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Scottish Parliament: Bringing Transformative Change 
to Scotland

“The development of driverless vehicles has the potential to 
transform journeys and transport management in Scotland and 
beyond. Autonomous cars are close to becoming a reality. But are 
we prepared to have autonomous cars in all kinds of scenarios?”

UDRC OBJECTIVE (KTM): Situational Awareness for Land 
Vehicles: “Navigate and identify threats in complex (e.g. 
urban) environments with recommendations for action.”

Context: sensing for autonomy and assistance
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TASKS
• 3D landscaping, i.e. perceiving 

surface (and material?)  structure
• Actor and object recognition
• Predict behaviour of said actors, 

have situational awareness and 
make/recommend action

This talk has 3 sections, aimed at the red dots, (1,2,3)
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1. Using and interpreting radar imagery
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Test Facility for Land Vehicles
• The first problem we had is there appeared to be 

no suitable annotated dataset for radar imagery 
from a moving vehicle; we had to collect our own

• We collected data for experiments through fine 
and adverse weather using a LiDAR, Radar 
(79Ghz) and Stereo Camera.

• We labelled over three hours of data with 200,000 
actors (cars, vans, pedestrians, bikes etc.)

• This can be used for recognition, fusion and
behaviour experiments, and includes data
collected in rain, snow, mist, and at night.
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A lab study on object recognition (A-ConvNet, 
Transfer Learning, Data Augmention) in radar 
data showed high rates of accuracy for object 
recognition (80-90%) in 300GHz data (IET-RSN)
However, the wild data is challenging: A 
network was trained on a vehicle detection task, 
including cars, vans, trucks, buses, motorbikes 
and bicycles
It is important that motion is NOT used. 
Tracking and/or Doppler analysis can give better 
results BUT cars and pedestrians stop!

Vehicle detection in the wild (79GHz)
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Radar SLAM: This 

procedure (Zhiyang

Hong and Sen Wang) 

using Graph Optimization 

and has been tested at 

night, in dense fog and 

heavy snowfall, in a GPS 

denied environment.
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Predicting Future Behaviour

The intention is to predict the future motion (manoeuvre and trajectory) 
of detected vehicles

We used a benchmark (NGSIM) and our labelled wild radar data
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Video showing behaviour prediction (Sighthill): 
The network uses 30 previous frames to predict the 
next 30 frames on a rolling window
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Predicting Future Behaviour
• We used various flavours of LSTM to 

encode the positions and velocities, both 
absolute and relative, of the surrounding 
vehicles, and some junction/lane data

• This was then used to predict future 
trajectories and manoeuvres within a 
fairly simple set of possibilities

• These results are comparable to SoA, 
but work is continuing
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Summary: interpreting radar data

▪ Recognising actors in radar data is possible, but far less 
accurate than video data (in good weather!), and there is 
considerable variation between different radar systems

▪ In bad weather, radar out-performs optical sensors, which fail 
rapidly

▪ The use of motion and/or background subtraction would 
improve results, but actors have ‘difficult’ motion patterns and 
backgrounds change 

▪ Behaviour uses LSTM networks, which means that non-
monotonic (e.g. stop-start) patterns may be used

▪ SLAM has been demonstrated in poor weather and GPS 
denied conditions, but it isn’t clear how this would scale to 
larger networks.

▪ These components haven’t been integrated: LSTM may give 
motion models for tracking, movement helps identify actors, 
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2. Lidar (and fusion) in challenging 
environments
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The LiDAR problem in Obscuring Media

The sensor uses a Geiger 
mode APD and is located 
INSIDE the fog chamber 
filled with water-based mist

LiDAR returns from a Geiger mode APD FW sensor in a fog chamber from “Online 
waveform processing for demanding target situations”, Pfennigbauer et al. SPIE, Vol. 9080 
(see Carballo et al. for LiDAR dataset in 200m weather chamber that can house cars!)

clear
vis=40m 10m

Mean waveforms, fog only

Gamma 
model

n
o

g
a
t
e

Range of interest



0 0.5 1 1.5 2 2.5
10

2

10
3

10
4

10
5

Metres

P
h
o
to

n
 C

o
u
n
ts

Accumulated Pixels: log scale

 

 

531nm

570nm

670nm

780nm

University Defence Research Collaboration (UDRC)
Signal Processing in the Information Age

O
u
tg
o
in
g

R
e
tu
rn
in
g

What do we know about LiDAR in and through obscurants?

We can detect 
vehicles or rogue 
vegetation below 
the tree canopy.

We can analyse
the obscuring 
medium to 
measure bark and 
leaf area and 
NDVI

Real data

Synthetic data

Vehicle signature

Multispectral!l

ground

Tree top
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• Most automotive radars have built in processing hardware/software and use 
relatively simple processing chains to detect one or two returns

• Through obscurants, we need full waveform LiDAR, and to recover weak 
signals “buried” in or behind the obscurant, and 

throughout the operational range (e.g. 1-200m)

• We use the radar waveform as a prior to improve

the surface mapping

• An MCMC (or RJMCMC) chain explores the

log-likelihood function

Fusion: radar and LiDAR waveforms

where F(r) is either an exponential of the radar 
signal, or a normalized binary detection (CFAR)

Simulations
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The MCMC

Simulation: Results
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Some results with real radar (CFAR) and LiDAR data, but simulated fog
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What happens when the medium is inhomogeneous? 

No radar

CFAR Power
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Fusion of sparse LiDAR and dense camera data by convex optimization

+ =

In adverse conditions, even 
with penetrative LiDAR, the 
camera image disappears, so 
could one use the full radar 
image instead to regularise the 
LiDAR?
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Summary: Key issues for automotive LiDAR in obscuring media
(see Wallace,Halimi, Buller, “Full Waveform LiDAR for Adverse Weather Conditions”, IEEE Trans. on Vehicular Technology, , 69(7), 7064-77, 2020.)

1. Develop solid state arrays, but we need larger arrays (or mosaics) with better fill factors 
and better efficiency

2. Move to 1550nm. This better penetrates several common obscuring media, and allows 
higher, eye safe powers but is costly in terms of sensor development

3. Use full waveform analysis. This is essential to analyse the medium as well as the target, 
but increases data storage and/or algorithmic complexity. 

4. Use sensor fusion as appropriate, at the full waveform data level but this has to be 
adaptive to conditions and true to physical models, supplemented by learning

5. For a full image, sub-sample, use spatial constraints, and include frame to frame 
processing. This also aids eye safety and reduces storage costs. However, the algorithms 
must be fast and have realistic constraints.

6. Parallel processing (SIMD or MIMD): this can lead to faster frame rates. If possible use 
dedicated hardware (ASIC, FPGA) but this can freeze or lead to non-optimal algorithmic 
development.

7. Avoid interference and malicious attack. Many LiDARS operating in the same space do 
interfere. More complex coding strategies may conflict with full wave analysis and lead to 
slower frame rates.
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3. Forward looking SAR to improve 
mobile radar resolution
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- Forward looking SAR and DBS


