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1ª class
• Optical instruments
• The course: objectives, contents, bibliography, 

evaluation, ...
• Operations : T and Lab
• Optical systems: what for, architectures, technologies, 

ccharacterization, specifications, 
• The industry of Photonics
• Technological maturity: Technical Readiness Levels (TRL) 

and derived concepts
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https://www.jpl.nasa.gov/edu/news/2019/4/19/how-scientists-captured-the-first-image-of-a-black-hole/

First M87 Event Horizon Telescope Results. II.   [I, II, III, IV, V]
Array and Instrumentation
The Astrophysical Journal Letters, 875:L2 (28pp), 2019 April 10
https://doi.org/10.3847/2041-8213/ab0c96



https://lidarnews.com/articles/quanergy-m8-ultra-digital-lidar/



https://lidarnews.com/articles/quanergy-m8-ultra-digital-lidar/



https://newatlas.com/velodyne-lidar-vls-128-sensor/52453/#gallery:4



https://newatlas.com/velodyne-lidar-vls-128-sensor/52453/#gallery:4
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From the synopsis

4 – OBJECTIVOS DE 
APRENDIZAGEM

A – Conhecer tipos de instrumentos ópticos e forma como viabilizam funções em sistemas e 
processos.

B – Conhecer arquitecturas, interfaces e principais elementos de tradeoff de sistema.

C – Conhecer a relevância da coerência da radiação no funcionamento e desempenho dos 
instrumentos

5 – CONTEÚDOS 
PROGRAMÁTICOS

1. Formação de imagem coerente e incoerente

2. Tipos, arquitecturas e desenho de instrumentos (alguns de entre: Cameras, Objectivas, 
Microscópios, Telescópios, Scanners, Espectrómetros ópticos)

3. Principais conceitos da teoria da coerência parcial relevantes para várias famílias de 
instrumentos

4. Interferómetros

5. Holografia

6. Metrologia óptica

9 – BIBLIOGRAFIA

Bass M et al., Handbook of Optics (Vol 1), (OSA, McGraw, 2001, 2009)

Guenther R, Steel D, Encyclopedia of Modern Optics (Vol 1-5) (Elsevier, 2018)

Goodman J W, Introduction to Fourier Optics (Roberts & Co, 2005)

Goodman J W, Statistical Optics (2nd ed.) (Wiley, 2015)

Revistas e artigos de revistas da Optical Society of America (OSA), SPIE e Nature Photonics



Contents
• Introduction

– Imaging - geometry

– Optical design and analysis

– The imaging chain

– Systems’ architectures
• Imaging, light integration, spectroscopy

• Scanning systems

• Active and passive

• Adaptive systems

• Monocromáticos, hiper ou multiespectrais

• Single aperture or multiple aperture

• Cophasing

• Interferometers

• 2D Sampling
– Sampling in 1D

– Shannon’s theorem

– Modelling the sampling procedure

– Sampling artifacts

• Holography
– Basics

– Types of holograms

– Digital holography

– Holographic interferometry

• Radiometry and Photometries
– Radiometric quantities, units, dimensions

– Radiometric chain, from source to sensor

• Image Formation
– Modelling amplitude and phase objects

– Propagation and diffraction

– PSF and MTF

– Generalized pupil function



OI in this academic year
 Understand James Webb Space Telescope (JWST) current activity

 Main collective goals:

 Understanding cophasing and cophasing strategies

 Learning Zemax Optics Studio

 Learning how to use interferometry as internal metrology tools

 Hands on, laboratory:
 Making an hologram

 Wavefront sensor in practice (from optical system to wavefront numerical estimation)

 Michelson interferometer, dual channel

 Monochromator

 Processing an interferogram

 Making a digital hologram

 Analyse in-depth one optical instrument / system and explain it in class
 Spectrometers, imagers, interferometers, ellipsometers, ...

 Assessment
 Lab reports w/ discussion (50%)

 Instrument explanation (30%)

 JWST cophasing topics (20%)



JWST



Optical Instruments & systems – pick one!
 .

