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SUMMARY

An airbome topo-bathymetric lidar survey was conducted at
Cape John, on the north shore of Nova Scotia, Canada, using
the shallow water Leica AHAB Chiroptera I1 sensor. The sur-
vey revealed new bedrock features that were not discovered
using previous mapping methods. A thick blanket of glacial till
covers the bedrock on land, and outcrops are exposed only
along the coastal cliffs and offshore reefs. The seamless land-
seabed digital elevation model produced from the lidar survey
revealed significant bedrock outcrop offshore where ocean
currents have removed the glacial till, a significant finding that
was hitherto hidden under the sea surface. Several reefs were
identified offshore as well as a major fold structure where
block faulting occurs along the limbs of the fold. The exten-
sion of the Malagash Mine Fault located ~10 km west of Cape
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John is proposed to explain the local folding and faulting visi-
ble in the submerged outcrops. The extension of this fault is
partially visible on land, where it is obscured by glacial till, and
its presence is supported by the orientation of submerged bed-
ding and lineaments on both the south and north sides of
Cape John. This paper demonstrates how near-shore high-res-
olution topography from bathymetric lidar can be used to
enhance and refine geological mapping.

RESUME
Un levé lidar topo-bathymétrique été réalisé a Cape John, sur
la rive nord de la Nouvelle-Fcosse, Canada, en utilisant un cap-
teur Leci AHAB Chiroptera 1L Ce levé a permis de repérer des
affleurements que les méthodes de cartographie plus anci-
ennes navaient pu détecter. Une épaisse couche de tll glaciaire
recouvre la roche en place sur le continent, et la roche affleure
sculement le long des falaises eotiéres et des récifs cotiers. Le
modéle numérique de dénivelé en continu terres et fonds
marins obtenu par le levé lidar a révélé Pexistence daffleure-
ment rocheux considérables au large des cotes, 1a ol les
courants océaniques ont emporté le till glaciaire, une décou-
verte importante demeurée cachée sous la surface de la mer
jusqu’alors. Plusieurs récifs ont été identifiés au large des cotes,
ainsi qu'une structure de pli majeure, a 'endroit ol se produit
un morcellement en blocs le long des flancs du pli. Une exten-
sion de la faille de la mine Malagash situé ~ 10 km a I'ouest de
Cape John est proposé pour expliquer les plis et les failles
locaux visibles dans les affleurements submergés. Iextension
de cette faille est partiellement visible sur la terre, voilée par le
till, et sa présence est éayée par 'orientation de la stratification
et des linéaments submergés tant du caré sud que nord de
Cape John. Cet article montre comment la topographie haute
résolution du lidar bathymétrique peut étre utilisée pour
améliorer et affiner la cartographic géologique.

Traduit par le Traductenr

INTRODUCTION

In this paper we present the results of offshore coastal map-
ping using airborne topo-bathymetric lidar at Cape John, Nova
Scotia along the Northumberland Strait in the Gulf of St
Lawrence (Fig. 1). Traditional remote sensing mapping meth-
ods such as aerial photography and boat-based echo sounding
used in the mapping of geological structures on the seabed can
be difficult, time-consuming and expensive to locate. Itis gen-
crally assumed that terrestrial outcrops extend underwater;
Cape John is known to have outcrops along the coast but there
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ABSTRACT |

Webster, T.; McGuigan, K. ; Crowell. N.; Collins. K., and MacDonald, C., 2016. Optimization of data collection
and refinement of post-processing techniques for Maritime Canada’s first shallow water topographic-bathymetric
lidar survey. In: Brock, J.C.; Gesch. D.B.; Pamsh, C.E.: Rogers. IN.. and Wnght, C.W_ (eds.). Advances in
Topobathymetric Mapping, Models, and Applications. Jowrnal of Coastal Research, Special Issue, No. 76, pp. 31—
43. Coconut Creek (Florida), ISSN 0749-0208.

