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SUMMARY  

 

Airborne LiDAR Bathymetry (ALB) systems are an efficient and cost effective tool to survey 

shallow water including rivers, lakes, estuaries and the coastal zone and have been used worldwide 

to support nautical charting and coastal zone planning since early 1990s. Predominantly used in 

benign environments with predicable weather conditions and water clarity, the operation and 

success of surveys utilising ALB technology becomes harder in areas above 60 degrees latitude 

where appropriate survey windows are shorter with more variables affecting the environment. 

 

In November 2015 Fugro operated a LADS HD ALB sensor simultaneously with a high density 

Riegl VQ-820-G sensor in Finland for the Finnish Transport Authority (FTA).  The purpose of the 

pilot project was for FTA to assess the performance of current ALB technology in these challenging 

environments in support of their nautical charting program.  The requirement was to survey areas of 

interest spanning both coastal and inland waterway areas to IHO Order 1a specifications. 

 

This paper will review the challenges of optimising ALB operations in Finnish environmental 

conditions and how an agile operational program managed the challenges of low cloud, turbidity 

and ice formation. The paper ends with recommendations for the successful operation and 

application of ALB technology in Finnish waters. 
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1. INTRODUCTION  

 

The objective of the Finnish Transport Authority (FTA) survey was to demonstrate the capabilities 

of the Fugro dual-ALB system solution across both coastal and inland lake areas in Finland, 

primarily for resultant coverage and seabed object detection performance.  

 

The survey areas included one priority coastal area, 25km to the north-west of Vaasa; ñVallgrund 

1ò. An alternate coastal area , ñVallgrund 2ò, was located 10km to the west of Vaasa. The two 

inland lakes priority survey areas were ñKukkosalmiò, located 30km east of Savonlinna and 

ñAhoselkaò, located 20km north of Lappeenranta. An alternate lake area, ñPartakoskiò, was located 

30km to the north-west of Lappeenranta.  

 

Flight lines were planned to achieve complete ALB coverage across each of the survey and 

alternate areas, and extended a further ~2km in length and ~0.2km in width for additional coverage.  
 

 
 



       

Figure 1 ï Overview of the priority (red) and secondary (yellow) coastal and inland lake survey 

areas. 

 

The priority and alternate coastal and lake survey areas are presented in Figures 2-4 below:   

 
 

Figure 2 ï FTA Costal Areas (red) and FLC Completed Flight Lines (yellow); Vallgrund 1 Priority 

Survey Area to the NW of Vaasa, Vallgrund 2 Alternate Survey Area to the W of Vaasa and 

Calibration / Verification Lines Over Vaasa (orange) 
 

 
 

Figure 3 ï FTA Lake Area (red) and FLC Completed Flight Lines (yellow); Kukkosalmi Priority 

Survey Area and Verification Line over Kerimaki (orange) 
 



       

 
 

Figure 4 ï FTA Lake Areas (red) and FLC Planned Flight Lines (yellow); Ahoselka Priority Survey 

Area to the N of Lappeenranta and Partakoski Alternate Survey Area to the NW of Lappeenranta 
 

2. SURVEY REQUIREMENTS 
 

The Contract specified that three discrete areas of ~8 x 1km dimensions would be flown at 200% 

ALB coverage, utilising a 2.5m x 2.5m sounding pattern from the Fugro LADS HD sensor operated 

simultaneouly with the very high density shallow bathymetric / topographic RIEGL VQ-820-G 

LiDAR system. The topographic data captured above this limit and was only processed to 5m 

elevation to allow FTA to extract the 3m elevation contour.  

 

FTA required final ALB data to be delivered relative to ETRF89, UTM Zone 34 N (coast) / UTM 

Zone 35 N (lakes) horizontal and N2000 vertical datum. Accuracy of the final dataset was to 

conform to International Hyrdographic Organization (IHO) Order 1a specifications, intended for 

surveys where the sea is sufficiently shallow to allow natural or man-made features on the seabed to 

be a concern to under keel clearance for shipping expected to transit the area (IHO, 2008). 
 

