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1, Status and challenges in tissue polarimetry

Polarimetry has many applications ranging from thin film measurement to remote sensing1–15 

One of the most important applications of polarimetric imaging, though is biomedical sample 

characterization,  especially  using  polarisation  microscopic/endoscopic  systems14–18.  For 

example, the polarimetric measurements can reveal in a label-free manner pathologies, such 

as cancer, that would not be otherwise detectable without staining. When all four elements of 

the Stokes vector of the light beam are calculated from the recorded intensity patterns, the 

method  is  known  as  imaging  Stokes  polarimetry.  Likewise,  imaging  Mueller matrix 

polarimetry  measures  and  characterizes  the  polarisation  properties  of  the  sample.  Both 

methods can be used for tissue polarimetry, which has recently played an important role in 

biomedical characterisation and clinical diagnosis. A recent development trend has moved 

from full Stokes-Mueller polarimetry to partial Stokes-Mueller polarimetry, in which only a 

selected  portion  of  the  Stokes  vector  or  Mueller  matrix  elements  from  the  sample  are 

measured19.  Such an approach is adequate for specific research topics19. For any such vector 

imaging system, there are two important criteria for evaluation of imaging quality – one is the 

image resolution,  another  one is  the vectorial  measurement  precision.  In this  chapter,  we 

focus  on  the  use  of  advanced  adaptive  optics  correction  methods  that  enhance  both  the 

imaging resolution and vector precision, hence benefiting the characterisation accuracy for 

biomedical samples.
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The resolution of a microscope depends on the quality of its point spread function (PSF). The 

PSF is  affected  by aberrations  that  cause blurring and contrast  reduction20,21.  Aberrations 

affect all optical systems of different types and functionalities. Adaptive optics (AO) is a 

technology used to improve the performance of optical systems by reducing the effect of 

aberrations.  AO uses active device such as a deformable mirror (DM) or a liquid crystal  

spatial light modulator (SLM), and in most cases is used to correct phase aberrations that 

commonly affect a wide range of imaging applications20–22.  

The  AO concept  was first  introduced for  military applications  and then  for  astronomical 

telescopes23. AO was required in these applications to overcome the problematic effects of 

atmospheric turbulence, which introduced time varying aberrations into light passing through 

the atmosphere23. More recently, AO has also been deployed to microscopic imaging systems 

to  enhance  the  resolution  and  image  quality  through  compensation  of  specimen  induced 

aberrations20,21. For this reason, the majority of AO applications have focussed on the phase 

domain.

There exists another type of aberration – polarisation aberration – which have been less well 

considered, but can have similar effects through blurring and reducing image contrast19,24–34. 

Moreover, they affect the measurement precision for polarisation states. These aberrations led 

to extra phase and polarisation distortion that can be introduced, for example, when focusing 

through  stressed  optical  elements,  due  to  Fresnel’s  effects  at  surfaces  or  induced  via 

polarising effects in materials or tissues. These effects directly alter the state of polarisation 

(SOP) of the light field and the focal quality19,24–34,  hence degrading vectorial  information 

analysis and the spatial resolution of optical systems that compound the effects caused by 

phase aberrations. Considered together, we refer to these combined polarisation and phase 

effects as “vectorial aberrations”.

Perturbed vector  states  in  the illumination  or detection  beams are greatly  detrimental  for 

polarisation  sensitive  microscopes,  including  Stokes/Mueller  confocal  microscopes, 

second/third harmonic generation microscopes and super-resolution fluorescence polarisation 

microscopy19,35,36.  Such effects  are  vital,  for example,  in  label-free cancer  detection  using 

Stokes/Mueller microscopes,  for which the correctness of the vectorial  state is essential19. 

Furthermore, incorrect polarisation disrupts the interference at the focus and hence affects the 

efficiency and resolution of super-resolution microscopes, for example, in the creation of the 

zero-intensity  centre  of  the  ring-shaped  STED  microscope  or  MINFLUX  microscope 



beams37–39; in the interference light fields of the structured illumination microscope or in 4pi 

microscopes40,41. By their nature, these systems require adaptive compensation of phase and 

polarisation errors to compensate for these effects that vary throughout a specimen20,21.   We 

refer to these methods as “vectorial adaptive optics” or V-AO.

