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CHAPTER 7

Concluding remarks

In this thesis, we have studied the influence of sample dynamics on a low-coherence
interferometric signal measured by optical coherence tomography (OCT). Although,
each chapter in this thesis is accompanied by its own conclusion section, here, we
re-visit the main findings of this thesis. We have addressed two particular problems.
First, we have studied the fluctuations caused to the OCT signal by directional
(flow) and random (diffusion) motion of colloidal suspensions. In order to quantify
this, we developed a theoretical model based on the complex-valued autocorrelation
function of the OCT signal. For dynamical systems with directional and random
motion, the autocorrelation function is governed by three characteristic decay term:
an exponential decay corresponding to diffusion, a Gaussian decay corresponding to
the flow velocity component transverse to the propagation direction of the imaging
beam, and finally a Doppler term corresponding to the flow velocity component
parallel to the propagation direction of the imaging beam. From the data and
knowledge gathered in these studies we draw the following general conclusions:

1. The OCT autocorrelation function developed in Chapter 2 allows for an ac-
curate and precise measurement of the flow velocity in a colloidal suspension.
However, at high longitudinal shear-rates and flow non-perpendicular to the
imaging beam, the distribution of Doppler frequencies over the coherence de-
tection gate has to be accounted for. Neglecting to do so, results in an overesti-
mation of the flow velocity component transverse to the propagation direction
of the imaging beam.

2. In Chapter 3 we show that the OCT autocorrelation function can be used to
simultaneously measure flow and diffusion. The regime where both dynamic
parameters can be reliably estimated is determined by the diffusion coefficient
of the sample, the local flow velocity, and the Gaussian beam waist of the
imaging beam. The sensitivity by which the flow velocity component trans-
verse to the propagation direction of the imaging beam is estimated can be
improved by using a higher numerical aperture objective in the OCT sample
arm. However, this comes at the expense of a decrease in the precision and
accuracy of the estimation of the diffusion coefficient.

3. If the decorrelation due to the flow velocity component transverse to the prop-
agation direction of the imaging beam is interpreted solely as a transit time
effect, the OCT autocorrelation function should only depend on the local Gaus-
sian beam radius. However, in Chapter 3 we have experimentally shown that
the decorrelation time depends only on the Gaussian beam waist, i.e., the
beam radius at the focus of the Gaussian beam.
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Chapter 7. Concluding remarks

4. The ability of OCT to locally measure sample morphology and flow velocity
simultaneously and in single measurement, makes OCT a promising technique
to study biological systems in microfludic devices. The high temporal reso-
lution in the order of tens of microseconds allows OCT to resolve transient
effects such as biofilm detachment processes.

5. When studying bacterial systems in microfluidic devices, such as in Chap-
ter 4 of this thesis, care should be taken in the choice and concentration of
tracer particles. A relatively large concentration of tracer particles is necessary
for sufficient signal-to-noise ratio. However, this will cause an increased and
mostly unwanted interaction between the tracers and the biological system.
Therefore, a compromise must be made between the signal-to-noise ratio and
the degree of interaction requirements.

6. Besides the limitations inherent to the OCT autocorrelation function presented
in Chapters 2-4 the autocorrelation approach to measuring dynamics has the
disadvantage of requiring relatively long measurement times. This is due to
the fact that the calculation of the autocorrelation function relies heavily on
averages. The use of light sources with a higher sweep rates would not help in
this case, since the time extent of the autocorrelation function is determined
by the acquisition time length of the signal. In Chapter 8 we explore possible
solutions to this problem.

7. The combination of optical tweezers and OCT presented in Chapter 6 allows
for the measurement of the longitudinal displacement of a trapped probe in-
dependent of the transverse displacement and with a longer dynamic range
when compared to conventional detection schemes based on quadrature photo-
diodes.

Second, we have studied the effect of non-uniform sample motion on OCT images.
In Chapter 5 we have shown that when the spatial sampling of the OCT signal is
performed over a non-uniform spatial grid, the resulting OCT magnitude image
presents contraction and dilation artifacts. Furthermore, we have shown that based
only on the Doppler shift measured by the phase of the OCT signal we are able to
reconstruct the (non-uniform) trajectory of the sample and correct for these image
artifacts. From the data and knowledge gathered in this study we draw the following
conclusions:

1. The OCT signal carries in principle sufficient information to correct for non-
uniform spatial sampling artifacts as experience during OCT hand-held image
acquisition.

2. In order to use the Doppler shift to reconstruct the sample absolute lateral
displacement, the Doppler angle should be known and constant during the
entire image acquisition process. This can be achieved by tilting the OCT
probe at a specific angle as was done in the experiments in Chapter 5.

3. If the absolute lateral displacement is of no interest, the value of the Doppler
angle is not required to reconstruct the images. However, the Doppler angle
should remain constant during the scan.
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4. The path-length resolution of the OCT signal allows for a reliable measurement
of flow velocities of sub-surface flow channels, even in the presence of bulk probe
or sample motion.

5. In combination with the first chapters of this thesis and in the case of a variable
or unknown Doppler angle, the OCT autocorrelation function approach can be
used to calculate the transverse velocity of the probe and to correct the OCT
images.

65


