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Introduction
Currently  [&TA A By 2055 WA A A A
NO ACTION I N .
Around 325,000 properties in England are Additional 230,000 properties in England
at high risk of surface water flooding are at high risk of surface water flooding
Stormwater « Extreme weather events, exacerbated by climate
runoff carry: change, along with increased urbanisation are
1 - Pet Waste raising the frequency and severity of surface water
* Leaves .
* Sediments ﬂOOdIng'
= Fertilizer.s
- Deerants *  Floods carry pollutants into streams, rivers, and
* Trash lakes, degrading water quality.
o OWTe « Surface water flow path and pollutant pathways are
is significantly influenced by microtopography
(feature like road kerbs, drainage gullies, walls).

(Aronica & Lanza, 2005)

Combined sewer drainage system carrying both stormwater
and sewage, discharging excess flows into rivers during
heavy rainfall
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Presenter Notes
Presentation Notes
As we know that with increased urbanization and climate change, There is an alarming increase in the risk of surface water flooding. In England alone, 325,000 properties are currently at risk of surface water flooding. If no further action is taken, an additional 230,000 properties could also face high surface water flood risks in the future. 

At least two-thirds of urban flooding in the UK is due to the failure of drainage systems and studies have shown microtopography are often responsible for the local drainage failures causing local flooding even at lower intensities than design rainfall. If we take a closer look at the urban drainage system, Most cities rely on a dual drainage system, which involves both surface and sub-surface drainage. Under normal circumstances, stormwater flows into surface drains, carrying pollutants like oil, pesticides, fertilizers, heavy metals, and pet waste, which are then transported through sewer pipes to ultimately discharge to rivers. In the UK, where we mostly use combined sewer systems,  sub surface sewers carry both stormwater and sewage to go to treatment plant. However, during heavy rainfall excess flows are discharged into rivers introducing harmful bacteria, pathogens, and nutrients in rivers degrading water quality of the water bodies. 

Thus, a better understanding of microtopography is crucial for identifying surface water flow paths and pollutant pathways, which in turn supports both flood risk management and water quality management.



Understanding Microtopography

» Microtopography refers to small terrain
variations in the order of 10 cm

» To capture features such as road kerbs,
drainage gullies, vegetated embankments, walls,
and steps that significantly influence runoff flow
path and direction require fine topographic data
as small as 10cm

« Better knowledge about the microtopographic
features would help improve flood risk
assessment and management

« Different technologies have already been used
to map microtopography.
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Presenter Notes
Presentation Notes
In my study, microtopography refers to the small variations in surface height, often due to features like road kerbs, drainage gullies, and embankments, which can be as small as 10 cm. These subtle features can have a significant impact on how water flows during floods, influencing its velocity, direction, runoff accumulation areas, and ultimately determining pollutant pathways. Various technologies such as Total Stations and Terrestrial Laser Scanners have been used to map microtopography. Aerial scanners offer the additional benefit of gathering data over larger areas in a single pass. Manned aircraft LiDAR scanners are widely used for collecting topographic data, particularly for flood management, while UAS (Unmanned Aerial Systems) are becoming increasingly popular due to their lower cost and the added advantage of accessing complex urban spaces with greater ease.
 


Objective and Scope of Research

» This study explores how advanced surveying strategies can characterise microtopographic
features that influence surface water flow paths

» Goal: Compare the accuracy of the elevation data obtained from the two widely used
surveying strategies to determines if they can be used interchangeably or feature specific

Point cloud data by Photogrammetry Point cloud data captured by LIDAR

technique extracted from Aerial (Light Detection and Ranging)
images from UAS (Unmanned Aerial technique from Manned Aircraft
Systems)

— -t I:B:I RGB EB:I LIDAR
sensor sensor

Photogrammetry i Vs oe
RGB image POINT CLOUD (PC) POINT CLOUD (PC)
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Presenter Notes
Presentation Notes
So, In my research I explore how UAS data with RGB sensor and manned aircraft LIDAR survey can characterise microtopographic features. The goal of this study is to explore whether these methods can be used interchangeably or are feature-specific. For this, the point clouds generated from both photogrammetry and LiDAR data were assessed.