Similar to phase AO, V-AO requires methods for compensation of the vectorial aberrations. 

This  requires  the  use  of  polarisation  sensitive  devices.  Liquid  crystal  SLMs  are  good 

candidates to be used as vectorial correctors, as they are controllable birefringent devices32,33. 

As several parameters are required to control the vectorial state, the SLMs must be used in 

combination.   Indeed,  up to four devices  are  required for full  vectorial  compensation,  as 

explained  later  in  this  chapter.   These  multiple  SLMS provide  the  toolbox  for  vectorial 

adaptive  compensation  in  various  imaging  scenarios  in  bio-polarimetry  based  sensing  or 

imaging.

  

2, Vectorial aberrations and the interaction of light with specimens

2.1, Phase aberrations, polarization aberrations, and adaptive correction

Phase aberrations are usually described via a scalar phase function that varies across the beam 

profile42.  The  aberrations  can  be  introduced  via  refractive  index mismatch  in  specimens, 

misalignment  of  the  beams  through  the  optics,  or  other  sources  of  optical  path  length 

difference.  Both  the  state  of  the  light  beam  or  the  aberrating  action  of  the  object  are 

represented in a similar format. We consider the input phase field as Φ in (r, θ) and wavefront 

aberration induced by an object as Φab (r, θ) in which r and θ is the radius and azimuthal angle 

of the polar coordinate system of the pupil of the microscopic system.  The AO correction 

phase is defined as Φc (r, θ).  The output phase profile Φout (r, θ), can then be described via 

(1)

It can be shown that the Zernike polynomials Zi (r, θ) form a complete basis for representation 

of the aberration, if the system has circular pupils20,21. The output aberration function can be 

expressed as

(2)



where the aberration is defined over the pupil with normalised radius (for ).  Each of the 

aberration  functions  in  Eq.  1  could  similarly  be  represented  by  the  coefficients  of  its 

respective Zernike series.

To  illustrate  the  parallels  between  phase  AO and  polarisation  AO,  we  can  consider  the 

operation of a simple focussing system with aberrations present at its input pupil.  The quality 

of a focus is often represented by the Strehl ratio, S, which is the ratio of on axis intensity at 

the focal spot when aberrated, to the equivalent intensity when the system is aberration free. 

It is readily shown that for small phase aberrations 

(3)

Where  is the aberrated intensity,   is the unaberrated intensity,  are the coefficients of the 

Zernike modes and these coefficients are considered to be small.  The first Zernike mode, 

piston (index i=1), is omitted from the summation as it represents a constant phase offset and 

has no effect  on the measured intensity signal,  so does not influence the analysis  of this 

system. This means that there may be an arbitrary constant phase shift between the input and 

output phase, but this will have no effect on the system performance. In other words, the goal  

of the AO system is to find a correction Ψc that makes Φout − Φin = constant. 

This analysis  is correct but incomplete,  in that is assumes that the correction goal is that 

Φout(r, θ) − Φin(r, θ) = χ, where χ represents an arbitrary constant, whereas in fact perfect 

correction would be achieved if Φout(r, θ) − Φin(r, θ) = f(r, θ), where the function f(r, θ) mod 

2π = χ. In other words, aberrations can contain steps of an integer multiple of a wavelength 

and yet still provide perfect focussing.

These properties are made more obvious if we express the aberrations and system operation 

in terms of complex amplitudes, rather than phase, so that the Eq. 1 would be written as

(4)

where . In this formulation, each of the complex functions can be thought of as a complex 

multiplicative operator that operates on the function on its right.  This formulation is useful, 

as we can use it to show parallels between the operation of phase AO and polarisation AO 

systems. 

Polarisation aberrations have been defined by Chipman24–29 via the Jones matrix (JM) or the 

Mueller matrix (MM). The polarisation aberration can be introduced in different ways, as 



mentioned in previous section, and it is also linked with different physical properties, such as 

retardance, diattenuation and so on24–29. 

