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BACKGROUND: HSRC and JALBTCX

• HYDROGRAPHIC SCIENCE RESEARCH 
CENTER (HSRC) is conducting this 
research on behalf of Joint Airborne 
LiDAR Bathymetry Technical Center of 
Expertise (JALBTCX)……

INTRODUCING HSRC

(Page 1) 17th Annual JALBTCX Airborne Coastal Mapping and Charting Workshop, 19-21 July 2016 



BACKGROUND: INTRODUCING HSRC

HSRC was created in 2001 to conduct advanced research in hydrographic sciences 

towards becoming a national center of excellence in hydrography.

The center has been involved in the development of CZMIL system for Airborne 

LiDAR Bathymetry 
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BACKGROUND

THE BIG QUESTIONS

Image: courtesy http://graphicriver.net

WHY 
EXTENDING 

THE 
RANGE?

IF WE DO, 
WILL IT MEET

THE REQUIRED
SPECIFICATION?
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BACKGROUND: Methods of Positioning

Typically, 2 methods are preferred
• Single base PPK
• Network - PPK
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BACKGROUND: What is Single base PPK?

Single base RTK/PPK with 1 reference 
receiver
• Limited in range (< 30Km)
• Inefficient to deploy reference 

receiver for every operation.



Network – PPK
(Range limited by differential 

troposphere)

Network PPK  solution is 
degraded when user location is 

outside the network

GNSS Constellation

Regional Net

GNSS
signals

Rover

RINEX 
files

Post
Processing 
software

Results
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RINEX 
files

RINEX 
files

From each Monitor

BACKGROUND: What is NETWORK-PPK(NPPK)?   



GNSS Constellation

IGS Network

GNSS
signals

Orbits &
clocks

PPP 
Precise Point 

Positioning
No need to deploy a 

reference station

No dependence on 
reference Network

Global availability
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Rover

RINEX 
files

Post
Processing 
software

Results

BACKGROUND: What is PPP?



BACKGROUND: Data used for this study

• Project Locations: 

Horn & Dauphin Island, US (May 20th , 2012)

Hog & Nantucket Islands, US (June 06th, 2015)
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METHOD

• Network PPK (N-PPK) as reference solution

• Single base versus N-PPK

• PPP versus N-PPK

• Evaluate performance at two project locations
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Specifications for Performance Evaluation

https://www.iho.int/iho_pubs/standard/S-44_5E.pdf
Office of Coast Survey (OCS), National Ocean 

Service (NOS), NOAA

http://www.nauticalcharts.noaa.gov/hsd/specs/Specs_2015.pdf
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Specifications for Performance Evaluation
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Specifications for Performance Evaluation

• Evaluate performance with respect to IHO’s/NOAA’s specification 
for THU and TVU

95% conf. level Special Order
Unit (m)

Order 1a
Unit (m)

Order 1b
Unit (m)

Order 2
Unit (m)

2 5+5% of d 5+5% of d 20+5% of d
THU for d=5 2 5.25 5.25 20.25

a= 0.25 0.50 0.50 1.00
b= 0.0075 0.013 0.013 0.023

depth/
TVU 5 0.25 0.50 0.50 1.01

8 0.26 0.51 0.51 1.02
10 0.26 0.52 0.52 1.03
20 0.29 0.56 0.56 1.10
30 0.34 0.63 0.63 1.21

NOAA’s Specs (May 2015)

THU = 5m + 5% of depth

Where d = depth

http://www.nauticalcharts.
noaa.gov/hsd/specs/Specs_
2015.pdf

TVU= 𝑎𝑎2 + (𝑏𝑏 ∗ 𝑑𝑑)2
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METHOD: Post-processed Data (S-PPK)

20 Km

20 Km Applanix POSPac MMS for SBET
• single-base solution

• MSGA to Horn Island: 18 Km
• MSGA to Dauphin Island: 50Km
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METHOD: Post-processed Data (N-PPK)

Applanix POSPac MMS for SBET
• N-PPK solution
• Tightly coupled solution of IMU and 

GNSS data

50 Km

50 Km
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Assessing Performance at Horn and Dauphin Island
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Assessing Performance at Horn and Dauphin Island

Horn Island

20 Km

20 Km

Dauphin
Island
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NPPK vs. SB-PPK NPPK vs. PPP