Study Area

Case Study: Cockermouth, - Cockermouth, a flood-prone town
Cumbria. UK in Cumbria, UK, was selected for
’ its diverse terrain and history of
v o g e s o o o e e e o o o severe flooding.

» This area provided an ideal testing
ground for evaluating UAS and
LiDAR effectiveness

500000

531200

531000

N

i

1000000

530200 530200
530000~ |-530000 000
529900 |-520800

r T T T T T T 1

0 023 0.45 0.9 Kilometers Esti,|Intermap, NASA, NGA, USGS, Estl dommunity Maps Contr{butors, EsrilUK, Esrl,

HERE, Garmin, Foursquare, GeuTechnologies, Ine, MET/NASA, USGS 0 80160 320 Kilometers|
T T T T T T 500000
318800 311000 311200 311400 311600 311800 312000 312200 312400 312600 312800 313000 313200 313400 313800

© Cranfield University



Presenter Notes
Presentation Notes
Our study was carried out on data collected on a case study area  at Cockermouth, a flood-prone town in Cumbria, UK. This location was chosen because of its diverse terrain and history of severe flooding, that have different flood features such as flood walls, flood gates installed making it an ideal site for this study. 


.

Data Collection

 The total surveyed area was 4.71 km?

UAS-RGB data

Platform: Sirius Pro UAS with a
9DOF IMU

Sensor: Sony Alpha ILCE 6300 PRO
camera

Flight altitude: 125m

GPS was a GNSS-RTK- L1/L2 and
GLONASS with a planimetric
accuracy of 0.01 cm and altimetric
accuracy of 0.015 cm

Ground Sampling Distance:
2.23cm/pixel

Survey strategy will be referred to as
S1

LIDAR data

Platform: Partenavia P68 Aircraft

Sensor: Teledyne Optech Galaxy
topographic laser(18ppm)

Flight altitude: 610m

The centre of each LIiDAR
exposure had associated GPS
(Trimble Applanix L1/L2 Card
within the position and orientation
module Rover Receiver
incorporated into the Optech
Galaxy system

Flying speed ranged between
56 ms'and 76 ms '

Survey strategy will be referred to
as S2

Ground truth data

Topcon Hiper V RTK Network RTK
GPS

20 ground control points (GCPs)
and 20 checkpoints (XPs)

Planimetric accuracy : 15 mm
Altimetric accuracy : 30 mm

Additional 2,031 RTK GPS
measurements was taken at walls,
floodgates, drainage points,
vegetated crests, roads and
grassland areas
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Presenter Notes
Presentation Notes
Over 4.71 square kilometres were surveyed,.  Three datasets were collected at this site. We collected aerial images using a Sirius Pro UAS with an embedded RGB sensor for photogrammetry from a flight altitude of 125m and LIDAR data was collected from aircraft at altitude of 610m. Additionally, RTK GPS measurements were taken as ground truth data at key features such as walls, floodgates, and roads for validation. For ease of describing the two strategies, The UAS – RGB strategy will be referred as S1 and Manned aircraft LIDAR as S2


.

Data exploration
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Presenter Notes
Presentation Notes
The percentage of empty pixels and the number of points per pixel were calculated for a range of pixel sizes to understand the distribution of points on both datasets to choose the optimum pixel size for further comparative study. As this study aims to compare the two survey strategies to characterise flood information at the microtopographic level, the optimum pixel size must be small enough to capture microtopographic flood features with a reasonable data coverage of the study area by both datasets. Thus, the optimum pixel size for comparison was identified by finding the midpoint value of the smallest pixel value achievable for the two strategies based on the point cloud spacing


.