Either a JM or a MM can be used to describe the vectorial optical properties of an object.  

While the JM contains the information of absolute phase, it  cannot represent depolarising 

effects of objects19. The MM however can represent depolarisation, but not the overall phase. 

Hence, the MM is used if comprehensive polarisation properties need to be considered. It is 

worth noting that, the SOP difference – which represents the polarisation distortion of the 

light beam – can also at some level represent the polarisation aberration. However, as the 

Stokes vector is a 4-element vector, its intrinsic dimension is lower than a multi-element 

matrix (with more than four free parameters), hence a full polarisation aberration is more 

properly described via a JM or a MM.  

In this chapter we focus for simplicity on retardance-like polarisation aberrations, hence we 

use  the  JM  formulism  throughout  the  following  sections.  If  we  assume  that  the  object 

introducing the polarisation aberration is a single layer of retarder, then the JM of the sample 

(Js) could be written as:

(5)

where θ is the fast axis orientation with respect to the x-axis,  is the retardance value, and η is 

the circularity2,43–46. We first consider the linear retarder case for which η = 0.

As the JM representation also includes the absolute phase information, we could also extract 

the  phase  aberration  associated  with  the  JM,  by  taking  the  determinant  of  the  matrix 

(according to Ref33,47). We refer to the combined effect of an overall polarisation aberration 

Jab with the conventional phase aberration as ‘vectorial aberrations’.

When  we  consider  a  complex  system that  imparts  various  polarisation  aberrations,  each 

described through JMs: J1, J2, J3, …Jn  , in a particular sequence (here we assume the light 

beam  passes  in  order  through  J1 to  Jn),  the  overall  polarisation  aberration  Jab can  be 

represented via the equation: 

(6)

We consider the input Jones vector field as Pin (r, θ) and polarisation aberration induced by an 

object as Jab  (r, θ) in which r and θ is the radius and azimuthal angle of the polar coordinate  

system  of  the  pupil  of  the  microscopic  system  as  we  used  before.   The  AO correction 



polarisation and phase is defined as Jc (r, θ).  The output vectorial profile Pout  (r, θ), can then 

be described via 

(7)

As  the  multiplication  of  JMs  is  in  general  non-commutable,  it  is  necessary  to  consider 

whether a system performs pre- or post-correction of the polarisation aberration.  Here we 

describe a pre-correction AO system (Eq. (8)) and a post-correction counterpart (Eq. (9)), for 

which we want the Pout  (r, θ) to features a flat wavefront and uniform polarisation state after 

AO system. The concept of the before- and after-correction AO systems can be illustrated via 

(8)

(9)

where we take the primary matrix reciprocity problems19 into consideration. As the matrix 

multiplication  is  in  general  non-commutable,  the  Jc (r,  θ)  matrices  in  Eq.  8  and 9 are  in 

general different. An example of a pre-correction vectorial aberration correction AO system 

is illustrated in Fig 1.

Figure 1: Vectorial aberration correction system using AO. ‘Before’ and ‘after’ illustrate the 

potential state of polarisation and phase correction functions. The blue and red circles in the 

polarisation plot represent the orientation and ellipticity/circularity of the SOP as it varies 

across the beam; left-hand circular SOPs are red, right-hand circular SOPs are blue, and green 

lines represent linear SOPs. Other shades represent different elliptical SOPs. The yellow to 

red colours in the phase plot represent the phase value.



A  parallel  can  be  drawn  between  these  JM  operators  in  the  above  equations,  and  the 

representation used in Eq. 4. A lossless JM can be expressed in “generator” form as26,48,49

 (10)

where   is  the  identity  matrix  and where  ,   and   represent  the  three  Pauli  spin  matrices. 