Results: Time series plot (Horn Island)
Standard deviation (σ) for dataset 
North: 0.03m
East: 0.02m
Up: 0.04m

Standard deviation (σ) for dataset 
North: 0.02m
East: 0.03m
Up: 0.06m

North:
East:
Up:

Mean
North: - 0.01m

East:     0.00m
Up:     0.08m

Mean
North: -0.01m
East:     0.04m
Up:       -0.08m
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Analysis: 2D-Performance Evaluation (Horn Island)

NPPK vs. PPP (North, East & 2D-offset)NPPK vs. SB-PPK (North, East & 2D-offset)

95%  Confidence (2σ)
North: 0.06m
East: 0.04m
2D-offset: 0.03m

95%  Confidence (2σ)
North: 0.04m
East: 0.06m
2D-offset: 0.04m

Mean
North: - 0.01m

East:    0.00m
2D-Off: 0.04m

Mean
North: -0.01m

East:    0.04m
2D-Off:    0.05m

95% of dataset is < 0.064 95% of dataset is < 0.082

North:
East:
2D Offset:
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Analysis: 3D-Performance Evaluation (Horn Island)

NPPK vs. PPP (North, East & 3D-offset)NPPK vs. SB-PPK (North, East & 3D-offset)

95%  Confidence (2σ)
Up 0.07m
3D-offset: 0.07m

95%  Confidence (2σ)
Up: 0.12m
3D-offset: 0.07m

Mean
Up:   0.08m

3D-Off:    0.09m

Mean
Up: -0.08 m

3D-Off:    0.11m
95% of dataset is < 0.143 95% of dataset is < 0.173

Ell-Hgt:
3D Offset:
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NPPK vs. SB-PPK NPPK vs. PPP

Results: Time series plot (Dauphin Island)
Standard deviation (σ) for dataset 
North: 0.03m
East: 0.02m
Up: 0.05m

Standard deviation (σ) for dataset 
North: 0.03m
East: 0.01m
Up: 0.07m

North:
East:
Up:

Mean
North: - 0.01m

East:     0.00m
Up:     0.08m

Mean
North: -0.01m
East:     0.04m
Up:       -0.08m
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Analysis: 2D-Performance Evaluation (Dauphin Island)

NPPK vs. PPP (North, East & 2D-offset)NPPK vs. SB-PPK (North, East & 2D-offset)

95%  Confidence (2σ)
North: 0.06m
East: 0.04m
2D-offset: 0.05m

95%  Confidence (2σ)
North: 0.05m
East: 0.02m
2D-offset: 0.02m

Mean
North: 0.04m

East:   -0.05m
2D-Off: 0.07m

Mean
North: -0.05m

East:    0.09m
2D-Off:    0.09m

95% of dataset is < 0.107 95% of dataset is < 0.110

North:
East:
2D Offset:
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Analysis: 3D-Performance Evaluation (Dauphin Island)

NPPK vs. PPP (North, East & 3D-offset)NPPK vs. SB-PPK (North, East & 3D-offset)

95%  Confidence (2σ)
Up 0.05m
3D-offset: 0.07m

95%  Confidence (2σ)
Up: 0.13m
3D-offset: 0.06m

Mean
Up:    0.11m

3D-Off:    0.14m

Mean
Up: 0.01m

3D-Off:    0.11m
95% of dataset is < 0.18 95% of dataset is < 0.110

Ell-Hgt:
3D Offset:
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Assessing Performance at Hog Island and Nantucket

Hog Island
Channel

20 Km

20 Km
Nantucket
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Assessing Performance at Hog Island and Nantucket

Hog Island
Channel

20 Km

20 Km

Nantucket
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NPPK vs. SB-PPK NPPK vs. PPP

Results: Time series plot (Hog Island )
Standard deviation (σ) for dataset 
North: 0.02m
East: 0.02m
Up: 0.04m

Standard deviation (σ) for dataset 
North: 0.03m
East: 0.02m
Up: 0.05m

North:
East:
Up:

Mean
North: 1.04m

East:   -0.35m
Up:   -1.26m

Mean
North: -0.05m

East:     0.09m
Up:      0.06m

(Page 25) 17th Annual JALBTCX Airborne Coastal Mapping and Charting Workshop, 19-21 July 2016 