Data Analysis

GENERATION OF GEOMATIC PRODUCTS

Photoscan Pro

Version 1.1.6
Point cloud

‘Extract LAS’

(ArcGIS Pro)
Terrascan
\

Remove
watercourse and
vegetation from

point cloud

‘LAS dataset tg
Raster’(ArcGIS
Pro)

Number of
points in a cell

% of null cells
in a raster

o

2

ELEVATION DIFFERENCE

51-52
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: differences until DSM is clean

Outlier analysis
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Presenter Notes
Presentation Notes
The point cloud data was rasterised to Digital Surface Models (DSMs) at 12 cm. The Digital Surface Models (DSMs) from S1 (UAS-RGB) and S2 (Manned Aircraft LiDAR) were utilized to assess elevation differences and accuracy of the overall dataset, as well as for different land classes and microtopographic features separately. The difference in elevation between S1 and S2 DSMs was assessed by subtracting the elevation of S2 from S1 at each pixel. And accuracy was calculated by subtracting RTK–GPS measurements from S1 and S2 measurements. Traditional statistical metrics  and robust statistical metrics were calculated to compare the two strategies. The interquartile range of the resulting values (errors) was calculated to determine outliers (i.e., values outside the interquartile range). The outliers were mapped to identify those areas and features that had large difference and had large error





®
Key Findings: Elevation Difference

* The median of the elevation difference of the overall dataset was 15cm

« The median of the elevation difference at different land classes and
microtopographic features ranges between 11 cm and 37 cm, except kerb (8cm).

» The outliers identified fell on the edge of the roofs, shrubs, as well as hedgerows
and narrow bridges
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Presenter Notes
Presentation Notes
Our analysis found that the elevation difference between S1 and S2 for the overall dataset was  15cm and individual microtopographic features and land classes also showed elevation difference greater than 10cm for all features except kerb. This shows S1 and S2 cannot always  be used interchangeably at microtopographic level. Large difference was identified on edge of roof, trees and shrubs.


®
Key Findings: Elevation Accuracy
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100

« S1 accuracy: 3 cmto 70 cm,

« S2 accuracy: 4 cm to 30 cm |

« Based on median accuracy, S1 excels hﬂihﬂj I-JM
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» For both strategies, outliers were
identified on uneven surfaces,
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Presenter Notes
Presentation Notes
When  accuracy of S1 and S2 were  assessed, both offered similar overall accuracy, but when microtopographic features and land classes were individually assessed, S1 was more accurate for detailed features like kerbs and embankments, whereas S2 was better for broader, smoother terrain. And outliers were identified on uneven surfaces and areas with shadows, which affected both methods' accuracy.


Decision Framework

Choosing Between UAS-RGB (S1) and Manned Aircraft LiDAR (S2)

* Framework goal: Determines if S1 and S2 can be used interchangeably or feature specific
+ Decision criteria: Driven by the features of interest, their accuracies and error-threshold.
» Benefit: Guides practitioners in choosing the appropriate surveying strategy based on the accuracy.

« Limitation: The study is carried out only on limited flood features, and the inclusion of other relevant
flood features should be further explored, and the framework is limited to a single criterion of accuracy
and elevation difference between the two survey strategies.

Identify microtopographic flood
feature of interest

}

!

|l Grassland Floodgate ‘ Steps
(*17cm, 4cm) (*16cm) (*37cm )

Further work required
Prefer S2 on these features

!