3. SURVEY OPERATIONS 

 

3.1 Survey Equipment 

3.1.1 LADS HD 

 

The Fugro LADS HD ALB system used during the FTA contract had 2.5 kHz laser speed (now 3 

kHz with the current system) and 7mJ energy per pulse, enabling efficient data collection and 

greater sounding density, along with excellent water penetration, high signal to noise returns and 



       

high quality data. The Fugro LADS HD ALB system routinely outperforms other systems in 

challenging environmental conditions due to the high laser power and receiver technology.  

 

Features of the Fugro LADS HD sensor include: 

- Depth measurement range of 3 x Secchi depth allowing confidence of deep water 

returns and quantity/quality of returns in turbid waters. 

- From review against MBES datasets, the depth accuracy of LADS HD depth 

measurements achieved IHO Order 1 accuracies. 

- Variable sounding density (independent of operating altitude) from 2.0 x 2.0m to 4.8 x 

4.8m resolutions (Note: the FTA survey was captured at 2.5m x 2.5m sounding 

density). 

 

3.1.2 RIEGL VQ-820-G 

 

The Riegl VQ-820-G is a shallow water system with a fully integrated airborne laser scanning 

system for combined high density hydrographic and topographic surveying.  The sensor includes a 

rotating multi-facet mirror that utilises a green (532 nm) laser to measure up to 510,000 

measurements per second (510 kHz).  The green laser is designed for measurement of high density 

(>4 points per m) topographic and shallow water areas.   

 

Features of the Riegl VQ-820-G system include: 

- Combined land and shallow water hydrographic airborne survey. 

- High spatial resolution (The FTA survey achieved a topographic point density of 8 pts 

per sq m). 

- Typical measurement range of 1 x Secchi depths. 
 

 
Figure 5 ï LADS HD and Riegl VQ-820-G acquisition configuration 



       

3.2 Mobilisation 
 

The Fugro ALB systems, LADS HD and RIEGL VQ-820-G, were successfully installed and ground 

tested in the a Cessna Grand Caravan C208B between 11 and 14 November 2015 in Lapalisse, 

France. The aircraft was ferried from France on 16 November 2015, arriving in Vaasa in the late 

afternoon. 

 

The local, in-country company VRT Finland Oy (VRT) provided in-country liaising, local logistics 

support and ground control surveying. 

 

3.3 Set To Work and Acquisition Overview 

 

A total of 7 survey and system calibration / verification flights were flown between 18 November 

and 8 December 2015 from the Vaasa and Joensuu Airports as described below: 
 

Flight 

# 

Date 

Flown 

Take-off 

Airport  

Landing 

Airport  
Objectives Flown / General Comments 

1 
18 Nov 

2015 
Vaasa Vaasa 

No objectives completed due to low cloud. Flight aborted due to 

weather. 

2 
23 Nov 

2015 
Vaasa Vaasa 

Survey: Vallgrund 1 area completed at 200% coverage. 

3 
23 Nov 

2015 
Vaasa Vaasa 

Calibration / Verification: RIEGL VQ-820-G boresight lines, TIP 

and GCP points (covered in snow). 

4 
24 Nov 

2015 
Vaasa Joensuu 

Survey: Kukkosalmi area flown at <100% coverage. Low clouds. 

Flight aborted due to weather. 

5 
6 Dec 

2015 
Joensuu Vaasa 

No objectives completed due to low cloud. Flight aborted due to 

weather. 

6 
7 Dec 

2015 
Vaasa Vaasa 

Survey: Vallgrund 2 area completed at 200% coverage. 

Verification: TIP and GCP points, TIP areas. 

7 
8 Dec 

2015 
Vaasa Joensuu 

Survey: Ahoselka area flown at <100% coverage. Kukkosalmi area 

completed at >100% coverage. 

Calibration / Verification: LADS HD rooftops (Jyvaskyla), CGP 

points (Kerimaki). 

 

Table 1 ï FTA Demonstration Survey and Calibration / Verification Flights. 
 

