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( Development of a New Automatic Image Quality Optimization System
for Mobile TFT-LCD Applications )
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Abstract

This paper presents a new automatic TFT-LCD image quality optimization system using DSP for the first time. Since
conventional manual method depends on experiences of LCD module developers, it is highly labor-intensive and requires
several correction steps providing large gamma correction error. The proposed system optimizes automatically gamma
adjustment and power setting registers in mobile TFT-LCD driver IC to reduce gamma correction error, adjusting time,
and flicker. It contains module-under-test {(MUT, TFT-LCD module), PC installed with program, multimedia display tester
for measuring luminance and flicker, and control board for interface between PC and TFT-LCD module. We have
developed a new algorithm using 6-point programmable matching technique with reference gamma curve and applying
automatic power setting sequence. Developed algorithm and program are generally applicable for most of the TFT-LCD
modules. It is realized to calibrate gamma values of 1.8, 20, 22 and 3.0, and reduce flicker level. The control board is
designed with DSP and FPGA, and it supports various interfaces such as RGB and CPU. Developed automatic image
quality optimization system showed significantly reduced gamma adjusting time, reduced flicker, and much less average
gamma error than conventional manual method. We believe that the proposed system is very useful to provide
high-guality TFT-LCD and to improve developing process using optimized gamma-curve setting and automatic power
setting.

Keywords ¢ Automatic image quality optimization system, gamma curve optimization,
6-point programmable matching technique, flicker, automatic power setting
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1. Introduction

In this work, we present automatic TFT-LCD
image quality optimization system using gamma
curve optimization and programmable power setting
sequence far the first time. It adjusts gamma curve
and flicker
grayscale voltages and power in the TFT-LCD
modules using developed algorithms.
correction error, gamma adjusting time, and flicker

level automatically by controlling

The gamma

adjusting time are significantly reduced by controlling
automatically gamma adjustment and power setting
registers in mobile TFT-LCD driver IC as compared
to traditional manual way. The proposed system
consists of module-under-test (MUT, TFT-LCD
module), PC installed with program, multimedia
display tester for measuring luminance and flicker,
and control board for interface between PC and
TFT-LCD module. New algorithms and programs
using 6-point programmable matching technique with
reference gamma curve, and automatic power setting
are developed. Developed algorithms and programs
are generally applicable for most of the TFT-LCD
modules. It is realized to calibrate gamma values of
18 20, 22 and 30 and reduce flicker level The
control board is designed with DSP (Digital Signal
Processor), and it supports different interfaces such
as RGB and CPU.

II. Interconnects Analysis and Optimization

The LCD driver IC used in mobile TFT-LCD
displays has various registers to control image
quality. Optimized image quality is adjusted by
setting these registers. Image quality control registers
classified by flicker
adjustment and power control.

are adjustment, gamma

2.1. Overview of TFT-LCD

Every TFT-LCD panel requires several power
supplies to turn on TFT (Thin Film Transistor)
arrays and be capable of supplying enough current to

ATt M22 BH2 XS
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charge and discharge all of the pixels within the
display very quickly. Fig. 1 shows equivalent circuit
of a TFT-LCD pixel. The G and (. depict storage
capacitor to hold charges during one frame period
and equivalent capacitance of LC, respectively. The
Cgd shows parasitic capacitance between gate and
drain of a TFT. To turn on or off TFT arrays, gate
voltage providing a high V., voltage and a negative
Vo voltage is used to power the row driver (or gate
driver) within the display. When gate voltage, Vo is
high, the difference of source voltage and common
voltage is charged in Co and G, of a TFT-LCD
pixel.

|
P
voItage T Cgd
Source@ "L "L
Clc
voltage
= Common
voltage
8 1. TFT-LCD =M S7islz
Fig. 1. Equivalent circuit of a TFT-LCD pixel.

