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Introduction

Overview
The fast growing production and gathering of
data generates problems whose complexity grows
at an exponential rate. New efficient statistical
methods become unavoidably necessary. Our
main objective is to contribute to the
development of new computationally efficient
statistical methods for the analysis of large scale
models.
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Research Areas

Computational Statistics
Monte Carlo methods

Simulation-based inference

Signal Processing
Time series analysis

Applications in Robotics

High Dimensional Data
Simulation-based bias correction

Model selection

Biostatistics
Bioequivalence

Prevalence estimation

Machine Learning
Wrapper methods

Applications in Genomics

Applied Statistics
Applications in Biology,

Education and Civil Engineering
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Role of Statisticians in Interdisciplinary Research

Methodological statistics
Inferential methods
Predictive methods
Algorithms
etc.

Modelling
Probability structures
Prediction models
Network structures
etc.

Applied statistics and validation
Data visualisation/exploration
Model selection/validation
etc.

Examples of collaborative projects
Bioequivalence (pharmaceutical
sciences)
Integrated navigation (aerospace
engineering)
Prevalence estimation (public
health)
Analytics for omics data (medicine)
Causal inference (biology)
Energy consumption modelling
(architecture/civil engineering)
Natural disaster modelling
(environmental sciences)
Risk management (actuarial
sciences)
Analysis of career choice of medical
students (education sciences)
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Integrated navigation (ex: LIDAR/UAV)

Section 4, the hardware design methodology is explained in 
detail. In Section 5, experimental results are reported, and 
performance and productivity results of the HLL- and 
HDL-based designs are compared. Concluding remarks are 
given in Section 6 by listing key insights gained and scope for 
future work. 

 

2. Related work 
In [7], the authors described the design of a new 

photon-counting LIDAR system that uses a number of Xilinx 
FPGAs. This type of LIDAR has a slower laser pulse rate than 
the Optech Gemini, but actually has a higher data rate because it 
pixelates the laser footprint. The FPGAs were primarily used for 
registering each photo-electron return event from a 10×10 
multi-channel photo-multiplier tube (PMT), which constitutes 
the detector. Similar work was also found in [8] for a 
multi-kilohertz micro-laser altimeter developed by NASA 
Goddard Space Flight Center. At a laser pulse rate of 10 kHz, a 
10×10 detector can generate 1,000,000 return events per second. 
The actual data rate can be even higher since each return pulse 
may be spread out in time and thus generate more than one return 
“event” in each channel. In [7] and [8], the FPGAs were simply 
used to record the raw ranges for each return laser pulse, and 
thus additional parallelism gains could be realized by designing 
architectures using FPGAs to efficiently process the LIDAR 
data into 3D locations. The determination of the 3D locations is 
referred to as the “coordinate calculation algorithm” in this 
work. 

Numerous HLL tools have been developed to help application 
scientists less acquainted with HDLs generate hardware designs 
in HLLs like C and MATLAB. Ease-of-use and development 
time are commonly considered in evaluating the efficiency of 
HLL tools. Comparative studies of HLL tools on their 
productivity and capabilities have been investigated in [9]. 
However, the extent of parallelism extracted from the algorithm 
by an HLL tool and its ability to generate designs for multiple 
platforms are also critical. In contrast to side-by-side 
comparisons among HLLs, comparison to conventional HDLs 
can provide a different perspective. 

In [10], an RC Amenability Test (RAT) was proposed to 
quickly predict performance in application design migration to 
FPGAs with reasonable accuracies. RAT predicts performance 
for a particular design on a specific platform by modeling the 
algorithm and the platform in terms of a set of parameters. Since 
it is based on simple analytical models, RAT also offers the 
possibility to efficiently explore different architectures for a 
specific algorithm. The RAT methodology is used in this work 
to analyze the expected performance of the coordinate 
calculation algorithm on multiple FPGA systems. 