Results: Single base (SB) discrepancies (Hog Island ) 
NPPK vs. SB-PPK

Mean: 1.67m 
Std. dev. : 0.13m                   

Mean: -0.35m
Std. dev.: 0.02m

Mean: 1.04m 
Std. dev. : 0.02m

Mean: -1.26m
Std. dev. : 0.04m

(Page 26) 17th Annual JALBTCX Airborne Coastal Mapping and Charting Workshop, 19-21 July 2016 



Results: PPP discrepancies (Hog Island ) 
NPPK vs. PPP

Mean: 0.13m 
Std. dev. : 0.03m                   

Mean: -0.09m
Std. dev.: 0.02m

Mean: -0.05m 
Std. dev. : 0.02m

Mean: 0.06m
Std. dev. : 0.04m
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Analysis: 2D & 3D Performance Evaluation (Hog Island )

NPPK vs. PPP (Up & 3D-offset)NPPK vs. PPP (North, East & 2D-offset)

Standard deviation (σ)
2D 0.027m

Standard deviation (σ)
3D 0.033m

Mean
Up:    0.11m

3D-Off:    0.14m

Mean
Up: 0.06m

3D-Off:    0.13m
95% of dataset is < 0.145 95% of dataset is < 0.188
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Summary of Performance Evaluation

Horn Island Data size
2D Standard 

dev (σ)
3D Standard 

dev (σ)
95% of dataset 

(2D discr)
95% of dataset 

(3D discr)
NPPK vs SB-PPK 1,737,055 0.017 0.034 0.06 0.14
NPPK vs PPP 1,737,055 0.022 0.037 0.08 0.17

Dauphin Island
NPPK vs SB-PPK 985,769 0.025 0.027 0.11 0.18
NPPK vs PPP 985,769 0.012 0.030 0.11 0.14
Hog Island 
NPPK vs PPP 39,318 0.027 0.033 0.15 0.19
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Summary of Performance Evaluation

CZMIL depth measurement accuracy = 0.32 + (0.013 ∗ 𝑑𝑑)2

IHO     …….             TVU (order 1a) = 0.52 + (0.013 ∗ 𝑑𝑑)2

CZMIL estimated depth uncertainty at 5m depth = 0.307𝑚𝑚
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Summary of Performance Evaluation
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Location
Comparison 
against NPPK

Up Component  
(2σ), m 

Estimated TVU, m

Horn Island SB-PPK 0.074 0.319

Horn Island PPP 0.118 0.332

Dauphin Island SB-PPK 0.100 0.326

Dauphin Island PPP 0.133 0.337

Hog Island PPP 0.096 0.325

CZMIL estimated depth uncertainty at (5m depth) = 0.307𝑚𝑚; 𝑎𝑎𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 0.32 + (0.013 ∗ 𝑑𝑑)2



Summary of Performance Evaluation

95% conf. level
Special 
Order

Unit (m)
Order 1a
Unit (m)

Order 1b
Unit (m)

Order 2
Unit (m)

2 5+5% of d 5+5% of d 20+5% of d
THU for d=5 2 5.25 5.25 20.25

a= 0.25 0.50 0.50 1.00
b= 0.0075 0.013 0.013 0.023

depth/
TVU 5 0.25 0.50 0.50 1.01

8 0.26 0.51 0.51 1.02
10 0.26 0.52 0.52 1.03
20 0.29 0.56 0.56 1.10
30 0.34 0.63 0.63 1.21

Largest uncertainty for Single Base Solution at 
95% confidence level:
• VU was ± 0.10m (2σ of up component)
• Estimated TVU ± 0.326m 

Largest uncertainty for PPP Solution at 95% 
confidence level:
• VU was ± 0.13m (2σ of up component)
• Estimated TVU ± 0.337m

From these evaluations, PPP passed, at least, the TVU 
for Order 1 surveys

Estimated uncertainty of d𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞 𝟓𝟓𝟓𝟓 𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 𝐛𝐛𝐛𝐛 𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 = 𝟎𝟎.𝟑𝟑𝟑𝟑𝒎𝒎
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CONCLUSION

Can the range of ALB systems be extended? YES!

Because with PPP, ALB systems and similar platforms operating in 
the coastal area would not be constrained by maximum base length 
to a reference receiver

However, It is expected that PPP solution method would improve as 
newer algorithms are developed
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THANK YOU

QUESTIONS?
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