2.2. Flicker Adjustment

Due to offset within the LCD panel, the required
common voltage can differ slightly from the ideal
voltage of one-half main supply voltage (AVDD)
Fig.2 shows voltage wave form applied in TFT-LCD
pixel. The kick-back voltages (AV,, AV,) as shown
in Fig. 2 are generated by the capacitance, Cgd
shown in Fig.l. The negative kick-back voltage (A
V) is not equal to the positive kick-back voltage (A
Vo). The AV, is expressed by Equation (2.1). The
difference of these voltages generates the difference
of brightness as well as flicker of a TFT-LCD.
Thus, this in turn can cause the appearance of flicker
within the display. This inherent flicker can be
eliminated in production by accurate adjustment of
common voltage around the midpomt of the main
supply voltage. To eliminate this effect, the common
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Fig. 2. Voltage waveform applied in TFT-LCD pixel.

voltage is usually adjusted on a panel-by-panel basis
unti] the appearance of flicker is removed. However,
since mobile THFT-LCD displays use line inversion
driving or frame inversion driving, it is very difficult
to eliminate flicker due to asymmetry between
negative polarity and positive polarity as shown in
Fig. 2. The flicker can be reduced by controlling
common voltage so that the negative kick-back
voltage (AV))
kick-back  voltage
time-sensitive.

is almost egual to the positive

(AVy), but it is  very

AV Cus

=% v -V
P Clc 'f-Csc +ng ( on oﬁ”)

QD
where, V,, and Vi represent high gate voltage and
negative gate voltage, respectively.

The proposed system with automatic flicker
adjustment algorithm adjusts automatically desired
common voltage to minimize flicker, It gives 1LCD
engineers the flexibility and time savings to reduce
flicker of the display panel as many times as the
production process requires.

2.3. Gamma Adjustment

A gamma characteristic is a non-linear relationship .

that approximates the relationship between the
encoded luminance in a LCD system and the actual
Fig3 gamma
characteristic curve. The relationship between the
light emitted from a pixel and the voltage applied to
it is a non-linear. This so called 'Gamma Curve' as
shown in Fig. 3 is actually an S-curve in nature and
can be either positive or negative referenced to

desired image brightness. shows

(19)
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Fig. 3. Gamma characteristic curve.

common voltage.

The gamma correction is a step which controls
luminance of images to express graded grayscale, and
it matches perceptual difference betﬁfeen TFT-LCDs
and human eyes. Human eves with non-linear
characteristics are sensitive to the dark region as
the

a

bright region. Therefore,
that
nonlinearly-increased intensity will show much more

compared to the

Inearly-encoded scale has
even steps in perceived brightness. Considering detail
grayscale in the dark region, the transmittance is
defined using gamma (v) value as described in

equation (2.2).

Gray_Number ).100 2.2)

Transmittance(%) = (Max_ Gray Number

When gamma value is increased, dark gray has
much minute transmittance. The LCD usually uses a
standard gamma of 2.2. In fact, most panels switch
alternating pixels between one polarity and the other.
As each panel has a different gamma curve response,
the column drivers need a reference curve so that
they can drive the right voltage to each pixel to get
the brightness required. These curves are typically
supplied using the gamma buffers and a string of
resistors which can be used to mimic the curve
However, gamma adjustment also takes a lot of time
to match a standard gamma of 22. The proposed
system with automatic gamma adjustment algorithm
adjusts automatically desired common voltage and
source voltage to match gamma curve of 2.2,
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2.4, Register Setting

Fig. 4 shows a seiting sequence of LCD driver IC
for mobile LCDs. The gamma adjustment registers of
the mobile LCD driver IC depend on panel
characteristics. This sequence consists of three steps
such as contrast adjustment, flicker adjustment, and
gamma adjustment. These steps are sequentially set.
At first,
brightness of a black image and white image. The
higher contrast ratio, the better image quality because
it delicately expresses images of dark region, and

the contrast adjustment step adjusts

clearly expresses images of bright region. It is
important to set optimum contrast ratio to solve
trade-off  between
degradation of grayscale images“"zl, As depicted, this

power consummption  and
contrast adjustment step controls white image and
black image, and sets voltages applied in LC. The
next step is flicker adjustment. The flicker can be
reduced by controlling common voltage so that the
negative kick-back voltage {AV,) is almost equal to
the positive Xick-back voltage (AV,). After flicker
adjustment, the gamma adjustment step controls
grayscale voltages. It is known that the gamma

curve of an LCD is affected by the liquid crystal

Find AVp
Common voltage Common voltage
Setting adjustment
Contrast Black and white
adjustment voltage setting

|

Flicker adjustment

!

