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EDUCATION
• BS in Land Surveying from University of Puerto Rico at Mayaguez
• BS in Civil Engineering from University of Puerto Rico at Mayaguez

PROFESSIONAL LICENSES
• Professional Surveying License in Puerto Rico 

• Professional Surveyor & Mapper in Florida

EXPERIENCE
• 1 year as Field Survey crew chief in Arecibo Observatory

• 3 years Survey Crew Chief/Survey Technician in Texas
• Construction Layout

• Topographic & Boundary Surveys
• 4 years as Survey Technician/Field Crew Supervisor in Florida
• 3 years as Professional Surveyor in Florida with WGI

GEOSPATIAL - THE PACE OF INNOVATION

EXPO CONVENCION CIAPR 2022
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• TYPES OF MOBILE LIDAR, SENSORS, AND USES

• INDUSTRY STANDARDS – TRANSPORTATION PROJECTS

• CONTROL POINTS & TARGETS LAYOUTS

• DATA PROCESSING & EXTRACTION WITH TOPODOT

• APPLICATIONS

AGENDA
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DEFINITION

LIDAR is a surveying technology that measures distance by illuminating a target 
with a laser and analyzing the reflected light. 

LiDAR is not photography or photogrammetry.

Collection of hundreds of thousands or millions of points per second.

Accuracy and precision from several meters to less than one centimeter. “You’re 
only as good as your control”

Coverage areas that can include hundreds of square miles, dozens or hundreds 
or roadway miles, or one specific site.



Mobile LiDAR
Sensors in Motion
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TYPICAL SYSTEM AND COMPONENTS

• Laser - Measures relative distances by emitting a pulse of light and measuring the speed of its 
return. Common types of lasers are Time of Flight (ToF) and Phase-shift. Phase difference 
technique has a medium range, high accuracy, and is ultra-fast, whereas the time-of-flight 
technique has a longer range but is slightly slower and has slightly less accuracy 

• GNSS Receiver- Global Navigation Satellite System. Common GNSS are GPS, GLONASS, 
Galileo & Beidou (Chinese for big dipper “buy-do”) Uses satellite constellations to provide 
positioning

• IMU – Inertial Measurement Units. Captures data about movement such as attitude (pitch , 
roll, yaw) and velocity with gyroscopes and accelerometers.

• DMI – Distance Measuring Instrument – Wheel pulse transducer. For detecting wheel 
rotation to calculate wheel speed, distance traveled, and vehicle speed.

• Cameras – Planar and Spherical. Used to colorize point cloud as well as provide photographic 
site inventory and SLAM positioning.

• SLAM - Simultaneous localization and mapping. Algorithms utilizing sensor data (LiDAR & 
cameras) to compute positioning



LEICA PEGASUS

• S CANNE R T HAT  P RODUCE S  1 . 0 M P OINT S  
P E R S E COND AT  HIGHW AY S P E E DS

• HOUS E S  UP  T O 4  BUILT  IN CAME RAS ,  W IT H 
1 - 2  OP T IONAL

• T YP ICAL  RAW  ACCURACY:  0 . 0 2 2  M – HZ,  &  
0 . 0 1 5  M – VT.



Laser Scanner
Leica P20 (removable)

Z+F 9012 Profiler

Light Sensor
Automatic light sensor / 

exposure control

Camera System
8 CCD Cameras

4 Mega Pixels, 360° Cov.

Handles
Access around unit for easier 

mounting

Power Supply
One cable connection

10 hours operation time

Camera System
Sky / road camera

Roof Mounting
Standard roof rack

System fits in one case

Global GNSS/GPS
Triple band / all constellations 

Novatel Propak 6

PEGASUS MOBILE MAPPING SYSTEM
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IMU
Leica P20 (removable)

Z+F 9012 Profiler



PEGASUS – MIXED APPLICATION
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• DUAL  S CANNE R T HAT  P RODUCE S  3 . 6 M 
P OINT S  P E R S E COND AT  HIGHW AY 
S P E E DS

• HIGH P E RF ORMANCE  INS / GNS S  UNIT

• HOUS E S  UP  T O 9  OP T IONAL  CAME RAS

• IMP ROVE D F ILT E RS  F OR NOIS E  
RE DUCT ION.

• ACCURACY/ P RE CIS ION: ~3 MM- 5 MM

RIEGL VMX-2HA
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RIEGL VMX-2HA
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• DUAL  S CANNE R T HAT  P RODUCE S  4 0 0 K 
P OINT S  P E R S E COND AT  HIGHW AY S P E E DS .

• 5 6 0  P T S / M 2

• S YS T E M L IGHT W E IGHT  2 4 - 2 8  L BS .

• F OL DABL E

• ACCURACY/ P RE CIS ION: ~5 MM - 1 0 MM

RIEGL VMY-2
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Leica Pegasus 
Backpack
Portable Mobile Lidar system for 
smaller areas

Supplements obscured areas

Lightweight (approximately 40lbs)

• Pedestrian walkways, bridges

• Side slopes 

• Building interiors (stairwells, 
multilevel)

• Water Treatment plants

• Electric substations

• Industrial settings

Uses
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• Fixed wing aircraft or helicopter mounted; 

downward facing configuration

• Collection of millions of points per 

second

• Utilizes GPS positioning systems, inertial 
measurement, and targeting if precise 

collection is required

• Ideal for large coverage areas and remote areas

• Riegl Sensor with Sound pulse to penetrate 

layers of vegetation

• Raw Accuracy of 0.10’ – 0.25’ (+/- 3cm – 6cm)

