20 Ways LIiDAR

and GIS are being used to change industry

System Sensor Software Service
Drone LiDAR Pilot & Process & Training
Point Cloud

@ MODUS ROBOTICS

www.modusrobotics.com




Contents

Foreword

Our Story

From the Battlefield to Boardroom
What is Modus Robotics?

Helping To Perceive The World Differently
Benefits

12 Benefits of Robotics & Process Automation
Geo-MMS LIDAR

Get the Right Drone System to Match Your Need
Velodyne HDL-32

Quanergy M8

Velodyne VLP-16

Velodyne HDL-32

Quanergy M8

LP360 sUAS

Point Cloud Tools

Forest Planning and Management
Forest Fire Management
Micro-Topography

Agriculture

DEM (Elevation Value)

Flood Model

Biodiversity

Environmental Assessment
Precision Forestry

Tourism and Parks Management
Management of Coastline
Mapping

River Survey

ELC

Mining

Watershed and Stream Delineation
Solar Energy Planning
Archeology

Building Information Management
Cellular Network Planning
Railway Infrastructure

Geology

Urban Municipality

Transport Planning

Utilities

0000000 NINIOOO PP W

AR WWWNNIIZTOOOWOWOWONNOOOOOTON™ADdDWWNNIZRO O



Foreword

| hope you enjoy this product and it is thought provoking.

| am amazed at how much technology has changed over the last 20 years.

The information in this book is new; it has been around for decades. What has
changed is access. We had drones 20 years ago, but now they are smaller and
affordable. Due to its complexity and data storage requirements, LIDAR was
previously only used for satellites and government projects. Today LIiDAR data is
exponentially decreasing in size, resolution is increasing, and it is being used on
cars and drones. The ability to overlay other sensor data, such as multi-spectral
imaging, has been around for a decade but the computers and software to
process it is now in the common market.

We hope this product helps you understand what LIDAR products and capabilities
are available today and within the next 5 years, and how those products can be
incorporated into your corporation’s mission.

Do

Daniel J. Hubert
Co-Founder of Modus Robotics

If you are not familiar with Light Detection and Range (LIDAR)
here are two easy videos to explain this great technology
https://wwwyoutube.com/watch?v=eBUCGxZg_xg
https://www.youtube.com/watch?v=EYbhNSUnIdU



Our Story

From the Battlefield to Boardroom

Dan was a Top Gun tactics and flight in the
United States Marine Corps? Half-way through
his career, he suffered an eye injury that would
not allow him to continue flying manned aircraft.
Due to his unique skill set in military intelligence,
tactics, lean process improvement, and aviation,
Dan was selected to command embedded
special forces drone units in Iraq.

His units quickly developed a reputation of
achieving results by collecting and
interpreting data essential for senior
military leaders to make decisions.

The information they could collect and
analyze went way beyond catching bad
guys or assisting first responders. They
provided information on where to plant
crops, helped make recommendations
on infrastructure in need of repair,

and forecasted irrigation or flooding
concerns to local towns.

Dan and his team realized these technologies
could affordably be used to influence economic
and environmental change. They spent 10 years
working in the military drone industry preparing
for the regulations to change so they could
bring these technologies and expertise to
industry.

Today, there are many companies evaluating how they can incorporate drones
into their business model, but Modus Robotics understands that it is not the drone
that will make companies more efficient, profitable, or safer; it is the change “in the
way” of collecting, and “the way” information is being used.

Modus Robotics means “The Way of “ Robotics



We are committed to producing technology to
1. Assist in better understanding our world and making better decisions while
increasing efficiency and safety.
2. Democratizing robotic technologies so anyone can have access to these
capabilities and benefits

Do No Harm Promise
Drones originated from the battlefield and most of our employees are veterans or
ex-government specialists. Every Modus employee, contractor, and representative
is committed to ensuring that no Modus product will ever be weaponized or
used to cause harm to the world it was designed to help protect. witnessed the
destruction that can come from such capabilities first-hand, and we all know that
there are better ways to employ our products.

©2017 Modus Robotics - Proprietary & Confidential



What is Modus Robotics?
Helping To Perceive The World Differently

Drones carry sensors that collect data

Software makes it information

People give it meaning

«  We have a high level of experience using and building drones, sensors, and

data systems.

«  We partner with our clients and combine their industry knowledge with
industrial engineering and cost-base business analysis to efficiently find high
return, increased safety solutions.

Traditional
Inspection

Companies

Low Expertise

High Experience with
Process Improvement

Modus

Robotics

High Expertise

with drones

Traditional
Utility

Companies

Low Experience with
Process Improvement

©2017 Modus Robotics - Proprietary & Confidential

with drones



Benefits

12 Benefits of Robotics &
Process Automation

O,

SAFETY COST FAST
SAVINGS
LESS ACCURATE CONTINUOUS
DOWNTIME

S
Q

ACCESS AUTO AUTO
IDENTIFICATION CLASSIFICATION

MULTI-SENSOR FAULT REMOTE
CORRELATION PREVENTION SENSING

©2017 Modus Robotics - Proprietary & Confidential



Geo-MMS LiDAR

Get the Right Drone System to
Match Your Need

The Geo-MMS LIDAR system offers a wide
variety of Positioning, Navigation and Timing
(PNT) solutions designed to address a wide
range of requirements essential to provide high
precision LIDAR mobile mapping.