Gamma
adjustment

Common voltage
adjustment

Grayscale voltage
adjustment

Measure
gamma error ratio ,
flicker

>

O%

END

38 4, AE LD XA H4F 2
Fig. 4. Register setting sequence for LCD driver IC.
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material, the cell gap and pixel structure, reference
voltages, and other factors™™. Even if these factors
should be fixed from a design step, gamma values of
mass—produced LCD panels have a very wide
distribution from the target gamma due to process
variations. ’Iherefore it is very important to control
gamma  curve aocordmg to the Vanous TFT"LCD
panels. After gatmna settmg, fhcker can he generated
by adjustlng of grayscale voltages so these two
steps repeatedly perform to rmmrmze ﬂxcker and
match a standard gamma of 22, The dnver 1C for
mobile LCD mclude gamma and ﬂxcker adjustment
registers of rnore than 10 sets to Optmuze gama
curve ’I‘radmonal way of moblle LCD gamma
ad;ustments mvolves manually correcnon steps by
trial and error to adgust these 10 set reglsters Since
this depends on skﬂls and expenences of LCD
module developers 1t is hlghly labor intensive and

‘requlres several correctmn steps providing large

(20)

gamma correction error and lzu"ge flicker level. Thus,
programmable gamma and ﬂicker adjustments are
needed to compensate for the wide spread error in
panel-to—panel gamma and flicker,
respectively. For thxs mrpose, we have developed a
new automahc Lmage quahty optimization system for
gamma and ﬂzcker.

Vana‘a{)n

2.4.1. Automatic icker Adjustment Algorithm

Fig. 5 shpws bnghtness for flicker waveform of
LCD. It has periodical charactensmcs with DC level
of Va and peak to—peak value of V. The flicker
level is defmed by Equation (2 3).

Flicker level [%] = 23)

100%(Vpp/Vele)

»

Brightness

3% 5 LCD BE3 54
Fig. 5. Brightness for ficker waveform of LCD.
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Fig. 6. Automatic flicker adjustment algorithm.

Fig. 6 shows the flowchart for proposed automatic
flicker adjustment algorithm. In this figure, VcomH
and Vcoml represent maximum and minimum of
common voltage, respectively. AV is the difference
of common voltage, and GVDD means maximum
voltage applied in the gamma adjustment block of a
LCD driver IC. Without considering AV, (or AV,),
register setting values for VecomH and VcomL are
mitially set by GVDD and GND, respectively. As
shown in Fig. 6, the algorithm finds minimum flicker
level step-by-step. In this case, if flicker level of
current step is more than flicker level of previous
step, Veom adjustment follows stop step, but if not,
the loop continues.

The common voltage versus flicker level is
described in Fig. 7. This flicker level can he
minimized by accurate adjustment of common voltage
around the midpoint of the main supply voltage as
shown in Fig. 2. This relationship generally shows
minimum  flicker level at the optimum common
voltage.

The flicker measurement depends on display test
patterns according to inversion driving method as
shown in Fig. 8 Since the AV, is related to
capacitances Ce and G of a TFT-LCD pixel as

(2D
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Fig. 7. Common voltage vs. flicker level,
1 line
50% gray
Black
(@ (o)
2 8 ek gidol w2 ZEeiH HAE FHH
Fig. 8. Flicker test image according to inversion method.

described in Equation (2.1), and has different values
in each grayscale level, it is impossible to minimize
flicker in all grayscale levels. Thus, when line
inversion and frame inversion modes drive a LCD,
Figs. 8(a) and 8(b) are used to investigate flicker
level, respectively.

