
ZHEFH
2024-08

~ [ This computer

> & Windows (C)

> == LENOVO (D;)
- E (E)

> R

S (N): [report
{FFF3(T): HMP (*.hmp)

~ BRI e | s

Check Point 1 in the right side-Datum points management, and it will be lighted,
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POINT CLOUD RENDERING

And then click” Add point pair” to add the first point,

HOMONYMY POINT PAIRS MANAGEMENT
Filename:

Tools: @ E\}

Add point pair
'LATITUDE(DEG ( /! GITUDE(DEG

Make a horizontal slice in the left view, and then find the location of Point 1 in the partial
viewer, right click the accurate location of Point 1, and save it,

w®% QE B

POINT NAME X(M)/LATITUDE(DE

®

Row number

FILELIST  DATUM EMENT  POINT CLOUD RENDERING

Los

am Initialzed!

(M)/LATITUDE(DEG)/E/
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Mark 3 more points with the same method( 3 steps to mark the point),

Fiename

FILELIST  pATuM o) EMENT  POINT CLOUD RENDERING.

00s0
00s0

004

DEOP=DE L

PARTIAL VIEWER

W &

X(M)/LATITUDE(DEG

=

FLELST D) POINT CLOUD RENDERING

ERTICAL DISTANCE (M)

Click the icon "Point pair accuracy report icon SRS LIS Nl to save the report

file to TXT format,
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2~

> This computer > LENOVO (D:) > 130-Nigeria >

EEQOBAC

HLY - R

PR ? &R e ]
Video tutorial 20240423021242 4/23/2024 1057 AM S
130-Nigeria 20240424100059 4/24/2024 1013 AM TSR
™ -3F-8F. 4/24/2024 10:10 AM TXT R
- 1/ 0059-3F-8F.txt /24
1/ 0206- ST, txt 4/23/2024915AM  TXTR
2024-08
I 1242-2 RS RERER xt 4/23/20241026 AM TXTR
ST o 1] 4101-Fps— B txt 4/23/2024410PM  TXTR
v M This computer . . .
HOMONYMY POINT PAIRS MANAGEMENT I/ 5012-BIT TRTK txt 4/23/2024201PM  TXTX
| Windows((E) [/ cponthewall.txt 4/22/2024950 AM  TXTX
> = LENOVO (D;
= @% B B )
DATUM POIN ATUM POINTZ(M u == E (E)
112008 S s

105.661

74412

Zit (ERD: TXT ()

Save the accuracy report:

Point pair accuracy

Vertical distance threshold:
Horizon distance threshold:
slant distance threshold:

Save path:

CANCEL

[ Accuracy report.txt 8/22/2024 8:43 PM TXT 3 2KB
thewall.txt 4 [=] Accuracy report.txt £ §

Homonymy point pairs file: D:/130-Nigeria/report.hmp

X (m) /Latitude (deg) /East (m) Y (m)/Longitude (deg) /North (m) Z (m) /Height (m) /Up (m) GPS time (s) Datum point X (m)/Latitude (deg)/Ea
-61.962 113.998 -79.831 964.400 -61.935 114.003 -79.844 0.013 0.027 0.030

16.423 105.679 -79.758 829.200 16.392 105.661 -79.740 0.018 0.036 0.040

2171 74.432 -79.583 732.700 2.151 74.412 -79.611 0.028 0.028 0.040

-28.664 62.593 -79.812 1082.900 -28.698 62.616 -79.806 0.006 0.041  0.041

Vertical error
average value: 0.016
maximum value: 0.028
root mean square value: 0.018
threshold: 0.010
total number of point pairs: 4
number of point pairs exceeding the threshold: 3

Horizontal error
average value: 0.033
maximum value: 0.041
root mean square value: 0.034
threshold: 0.010
total number of point pairs: 4
number of point pairs exceeding the threshold: 4

Error
average value: 0.038
maximum value: 0.041
root mean square value: 0.038
threshold: 0.015
total number of point pairs: 4
number of point pairs exceeding the threshold: 4

59



SOUTH

3.11 Coordinate Transformation

3.11.1 Coordinate transformation with GCPs marks

If the user has some known points on the ground or on the walls, then it is
convenient to mark 4GCPs or more during the scan, after that when export

point cloud, load the GCPs coordinate file to transform coordinates.

s

.

Marking GCPs on the ground
Method to mark ground control point:
1.Put the cross on the base plate to the location of the ground control point;
2. Press the BLACK BUTTON on the RobotSLAM to record the ground control
point.
If some Ground Control Points are marked and get the coordinates file for the
GCPs, please tick” Transform Point Cloud” and “"Enable GCP records”, click
“"IMPORT CSV" to load CSV or TXT format GCP file, and then click "CONFIRM”

to export absolute coordinates;

CALCULATE TRANSFORMATION | IMPORT CSV | DELETERECORDS SAVE RECORDS

4

CONFIRM CANCEL
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The GCPs coordinate file should be *.txt or *.csv format, in the sequence of

Point name, E, N, Z:

E  Gcpstxt

pas

Pt1,440312.
Pt2,440291.
Pt3,440276.
Pt4,440271.
Pt5,440258.
Pt6,440261.
Pt7,440277.
Pt8,440290.
Pt9,440304.

WE EE

809, 2564767
344,2564786
783,2564797
318,25647°1
875,2564777
878,2564762

.234,49.
.451,49.
.531,49.
.187,49.
.565,49.
.343,49.