Geo-MMS, together with heavy-payload, low-cost
drones and the opening of the civil airspace by
the FAA has created an opportunity for significant
data collection cost savings in a wide range of
industries.

Available with the following LIiDAR Sensors

Velodyne Velodyne Quanergy
VLP-16 HDL-32 M8

Available in Single or Dual-Antenna Configurations
High-Performance Quartz MEMS IMU

Internal High-Performance GNSS Receiver

Internal Data Recorder

Includes LIiDARTool Direct Georeferencing Software
Includes VYO Real-Time Viewer

Compatible with Geodetics’ RTK and PPK Bundles

For More Information on The Right Geo-MMS Product To Meet Your Goals,
Email us at LiDAR@Modusrobotics.com



Velodyne VLP-16

+ Dual Returns

. 830 grams

+ 16 Channels

+ 100m Range

« 300,000 Points per Second
« 360° Horizontal FOV

« +15° Vertical FOV

« Low Power Consumption

» Protective Design




Velodyne HDL-32

+ Dual Returns

« +2 cm accuracy

« Small - 2kg \5.7” high x 3.4” in diameter

« 32 Channels

+ 80m-100m Range

- 700,000 Points per Second

« 360° Horizontal FOV

« +10° to -30° Vertical FOV V

« Low Power Consumption

+ Rugged Design




Quanergy M8

« Multiple Returns

« ¥5 cm accuracy

« Small - 800g\ 87mm h x 97mm ©
« 8 Channels

- 150m Range

« 400,000 Points per Second

« 360° Horizontal FOV

. +3°to -17° Vertical FOV
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LP360 sUAS LBso
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LP360 for sUAS is a licensing level of LP360
designed specifically for the small Unmanned Aerial
Systems (sUAS) market.

LP360 for sUAS (Windows, ArcGIS) — This
version is feature identical to LP360 Advanced. This
version is limited to a maximum aggregate point
cloud size of 4 km2 (approximately 1,000 acres), a
size sufficient for most practical SUAS projects.

LP360 for sUAS (Windows, ArcGIS) Unlimited
— This version of LP360 for sUAS does not have a LAS data size limitation. It is
functionally equivalent to LP360 Advanced.

Point Cloud Tools

After LIDAR data has been collected and delivered for processing one of the
first steps is to run classification (ground cleanup) routines on the data. There
are multiple classification routines, which may be used depending upon the final
delivery results of the data you require.

We partner with LP360, the most respected family of point cloud exploitation tools, for
both native Windows (“standalone”) and the ArcGIS® desktop platform.

Let Us Help You Choose the Right Tool. To Discuss Which of These Are Best to

Meet Your Goals, contract at info@modusrobotics.com




Forest Fire Management

LiDAR is becoming widely employed in forest
fire management. Fire departments are
transforming from reactive to proactive fire
management. LIDAR images help to monitor
the possible fire area, which is called fuel
mapping or fire behavior modeling.

Forest Planning
and Management

LIiDAR is widely used in the forest industry to
plan and manage. It is used to measure the
vertical structure of the forest canopy, and
also used to measure and understand canopy
bulk density and canopy base height. Another
use of LIiDAR in the forest industry is the
measurement of the peak height to estimate a
tree’s root expansion.



Agriculture

LiIDAR helps farmers find areas that
overuse costly fertilizer. LIDAR can
create an elevation map of the farmland
that is then be converted to create

a slope and sunlight exposure area
map. This data is used to reveal high,
medium and low crop production areas.
Extracted information will help farmer to
save on the costly fertilizer.

Regular photogrammetry or
other survey technology can
miss the surface elevation
value that is hidden by
vegetation or forest canopy.
LiIiDAR can penetrate through
the vegetation and detect the
surface value.




DEM (Elevation Value)

Digital Elevation Model (DEM) includes z coordinates
along with x and y. Elevation values are used in

many surveying contexts such as developing roads,
buildings, and bridges. Before LIDAR, the ground
survey or photogrammetry method was used to
capture the z coordinates, but this method was time
consuming. LIDAR has made things easier and quicker.

Flood Model

Flood modeling benefits from LIDAR’s accuracy.
Rivers are very sensitive and few meters of change
can bring disastrous loss of life or property. LIDAR is
used to create high resolution and accurate surface
models, providing 3D simulation for better planning
of the structures or buildings on the river bank.
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Our forests are home to countless types of birds, animals, and insects. Scientist
are using LiDAR to analyze forests (vertical structure) to see whether they are
suitable habitats for the species in question. The vertical structure of trees, shrubs
and other plants indicates what species can live and thrive in that habitat.

Environmental
Assessment

Micro topography data generated
from the LIDAR data is used in the
assessment to protect plants and the
environment. Remote sensing and
surface information (LIDAR) is used |, _ _
to find the areas that are affected by ' : —
human activities and to help experts - S
determine appropriate remediation.




