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ABSTRACT:

It has become a challenging problem now a days to select a liquid crystal material best suited for electro-optical
display. Image analysis technigue in conjunction with polarizing optical microscope is proposed to determine
display device optical parameters for homogeneously aligned functional materials on chiral ester liquid crystals
((S)-(-)-2-methylbutyl4-(4-n-alkanoyloxybenzoyloxy) biphenyl-4-carboxylates (where n = 16 and 18)). The
textures are recorded as a function of temperature dependence of optical parameters like Luminance, Luminance
uniformity, Luminance contrast ratio, Luminance modulation, Gray Shades, Visual Acuity, and Color Saturation
that are computed for these functional materials from the series of images recorded texture using MATLAB
software. These parameters are useful for the selection liquid crystal material for choosing best electro-optic
display devices. This is a new and simple technique computing different optical parameters of functional
materials in specific for ferroelectric liquid crystals, without using various instrumental methods. This method
of evaluation of optical parameters for various liquid crystal compounds facilitates to identify the selectivity of

specific liquid crystal compound suitability to the best of optical display.
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I. INTRODUCTION

Liquid crystal displays (LCDs) play a vital
role in entertainment field, medical field etc., as it has
adopted a means of displaying information. Compare
to traditional LCDs, Ferroelectric liquid crystal
(FLC) displays are much more advantageous as it
possesses spontaneous polarization, rapid response
characteristics which is essential in eliminating video
anomalies, very wide viewing angles, enabling
implementation of high resolution (with more
deduced pixel size), preventing crosstalk due to
strong interactions between molecules [1]. High
resolution and sensitive experimental techniques are
now available to record the transformations which
occur during the mesophase changes. For
characterization of liquid crystalline properties it is
necessary to identify the transition phases and
transition temperatures [2-4]. The study on
ferroelectric liquid crystals is generating much
interest for synthesizing and characterizing the new
FLCs as it possesses as wide applications in display
devices. [5-9]. Having these objectives, the present
attempt is aimed to study the transition temperatures
of the two synthesized ferroelectric liquid crystals
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((S)-(-)-2-methylbutyl4-(4-n-alkanoyloxy

benzoyloxy) biphenyl-4-carboxylates (where n = 16
and 18)) through the image analysis techniques, and
the statistical and image moments approaches applied
to the microscopic textures of FLCs. On par with
transition temperatures for FLC textures, it is
demonstrated here through image analysis to
compute the electro optical device luminance and its
dependent parameters such as luminance contrast
ratio, luminance contrast modulation, luminance
uniformity, gray shades, visual acuity, and blending
weight. The results of the study are compared with
those of published earlier [10]. Similar work was
done previously for room temperature liquid crystals,
cholesteric liquid crystals, and for discotic liquid
crystals [11,12,13,14]. through image analysis on
FLC textures at various transition temperatures.
Luminance power describes the amount of luminous
power detected by an eye while looking at a surface
at a particular angle. Hence, it indicates the
brightness of a surface. Luminance is applied in
video industry to set the overall brightness of
displays. For ideal optical systems, luminance output
is equal to input luminance. This means that image of
any object cannot be brighter than the object.
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Luminance measurement can be done using a light
meter. Light meter is used in various fields like
photography, cinematography, scenic design. It is
necessary to measure the luminance of modern liquid
crystal displays. There are various types and sizes of
displays. Various methods are chosen for
implementing the maximum luminance at very low
power consumption. In general, many measuring
points are necessary for the determination of
luminance ratios for the entire LCD screen. To get
the value of luminance, a point-by-point
measurement has to be performed by the luminance
meter which is time consuming. For screens of
having a more number of pixels per unit area in
modern high resolution ultra high definition (UHD)
devices, the measurement of small details is not
possible with a luminance meter. The image
resolving measurement method is adapted to the
luminance using high resolution digital camera.
Luminance and its dependent parameters vary in
different electro optic devices. Luminance value
increases with white surface, whereas for black
surface it is decreased. The entire information
pertaining to the luminance and its dependent
parameters are recorded instantaneously on liquid
crystal textural images [15-16].

