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AI AND THE POTENTIAL FOR 
AERIAL SURVEYING
Isabel Sargent

Confession – more about image interpretation in general than aerial surveying in 
particular
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What do we mean by AI?

Autonomous and Intelligent Systems

Mostly Machine Learning

 Recently Deep Learning

AI

Machine
Learning

Deep
Learning

- Mostly ML
- Which includes DL
- But also methods using more tractable approaches e.g. knowledge modelling and 

mining

____________________________________
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Domain Expertise

Key components of AI

Please excuse the somewhat numpty slide –this is a useful way of thinking of AI if you’ve 
barely encountered it before
There are 4 main components
Data
Algorithm
Goal
Platform (compute, data storage and retrieval, codebase etc)

By applying the Algorithm to the Data and Goal (on the Platform) a Model can be built 
that can be deployed (on a simpler platform) to output the desired Product

When this is done well, the model is updated as new data and improved algorithms 
become available.

<click>

Whilst these systems are designed to reduce the manual effort involved, they do not 
work well without the insights from human experts in image interpretation and 
landscape understanding – the domain experts

Their role is to process the data at the outset, for instance by providing labels that are 
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meaningful and by selecting the best examples

They are also essential to quality assess the output and feed back into the system further 
insights
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It’s less about the algorithm than… (part 1)

DATA

So we usually think of the AI as the algorithm, and this is absolutely vital

However it’s worthless on its own

The Data are a really important component

If the information we need is not held within the data, no fancy algorithm will every 
allow us to achieve our goal

Its really important therefore to have the best Data possible, which takes a lot of manual 
effort to collect and process
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It’s less about the algorithm than… (part 2)

We used to say that in ML, getting the data right is 90% of the effort

However, in the last few years we’ve started working in ways that mean that getting the 
platforms and infrastructure right is a huge proportions of the effort

In our team we comment that this is the 90%, with data at 9% and the machine learning 
itself only 1%

That’s not because data is any less effort, its just that the large datasets that we are 
working with and the complexity of the models that we are creating, mean we need to 
leverage so much more complexity in terms of compute, data stores and links between 
them than we ever used to

Sadly, this is not discussed much in the academic and popular literature on AI despite it 
being a key issue with innovation and research in AI
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AI for aerial surveying

 Object detection

 Base map creation
 Base map enhancement

 Landcover mapping

There has been a great deal of development in the realm of AI in image understanding, 
especially using deep learning

Over the last 5 years these developments have started to be applied to aerial imagery, 
and to a lesser extent data types such as laserscanning point clouds

The sorts of problems that AI is being applied to include:
Object detection – to find the locations specific objects of interest in the data such as 
buildings or solar panels
Base map creation – to create a basic map of a previously unmapped or poorly mapped 
area
Base map enhancement – to add further detail to mapping such as adding information 
about roofs and buildings to existing building data
Landcover mapping – possibly the oldest application of AI in remote sensing and still 
popular!

In some cases, these approaches are attempting to replicate what the human surveyor 
would do, in others AI is being used to capture new data that we would not previously 
have obtained

The benefits of AI is that it has potential to increase the speed, reduce the cost or extend 
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the range of knowledge that we extract

However, this means that we need to put in a lot of effort in developing a robust 
approach and so AI is often only appropriate for jobs that require the processing of a 
large region of data
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AI for aerial surveying

Cheng, Gong, Ce Yang, Xiwen Yao, Lei Guo and Junwei Han. “When Deep Learning Meets Metric Learning: Remote Sensing Image Scene Classification via Learning 
Discriminative CNNs.” IEEE Transactions on Geoscience and Remote Sensing 56 (2018): 2811-2821.

I thought I’d show a couple of examples of how AI is being used to process remote 
sensing data. 

The examples I’ve chosen have neat diagrams that demonstrate different aspects of 
these approaches but I won’t go into all the detail

This example is from a paper published in 2018 and it shows a classic approach of 
feeding into a neural network patches of imagery which are processed by the algorithm 
to perform an image labelling task

In this case, each image is given a single label based on the feature portrayed

As you’ll probably recognise, this isn’t a terribly useful outcome since remote sensing 
data unlikely to cut up in this way with an identifiable object perfectly centred in the 
patch

However, the approach used has interesting aspects 

This first section uses convolutions to transpose the data at each layer, which is currently 
the most common approach to processing image data
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These convolutions reduce the computations required and the representations reduce in 
dimensionality with each stage

At the end there is this loss function which assesses how good the prediction is and this 
value is used to update the model during training in order to improve the accuracy

In this case, they also use another component within the algorithm that works on making 
the representations being learned in the model more similar for images of objects in the 
same class and more dissimilar inputs that are of different classes

Whilst this final model may not have a hugely useful purpose, it is possible repurposed 
trained models and we will return to that
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AI for aerial surveying

García Rodríguez, C, J Vitrià, and O Mora. 2020. "Uncertainty-Based Human-in-the-Loop Deep Learning for Land Cover Segmentation" Remote Sensing 12, no. 22: 3836. 
https://doi.org/10.3390/rs12223836