BASS – Handbook of Optics 

VOL CHAPTER  
1 15 Polarimetry 
1 16 Ellipsometry 
1 31 Optical spectrometers 
1 32 Interferometers 
1 33 Holography and holographic instruments 
   

2 11 Orthonormal polynomials and wavefront analysis 
2 13 Optical testing 
2 14 Computer Generated Holograms (CGH) in optical testing 
2 38 Spectroradiometry 
   

3 18 Optical Coherence Tomography 
   

4 22 Slow light propagation in atomic and photonic media 
4 23 Quantum entanglement in optical interferometry 
   

5 1 Scatterometers 
5 2 Spectroscopic measurements 
5 4 Imaging through atmospheric turbulence 
5 5 Adaptive optics 
5 38 Gratings and monochromators in the VUV and soft X-ray spectral regimes 

 

Spectroscopy - 1.31 & 2.38 & 5.2 & 5.38 

Adaptive optics – 5.4 & 5.5 

Interferometric systems – 1.32 & 2.11 & 2.13 & 2.14 & 4.23 



Bibliography (examples)
Reference
Bass, Handbook Of Optics (Vols. 1-5)
Gross H. (ed.), Handbook of Optical Systems (Wiley, 2008)
Hecht E, Óptica (Gulbenkian, 1998)
Guenther R, Steel D, Encyclopedia of Modern Optics (Vol 1-5) 
(Elsevier, 2018)
Goodman J W, Introduction to Fourier Optics (3ª ed., Roberts & 
Company, 2005)
Goodman J W, Statistical Optics (2nd ed.) (Wiley, 2015)
Revistas e artigos de revistas da Optical Society of America (OSA), 
SPIE e Nature Photonics

System
Fiete, R.D., Modeling the imaging chain of digital cameras (SPIE 
Press, 2010)
Williams T, The Optical Transfer Function of Imaging Systems
(Taylor & Francis, 1998)
Holst G C, Electro–Optical Imaging System Performance (SPIE 
Press, 2000) 
Allison W, Fundamental Physics for Probing and Imaging (OUP, 
2006)
Notes on AMATEUR TELESCOPE OPTICS
http://www.telescope-optics.net/index.htm#TABLE_OF_CONTENTS

Sampling
Amidror I, The Theory of the Moiré Phenomenon (Kluwer, 2009)
Vollmerhausen R H, Reago D A, Driggers R G, Analysis and 
Evaluation of Sampled Imaging Systems (SPIE Press, 2010)

Remote Sensing
Kramer H, Observation of the Earth and its Environment - Survey of

Missions and Sensors (4th edition, Springer 2002) (CD)

Industry / Strategy
Photonics21 - Europe’s age of light! How photonics will power growth 
and innovationvision paper (2017)

Application areas
Hill J., Mégier J., Imaging Spectrometry, a Tool for Environmental 
Observations (Springer, 2007)
James J, Spectrograph Design Fundamentals (CUP, 2007)
Hill J, Mégier J, Imaging Spectrometry, a Tool for Environmental
Observations (Springer, 2007)
Tyson R, Adaptive Optics Engineering Handbook (Dekker, 2000)

Internet resources
Vision Systems Design
http://www.vision-systems.com/index.html
CVonline: The Evolving, Distributed, Non-Proprietary, On-Line 
Compendium of Computer Vision
http://homepages.inf.ed.ac.uk/rbf/CVonline/
Computer Vision O.N.L.I.N.E
http://www.computervisiononline.com/software



# AUTOR, TÍTULO (EDITOR, ANO) EDITOR ANO

1 Allison W., Fundamental Physics for Probing and Imaging (OUP, 2006) OUP 2006

2 Amelinckx S, van Dyck D, Landuyt J, van Tendeloo  G, Handbook of Microscopy  (Wiley, 1996) Wiley 1996

3 Amidror I , The Theory of the Moiré‚ Phenomenon (Springer, 2009) Springer 2009

4 Bajorski P, Statistics for Imaging, Optics, and Photonics (Wiley, 2011) Wiley 2011

5 Barter J., Telescopes (Gale, 2005) Gale 2005

6 Bass M et al, Handbook of Optics, Volume I - Geometrical and Phys ical Optics, Polarized Light, Components and Instruments (2009) 2009

7 Bass M et al, Handbook of Optics, Volume II - Design, Fabrication and Testing, Sources and Detectors, Radiometry and Photometry (2009) 2009

8 Bass M et al, Handbook of Optics, Volume III - Vision and Vision Optics (McGraw-Hill , 2009) McGraw-Hill 2009

9 Bass M et al, Handbook of Optics, Volume IV - Optical Properties of Materials, Nonlinear Optics, Quantum Optics (McGraw-Hil l , 2009) McGraw-Hill 2009

10 Bass M et al, Handbook of Optics, Volume V - Atmospheric Optics, Modulators, Fiber Optics, X-Ray and NeutronOptics  (McGraw-Hi ll , 2009) McGraw-Hil l 2009