Concisely,  the  first  term   describes  polarisation  independent  effects  on  phase,  which 

effectively means the aberration corrected by phase AO. The  term represents retardation 

effects  aligned  with  the   and axes;   retardation  effects  at  45° to  the  axes;  and  circular 

retardation effects. Although expressed here in the form of a JM, it is clear that the first term 

in the exponent  is  equivalent  to  the exponential  phase operator  of Eq. 4.  Hence,  the JM 

representation incorporates not only the polarisation states, but also the effects of the phase 

aberrations.

2.2, Combined effects of polarisation and phase modulation

In the context of vectorial light, normally two types of geometric phase will be involved – 

Rytov-Vladimirskii-Berry (RVB) phase and Pancharatnam-Berry (PB) phase50–55; the former 

is  related  to  variation  in  the  propagation  direction  of  the  light  beam  (such  as  when 

propagating  in  inhomogeneous  media)  while  the  latter  is  associated  with  polarisation 

manipulation of the light beam (such as when propagating in crystals  that  exhibit  spatial 

variation of retardance across the beam profile)50–55. What is more, these two phases are also 

directly  related  to  the process of spin-orbital  interaction  of  light  –  an interaction  of spin 

angular momentum, the intrinsic and extrinsic orbital angular momentum of light.

In this chapter, we are mainly concerned with PB-phase and retarder like systems (such as 

encountered  in  propagation  through birefringent  media).  This  extra  phase  shift  is  due  to 

changes in SOP via the effects of the polarisation aberrations.  We hence consider geometric 

phase as a part of the polarisation aberration, rather than a separate phenomenon. Based on 

this observation and the above discussion about JM, we can see that phase and polarisation 

aberrations are intrinsically intertwined.

3, From phase to vectorial adaptive optics for polarisation imaging

3.1, Concepts for phase, polarisation and vectorial adaptive optics



This section provides a brief summary of how AO techniques have developed from phase AO 

to vectorial  AO for polarisation resolved imaging.  Some preliminary experimental  results 

have shown how phase AO can be used to enhance the resolution of polarisation images56. 

However,  the  operating  mechanisms  and  possible  applications  have  not  yet  been  fully 

investigated.  Full  polarization  and phase  control  has  been  previously  implemented  using 

SLMs  in  various  configurations  for  generation  purposes  such  as  vector  vortex  beam 

manipulation,  beam  shaping  and  beam  multiplexing9,57,58.  However,  development  of  the 

ability to control vectorial states fully to compensate vectorial beam errors has a relatively 

short history.  Polarization and phase control for compensation of intrinsic errors in beam 

generation systems have been implemented4,9,10, as has dynamic control of the full vectorial 

field  to  enable  focusing through highly scattering  media59–61.  However,  these  works  have 

focused mostly on complex vectorial beam generation or partial compensation of polarisation 

errors  without  full  adaptive  feedback  correction.  A  systematic  method  for  full  adaptive 

compensation of vectorial aberrations has not yet been implemented.

Systematic  adaptive  polarization  control  to  compensate  externally  induced  polarization 

disturbances in pupil domain was proposed in 201934, where it was achieved with an SLM 

based correction system. The system could convert fixed SOP into arbitrary SOP34,  hence 

featuring the ability to perform feedback AO compensation with pre-correction of the SOP 

state  across  the  pupil.  That  work  relied  upon  the  three  fundamental  components  – 

measurement, correction, and feedback control – that are required for a full polarisation AO 

system. Full Stokes vector polarimetry was used to measure the polarization state across the 

beam profile.  A dual pass SLM system was used to control the input polarization state.  A 

strategy for feedback control was developed to enable SOP compensation from a sequence of 

polarimeter measurements.  The methods were demonstrated on a range of specimens that 

perturbed the SOP of an input beam. The system restored the desired output state, even in the 

presence of strong polarization errors. Although the first sensor based adaptive polarization 

control was presented in this work, there were still  certain limitations: 1) the polarisation 

aberration (assumed to be in the form of a spatially varying retardance) was reconstructed via 

prior knowledge of the aberration and the vectorial field measured by Stokes polarimetry; 2) 

only pupil domain correction was implemented rather than focal domain; 3) the method was 



only suitable for pre-compensation of the SOP and is not readily applicable to more complex 

optical systems; 4) there was no phase correction.  