Road Drainage Wall (Top) Vegetated
(*7cm) (*15cm,3cm)  (*19cm,4cm) | (*19cm,7cm) ~ Crest(Top)

S1orS2 | (*15cm, 6¢cm)

©

Préfer S1

Survey decision framework for S1 and S2 for the characterisation of microtopographic features. Values in
brackets show the (*) median elevation difference between S1 and S2 and the elevation accuracy
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Presenter Notes
Presentation Notes
Based on these results, we developed a decision framework to guide practitioners in choosing between S1 (UAS-RGB) and S2 (Manned Aircraft LiDAR) for surveying different land classes and microtopographic features. The decision is driven by the specific features of interest and the acceptable error threshold. This framework helps optimize data collection strategies by selecting the most accurate survey method for the given task.
Additionally, the framework provides insights into how the two datasets can be integrated to improve the accuracy of topographic data. However, the study does have limitations—it was conducted on a limited set of flood features, and other relevant features will need further exploration. Moreover, the framework is based solely on elevation accuracy. To enhance it, other key factors such as cost, safety, resource availability, and operational constraints should be considered in future research


.

Contribution to Flood and Water Quality Management

- Identifying High Flood Risk Areas: High-resolution microtopographic
detail contributes to identifying localized flooding zones, aiding targeted
flood mitigation.

 Managing Drainage Assets: Microtopography insights enhance
understanding of the effectiveness of existing urban drainage systems

* Improving Water Quality Management: Understanding
microtopography reveals pollutant sources and pathways, enabling
actions to prevent contamination.

« Sustainable Drainage Systems (SuDS): Microtopographic insights
also helps in identifying runoff accumulation areas and aids better
planning of SuDS to store, filter and release runoff, thus reducing
contamination
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Presenter Notes
Presentation Notes
Now that we have established a survey decision framework for improved microtopography detail, I will discuss how these advancements can contribute to flood and water quality management. Accurate microtopographic detail helps identify localized flooding areas, allowing us to assess the effectiveness of existing drainage systems and plan targeted flood mitigation measures.
Furthermore, a better understanding of microtopography enables us to identify pollutant pathways, supporting targeted interventions to prevent contamination of rivers and lakes. Additionally, it helps pinpoint runoff accumulation areas, which can guide the development of Sustainable Drainage Systems (SuDS) to more effectively manage stormwater and reduce the entry of pollutants into water bodies




The Role of Al in Surveying and Water Management
Improving Water Quality Through Precise Flood Mapping
» Extracting flood features of interest from image could help in mapping

the features of interest and deploying survey teams accordingly or
monitoring infrastructure

Example of storm drains extracted from UAS RGB images
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Presenter Notes
Presentation Notes
In this study, we primarily focused on the accuracy of elevation data from these datasets. However, UAS offers additional dataset of orthophotos as well. By leveraging Artificial Intelligence (AI) , we could also extract features from RGB images. Given the critical role that storm drains play in surface water management—and the fact that this dataset is often incomplete or unavailable—we are currently concentrating on extracting storm drains from UAS RGB images., with the aim of assessing drainage effectiveness in relation to microtopography."



Conclusion

Key Takeaways

» The median of elevation difference of the two survey strategies is greater than
15cm on most features and the accuracy also varies at different flood features.

 UAS-RGB and Manned Aircraft LIDAR survey cannot always be used
interchangeably for microtopographic detail but integrating 2 datasets would
improve accuracy of elevation data of microtopographic features.

* Integrating Al with these survey strategies could potentially offer a powerful tool
to enhance surveying and infrastructure monitoring for flood and water quality
management.
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Presenter Notes
Presentation Notes
In conclusion, our analysis revealed that the median elevation difference between the two survey strategies—UAS-RGB and Manned Aircraft LiDAR—is greater than 15 cm for most microtopographic features. Additionally, the accuracy of each method varies across different flood features.
This shows that while both survey methods offer valuable insights, they cannot always be used interchangeably when capturing microtopographic detail. However, integrating both datasets would significantly improve the accuracy of elevation data for these critical features.
Moreover, by combining these survey strategies with Artificial Intelligence (AI), we can unlock even greater potential. AI can enhance our ability to survey, monitor infrastructure for flood and water quality management by offering near real-time insights and enabling more efficient decision-making. Together, these advancements can lead to more effective flood risk management and better protection of our water resources
Thank you for your attention, and I'm happy to take any questions.


Questions
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