844
812
795
788
764
77

08,2564750.031,49.776
415,2564741.284,49.8
496,2564741.261,49.815

For example, after load the four points marked during the scan, import CSV

format GCPs points when export point cloud,

A

1 778300

4245 7.735 1

2 840900 3107 53.988 1

3 1003.300 -53.278 47.672 0.

1076.300 -34.792 4.900 1

s

B C
19673 60.8371
6 163917 105.6609
2 -40.3669 107.381
10 -28.6977 62.6163

4

284 1.967 60.837 -79.685

194 1

o

.081 28,698 62.616 -79.806

ON| IMPORT CSV

-79.6854
-79.7401
-79.8624
-79.8058

D

Colorize Original PointCloud

DELETE RECORDS

SAVE RECORDS

CONFIRM | | CANCEL

In the column 8, 9, 10, find good results in green, click "CONFIRM” to export

the coordinates.
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3.11.2 Coordinate transformation with RTK service

If RTK service is available during the scan, and RTK got Fixed most of the time,
after processing, click “"Replay Process” and tick “"Adjust with GNSS”, and
then click Start Process icon to replay the project(here Take RobotSLAM

Engine 1.3.3 version as example).

SLAM MANAGER

Platform:

Scanning Type:

Directory Path: / 3 SELECT DIR
F

O Proces: C (@ Replay Process

[} Adjust with loop ] with GNSS|| EPSG SETTING

RTK XY Threshold({m): 0.05 i RTK ZThreshold(m) 0.10

OOoOReOwl

Vert File:
Edge File:

GCP File:

And when export point cloud, please check the followings:

Save Detail Colorized PointCloud (M) Savein Seperated Files | —
{_] Save Subsampled PointCloud Voxel Interval(m): ~ 0.015 : =Y

] Colorize Original PointCloud

Save Directory: D 111

(W) Transform PointCloud = M| Enable RTK Recor ] Enable GCP Records

| Statistics: CALCULATE TRANSFORMATION IMPORT CSV DELETE RECORDS SAVE RECORDS

4 5

CONFIRM CANCEL

If all the RTK points are Fixed solution and in green status as below, just click

OK to export the absolute coordinates.
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us Save LAS File ? X

PointCloud Recolorize Smooth PointCloud (] Delete Origin PointCloud

) Transform PointCloud 0

Erfor Count:0Unqualfied Rate: 0

If some RTK points are in red, check and delete them, and then save points
before export point cloud, the sample shows as below,
select line 37, DELETE POINT and SAVE POINTS, after that, click OK to export

the point cloud:

13340.000 534046.336 2533587.440 96.357

8 13343.000 534047.159 2533586.224 96.373

13346.000 .27 534047.983 2533585.118 96.350

0 13349.000 534048.806 2533584.012 96.3

13352.000 -3.2 534049.321 2533583.017 96.331

13354.000 534050.041 2533582.243 96.339

13357.000 -0.83 534051.274 2533581.360 96.343

4 13360.000 0.541 534052.711 2533581.142 96.379

5 13363.000 1.740 534053.942 2533581.145 96.342

6 13488.000 -0.312 534049.647 2533574.933 96.259

13490.000 -0.268 534050.055 2533575.931 96.228

13494.000 -0.083 534050.771 2533577.151 96.058

3.12 Export colorized point cloud

If during the scanning, the Pano camera works and record the video normally,
When export point cloud, tick” Colorized Original PointCloud”, and click

CONFRIM to export colorized point cloud
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APPENDIX

1. Convert LAS format to RCP format (for AutoCAD
design purpose)

Run Autodesk ReCap software
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Create new project by clicking “New project”, then click “import point cloud” load create new

project interface:

R AUTODESK' RECAP PRO

QIR

new project

: D
import transfer from photo to 3D
point cloud mobile device

new project

| =

imphrt transfer from photo to 3D
point cloud mobile device

Input the project name and proceed:

=
+ select files to import “ select folder to import

[ Geatenew project
—

first, we need a project name

new project (2) I

then a place to save your files

E:\ReCap

K cancel + proceed

drag files or folders here
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create new project
first, we need a project name

I

then a place to save your files

0103

EA\ReCap

create new project
first, we need a project name
0103|
then a place to save your files

E:\ReCap

Select files to import to load all Las files to change format,
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7
+ select files tlg import 'o select folder to import

or

drag files or folders here

Click “import files” in the right bottom, and then click import files,

Wait importing...
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Wait index scans, when finish, click” launch project”
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[J AuTODESK ReCap Pro e s - W -0 X

¥ index
n % o

launch )
project

[} AUTODESK ReCap Pro s " . W - @ X

launch )
project

Wait loading
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R AUTODESK' RECAP PRO 0103

R AUTODESK' RECAP PRO 0103 2

'EE

Input the file name and click “Save”,
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T > HkeBBy > E(E) > CAD2019 > Autodesk ReCap > v 0 £ Autodesk ReCap 8% P
v FEsEE = @
P300S = B e E sem K
Bma CER 2023/9/1 9:05 e
= BN crypto 2023/9/1 9:05 Wik
5] 3o document 2023/9/1 9:05 it
¥ = imageformats 2023/9/1 9:05 v =
) B% Images 2023/9/1 9:05 e
B =5 plugin 2023/9/1 9:05 itk
L C©C) resource 2023/9/1 9:05 itk
b (D) Setup 2023/9/1 9:05 3k
i . UPI 2023/9/1 9:05 S
_ EE)
ErE = S 2
SN | v
{R7F2EEU(T): |Unified RCP(*.rcp) v

T =
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