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Challenges Present in mobile LiDAR

Survey operations
Systematic errors
How ‘good’ is ‘good’?

Accuracy verification?

Data misalignment
Internally
To control

Correcting misalignments need effort to fix
DASHMap, Terramatch

Rescan
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Factors Affecting Accuracy
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Two primary factors affect data resolution:

Laser Data Quality - Resoultion

Measurement 
Spacing

Measurement 
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Range 
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Multiple hits on target

No hits on target
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Laser Data Quality - Range Precision

Increased range 
precision

Lynx laser 
range 

precision is 
8mm
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Traditional Workflow 

Raw 

Point Cloud

Data Manipulation

Sensor

Sensor Parameters: ?

Bore-sighting

Surveying GCP/CF

Adjusting data to GCP

“Stitching” strips

Multiple software required

Sequential and manual parameter adjustment

“Trial and error”

“Corrections”

“Trial and error”

“Corrections”

“Trial and error”

Adjusting data to GCP

“Corrections”

“Trial and error”

“Stitching” strips

Adjusting data to GCP

“Corrections”

Sensor Parameters: ?

“Trial and error”
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Proposed solution

Motivation: A rigorous methodology that provides 
thorough accuracy control, not just locally for control 
areas, but the entire project area.

Free of blunders & systematic errors
Accuracy calculated & reported
Iterative
Incremental

Requirements: Redundancy!

Lidar Mapping Suite (LMS) originally released for 
airborne lidar, now enhanced for mobile lidar also.
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INS/GPS  + 
LIDAR

Automatic-
Calibration 

Engine

Fully Aligned Point Cloud

Re-tuned 
Calibration 
Parameters

Data 
Collection 
Mission

Initial 
Calibration 
parameters

Processing 
Engine

LMS Workflow 

Collection to Aligned
Ratio ~ 1 : <2 hrs
(Multi-CPU’s, SSD’s)
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LMS Workflow

Planar Surface Extraction

S1 Blue
S2 Pink

Planes can 
be 

exported 
as ESRI 

shape files



© Copyright 2013, Optech. All rights reserved.  E&OE.

LMS Workflow

Point to plane (ds) analysis - used for assessing 
quality of the point cloud data. 
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Tie Plane Determination & Selection

Determines correspondence between lines & selects 
appropriate tie planes for self calibration

Based upon the point to plane analysis
Selection criteria includes size, shape, no. points, slope, orientation 
fitting error
Redundancy!
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LMS Methodology – Self Calibration
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LMS Methodology – Self Calibration

Sensor parameters
Optical calibration

Boresight
Roll, pitch, heading

Position
From POS

Orientation
From POS

Keep Fixed
Free Unknown
Constrain Unknown

Per Mission
Per Surveyed Line
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LMS-Pro:  Using Control Points

Using Ground Control in LMS is optional but will improve data accuracy
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How should GCP’s be collected?

On flat (planar) surfaces in multiple dimensions
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Case Study in Data Alignment

May 21 & May 23, 2013
Kelowna & Vernon, British Columbia on Highway 97.
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Equipment used

POS LV System (Position and Orientation System)

�PCS

�IMU

�2 GPS Antennas

�DMI (Distance Measuring Indicator)

PCS
POS computer system

Hardware
•2 LIDAR sensorheads 500 
kHz
•4 standard cameras (2-5 MP)
•Ladybug camera fully 
integrated
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May 21, 2013 Collect

Survey Time: 1h 53min

Distance: 77.8 km

Objective: To survey 

Highway 97 starting in 

Kelowna and ending 

north of Vernon, both 

directions.
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May 23, 2013 Collect

Survey Time: 1h 14min

Distance: 46.9 km

Objective: Complete 

Highway 97 between 

Vernon & Kelowna. Scan 

a major intersection 

within Vernon.
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Survey Challenges

Weather!
Rained on May 21, 22 & morning of 23rd

Time constraints

Multiple days of collection leading to misalignments 
between the two datasets.

Factors Affecting Accuracy!
How do we make these data sets align!?
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Urban Processing Environment

May 21

May 23
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Tie Plane Determination & Selection

L014 - S1 – 596,627
L014 – S2 – 587,738 
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Tie Plane Determination & Selection

L014 - S1 – 512,345
L014 – S2 – 465,163 

S1 – 85% of tie planes 

determined were 

selected

S2 – 79% of tie planes 
determined were selected
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Self Calibration Results
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Accuracy Height Report
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Use of GCP’s in processing

Mean distance = 0.032m 
RMS = 0.044m

Mean distance = 0.014m 
RMS = 0.021m
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Rural Processing Environment

May 21

May 23
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Rural Processing Environment
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Tie Plane Determination & Selection

L008 - S1 – 257,243
L008 – S2 – 137,992
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Tie Plane Determination & Selection

L008 - S1 – 93,466
L008 – S2 – 45,346 

S1 – 36% of planes 

extracted were 

selected

S2 – 32% of planes 

extracted were 

selected  
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Self Calibration Results
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Accuracy Height Report
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Challenges moving forward

Vertical plane availability & orientation
POS Accuracy

Collection techniques
GCP’s on planes (~ centre)

Processing techniques
GCP’s post collection, after planar extraction


