
 

Abhishek Upadhyay 

 

Development of a Large-Scale Imaging System to Measure Emissions from Commercial Aero-Engines 

with High Spatiotemporal Resolution  

 

Abstract: Current practice of quantification of aero-engine emissions is extractive sampling, which is a highly 

intrusive method that effects the performance of the engine. Extractive sampling also provides limited spatial 

resolution, as the sampling probe has to be physically moved around the exhaust plume. Similarly, extractive 

sampling provides limited temporal resolution as the measurement system is located outside the test-bed. Errors 

are also introduced during the sampling process due to continued chemical reaction within the duct. To 

overcome these limitations, the CIDAR consortium is developing a large-scale non-invasive CO2 imaging 

system that will be at the technology readiness level 6. This system uses laser spectroscopy and chemical 

species tomography for the measurement and imaging of gases with a temporal resolution of less than a second 

and a spatial resolution of about 5 cm2. 

 

 

Angelo Sampaolo 

 

Tuning forks in gas spectroscopy: how to listen to the music of molecules 

 

Tuning forks are normally used for timekeeping in watches or smartphones, or in music for tuning instruments. 

In this short seminar we will see how miniaturized quartz tuning forks can be employed in gas spectroscopy to 

hear the sound of molecules, produced by a laser excitation through the photoacoustic effect. In a slightly 

different configuration, the laser light can be directly focused on a quartz tuning fork to sense very small 

variations in the optical power, due to the absorption of the laser radiation by some molecules present into the 

environment. This alternative approach can be implemented thanks to an opto-thermo-elastic conversion of the 

energy. 

 

 

Dr. Calum Williams 

 

Development of snapshot multispectral image sensors for biomedical imaging applications 

 

Light entering biological tissue undergoes multiple scattering and absorption events as it propagates through 

tissue. Capturing this information can reveal the tissue’s molecular composition. Unfortunately standard white 

light imaging cameras—which simply replicate the human vision system—fail to detect these signatures. 

Multispectral imaging captures spatial and spectral information beyond our vision allowing us to resolve the 

biochemical composition of tissue. Despite its advantages, its adoption remains low—with each imaging 

application typically requiring a custom set of spectral bands which is challenging and costly. In this talk, Calum 

will discuss the development of bespoke multispectral filter arrays utilising cost effective grayscale lithography 

with multilayer thin-film optical filters for prototype snapshot multispectral image sensors.  

 

 

Caterina Amendola 

 

Monitoring tissue oxygenation and perfusion by Time Domain NIRS and DCS 

 

Time-Domain Near-Infrared Spectroscopy (TD-NIRS) and Diffuse Correlation Spectroscopy (DCS) are non-

invasive techniques for measuring absolute concentration of oxygenated/deoxygenated haemoglobin and blood 

flow, at bedside. Hybrid diffuse optical devices, that combines TD-NIRS and DCS, are extremely suitable for 

Intensive Care Units (ICU), where accurate monitoring of tissue oxygenation and perfusion are essential. We 

present a device, which exploits the synergy of these two techniques, and related ongoing clinical studies. 

Applications range from monitoring neonatal brain health, to assessment of microvasculature impairments in 

patients suffering from respiratory distress syndrome such as Sars-CoV-2.   

 

 

 

 

 

 



 

Cristian Manzoni 

 

Hyperspectral Imaging and Microscopy 

 

Spectral imaging refers to methods and devices for acquiring a complete light spectrum for each point in the 

image of a scene. It provides much richer information with respect to standard imaging, enabling to identify 

materials or detect dynamical processes. Spectral imaging has been applied to scientific investigations, such as 

remote sensing, pigment determination in biology, medicine, coastal ocean imaging, water analysis, agriculture, 

cultural heritage and archaeology. I will describe the main properties of spectral imaging and the current 

acquisition approaches. I will also show the recent advancements based on Fourier-transform imaging, and 

applications for remote-sensing microscopy. 

 

 

Maria de Fátima Domingues 
 

Optical fiber solutions for physical rehabilitation and e-Health applications 

 

 

With the current sedentary lifestyle we are living, along with an ageing population, there is a noticeable rise in 

the number of impaired and physical debilitated citizens. Such debilitations require new solutions to aid in the 

rehabilitation process and lift the burden of the healthcare systems, which are already overwhelmed in many 

developed countries. In this presentation we will make an overview of the design and implementation of a non-

invasive wearable architecture for full gait analysis, enabled by optical fiber Bragg grating sensors and Fabry-

Perot interferometers. The proposed sensing network provides the necessary tools to simultaneously monitor 

parameters, including foot plantar pressure, the muscle peak activity and the ankle and knee sagittal range of 

motion, with high precision, without the need for any synchronization or delay adjustments, between multiple 

sensors. The integration of the sensors network within an edge-cloud networking, which enables remote live 

monitoring of patients during exercising, architecture is also discussed. 

 

 

Gianmaria Calisesi 

 

Light Sheet Fluorescence Microscopy, Light Emitting Diode, Compressive Sensing 

 

Light emitting Diodes (LED) are usually not considered good light sources for Light Sheet Fluorescence 

Microcopy because of their low spatial coherence. By spatially modulate the illumination and consequently 

acquiring N modulated frames, we formulate and solve an inverse problem, reconstructing N planes of the 

sample, as in LSFM. Due to LEDs features, this approach can only reconstruct a thin volume of the sample. 

Nonetheless, we extend the imaging volume by synchronizing the movement of an objective lens with the 

acquisition of a CMOS camera. Furthermore, we propose the use of spatial modulation for Compressive 

Sensing, to further reduce the patterns to be acquired.  

 

 

Jano van Hemert 

 

Imaging of the human eye 

 

We will briefly introduce Optos plc, a Nikon company that specialises in eye health care. After explaining the 

remit of the Research Team at Optos, we will highlight several collaborations the team has had with research 

groups at different universities. These collaborations include developing novel technology as well as 

demonstrating performance of technology in a clinical setting. The technology spans optics, photonics, image 

processing and machine learning. Collaborations take the form of individual student projects to large consortia 

funded by public bodies. We show how these collaborations contribute to the remit of a research team in an 

industrial context.  

 

 

 

 

 

 



 

 

Rogerio Nogueira 

 

Fiber optical sensors: Some real world applications 

 

Fiber optical sensors have many intrinsic advantages, such as immunity to electromagnetic interference, high 

dynamic range, low signal to noise ration and high sensibility. In addition, they are able to withstand demanding 

environmental conditions, such as corrosion, humidity, explosive environments, etc. This presentation will give 

a brief overview of fiber optical sensors and some applications that take advantage of their characteristics, from 

structure health monitoring to wine production. 

  

 

Rohit Bhargava 

 

Optical sensing for pathology using infrared chemical imaging 

 

Mid-infrared (IR) spectroscopic imaging combines the spatial specificity of optical microscopy with the 

molecular selectivity of vibrational absorption spectroscopy. Here we provide examples of how IR 

spectroscopic imaging can be a particularly attractive technique for the analysis of cells and tissue in that it 

permits a rapid and simultaneous fingerprinting of inherent biologic content, extraneous materials and metabolic 

state without the use of labeled probes. We describe advances in instrumentation, the computational strategy and 

statistical considerations underlying decision-making for this modality. Results indicate that a rapid assessment 

of tissue is possible that can aid better decision making in cancer pathology.  

 