An airborne topegraphic-bathymetric hidar survey was conducted for five coastal study sites in Mantime Canada
fall 2014 using the shallow water Leica AHAB Chiroptera II sensor. The sensor utilizes near-infrared (NIR) and
green lasers to map topography. water surface. and bathymetry. and is equipped with a 60 MPIX camera. which
results in 5-cm resolution color and NIR orthophotos. Depth penetration of the lidar sensor 1s limited by water clarity,
and because the coastal zone 15 vulnerable to reduced water clanty/increased turbidity due to fine-gramed sediment
suspended by wind-induced waves, several techniques were employed to obtain maximum depth penetration of the
sensor. These mcluded monitoring wind speed. direction. and water clarity at study locations, surveying a narrow
pass of the study area to assess depth penetration, and quickly adapting to changing weather conditions by altering
course to an area where water clarnity was less affected by wind-induced turbidity. These techmques enabled 90%
depth penetration at all five of the shallow embayments surveyed and up to 6 m depth penetration in the exposed
coastal region. Synchronous ground truth surveys were conducted to measure water depth and clarty and seabed
cover durng the surveys. GPS checkpoints on land indicated that the topographic lidar had an accuracy of better than
10 em RMSE in the vertical. The amplitude of the green laser bathymetric returns provides information on bottom
type and can be useful for generating maps of vegetation distribution. However, these data are not automatically
compensated for water depth attenuation and signal loss in post-processing, which results m difficulties in
mterpretng the amplitude mmagery denived from the green laser. An empinical approach to generatmg a depth-
normalized amplitude image which is merged with elevation derivatives to produce a 2-m resolution map product
that is easily interpreted by end users is presented. An eelgrass distribution model was derived from the bathymetric
elevation parameters with 80% producer’s accuracy.

ADDITIONAL INDEX WORDS: Eelgrass, lidar seabed reflectance, depth normalization, seabed classification.

INTRODUCTION ecosystems 1s imperative in order fo protect existing

The coastal zone of Maritime Canada is estimated to be
>11,000 km (Sebert and Monroe, 1972, 1:250,000 scale). The
coast plays a significant role in the economy of Maritime
Canada through tounism, recreation, fishing, aquaculture, and
industry (Fisheries and Oceans Canada. 2008) and has the
potential to support more economic development (Tedsen ef al..
2014). As the global climate changes, Maritime Canada’s coast
1s at risk from nising sea level and increased erosion (Forbes ef
al.. 2009; Peltier. 2004: Rahmstorf er al.. 2007; Shaw et al..
1998: Stocker er al.. 2013). and ecosystems are threatened by
declining eelgrass and fish habitat (AMEC Earth &
Environmental, 2007; Fishenes and Oceans Canada, 2009;
Hanson, 2004). The requirement for accurate and detailed
mapping of shorelmes, nearshore bathymetry, and coastal
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infrastructure and vulnerable habitat from erosion and flooding,
plan for future sustainable development. and make sound
decisions with regard to controversial activities that support
economic growth, such as aquaculture and energy infrastructure.

Mapping the coastal zone using traditional aerial photography
or boat-based echo sounder methods can be expensive, time
consuming, and challenging in shallow water (Elhassan. 2015:
Waddington and Hart, 2003). Aubome topographic-bathymetric
(topobathy) lidar overcomes these challenges by utilizing a near-
wnfrared (INIR) laser for topographic data collection and a green
laser for bathymetric data collection to generate high-resolution,
continuous land-sea digital elevation models (DEMs) and aerial
orthophoto mosaics. Although shallow water topobathymetric
lidar (TBL) sensors are relatively new, the deeper water airborne
laser bathymetry (ALB) sensors have been used to demonstrate
a vaniety of coastal research applications ranging from bottom
classification and fine-detail bathymetric mapping to coastal
management; many of these uses of ALB are summanzed in

Brock and Purkis (2009). ALB has been demonstrated in
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Research & Development of additional map products
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Analysis - Rockweed Metrics

Flew TB-lidar to Low Tide and

. High Tide to map rockweed
* Acadian Seaplants Ltd. height & estimate biomass







oizireaid] Bhecly Aren

D O ] -r:"@.