This example also has these convolutional layers, in this case to produce a classification 
for each pixel in the input

This method is a classic autoencoder whereby the data are effectively forced into a 
bottle-neck, the idea being that the most pertinent information is extracted at this point

In order to achieve the input spatial resolution at the output, information from the 
spatial domain is also passed across the network

In this piece of work, from 2020, another component of the model was trained to try to 
predict where the model was predicting badly so that human experts could be directed 
to those locations to make an assessment and update the output if necessary
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Current trends in AI for image 
processing

 Millions of images
 Data-centric AI
 Transfer learning
 Self-supervised learning
 (also new algorithms/architectures)

So, what are the current trends in AI for image processing – I’ve hinted at several of 
these

The most important aspect is that we are working with very large datasets

In honesty, if we could pick the right set of examples, we probably wouldn’t need as 
much data, and for that reason there’s growing momentum around data-centric AI

Data-centric AI, as opposed to algorithm-centric AI, focusses on getting the dataset right 
rather that tweaking the algorithm. I personally really support this work
– back in 2001 there was a wonderful paper that demonstrated that it didn’t matter 

what you algorithm is, it’s the data set that is more important

I mentioned in an earlier slide about repurposing a trained network. This idea of 
‘transfer learning’ has gathered a lot of moment in the last few years and so I will return 
to that in more detail in a moment

Another development is in self-supervised learning whereby models are trained without 
the need for additional labels on the data. This means that the maximum data set can be 
used and the resulting model can then be applied to multiple problems using just a few 
labelled examples 
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Self-supervised learning is probably the area with a coolest algorithm names too, such as 
Siamese networks and Barlow Twins

There are also developments away from convolutional networks and even layered 
networks which may take off in the future

- Transformers
- Deep Equilibrium Networks
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Current trends with AI for image processing

G
O
A
L

So to return to transfer learning in a little more detail

The idea here is to train a network using some goal

<click>

But then that network is re-used

It can either be retrained, although this can be problematic, or features can be extracted 
from this network and used to train a simpler model or models for other uses
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Yamada, T., Prügel-Bennett, A., Williams, S.B., Pizarro, 
O. and Thornton, B., 2021. GeoCLR: Georeference
Contrastive Learning for Efficient Seafloor Image 
Interpretation. arXiv preprint arXiv:2108.06421.

Chen, J., Sun, J., Li, Y. et al. Object detection in remote sensing images based 
on deep transfer learning. Multimed Tools Appl (2021). 
https://doi.org/10.1007/s11042-021-10833-z

Current trends with AI for image processing

Here are a couple of examples of this in action

In this paper on the left, the pretrained network was trained using a dataset of images 
scraped from the internet. Such a network should be good at recognising edges, shapes, 
colours.

This network has then been reused by adapting to a remote sensing dataset to detect 
aircraft

On the right, this approach has been applied to seafloor imagery for which there are no 
labels

A popular self-supervised method called contrastive learning has been applied that also 
uses geospatial information

The resulting model then allows images to be clustered into groups which humans are 
able to label – these labels are then propagated throughout the dataset to produce a 
map of the seafloor

11



Has potential:
Few-shot learning
Discovery

Needs work:
Model transparency
Vector quality

Current trends with AI for image processing

There is a lot of work in the realm of applying AI to remote sensing data and, building on 
the wider image interpretation domain, there is a great deal of potential to enhance 
aerial surveying.

- Transfer learning and being able to pre-train without labels (self-supervised learning) 
means we can create models that can be turned to different tasks more quickly and 
with less data required from the customer

- Self-supervised learning also gives us an interesting opportunity to understand the 
world from a new perspective – what patterns has the machine found, are these 
meaningful to us?

There’s so much information that we don’t extract from aerial image, and also 
characteristics that we consider to be ‘noise’ (shadow, temporary RWO, atmospheric 
effects) that may turn out to be relevant – what if we can draw this out automatically?

There are also quite a number of areas for improvement. 

- Learned models are not easy to interpret and can make decisions based on rather 
spurious features in the data. There is some work in understanding this better and it 
needs a lot more work

- Also, the surveying of real-world features to create vector mapping is still imperfect 
with the feature edges often requiring post-processing ensure they meet quality 
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criteria
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AI for Aerial Surveying:
doing it well

 Computing infrastructure
 Expertise in machine learning
 Domain experts
 Ethical practise
 Research, e.g.:

• model interrogation
• vector feature quality

- We need good computing infrastructure, including platforms that allow us to store, 
discover and use very large datasets and labels

- We need staff who understand how to process data and use algorithms to use these 
data

- We need experts in interpreting the landscape from aerial imagery to guide the 
algorithms – we much not forget this!

- We need ethics within our practise to identify and mitigate the risks of applying fast 
and opaque processes to large, detailed datasets

- We need research to address very specific needs of aerial surveying e.g.:
- Improve the quality of vector features

- Better semantic data / attribution of objects
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