I1. EXPERIMENTAL

Materials and Methods:

The chemical composition of the chosen liquid
crystals of chiral esters is (S)-(-)-2-methylbutyl 4°-
(4’-n-alkonoyloxy  benzoy loxy)  biphenyl-4-
carboxylates with n=16 and n=18, showing variant
alkyl chain lengths. These are synthesized and used
in indium tin oxide (ITO) coated homogeneous
(planar) cells having an area of 5mm x 5mm area
with 8.7um spacing (tolerance is £0.2um). The cells
are obtained from Instec Inc., USA. The chiral ester
mesogens are injected into liquid crystal cell through
capillary action by heating the sample to the isotropic
state.  Different phase transitions ae able to be
observed with the naked eye during the time of
cooling of the liquid crystal cell after injecting the
samples, and a good alignment has formed due to
very slow cooling down the cell. The flow direction
of the liquid crystal during cell filling appears to
influence the molecular alignment in the resultant
liquid crystal layer. The nature of the alignment
surface in the cells will obviously control the
appearance. Polarizing optical microscope (Meopta)
is used to observe the respective transformation
phases of sample textures simultaneously and
instantaneously as a function of temperature with its
auxiliary attachments, such as hot stage and a high
resolution digital camera. The observations are
recorded by a high resolution Cannon EOS
REBELXS/EOQS1000D camera with 10.10 megapixel
image sensor [17]. The colour image has a resolution
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of 2816x1880 pixels which represents 24 bit true
colour pixel tone in total and the intensity values
range from 0 to 255 in each red (R), green (g), blue
(B) colours. However, the translated gray scale image
is used here for analysis. The size of images are
selected for 256. The program has been coded using
MATLAB software for analysis of textures which is
an efficient tool for computational analysis [18-19]
Theory.

Application of computational techniques and
algorithms on image data is quite useful for finding
the various parameters of LCD’s. Hence image
analysis is a good method to extract the information
of images. In the current article, various significant
parameters of the LCD’s such as luminance,
luminance contrast ratio, luminance uniformity,
contrast modulation, gray shades and visual acuity
are measured with computational techniques at
various liquid crystal textures. An image or texture
I(i, j) is of size m-by-n is a two dimensional function
composed of m pixels in the vertical direction and n
pixels in the horizontal direction, i, j are horizontal
and vertical coordinates of the image. The total
number of pixels in the image ism#s=N,0<i<m, 0
<j < n [17]. The defined statistical parameters are
explained below.

Luminance (L): It is the intensity of light
emitted from a surface per unit area in a given
direction. It is also known as luminance signal of a
composite television signal which carries information
on the brightness of the image. Luminance is often
used to characterize emission or reflection from
flat, and diffuse surfaces. The luminance indicates the
amount of luminous power that is detected by
an eye looking at the surface from a particular angle
of view. A luminance level equal or higher than 85
candel as per square meter is the minimum threshold
level recommended. [20]. Luminance variability is
assessed under given (nominally) uniform, full screen
images with gray levels from black (i.e., RGB =0, 0,
0) to white (i.e., RGB = 255, 255, 255)

L = 0.2989 *% ™ YL IR )+
0.587 XM T IB(i,j) + 0.1140 +

~ 3 Y 1G (L))

Where
Ir = intensity of Red light in image.
Ig = intensity of Green light in image.
I= intensity of Blue light in image.

Luminance Uniformity (LU):It is defined
as the ratio of minimum luminance to maximum
luminance. It is a measure of constancy of luminance
level across the active area of display [21].
Luminance uniformity(LU) provides good screen
perception [22] A screen should appear to have
uniform brightness across the screen face. For
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uniform display, the luminance averages across 1
degree area at the minimum design viewing distance.
Luminance should not vary from one area of the
display to another by more than 1.7:1 [23]

Ly = fmetnn) 100 . (2)

avg
Where
Lmax= Maximum value of luminance.
Lmin= Minimum value of luminance.