(i HERY

1-10.0
[10.1-2

AT = F

High Tide cross-section

B E e Lyl SR e Ly e ":}.ﬂ.{'

Seabed
High tide

u el B

Low tide — brown + High Tide cross-section

Low tide



.5 LS U v . :,., " o = b L] 28 ] 'I" = _-: '. 3. -
R TR T T e e
Ll e
..L...K.*...,........M.\...,...u_....,.._..m..u..,. TR e P AL . 1, A A R, B RS 4A L1 USR5 AR A AR g AL LA 8 e Tur AL M | et 1 e PP AR AL - AR L SRR, e R e L A 8 R Ry 8 A xi_,._‘n e L by sy e
-
o a; 2 d
w

: . | ) ] 182 aghe

L) At +N *

)
.' 0 pe( [ D9 3 e B

(14 CADCO



A R ETER T et AL e By e e i Al s | cica Chiroptera 4X Bathymetric X

« C Or & https://leica-geosystems.com/products/airborne-systems,/bathymetric-lidar-sensors/leica-ch irDEtera w O

$5 Apps [ glcfumdedufesdiz-t B Webmai

( » 6 Global - English ~ Search Q
«d HEXAGON | feica
GEOSYSTEMS Geosystems

1 % INDUSTRIES PRODUCTS SERVICES & SUPPORT ABOUTUS CONTACT US

~
Leica Chiroptera 4X Bathymetric & Topographic LIDAR

Efficient coastal survey LIDAR sensor producing seamless data from land to water at 4X the point density

Bathymetric point density increase 4 Times

GA2018 Schedule.pdf ~ ~ | Showall | X




¢ experiment
Deploying Targets

Ty

1 solid white
1 solid green

g

Y

Light sensors o










2014,
400 m AGL




2018 4X,
400 m AGL




<
4
o o)
—
S
@\

—
O
<

=
o
S
4

Intensity







Bl bl
W

“. -'.,‘.. - ? 'J 1

it it il i b Ay r—

DSM CSR







Lidar Amplitude










« . Lidar Survey Studio - Untitled ians g
Eile Edit Seftings View Tools Process Help

Original point density Single flight line

0 3 : 22 ‘ - " : YT
AE R DL AT 14 Cross section Viewer
Il [
> S e P
i . a ¥ e i . ¥
2 ok ] 3 T LA
= 20} i ;,cs_-""’-. -x.s,ﬁiﬁ'
: : f ,é i
o >

Wersion 230000 Point: (0,00, 0.00, 0.00] CAPTHLUM | SCRL



« . Lidar Survey Studio - Untitled
File [Edit Seftings View Tools

[)

[}

[}

[}
b
o
b

[}

[}

018A_2H

Wersion 230000

Process Help

4X point density

Single flight line

" '_‘_.
. Gl

3
|I"

4 ]

: - 2, L
o -L ! 3 ; %
hl. £
-

AE R DL AT 14 Cross section Viewer

g oud

] ai
T
p— — ¥ g
ey ex A R
=" % I gl e
e —— . e L
[ b x:"*m 3
- : - sy
- K i EF .
o
1 e _,"H- ;T:
i 4
= - ?\,-"

Point: p0.00, CL0Q, 0.00)




File [Edit Seftings Yiew Tools

Version 2.30.00

Process Help

s
3
. "X

13 Cross sedtion Viewer

4X point density

Point: (0,00, 0,00, 0.00)



Lidar Derived Automate Submerged Aquatic Vegetation Mapping
‘ o ' fros : | .

Single Flightline, Typical HD Single Flightline, U4X Multi Flightline, U4X




Conclusions

. * Topo-bathymetric lidar — seamless elevation across the salt or fresh
water—land boundary to depths of 15 m + depending on water clarity

* Multiple applications of the surveys beyond charting — benthic habitat,
marine spatial planning, hydrodynamic models, storm surge, waves,
research into waveform metrics and improved point discretization

* 4X results of Leica Chiroptera Il significant increase in point density,
improved target detail & detection limits, potential for more direct
benthic point classification

* 1 x1 m cubes detectable with lidar, deeper = wider

* Colour effects target reflectivity ~ detectability, green cube darker and
fewer points than white cube

* Mixed and Virtual Reality system enhance our understanding of the data
and thus the geography through better interaction & visualization

* YouTube Channel (Google AGRG Geomatics) IINOVATIONCA Qﬁﬁgﬁf;
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