11 Bass M et al., Handbook Of Optics (OSA+McGraw, 2001, 2009) OSA+McGraw 2001

12 Bely P Y, The Design and Construction of Large Optical  Telescopes (Springer, 2003) Springer 2003

13 Benton S.A., Michael V., Bove  J., Holographic Imaging (Wiley, 2008) Wiley 2008

14 Blaunstein N,  Arnon S, Kopeika N, Zilberman A, Applied Aspects of Optical Communication and LIDAR (AuerbachPublications, 2009) AuerbachPublications 2009

15 Brady D J, Optical imaging and spectroscopy (Wiley+OSA, 2009) Wiley+OSA 2009

16 Brezinski  M.E., Optical Coherence Tomography Principles and Applications (AP, 2006) AP 2006

17 Budding E., Demircan O., Introduction to Astronomical  Photometry (CUP, 2007) CUP 2007

18 Chrysikopoulos H S, Clinical MR Imaging and Physics, A Tutorial (Springer, 2008) Springer 2008

19 Denton M B, Further Developments in Scientific Optical Imaging (Royal Society of Chemistry, 2000) Royal  Society of Chemistry 2000

20 Diaspro A, Nanoscopy and Multidimensional Optical Fluorescence Microscopy (Chapman and Hall-CRC, 2010) Chapman and Hal l-CRC 2010

21 Diaspro A, Optical  Fluorescence Microscopy - From the Spectral to the Nano Dimension (Springer, 2011) Springer 2011

22 Drexler W, Fujimoto J G, Optical Coherence Tomography -Technology and Applications (Springer, 2008) Springer 2008

23 Duffner R W, The Adaptive Optics  Revolution, A History (University of New Mexico Press, 2009) Univers ity of New Mexico Press 2009

24 Ferraro P, Wax A, Zalevsky Z, Coherent Light Microscopy - Imaging and Quantitative Phase Analysis  (Springer,V2011) Springer 2011

25 Fiete R D, Modeling the Imaging Chain of Digi tal Cameras (SPIE Press, 2011) SPIE Press 2011

26 Foy R, Foy F C, Optics in astrophysics (Springer, 2005) Springer 2005

27 Galstian T G, Smart Mini-Cameras (CRC Press, 2013) CRC Press 2013

28 Gaskill J D, Linear Systems, Fourier Transforms, and Optics (Wiley, 1978) Wiley 1978

29 Goodman J W, Introduction to Fourier Optics (Roberts & Co, 2005).djvu Roberts  & Co 2005

30 Goodman J W, Statistical Optics (Wi ley, 2015) Wiley 2015

31 Herman G T, Fundamentals of Computerized Tomography - Image Reconstruction from Projections (Springer, 2009) Springer 2009

32 Hi ll J., M‚gier J., Imaging Spectrometry, a Tool  for Environmental Observations (Springer, 2007) Springer 2007

33 Hobbs P C D, Bui lding Electro-Optical Systems - Making It all Work (Wiley, 2009) Wiley 2009

34 Holst G C, Common Sense Approach to Thermal Imaging (SPIE Press, 2000).djvu SPIE Press 2000

35 Holst G C, Electro-Optical  Imaging System Performance (SPIE Press, 2000).djvu SPIE Press 2000

36 Howell S.B., Handbook of CCD Astronomy (CUP, 2006) CUP 2006

37 Huang F, Klette R, Scheibe K, Panoramic Imaging - Sensor-Line Cameras  and Laser Range-Finders (Wiley, 2008) Wiley 2008

38 Javidi  B., Optical  Imaging Sensors and Systems for Homeland Security Appli cations (Springer, 2005) Springer 2005

39 Kaschke M, Donnerhacke K H, Ril l M S, Optical Devices in Ophthalmology and Optometry - Technology, Design Principles, and Clinical Applications (Wiley, 2014)Wiley 2014