Luminance contrast ratio (LCR):
LCR is another major determinant of
perceived picture quality. If a picture has high LCR,
it is judged to be sharper and crisper than a picture
with lower LCR. Contrast is created by the difference
in luminance, i.e.., the amount of reflected light,
reflected from two adjacent surfaces. Contrast is
important in systems that automate the selection of
colours. Itinerates is ? the degree of difference of an
LCD monitor's ability to produce bright whites and
the dark blacks. It is the ratio of luminance between
the brightest white and the darkest black that can be
produced. When the darker surface is black, it
reflects no light, hence the ratio is 1. Contrast is
usually expressed as percentage, (and then the ratio is
multiplied by 100). The maximum contrast is thus
100%. Contrastratiois a quantity intended to
correlate  with the perceived brightness contrast,
usually defined by one of a number of formulae (see
below) which involve Luminance [24]. Greater
screen brightness is achieved with a contrast ratio
greater than 5:1. In outdoor environments under the
shade, such a display can provide an excellent image
quality. Contrast ratio (CR) is the ratio of luminance
between the brightest “white” and the darkest “black”

that can be produced on a display.
Luminus Contrast Ratio (LCR)
_ (Lmax - Lmin)

(Lmin)

Where L sy = Maximum value of luminance
Lmin = Minimum value of luminance
With 1 <CR <D CR=1 means no contrast
Luminance contrast modulation (LCM):

Peak-to-Peak  Contrast  (Michelson  Contrast,
Modulation) measures the relation between the
spread and the sum of two luminance values. This
definition is typically used in signal processing
theory, to determine the quality of a signal relative to
its noise level. In the context of vision, such noise
could be caused by scattered light introduced into the
view-path by a translucent element partly obscuring
the scene behind it [25-28]

Luminus Contrast Modulation

_ (Lmux - Lmin)

(Lmux + Lmin) (4)
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Lmax = Luminance on the lighter surface
Lmin = Luminance on the darker surface

Grey shades: Based on the idea of brightest
areas being white and the darkest areas being black,
brightness levels between the two extremes are
referred to as gray levels or shades and the ability to
display them is termed as gray scale. The number of
gray scales is determined by contrast level and ability
of human visual perception. Our visual system reacts
to the changes in brightness level as a logarithmic
function. Hence very small difference in brightness
may not be perceived. The number of grey shades
(G) that can be displayed can be defined as a
logarithmic function based on contrast ratio (G) [29-
30]

G= 1+(1/1og (¥2))* 10g (Lmax/ Lmin) ++-(5)

Visual acuity:  Visual system special
resolution is expressed by Acuity. It can also be seen
as sharpness which is measured in cycles per visual
degree. Human vision performance depends on
luminance [31]. Under low brightness conditions,
acuity drops significantly and spatial detail is lost
even for healthy observers. The luminance is not
constant over the whole image, but may change
locally [32]. The following relation determines the
luminance to maximal resolvable frequency from
Shaler's data:

f(L) = 25.72 + 17.25 * tan-* (1.4 logy, (L) +
0.35)...... (6)

Color saturation: Saturation determines the
color closeness to gray values. The pure color has
saturation equal to 1 and the gray value has the
saturation equal to 0

min{R,G,B}
Intensity

Saturation: 1-

(7

. . R+G+B
where intensity = Sk

I11. RESULTS AND DISCUSSION
With the help of Polarizing Microscope, (POM)
liquid crystal textures of the sample ((S)-(-)-2-
methylbutyl 4_-(4__-n-al-kanoyloxybenzoyloxy)
biphenyl-4-carboxylates (where n = 16 and18)) as a
function of temperature were recorded at the
heating/cooling rate of 0.2°C per minute from the
solid phase of the sample to isotropic phase (I) on
heating and vice versa on cooling. During this
process the FLC samples underwent phase transitions
from crystalline phase to the isotropic phase via
smectic-C+, smectic-A, on heating and vice versa on
cooling. While cooling two more sub phases such as
crystal 1 (Crl), crystal 2 (Cr2) were observed, that is
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smectic-A, smectic-A- smectic-C, smectic-C’-Cr2,
Cr2-Crl. Transition temperatures of the two chiral
ferroelectric liquid crystals are shown below and in
good agreement with ref. [10].