In  2020,  more  general  arbitrary  vectorial  state  conversion  approaches  using  SLMs  for 

polarisation  adaptive  optics  were  theoretically  proposed32.  In  this  work,  the  authors  also 

validated through JM analysis that conversion from arbitrary SOP to fixed SOP using two 

passes SLM is also possible, considering that in a pure retardation system the JM is  fully 

invertible. This point is important, as it also provides the possibility of using a single SLM 

(with two passes through side-by-side pupils) to act as polarisation AO device for either pre- 

or post-correction of polarisation aberrations.  Furthermore, it was shown that through using 

an additional SLM pass, giving three passes in total, it was possible to convert between a 

fixed vectorial state (polarisation and phase) to an arbitrary state or vice versa.  This work 

also dealt with the dynamic and geometric phases arising from the polarisation effects of the 

SLMs.  Here we briefly summarise the mathematical representation of the phase effects for a 

three SLM configuration; for more details one can refer to Ref32.

The action of each of the SLMs can be described by its JM, where n is the index of the SLM, 

which we will refer to by the subscripts A, B and C. The output field   is then determined by 

the input field vector  via equations (see Fig. 2 for the schematic system):  

(11)

where  the  phase  is  defined  according  to  the  Pancharatnam connection  between  the  SOP 

before and after the SLMs.   is the first eigenpolarization state of the SLM.  is the SOP of the 

input polarisation state. The parameters  and  are the corresponding eigenvalues of these two 

states. The vector  corresponds to the modulation axis of the SLM47. 

(12)

                               (13)

                              (14)

where the overall phase is represented via . The  is the induced varying phase, which depends 

upon the SLM pixel voltage, while  is the fixed phase induced along the non-modulating axis 

of the SLM pixel.   is the retardance of the SLM at certain voltage configuration.   If we 



choose the orientations of SLM axes to be 0°, 45° and 0°, the corresponding eigenstates can 

be given by

  ,    ,  

(15)

If we have a general SOP input , the scalar products are given by  ,  , and  .  We can therefore 

calculate the phases induced by each SLM pass via

(16)

The intrinsic  interrelationships are elaborated in Ref32.  Following the analysis in Ref32, the 

total  phase  introduced  by the  three  SLM passes  equals  to  the  sum of  phase  introduced 

individually by each pass () and the geometric phase, which is equivalent to half the area of 

the quadrilateral enclosed by the three passes on the Poincaré sphere (), such that

(17)

where  is  equal  to  half  of  the area  enclosed  by the path DCBA, as  shown in Fig 2.  In 

summary, the conclusion of this work showed that an extra degree of freedom is still needed 

to control the phase to realize full vectorial control of the beam.



Figure 2: Schematic of the three SLM system (with modulation axis at a chosen angle θA, θB,  

θc). SOP changes on the Poincaré sphere for the three-SLM system, as the polarisation state  

evolves through the first SLM (A to B), the second SLM (B to C) and the third SLM (C to D)..  

From the above validations we know that if one is not concerned about the phase, but only 

the correctness of the SOP, then with a three-pass SLM configuration, conversion between 

two spatially variant SOPs can be realized. While three-pass SLM configurations had been 

proposed and experimentally validated before, they were used for fixed SOP to arbitrary SOP 

and full phase control62. At the end of the work in Ref32, the authors also suggested a structure 

with four SLMs (or three SLMs plus an alternative phase correction device, like a deformable 

mirror) to fully control the polarisation and phase field from any arbitrary state to another 

arbitrary state. This would provide a versatile vectorial field manipulation configuration with 

wider applications.  In principle,  an appropriate combination of three hypothetical  retarder 

modulators could perform similar functionalities with less redundancy than the four-element 

system: e.g., one linear retarder oriented at 0°, one linear retarder at 45° and one circular  

retarder (or an equivalent combination).