2.4.2. Automatic Gamma Adjustment Algorithm
The structure of gamma adjustment block of a
LCD driver IC is shown in Fig. 9. The grayscale
by using ADC
(Analog-to-Digital Converter} consisting of resistor

voltages  are  generated
strings. The gamma adjustments are performed by
the variable resistors and selectors as shown in Fig.
9. In this block, the variable resistors control
reference, gradient and amplitude adjustments, and
the selectors provide micro adjustment.

Fig. 10 shows the function of gamma adjustment
registers. The g-correction registers consist of
gradient-adjustment, amplitude-adjustment, reference-
adjustment, and micro-adjustment registers as Shown
in Fig. 9 to correct grayscale voltage level according
to the gamma characteristics of the LCD panel.
These register settings make adjustments to the

relationship between grayscale number and grayscale
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driver IC.
A ﬂl
@ @
> S
2 2
2 g
z &
3 3
Grayscale Number Grayscale Number
(@) (b)
A A
@ Q
&0 80
s £
> =
2 2
: g
s ! 3
Grayscale Number

Grayscale Number

{© «d
a8 10. gol =8 YxAeiEe Sk
(a) 71872 =4, b & =%,
© &= =%, @ oto|22 =3
Fig. 10. Operation of gamma adjusting registers:
(a) gradient adjustment, (b  amplitude
adjustment, (c) reference adjustment, {d) micro
adjustment.

voltage, and the setting can be made differently for

positive and negative polarities. The gradient
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adjustment registers are used to adjust the gradient
without changing the dynamic range, namely initial
point and end point of grayscale voltage. The
grayscale voltages for middle grayscale number can
be adjusted by this register setting. The amplitude
and reference adjustment registers are used to adjust
the amplitude and reference of the grayscale voltages,
respectively. The micro adjustment registers are used
for minute adjustment of grayscale voltage levels.

The driver ICs for mobile LCDs include gamma
adjustment registers of more than 10~set to optimize
gamma curve. Traditional way of mobile LCD
gamma adjustments involves marually correction
steps by trial and error to adjust these 10-set
registers. Since this depends on experiences of LCD
module developers, it is highly labor intensive and
requires several correction steps providing large
gamma correction error. Thus, programmable gamma
reference values are needed to compensate for the
wide spread error in panel-to-panel gamma variation,
For this purpose, we have developed a new automatic
gamma control system,

The proposed g-correction follows a sequential
step that adjusts amplitude/reference, gradient and
micro registers as shown in Fig. 11. First, the
algorithm adjusts offset of overall gamma curve, and
then it adjusts luminance slope for middle grayscale
using gradient adjustment. Finally, the algorithm
adjusts minutely each grayscale using micro
adjustment. After completing g-correction, gamma
error rate is calculated as defined in equation (2.4).

N Lmeas(a‘:)

Gamma error rate(%)= (ZILWI ¢ }xlOO (2.4)

L’e/ (k)
where k is the number of grayscale, L. is reference
brightness in each grayscale, and Lyeesio 1S brightness
measured in each grayscale.

The gamma error rate is calculated by the
difference  between brightness  and
brightness measured in each grayscale as defined in
equation (24). Our proposed system looked at the
accuracy of gamma adjustments using the value.

reference

(22)
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Fig. 11, Gamma register setting flowchart.
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Fig. 12. Flowchart for amplitude adjustment algorithm.

Fig. 12 shows the flowchart for amplitude/reference
adjustment algorithm. To accomplish the adjustment,
register values are controlled by variable resistors in
IC as shown in Fig. 9. The proposed algorithm
follows a sequential step that reads and displays each
luminance for the voltages of grayscale numbers of 8,
20, 43 and 55 shown in Fig. 12. As shown in Fig. 9,
amplitude and reference registers in driver IC are
designed to choose these four grayscale numbers.