Heating cycle:

Crl 62°C —»SmC*112°C— SmA 153°C— |

Cooling cycle:

Cr1 51°C« Cr2 60°C« SmC+*101.5°C<SmA
152.5°C |

[ Cr1, Crystal 1; Cr2, Crystal 2; SmCx,
SmecticC+;SmA, SmecticA,; I, Isotropic]

The experiment was done for both heating
and cooling cycles. Plots are drawn for only cooling
cycles to avoid the paramorphic defects. Computed
parameter behavior variations were observed for
different FLCs during plotting and its significant
variations in phases were shown in Figure-1 to
Figure-7 .These transition in phases as a function of
temperature leads to changes in textural features
during heating and cooling. These are more
perceptible at the phase transitions. Even a small
variation in the texture leads to a change in
transmitted light intensity. Required parameters are
computed using MATLAB software. Hence present
methodology is highly accurate for the identification
of phase transitions of liquid crystals and to compute
the various luminance parameters [11-14].

Luminance is calculated as weighted
summation of intensities over spectral range (blue to
red) covered by human vision from equation 1. The
importance of luminance is enhanced by the fact that
the human mind will react more positively to the
bright illuminated scenes and objects. Users are
typically more drawn to brighter displays because
there are more pleasing to the eye and for easy to
read. The higher end of temperature range is known
as clearing point, above which, the liquid crystal
loses its birefringence properties. Usually the crossed
polarizers will not allow any light to pass through and
creates dark field. When the LCD is cooled down to
below its clearing point, the display will work again.
The temperatures at the clearing point vary greatly
from material to material. Figure 1 shows the graph
drawn for luminance (L) as a function of
Temperature. These measurements are
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Fig: 1. Temperature dependence of luminance for

n=16 and 18
made in the phase transition regions between SmC+—
SmA-I phase of the sample (Ferroelectric phase
region).  Luminance values are higher in n=16
compare to n=18. The L for n=16 and 18, as shown in
Fig. 1 increases with increasing temperature till the
smectic-A phase and suddenly drops down to
isotropic phase without exhibiting any intermediate
value.

The significance of luminance uniformity
can be viewed in the context of brightness perception.
The uniformity in brightness, luminance gradient,
change in the overall luminance level and frequency
in occurrence of maximum and minimum luminance
effect brightness perception and will influence the
effect of luminance uniformity. Luminance
uniformity (LU) versus temperature (which is shown
in fig. 2) is calculated from equation-2. There is

2] —T
g i n=18
2 5
'g ]
9 4 SmA
5 o * "
c | ol SmC
it cr
E 24 =L . ‘
"] !
1- I
0 T T

o 60 s 100 120 140 160
Temperature(°C)
Fig. 2. Temperature dependence of luminance
uniformity for n=16 and 18

A sudden shoot up of LU for both n=16 and
n=18, at SmA the LU is almost stable during SmC*
phase. Average LU value of 1.5 is maintained with
n=16 and for n=18 it is around 2.5. Contrast Ratio is
calculated from equation 3 and variation is observed
from graph 3. There is an uniform decrease in Fig.3.
Temperature dependence of contrast ration luminance
for n=16 and 18temperature for n=16 and 18 CR
value for n=16 in C* phase. After 140°C there is a
sudden shoot up in CR until Smectic-A phase has
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reached. There is uniform increase of contrast ratio
for the material with n=18 compound. Hence, the
n=18 compound is more preferable relatively to n=16
for better contrast ratio. The comparison of weber
contrast with the CR indicates that there is only one
unit difference in their values. Both the samples are
having contrast ratio greater than standard values for
better human eye perception.

Luminance Contrast modulation (LCM) is
calculated from equation 4 and its variation with
respect to temperature is observed in graph 4. In
both the samples LCM variation is almost uniform
during

104

—n=16
09 n=18

0.8
s~
0.7 .
SmC
0.6

0.5
0.4

0.3

Luminance Contrast Modulatior

02 T T T T T T T
0 60 8 100 120 140 160

Temperature(°C)
Fig 4. Temperature dependence of luminance
contrast modulation for n=16 and 18

Phase transitions of SmC* and SmA. At
isotropic phase LCM steeply drops down to
minimum level. So both the samples are suitable for
LCD display in this respect.