40 Keelan B, Handbook of Image Quality (CRC, 2002) CRC 2002

41 Khare K, Fourier Optics and Computational Imaging (Wiley, 2015) Wiley 2015

42 Kolobov M I, Quantum Imaging (Springer, 2006) Springer 2006

43 Kovalev V A, Eichinger W E, Elastic Lidar - Theory, Practice, and Analysis Methods (Wiley, 2004) Wiley 2004

44 Kuroda T, Essential  Principles of Image Sensors (CRC Press, 2015) CRC Press 2015

45 Lee J S, Pottier E, Polarimetric Radar Imaging, From Basics to Applications (CRC Press, 2009) CRC Press 2009

46 Mandrosov V I, Coherent Fields and Images in Remote Sensing (SPIE Press, 2004) SPIE Press 2004

47 Marton L, Robinson L C, Physical Principles of Far-infrared Radiation (AP, 1973) AP 1973

48 McLean I.S., Electronic Imaging in Astronomy Detectors and Instrumentation (Springer, 2008) Springer 2008

49 Minkina W, Dudzik S, Infrared Thermography - Errors and Uncertainties (Wiley, 2009) Wiley 2009

50 Moeller K.D., Optics Learning by Computing with Examples in Matlab (Springer, 2007) Springer 2007

51 Mukhopadhyay, S.C.Gupta G.S., Smart Sensors and Sensing Technology (Springer, 2008) Springer 2008

52 Musa S M, Computational optical  biomedical spectroscopy and imaging (CRC Press, 2015) CRC Press 2015

53 Nakamura J, Image Sensors and Signal Processing for Digital Sti l l Cameras (Taylor & Francis, 2006) Taylor & Francis 2006

54 Poon T C, Banerjee P P , Contemporary Optical Image Processing with MATLAB (Elsevier, 2011) Elsevier 2011

55 Poon T.C., Kim T., Engineering Optics With Matlab (World Scientific, 2006) World Scientific 2006

56 Porter J., Queener H., Lin J., Thorn K., Awwal A.A., Adaptive Optics for Vision Science - Principles, Practices, Design and Applications (Wiley, 2006) Wiley 2006

57 Richards A, Al ien Vision - Exploring the Electromagnetic Spectrum with Imaging Technology (SPIE Press, 2011) SPIE Press 2011

58 Roddier F, Adaptive Optics in Astronomy (CUP, 2004) CUP 2004

59 Rogalski A, Infrared Detectors (CRC Press, 2010) CRC Press 2010

60 Saha S K, Aperture Synthesis - Methods and Applications to Optical Astronomy (Springer, 2010) Springer 2010

61 Saha S.K., Diffraction Limited Imaging with Large and Moderate Telescopes (World Scientific, 2007) World Scientific 2007

62 Sandau R, Digital Airborne Camera - Introduction and Technology (Springer, 2010) Springer 2010

63 Santos J L, Farahi F, Handbook of Optical Sensors (CRC Press, 2014) CRC Press 2014

64 Saxby G, The Science of Imaging, an Introduction (Taylor & Francis, 2001) Taylor & Francis 2001

65 Schroeder D.J., Astronomical Optics (AP, 2000) AP 2000

66 Seitz P, Theuwissen A J P, Single-Photon Imaging (Springer, 2011) Springer 2011

67 Seward G H, Optical Design of Microscopes (SPIE, 2010) SPIE 2010

68 Smith R B, Introduction to Hyperspectral Imaging (2012) 2012

69 Stock S R, MicroComputed Tomography - Methodology and Applications (CRC, 2008) CRC 2008

70 Suiter H R, Star Testing Astronomical Telescopes - A Manual  for Optical Evaluation and Adjustment (WillmannBell, 2001) WillmannBell 2001

71 Kao F.J., Optical Imaging and Microscopy (Springer, 2007) Springer 2007

72 Thompson A.R., Moran J.M., George W., Swenson J., Interferometry and Synthesis in Radio Astronomy (Wiley, 2001) Wiley 2001

73 Tyson R K, Principles of adaptive optics (CRC Press, 2010) CRC Press 2010

74 Vollmerhausen R H, Reago D A, Driggers R G, Analysis and Evaluation of Sampled Imaging Systems (SPIE Press, 2010) SPIE 2010

75 Wayne R O, Light and Video Microscopy (AP, 2008) AP 2008

76 Williams T, The Optical Transfer Function of Imaging Systems (Taylor & Francis, 1998) Taylor & Francis 1998

77 Wilson R.N., Reflecting Telescope Optics I - Basic Design Theory and its Historical Development (Springer, 2007) Springer 2007

78 Wolfe W L, Introduction to Imaging Spectrometers (SPIE, 1997) SPIE 1997

79 Wouterlood F G, Cellular Imaging (Academic Press, 2012) Academic Press 2012

80 Zalevsky Z, Super-Resolved Imaging - Geometrical and Diffraction Approaches (Springer, 2011) Springer 2011

81 Zhang C, Light Field Sampling (Morgan and Claypool, 2006) Morgan and Claypool 2006

Bibliography (examples) 
https://www.dropbox.com/sh/j7j6lb1grink9zy/AACvCqSjPceF7Rm-TbJT8z6Ja?dl=0

Activo...