As we have mentioned before, while there are several different SLM configurations that can 

manipulate  the  vectorial  states  of  light,  such systems  are  still  not  necessarily  enough to 



represent the full effects of a polarization aberration of the type that could be represented by 

an arbitrary unitary JM. In 2021, it was proposed to use a sequence of SLMs in a way that 

could  reproduce  the  behaviour  of  a  spatially  variant  waveplate  with  any  polarisation 

eigenmode and arbitrary retardance distribution33. Hence, it provided a controllable physical 

system that could act as arbitrary polarisation aberration, and hence perform as the feedback 

correction  device  in  a full  vectorial  adaptive  optics  system33.  Later,  a  similar  multi-SLM 

system that was equivalent to a linear phase retarder with arbitrary phase retardation was 

experimentally presented63.

3.2, Vectorial adaptive optics through sensor based and sensorless methods 

Traditional phase AO requires a method of phase measurement, through a wavefront sensor 

or  indirect  optimisation  methods  (often  termed  “wavefront  sensorless  AO”  or  in  short 

“sensorless AO”), to determine the input aberration and a method of phase compensation; 

whereas  V-AO requires  the  sensing and correction  of  the  vectorial  aberration.  There  are 

significant challenges in extending existing AO methods to this higher-dimensional analogue 

to  conventional  phase  correction,  as  now  we  are  dealing  with  high  dimensional  vector 

parameters rather than single scalar parameter of phase. In general, the V-AO correction can 

also  be  implemented  through  different  methods:  sensor-based  and  modal-sensorless; 

conceptual sketches of the measurement/correction process are shown in Fig 3. 

Building upon previous knowledge from mathematical modelling and simulation, in 2021 the 

first  systematic  V-AO compensation technique was presented,  encompassing sensor-based 

and  sensorless  approaches64.  The  work  detailed  sensor-based  V-AO  with  full  aberration 

sensing ability and a feedback correction strategy, both in the pupil and focus domains. A 

sensorless adaptive optics method was also implemented with a sophisticated compensation 

strategy. These methods were all validated via compensation of induced vectorial aberrations 

from various sources. 



Figure 3. Illustrations of pre-correction V-AO mechanisms in the format of sensor-based  

(top) and sensorless (bottom) approaches.

In contrast  to  conventional  AO, V-AO requires  a  method to determine  the full  vectorial 

properties,  encompassing  polarisation  and  phase,  and  a  mechanism  for  control  of  these 

properties. Conventional MM polarimetry plays a role here, as the “sensor” for determination 

of the MM as well as the output SOP19,30. Note here the MM and JM provide equivalent SOP 

conversation  information  as  we  are  dealing  with  non-depolarising  system,  and  for  the 

measurement convenience, we usually measure the MM instead of the JM as the MM can be 

determined solely from intensity-based measurements. Sensorless V-AO methods can also be 

employed,  for  example  allowing  model-based  optimisation  of  focal  quality  through 

adjustment of polarisation and phase states. Sensorless AO is useful, as it does not require 

any additional sensor and can permit efficient optimisation of vectorial correction through 

sequence  of  images.  Such methods  are  widely used in  phase AO, where  modes  such as 

Zernike polynomials are applied and optimised.  The principle can be extended to vectorial 

AO, as both polarisation and phase aberrations affect image quality.   An easy to explain 

example  is  when  there  is  prior  knowledge  of,  e.g.,  the  retardance  axis,  but  unknown 

retardance  magnitude.   Appropriate  vectorial  aberration  modes  can  be  applied  to  enable 

image optimisation.  Correction of more complex vectorial aberrations with more unknown 

parameters could be implemented with more complex aberration modes.



More  description  of  the  methods  and  their  properties,  with  demonstrations  of  the 

improvement  of  both  vector  field  and  focus  after  correction  of  commonplace  vectorial 

aberrations, can be found in Ref64.

4, Prospects for vectorial adaptive optics

4.1, Vectorial image enhancement: label-based and label-free

Vectorial  adaptive optics has not yet  been applied into areas of vectorial  imaging,  which 

includes  fluorescence-based  approaches  as  well  as  the  label-free  polarisation  imaging 

methods. 