Gray shades in terms of luminance are
calculated from equation 5 and these variations with
respective to temperature are observed from fig. 5.
Gray shade values keep decreasing in n=16
compound however, a sudden shoot up and a drop
down in gray shade values are noticed at SmA and
isotropic phases respectively. The gray shade values
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—
o
1

SmC’

Crl ,
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=
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in n=18 compound are increasing uniformly until

reaching to SmA phase and later dropping down to
isotropic phase. According to the

1 n=16
94 n=18

SmA
8- SmA

74 Cri $me’
r2

Gray shades

] \

2 T T T T T T T
40 60 80 100 120 140 160

Tem perature("C)
Fig. 5. Temperature dependence of Gray shades for

n=16 and 18
literature, the average G maintained with the samples
is indentified around 5.6.The G for better for both the
samples is recorded showing less than standard value
of 5.6. Hence, both the samples are not
recommended for the LCD panel.
Visual acuity is calculated from equation 6. In the
graphs drawn for Luminance versus Visual acuity in
fig.6, the visual acuity increases rapidly with the
increasing
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2 ——n=16 |}- 38
> ¥ n=18

T T T T 36
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. Luminance(cd/m? . .
Fig.6. Temperature dependence of visual acuity for

n=16 and 18
Of luminance and reaches to saturation at higher
values of luminance. In Visual science the term
Visual Acuity refers to the ability of an observer to
resolve fine pattern in detail. Acuity is usually
specified in terms of decimal acuity, defined as the
reciprocal of the smallest resolvable, pattern detail in
minutes of arc of visual angle, "Normal™ or average
acuity is considered to be 1.0 (a resolution of 1min
arc), although many young adults have a decimal
acuity slightly better than this [33]. The visual acuity
score of an individual is to be expressed as the
reciprocal of the angular size of the critical detail
within the smallest optotype that can be correctly
recognized by the individual. "Clinical visual acuity,"
is measured in the routine office ophthalmic
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examination. It is defined in this standard as a
measurement of the ability to recognize black, high-
contrast image on a white background. This
measurement is related to visual resolution, but the
relationship is a very complex one. Relatively high
luminance levels reduce the effects of small
variations in luminance. This is desirable for the
purpose of comparing visual acuity data [34]. Both
the samples are giving good standards of visual
acuity at higher luminance. It is drawn that from
graph Visual Acuity is more for n=18 compound in
comparison to n=16. So, to get a better visual acuity
levels n=18 compound is preferable to n=16 in
display devices.

Color saturation is calculated from equation 7. The
fig.7 shows that the color saturation decreasing for
n=16 in SmC*

114

0] |—n=16 SpA

0.9._ 1 SHiA

08+ SmC*
07 C

064

Color Saturation

0.5

044

034

0 60 8 100 10 0 180
Temperature('C)

Fig.7. Temperature dependence of colour saturation
for n=16 and 18

phase and again suddenly shooting up at SmA phase
is indicating the more purity of colors at SmA phase,
and gray shaded colors for remaining phases . So it is
advisable to operate the display at SmA phase with
the usage of n=16. For n=18 almost all colors are
pure at SmC* range and even at SmA Phase. Hence,
n=18 is preferable to n=16. Maximum and minimum
values of luminance related all parameter for the
studied compounds are given in Table 1.

Table 1: Maximum and minimum values of
Luminance related optical parameters for n=16 and
n=18

Optical n=16 n=18
Para- SmC* SmA SmC* SmA
meter

T=155K)(T=152K)(T=155K)(T=146K)

91.00 2.22
(140K)

68.00
(139K)

Luminance 2.43
(cd/sgm)
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Luminance 1.91 20.10 1.80 19.80

Contrast Ratio

Luminance  0.70 4,70 0.28 0.90

Uniformity

Contrast 0.31 0.90 0.69 6.30

Modulation

Gray Shades 2.87 9.66 2.78 9.66

Visual Acuity 38.20 46.00 35.06 47.10
(158K)  (139K)

Color 0.50 1.00 0.34 0.99

Saturation

IV. CONCLUSION

Temperature dependence of different optical
parameters of FLC compounds are computed through
image analysis technique. The investigated
luminance dependant display device parameters are
found in good agreement with the literature values.
From the present study both the samples are not
suitable for the LCD panel, because n=16 and n=18
samples are showing maximum luminance dependent
parametric values at SmA phase instead of SmC*
phase. This kind of image analysis technique for
measurement of luminance and its dependent
parameters replaces the wvarious instrumental
operating  techniques like  Spectroradiometer,
spectrophotometer, etc.,
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