 

3. Application overview 

Although LIDAR systems can be configured to operate in 
different environments such as air, space, or land, the airborne 
configurations are the most common for terrain mapping and are 

considered here. In general, an airborne LIDAR system contains 
the following major components: 
! Pulsed laser 
! Scanner and optics 
! Receiver and receiver electronics 
! Position and navigation systems 

The laser emits laser pulses at a prescribed frequency into the 
scanner optics, which governs the direction of the laser pulses as 
they travel toward the targets. The receiver registers the laser 
photons reflected from the terrain and targets of interest. The 
distance between the aircraft and the target (range, ρ) can then be 
obtained by measuring the travel time of the laser pulse and 
multiplying it by the speed of light in the atmosphere. The scan 
angle (θ) from the nadir direction underneath the aircraft is also 
recorded. The IMUs (Inertial Measurement Units) typically used 
update the aircraft attitude (roll φr, pitch φp, and yaw φy angles) 
and integrate accelerations to determine position at many tens of 
Hz, while the onboard GPS (Global Positioning System) 
provides a better absolute solution for the aircraft position (Xac, 
Yac, Zac) at a slower rate of 1–2 Hz. The GPS and IMU output are 
combined to produce an improved estimate of the aircraft’s 
trajectory. An illustration of an airborne LIDAR system is 
shown in Fig. 1. 

 

 

Fig. 1. Schematic illustration of an airborne LIDAR system 

 

The fundamental computation in LIDAR processing is the 
calculation of coordinates of the laser returns using the eight 
LIDAR parameters, ρ, θ, φr, φp, φy, Xac, Yac, and Zac. Each 
return’s coordinate (X, Y, Z) is obtained by the following steps: 
! Determining the unit vector that points from the sensor to 

the target for each laser pulse using scan angle (θ) 
! Generating three rotation matrices that align the body-fixed 

vectors of the aircraft with Earth-fixed GPS coordinates 
using the respective angles (φr, φp, φy) 

! Applying the three rotation matrices to the unit vector 
! Scaling the rotated unit vector by the range value (ρ) to 

produce a range vector 

From Nagarajan et al., 2008
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Integrated navigation

Research outcome
In collaboration with several engineering research
teams in Universities (e.g. EPFL, Illinois, Calgary)
and private companies (e.g Hexagon), we developed
new statistical methods to improve (integrated)
navigation.

Impact and implementation
Scientific publications in statistics and different
engineering disciplines

Several research grants (innosuisse, SNFS)

Open-source software

PhD course on these developments at EPFL
https://gmwm.netlify.app/
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Bioequivalence (ex: cutaneous biodistribution)

[Present work (4/4)]: Multivariate bioequivalence testing
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Multivariate bioequivalence test:

H0 : |✓j | � �, for at least one j,

HA : |✓j | < � for all j [Bioequivalence],

where

I ✓j = n
�1 Pn

i=1 log(Rij)� log(Tij) and Rij and Tij respectively denotes the drug

concentration of participant i for the skin layer j with the reference and treatment

drugs,

I � = log(1.25), commonly used limit,

I Decision rule: HA accepted if CI(✓j , 1� 2↵) 2 [��,�] for all j.

10 MRC-BSU/DLC/20200925
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Bioequivalence

Research outcome
In collaboration with researchers in Pharmaceutical
Sciences (University of Geneva) and biostatistics
(Cambridge University), we are developing new
(multivariate) methods to assess bioequivalence in
challenging settings (e.g. cutaneous biodistribution).

Impact and implementation
Several scientific publications (in statistics and
in pharmaceutical sciences) submitted.
Open-source software being finalized.
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COVID-19 Prevalence estimation
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COVID-19 Prevalence estimation
Research outcome
In collaboration with researchers in public health
(University of Geneva) and in game theory
(University of Graz), we propose an estimator of
the prevalence of any infectious disease, by
using monitoring data, as is the case for the
COVID-19. The results imply that one gains
accuracy in estimation (shorter confidence
intervals) by recycling monitoring data, for
cost/time effective surveying.

Impact and implementation
Scientific publications in biostatistics
journals submitted.

Open-source software available on GitHub.

https://stephaneguerrier.github.io/cape/
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Natural Disaster Modelling (ex: Earthquakes in Nepal)
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Natural Disaster Modelling

Research outcome
In collaboration with researchers in civil engineering,
ethics and law (University of Illinois), we studied the
relationship between natural disaster (e.g.
earthquakes, storm surges) damages and social
inequalities. Our studies allow to construct new
metric of social vulnerability that can be coupled
with hazard maps for risk analysis to predict adverse
impacts or poor recoveries associated with future
natural hazard events.

Impact and implementation
Scientific publications in Geography and Earth
Sciences.

For Peer Review Only

 

Figure 2. Geographical distributions of pre-event social indicators of districts of Nepal and intensity measure 
and damage rates associated with the 2015 Gorkha earthquake 
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Thank you very much for your attention!

Any questions?
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