Advanced  fluorescence  polarisation  microscopy  (FPM)65–68,  which  harnesses  vectorial 

information about  dipole emitters, has recently been attracting scientific attention. Vectorial 

information is encoded in the SOP of the emitted light, which is normally linearly polarised. 

The polarimetric detection of dipole orientation and subsequent analysis plays an important 

role in biomedical sample analysis. For instance, the dipole behaviours that are revealed via 

FPM techniques can be used to study cytoskeleton components such as actin, myosin, and 

microtubules,  as  well  as  septin.  They  have  also  been  used  to  analyse  the  nuclear  pore 

complex  subcomplexes  and  their  relative  orientations69–73.  Recent  advances  also  include 

fluorescent dipoles super-resolution imaging via polarised illumination74,75. As any of these 

high  resolution  microscopes  can  suffer  from  polarisation  aberrations,  these  areas  have 

potential to be benefit from V-AO techniques. 

For label-free biomedical polarimetry, cancer detection is an important application14,15,17–19,30. 

Recently,  such polarimetric techniques have supported the diagnosis of various cancerous 

tissues,  such  as  human  skin  cancer,  colon  cancer,  liver  cancer  and  breast  cancer19. 

Polarimetric data has been used to analyse the fibrosis process among different stages of 

cancer development,  which can be implemented via evaluation of polarimetric parameters 

such as retardance value19. Similarly, the fast axis orientation of the retardance is also used to 

describe  the  distribution  of  features  in  the  fibrous  regions,  which  has  also  assisted 

pathological  diagnosis19.  In  these  applications,  any  polarisation  aberration  within  the 

measurement  process,  such  as  intrinsic  polarisation  aberrations  from the  high  numerical 

aperture lenses76, would also significantly affect the resolution, as well as the correctness of 

those quantitative vectorial metrics that are used for clinical diagnoses.



4.2, Compensation of other vectorial aberrations: diattenuator and depolariser

There  are  many  other  possible  polarisation  perturbations  besides  the  pure  retardance 

aberrations that have mostly been discussed in this chapter. These other types of polarisation 

perturbations include diattenuation and depolarisation. In this section we also give a brief 

explanation of strategies for their estimation and compensation. 

For  diattenuation-based  polarisation  aberrations,  which  arise  due  to  intrinsic  anisotropic 

absorption properties, some intensity, and hence information, must be lost from the original 

light beam19. It is not possible to retrieve this lost power through existing AO methods. Post 

acquisition image processing can be taken into consideration as a partial solution. However, 

diattenuation can cause a change in the SOP, which it is possible to compensate using the V-

AO methods proposed before. For small diattenuation aberrations, SOP errors can generally 

be fully compensated using V-AO. On the other hand, if there exists a large diattenuation 

aberration, the consequences could be more serious. If the extinction ratio of the diattenuation 

is very high (in the extreme case, infinite), then any incident SOP (possibly pre-compensated 

with  V-AO)  will  be  converted  into  a  fixed  SOP  (with  varying  intensity)  after  the 

diattenuation  aberration.  Hence,  any  V-AO  pre-compensation  would  have  limited  use. 

Similar problems would occur in systems where post-compensation is required.

Depolarisation is a very important vectorial parameter that can affect various techniques and 

their  corresponding applications19.  For example,  in biomedical  applications,  depolarisation 

can be used as an indicator to monitor the condition of muscle  in vivo or for differentiating 

normal/cancerous tissue ex vivo77; it is also an important parameter to assess the performance 

in the waveguide chips for quantum computers78. 

There exist two possible parts of the distortion introduced by depolarisation – SOP distortion 

and degrees of polarisation (DOP) distortion. The former can be possibly corrected via the V-

AO tools that were explained earlier in this chapter, while the DOP errors might be corrected 

via  new  devices  featuring  polarizance  properties  (the  ability  to  enhance  the  DOP).  In 

conclusion,  these  cutting-edge V-AO techniques  would not  only provide  possibilities  for 

higher image resolution, but also improved vectorial information measurement precision in 

biomedical imaging and clinical applications.  
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