Tourism
and Parks

Management

LIDAR DEM is used to plan parks and
tourism areas. Highly accurate land
surface models help to find the best
areas for playgrounds, trees and
walking trails. 3D imagery of the park,
generated from LiDAR technology,
supports present day use and future
development.

Precision Forestry is about determining
yield and cultivating trees as a crop. The
DEM provided by LIDAR supports the work
of large-scale arborists as they determine
the best species of tree to be cultivated.
GIS tracks the individual trees and monitors
the advance of invasive insects which may
threaten the crop.



Management
of Coastline

By combining LIiDAR data of the
coastline surface and underwater
structure, researchers analyze waves
and their impact on coastline. If
captured periodically this data allows
the marine scientists to understand
occurrence of the coastal erosion.

Mapping

When a surveyor builds a map, they measure a
number of discreet points and interpolate the
difference between them. LIiDAR provides the 3D
view of the land for more accurate topography and
contouring. LIDAR data fused with aerial photography
shows the 3D view, facilitating the planning of roads,
buildings, bridges and water features.




High resolution LIiDAR

data can be processed to
identify and classify land

type. ELC Ecological &

Land Classification (ELC). It
provides the biological and
physical information of the
Landscape which supports
sustainable management
including land use planning,
environmental assessment,
forest management, habitat
management and more. In
addition, sustainability experts
are using this analysis to learn
what biodiversity the terrain
can support.

River Survey

Water penetration green laser is used
to measure the river floor. Under water
information is required to understand
depth, flow strength, and width of

the river. For river engineering, cross
sectional data is extracted to create

a river model, flood way, and flood
fringe maps. Similarly, LIDAR data is
used by marine engineers seeking to
understand the undersea world.



Watershed
and Stream

Delineation

Highly accurate DEM generated
from LIDAR is used to create
watershed area and stream
line delineation. By processing
DEM with GIS software,
watershed area and streamline
delineation is possible. This
allows engineers to calculate
the watershed for the particular
water channels and discover
stream channels for over land
flooding.

The near-real time spatial data
provided by LIDAR allows
managers and supervisors to
measure aggregate piles to
determine yields and logistic
requirements. This is replacing
previously used photogrammetry
methods. Further periodic
LiDAR 3D Mapping and
computer analysis can detect
geomorphology, allowing
preventative action before a 3
rockslide occurs.



Archeology 4+
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LiIDAR has played an important role in !. .
archeology because the vegetation £ o _f?;
penetration capability of LIDAR allows & =
the detection of micro topological v
structures. Used in conjunction with b7
GIS systems, this aids archeologists in
determining buried civilization structures
and how best to establish priorities for
excavation and preservation.

bat

LIiDAR DEM is growing as a source for heating and solar panel planning. Once
terrain and 3D structural data is loaded in GIS, a 365 day solar mapping and
shadow analysis can be conducted to determine which areas have the best solar
exposure year round.

Solar Energy Planning




Building Information F
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LIDAR mapping creates a near perfect virtual

reality model of the terrain, in significantly less time
compared to other survey methods. This highly
accurate terrain data, to include vegetation, loaded
into GIS, can generate a line of sight or view shed
map. This resulting map can help cellular engineers
find an appropriate location for proposed cellular

The highly accurate LIiDAR point clouds are
instrumental in uploading precise models of pipes,
structures, etc into CAD and BIM management
software. Using LIDAR and object recognition
software allows the generation of virtual reality
models in a fraction of the time as manual methods.
BIM itself is allowing complex structures to be
seen, studied, and tracked allowing for early

fault detection and planning of preventative
maintenance, at a fraction of the cost of traditional
data entry.

Cellular Network
Planning

antennas.



Urban
Municipality

LIiDAR is used by urban municipalities to
survey cities, helping the municipalities
maintain precise location, inventory and asset
management. City assessment departments
use LIDAR and object recognition software

to plan work projects and maintain
accountability of the cities’ infrastructure.

mﬁgu

Railway

= Infrastructure

—A

Traditionally, railway track measurement was done s
by regular survey system. Now LiDAR can quickly e
perform the measurements of the railway track
and fault detection software can alert engineers of
conditions requiring future inspection and repair.

The combination of LIDAR aircraft and GPS
may be used to find fault lines and measure
the geological uplift. The combination of
these technologies was used to find the
Seattle fault. Repeated LIDAR mapping

can be used to monitor glacial change and
perform coastal change analysis.



Utilities

Land management and vegetation tracking are
important in maintaining right of ways and utility
corridors. Multi-path LIiDAR not only can see through
vegetation, but it sees the vegetation itself, allowing
different sizes of plants to be recognized as objects,
measured for canopy and root system and loaded
into GIS for tracking preventative maintenance.

Transport Planning QQ

Civil engineers use LIDAR data to generate very accurate terrain maps and GIS
layers of road networks. The level of detail allows planning that would normally
take dozens of field visits to confirm. Civil Engineers can perform cut and fill
calculations, culvert sizing, and grade calculations with no rework. Since LIiDAR
is multipath, biomass can be calculated to aid in the planning of preventative
vegetation removal. Trees can be automatically identified and geolocated in GIS
for monitoring.
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