Imaging systems and Industry (David Lowe, 2015)

 Automobile driver assistance & 
traffic and road management 

 Eye and Head Tracking
 Film and Video
 Sports analysis 
 Gesture Recognition
 General purpose vision systems
 Industrial automation and 

inspection
– Electronics industry 
– Food and agriculture 
– Printing and textiles 
– Other 

 Medical and biomedical
 Object Recognition and 

Augmented Reality for Mobile 
Devices 

 Photography
 People tracking
 Safety monitoring
 Security:

 Biometrics
 Monitoring and Surveillance

 3D modeling
 Web and Cloud Applications



Imaging instruments / systems are used for:
• Mapping (2D or 3D fields)
• Meteorology
• Medical & biomedical
• Metrology
• Inspection
• Microscop(y)(ies)

– Optical
• Visible, UV, IR, ...

– Electron
– Scanning probe (STM, AFM)
– Superresolution
– ...

• Astronomy
• Security
• Biometrics
• Photography
• Video
• Film
• Military
• Security and surveillance
• Vision enabling / emulators in 

(semi)automatic systems
• Probing
• Light concentration



Imaging systems can be:
• Active / passive
• Static / scanning
• Monolithic / multi-aperture / interferometric imaging
• Monochromatic / multispectral / hyperspectral (frequency range)
• Intensity / phase (coherency) / polarization / wavelength sensitive
• 2D or 3D
• Imaging / non-imaging
• Radiometers, spectrometers, imagers (spectro-radiometers, imaging 

spectrometers, ...)

• Superresolution



Imaging systems are characterized in terms of:
• Intrinsic parameters

– Resolution (PSF, MTF)
– Sensitivity
– Dynamic range
– Field of view (FOV) / Field of 

regard (FOR)
– Depth of focus
– Space-variant / space invariant 

properties (aberrations)
– Sampling (spatial / dynamic / 

temporal)
– ...

• Operational parameters
– Quantization
– Rates (pixel, frames, ...)
– Integration time control
– Noise reduction mechanisms
– Stabilization
– Signal handling and interfaces
– Signal & image processing (on-

chip, external)
– Reconstruction techniques
– Coding / compression
– ...



Photonics21 - http://www.photonics21.org
“Photonics is the science of the harnessing of light. Photonics encompasses the 
generation of light, the detection of light, the management of light through guidance, 

manipulation, and amplification, and most importantly, its utilisation for the benefit of mankind.”



Photonics
“Photonics is the science of the harnessing of light. Photonics encompasses 

the generation of light, the detection of light, the management of light through 
guidance, manipulation, and amplification, and most importantly, its utilisation for the 

benefit of mankind.”

Photonics is an area of study that involves the use of radiant energy (such as light), whose 
fundamental element is the photon . Photonic applications use the photon in the same way 
that electronic applications use the electron. Among the large number of current or 
possible photonic applications are: photonic switching, photonic networks, the photonic 
computer.

Photonics is one of the fastest growing high-tech industries in the world  today. It includes:
• optical communications (e.g., fiber optics, lasers, and infrared links), 

• optical imaging (e.g., spy and weather satellites, night vision, holography, flat screen 
display, and CCD video cameras),

• optical data storage and optical computing (e.g., CD’s and DVD’s), 
• optical detectors (e.g., supermarket scanners, medical optics, and nondestructive evaluation of 

materials), 
• lasers (e.g., welding lasers, laser surgery, laser shows, and laser rangefinders)

spectroscopy (e.g., chemical and biological detection, anti-terror detection) 
• quantum optics (e.g., quantum teleportation, quantum cryptography, and single-photon optics)



Readiness Levels

• Technology Readiness Levels
– NASA (1995), DoD, …, H2020

– https://en.wikipedia.org/wiki/Technology_readiness_level

– https://www.nasa.gov/pdf/458490main_TRL_Definitions.pdf

– https://esto.nasa.gov/files/TRL_definitions.pdf

• System Readiness / Maturity Levels





TRL – Technological Readiness Levels



Innovation chain



System Readiness / Maturity Levels



System development cycle

https://www.smartsheet.com/system-development-life-cycle-guide