AERIAL LIDAR (UAVs)
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• 3x Units Project-Ready for Rapid Turnaround on Large Projects

• Most Efficient and Versatile Topographic Lidar Sensor 

• Superior Lidar Resolution and Precision 

• Each Integrated with a 100MP RGB Metric Camera 

Teledyne Geospatial, Galaxy T2000

AERIAL LIDAR



SPECIALIZED AERIAL LIDAR 

• Dual Laser Configuration 

• Unprecedented Pulse Density and Spacing  

• Helicopter & UAV Density at Fixed-Wing Cost & Scale

• Semi-Oblique Pitch Angle for Vertical Feature Capture

Teledyne Geospatial, G2 Sensor System



HIGH-RESOLUTION INTERSTATE TEST: 

I565 – AERIAL LIDAR RESULTS NUMERIC  

NOMINAL PULSE 

DENSITY 

AGGREGATE POINT DENSITY 

(90% OF 1M SAMPLES)
POINT DENSITY - MODE

BEAM FOOTPRINT DIAMETER, 

(MEAN ELEV - NADIR)

NOMINAL PULSE 

SPACING 

AGGREGATE NOMINAL 

PULSE SPACING

70.4 pls/m² 244.4 pts/m² 244.1 pls/m² 6.1” (1/e²), 4.3” (1/e)  11.9 cm - 4.7” 6.4cm - 2.5”

CONTROL PANEL 

SAMPLE SIZE

DZ TO CONTROL

(MIN, MAX)

MEAN DZ TO 

CONTROL
REALTIVE INTERSWATH DZ 

STANDARD DEVIATION 

TO CONTROL (1σ)

INTRASWATH PRECISION –

SMOOTH SURFACE REPEATABILITY 
ABSOLUTE RMSEZ – 95% CI

110 – Hard 

Surface
-0.102’  +0.098’ +0.015’ 90%  <0.131’ 0.040’ 0.14’ 0.042’ – 0.082’

Lidar Pulse Stats

Lidar Accuracy and Precision Stats

Efficiency and Image Stats

AOI SIZE 

(AREA, LENGTH)

LIDAR BUFFER 

WIDTH OFF AOI
FLIGHT LINES

TIME OF ACQUISITION 

(INCLUDES TURNS, NO 

TRANSIT)

CORRIDOR LINE EFFICIENCY IMAGE GSD (MIN, MAX) MEAN IMAGE GSD

0.45mi², 4.3mi +/- 700’ 5 + 1 Cross 29min 8.9 corridor miles / hr. 1.71” – 1.77” 1.75” / pix.



LAS OLAS BOULEVARD DESIGN SURVEY  - Broward County, Florida

Design Survey w/TML, R/W Control Survey, Drainage, and SUE

LAS OLAS BOULEVARD – FORT LAUDERDALE
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• FDOT Surveying and Mapping Handbook – Version March 29, 2019

• California Department of Transportation (CALTRANS) Survey Manual 2011

• National Cooperative Highway Research Program (NCHRP) Report 748

• Federal Geographic Data Committee (FGDC) – Part 3: National Standard for Spatial Data 

Accuracy

ACCURACY STANDARDS & GUIDELINES
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FDOT SURVEYING AND MAPPING HANDBOOK
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FDOT SURVEYING AND MAPPING HANDBOOK
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Validation Points may 

also serve as NSSDA 

check points to meet the 

requirements of this 

section. 

However, if critical areas of 

the point cloud are to be 

used outside of the 

locations of the Validation 

Points, then additional 

check points will be needed 

in those areas to meet this 

requirement. 

FDOT SURVEYING AND MAPPING HANDBOOK
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TYPES OF TARGETS
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TARGET LAYOUTS
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• Absolute – Location

- Point cloud in relation to established coordinate system

• Relative – Distance 

- Point to point distance within cloud

RELATIVE VS. ABSOLUTE POSITION
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LEICA PEGASUS BACKPACK
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Process 
Trajectory -

Import/Unzip 
LiDAR files

Extract image 
files

Time alignment
(Specific for 

Pegasus)

Generate point 
clouds

Filter point 
clouds

Adjust to control or itself –
Manual, Vertical averaging,  

Target recognition, 
Multipass/SLAM

QC 

Host – Orbit, 
TopoDot



QC – CONTROL POINT REPORT EXAMPLE
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QC – MOBILE LIDAR TARGETS REPORT EXAMPLE
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Open your phone camera app and scan the QR Code to access Orbit Demo data

https://publication.wgigeo.tech/publication/BPExample

HAWAII SAMPLE BACKPACK DATA
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• Asset Management GIS

• Breakline Extraction tool for 3D Topographic surveys

• Detailed Roadway Conditions Report tool

• Cross Slope Analysis tool

• Electric Transmition Locations

• Among Other Applications

TOPODOT APPLICATIONS
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DISADVANTAGES

• Buy-in Prices

• File Sizes & Hardware To Process/Host Files

• Software Trained Personnel

ADVANTAGES

• Safety! Safety! Safety!

• Improved Time Field Collections For Time 
Constrained Projects

• More Data For Less Cost

• Able To Collect Data In Hard-to-reach Places 
Without An Instrument Setup

• Easier Transitions To GIS Platforms And 
Asset Management

PROS & CONS
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Randy Ortega, PSM

E-mail: Randy.Ortega@WGInc.com

Phone: 561.268.5672

WEB: WGInc.com
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