3.4 Data Processing Strategy 

 

Across all FTA demonstration survey areas, the LADS HD data was used from a minimum depth of 

2.0 ï 2.5m deep to its extinction depth which varied across the areas. All LADS HD topographic 

and very shallow water data was rejected in favour of the RIEGL VQ-820-G high density data, until 

its extinction depth of typically 2.5 ï 3.5m.  

 

This resulted in a seamless ALB dataset from 5m elevation to the LADS HD extinction depth, in 

some cases beyond 12m depending on the area, once both LADS HD and RIEGL VQ-820-G 

datasets were merged. 

 

 

 



       

3.5 Results 

 

3.5.1 Coastal Areas: Vallgrund 1 and Vallgrund 2 

 

Maximum depths of ~10m were achieved across isolated areas of Vallgrund 1 while solid ALB 

coverage was typically attained between 5 and 7m depth. The 100% + 200% data coverage and 

vertical accuracy across Vallgrund 1 was highly variable due to the generally poor water clarity 

conditions.  

 

Significant gaps are located where water clarity was poor: offshore and on the seaward side of 

shallow / drying areas. At these locations the vertical accuracy of the ALB  data also deteriorated 

significantly and achievement of IHO Order 1a cannot be confidently claimed. 

 

Typically water clarity improved across areas more protected from swell; the landward side of the 

shallow / drying areas and along much of the coastline. Across these areas the LADS HD waveform 

quality improved significantly indicating IHO Order 1a data accuracy and target detection could be 

confidently claimed. 

 

Gaps in ALB coverage also exist along the coastline where sea ice is present. These ice gaps 

typically occur across very shallow water in the upper reaches of bays. The vertical accuracy of all 

heights on drying rocks, islands and coastline for the Vallgrund 1 dataset was impacted by the 

presence of ~30cm accumulated snow.  

 

Maximum depths of ~6m were achieved across isolated areas of Vallgrund 2 with solid ALB 

coverage attained between 4 and 5m depth. The 100% + 200% data coverage and vertical accuracy 

across Vallgrund 2 was highly variable, due to the extremely poor water clarity conditions.  

 

Generally the significant gaps are located where water clarity was poor offshore. At these locations 

the vertical accuracy of the ALB data also deteriorated significantly and achievement of IHO Order 

1a cannot be confidently claimed.  

 

Vallgrund 2 was flown following and during a period of very strong winds and moderate sea state. 

If this area had been flown on the day that Vallgrund 1 was conducted it is quite likely that marginal 

to good coverage would have been achieved, as most of this alternate costal area is protected from 

the predominant swell. 

 



       

  

Figure 6 ï Vallgrund 1 100% + 200% ALB Coverage (left); Vallgrund 2 100% + 200% ALB 

Coverage (right) 

 

3.5.2 Lake Areas: Kukkosalmi and Ahoselka 

 

Survey conditions were almost ideal at Kukkosalmi, with strong winds at survey altitude the only 

challenge. Maximum depths beyond 12m were typical across the north of area, resulting in almost 

complete ALB coverage. No snow or ice was observed. Areas of aquatic vegetation above the lake 

surface were noted during data acquisition and evident during data processing. Where the 

vegetation was dense and the deliniation of the seabed was in question, the ALB data was 

appropriately reclassified into a ônon-seabedô class. 

 

The generally good water clarity across the Kukkosalmi area and resultant LADS HD waveform 

quality indicated IHO Order 1a can be claimed for both vertical accuracy and target detection. 

 

The water clarity was extremely poor across the Ahoselka survey area with the ALB systems unable 

to acquire depths beyond 2m. After conduct of four main lines, it was deemed that a satisfactory 

reconnaissance had been performed. Conduct of the alternate lake area at Partakoski was 

considered, but as it was assumed that this area would exhibit similar water clarity to Ahoselka, it 

was decided that the remaining flight time should be allocated to the Kukkosalmi priority lake area.  

 

Due to the extremely bad water clarity conditions across the Ahoselka area, achievement of IHO 

Order 1a cannot be confidently claimed in this area. 



       

 

 

 
 

 
 

Figure 7 ï Kukkosalmi 100% + 50% ALB Coverage (top); Ahoselka 100% ALB Coverage (4 lines) 

(bottom) 
 