When each luminance value measured at any one
of grayscale numbers of 8 20, 43 and 55 is located in
lower or higher point than that of reference value,
the algorithm employs the gradient adjustment. Let’s

(23)
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Fig. 13. Possble measured modes: (a) mode 1,

(b) mode 2, (¢) mode 3, (0} mode 4.

consider four modes shown in Fig. 13. It can be
assumed that the measured luminance at least
represents one of these modes. In this case, we can
use the gradient adjustment register, since it can be
used to adjust the upper and lower sides of the
luminance slope for middle grayscale. These possible
modes can be controlled by the developed algorithm.
14 the flowchart for gradient
adjustment algorithm employing four different modes

Fig. shows
shown in Fig. 13. To accomplish the adjustment,
register values are also controlled by variable
resistors in driver IC. The proposed algorithm follows
a sequential step that reads and compares each
luminance for the voltages of grayscale numbers of 8
and 55 for each mode as shown in Fig. 14. When the
specific mode in the initial step is determined, the
algorithm with
reference luminance by changing assigned register

compares measured luminance
value., At this time, the register value is continuously
Increased until gamma curve modes are changed.
The micro adjustment algorithm adjusts minutely
luminance at grayscale levels of 1, 8 20, 43, 55 and

62. Fig. 15 shows the flowchart for micro adjustment
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Fig. 15, Flowchart for micro adjustment algorithm.

algorithm to adjust luminance at grayscale level 55,
The developed algorithm uses 6-point programmable
matching technique with reference gamma curve. To
accomplish the adjustment, register values are also
controlled by variable resistors in driver IC. Each
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micro register is selected by comparing reference
value with initially measured luminance value by
changing each grayscale level

II. Development of System and Software

3.1. Development of Hardware

The proposed system consists of module-
under-test (MUT, LCD module), PC installed with
algorithm and program, multimedia display tester for
measuring luminance, and control board for interface
between PC and LCD module as shown in Fig. 16. It
is realized to calibrate gamma values of 1.8 20, 2.2
and 3.0. The control board is basically constructed
with TMS320F2812 DSP chip of Texas Instruments.
The board is also designed with FPGA, and it
supports different interfaces such as RGB and CPU.
It plays a role in RS232 interface between PC and
luminance meter controlling luminance meter, reading
LCD luminance data, setting LDI register, and
providing grayscale images in LCD. The PC part has
GUI program, gamma adjustment algorithm and
system monitoring function.

RS232

* Luminance
ey meter

| RS232 | Contrel

system

PC

CPU interface

O3 16 XAEH0I=HAAY PHE
Fig. 16. Block diagram of automatic gamma adjustment
system,

3.2. Development of Control Program

Fig. 17 shows captured screen of PC control
program developed to control automatic image quality
adjustment system. This program is developed using
LabCVI of National Instruments. This PC program
contains image quality adjustment
algorithm, luminance meter control, and LCD control
function. When [AUTO] button in program is

automatic
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Fig. 17. Software of automatic gamma adjustment.

click-on, the steps that adjust amplitude/reference,

gradient and micro registers are sequentially
processed. After completing g-correction, the result is
displayed as [Gamma Error] term, and adjusted

register data is extracted using [save] button.

IV. Experimental Results and Discussion

In this work, panels with different sizes and
different liquid crystal modes, and driver ICs with
different resolutions and different
performed to verify performance of proposed
automatic image quality system. We used ECB
(Electrically Controlled Briefringence) mode and TN
(Twisted Nematic) mode QVGA TFT-LCDs with
line inversion driving method for module-under-test
(MUT).

The results are shown in Figs. 18 and 19. The
proposed system is set with target values of flicker
level of 3% and gamma error ratio of less than 15%.
The x-axis in Fig. 18 shows VcomH register setting
value, and the values of 38 and 33 indicate VcomH
voltage of 421V and 405V, The
reference gamma curve shown in Fig. 19 depicts a
standard gamma value of 22. Using algorithms
shown in Figs. 6, 12, 14 and 15, the target values are
convergent. After 1% adjustment, the system showed
flicker level of 3.54% and gamma error ratio of 35.2%

interfaces are

respectively.
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Fig.

as shown in Figs.18(a) and 19(a). These results don’t
satisfy target values of flicker level of 3% and
2nd
adjustment was performed. The proposed system
showed target values with flicker level of 1.09% and
gamma error ratio of 4.85% from 2 adjustment as
shown in Figs.18(b) and 19(b). For twice loop
iterations, it spent adjustment time of approximately

gamma error ratio of less than 15%, so

10 minutes. Since traditional manual method depends
on experiences of LCD module developers, it requires
very long adjustment time of approximately 40 hours
with large gamma error ratio of over 20%. As shown
in these results, proposed system showed excellent
image quality adjustment including less gamma error
ratio and less flicker level with fast adjustment time
compared to conventional method.
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Table 1. Summary of the adusted results for the
proposed system.
Le Driver ) Flicker level (%) Gamma error rate (%) adjusting
Mode Ic Resolution |  Before After Before After time
I - I . (min)
TN | Atype | QCIF 352 19 2197 9.95 8
TN | Btype | QCIF 26.4 23 2097 7.00 8
TN | Btype | QCIF 19.5 17 21.89 6.81 3
ECB | Ctype | QVGA 295 2.4 41.50 12.83 8
ECB | Ctype | QVGA 219 252 37.48 13.27 8
ECB | Dtype | QVGA 173 11 32.52 4.85 12

adjusted results of the
proposed system for a standard gamma value of 2.2.

Table 1 summarizes the

Although several ECB modes provide average gamma

(26)
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Fig. 20. The adjusted results for each method:
(a} Conventional manual adjustment,
)

{b) Proposed adjustment.

error rate of more than 10%, this meets specification
of less than 15% with significantly reduced adjusting
time. However, as listed in Table 1, proposed system
has much longer adjusting time to get much
enhanced image quality with flicker level of less than
2% and gamma error rate of less than 5%. Proposed
system showed flicker level of 1.1% and gamma error
rate of 485% with the adjusting time of 12 minutes.

Fig. 20 shows comparison results for the traditional
method and proposed method. Conventional result
shown in Fig. 20(a) provides flicker level of 20% and
gamma error rate of 309% with the adjusting time of
48 hours. showed
excellent image quality with the flicker level of
252%, gamma error rate of 13.27%, and adjusting
time of 8 minutes. As shown in Fig. 20, proposed
system showed much excellent image quality with
significantly reduced adjusting time compared to
conventional manual adjustment approach.

Table 2 shows comparison results for the
traditional method and proposed method. Traditional
way of mobile LCD gamma adjustments involves

However, proposed system

manually correction steps by trial and error to adjust
these 10-set registers. Since this
experiences of LCD module developers, it is highly
labor intensive and requires several correction steps

depends on

providing large gamma correction error. As listed in
Table 2, proposed method showed very low flicker
level, low gamma error rate and fast adjusting time.
This result reveals that the proposed system can
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Table 2. Comparison results for the traditional and
proposed methods.

LC | Driver | Flicker level Gamma error rate adjusting time

Mode | IC Traditional | Proposed | Traditional | Proposed | Traditional | Proposed

TN | Atype QCIF 30% 1.9% 25% 9.95% 36hr 8min

ECB |Ctype | QVGA 20% 2.52% 30% 1327% 48hr 8min

remarkably reduce test overhead in mass production
line of the mobile TFT-LCD. We believe that
proposed system will be used in flat panel display
applications including TVs and monitors.

V. Conclusions

We presented automatic TFT-LCD image quality
system. It could adjust gamma curve and flicker level
automatically by controlling analog supply voltage
and gamma voltages of the LCDs. The flicker level,
gamma correction error and adjusting time were
significantly reduced by automatic image quality
adjustment  approach. The system contained
module-under-test (MUT, LCD module), PC installed
with program and algorithm, luminance tester, and
control board. We have developed a new algorithm
that

technique with reference gamma curve. Developed

provides 6-point programmable matching
algorithm and program were generally applicable for
most of the LCD modules. The system was realized
to calibrate gamma values of 1.8 2.0, 2.2 and 3.0. We
believe that the proposed system is very useful to
develop high-quality LCD and to reduce test
overthead in mass production line of the mobile
TFT-LCD. We hope that proposed system will be
used in flat panel display applications including TVs

and monitors.
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