
Abstract
This paper presents motion picture artifacts measured 
with a high-speed camera. Measurement results of the 
high-speed camera on moving targets will be 
evaluated and compared with motion blur data 
derived from step responses measured on stationary 
test patterns with a spot-photodetector.

1. Introduction

The transition of the display technology used in TV-
sets from CRT to LCD is almost accomplished thanks 
to their slim shape, high resolution and outperforming 
still image quality of the latest top of the art LC 
display technologies compared to CRT. 
However, moving image quality of CRT is still 
preferred compared to that of an LCD as an image 
moving across an LCD screen becomes blurred. This 
is mainly due to the nature of the TFT-LCD driving 
and the resulting sample-and-hold effect where a pixel 
maintains a stable luminance over a complete frame 
time. The LC intrinsic response time, i.e. the time 
needed to change from one luminance level to another 
has an impact on edge blurring too. But having a 
response time significantly less than the frame time, 
the response time of an LCD is not the actual cause of 
motion blur in state of the art LCD-technologies. 
Step response time and still image quality such as 
luminance, contrast, color gamut and color shift are 
well defined. They can be measured fast and precisely 
with instruments such as the POLYGONIOSCOPE 
from AUTRONIC-MELCHERS. 

2. Approaches for blurred edge measurement 

Currently are three approaches under discussion in 
order to quantify motion blur: a pursuit camera 
approach, a high-speed camera approach and a more 

theoretical approach based on measurements with a 
spot-photodetector. 
A pursuit camera tries to reproduce the tracking of a 
moving target by a human observer with either a 
moving mirror or an interline transfer camera. These 
approaches require an accurate synchronization of the 
pursuit system and the moving target. In fact, this is a 
major drawback of such systems. Further on, such 
kind of systems provide an integrated measurement 
result rather than a temporal resolved which will 
neither allow a deeper look into the switching 
behavior of the display nor to manipulate the data for 
failure analysis after acquisition. 
The common stationery response or switching time 
measurements are performed by a spot detector 
measuring the transition time from a full black to a 
full white screen, and vice versa or in between grey 
levels respectively. 
Measuring motion blur with a high speed camera 
combines the advantages of the two latter systems, i.e. 
identification of lateral and temporal effects of 
moving targets rather than measuring a single 
integrated figure. 

MADRAS - high-speed camera system 
We have developed MADRAS, a motion artifact 
measuring system based on a high speed camera 
approach. The advantage of a high speed camera 
based system is the combination of lateral and time 
resolved measurements at a time. This advantage 
allows the engineer to study more detailed the 
temporal behavior of the display when a target is 
moving across the screen. 
In order to reproduce the tracking of the moving target 
by the human eye, we implemented the intensity-
profile projected on the retina of the observer under 
the conditions of smooth visual pursuit of the target 
following the procedures described by Sekiya [1] 
When a moving block target is used as test-pattern, 
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the block-width, w, should be several times the 
advancement (step-width) per frame,  (e.g. w=5· )
in order to allow the optical response to settle to a 
steady state which then serves as reference level for 
the evaluations (100% or 0% level). This timing 
reproduces the step-response of the display under test. 
It must be assured that the optical response of the 
display under test (DUT) is sampled with a sufficient 
number of images per frame-period. We have used 
exposure periods of 1 ms duration for all 
measurements. The maximum angle of inclination at 
the boundaries of the camera image in the setup used 
was 8°.  

Fig. 1: Screenshot of the GUI of the MADRAS 
motion-blur-analyzer software with camera-image 
(A), intensity profiles re-arranged along the motion 
trajectory (B), intensity profile of the actual camera-
image (C), intensity profile on the retina (D).

Verification of methods and results 
We verified the signal processing and data analysis of 
the fast camera approach used by MADRAS. To do so, 
an almost ideal reference display made by an array of 
LEDs has been used. Both, frame frequency as well as 
duty ratio can be adjusted freely on this reference 
display due to the fast transition of an LED (ton
< 100ns). A duty-ratio of 100% represents a perfect 
hold-type display while a duty-ratio of ~1% represents 
an impulse-type display (e.g. CRT). In addition, the 
width of the moving target (block or line) and its 
speed of advancement can be programmed from a 
computer via USB [13]. 
Further on, the performance of the analytic evaluation 
has been confirmed by applying synthesized images 
with well defined lateral and temporal intensity 
characteristics. 

Measurements with stationary patterns 

Based on the step or static response time, the blurred 
edge time of a moving image can be calculated by 
convolution with a window of the width of one frame-
period [2, 3, 4]. 
The switching process in an LCD can be described by 
two different physical effects. If the driving voltage is 
increased, the movement of the LC molecules is 
induced by an electrical field while restoring elastic 
forces in the liquid crystal layer describe a relaxation 
process. At a normally white display, relaxation will 
occur when switching from black to white. 
Consequently, we obtain separate normalized blurred 
edge widths (NBETs) for rising and falling edge due 
to the different characteristics for the field-induced-
switching process and the relaxation process. 

Fig. 2: Step-response for transitions between RGB=0 
and 255 (thin curves). Settling to the target-
luminance takes longer than one frame-period 
(TF = 16,667 ms). Convolution of step-response 
(thick lines) with a window of 1 frame-period width..

3. Comparison data 

A desktop monitor has been measured with MADRAS 
and a fast photodetector,, i.e. a photo multiplier tube 
(PMT) for comparison. While the measurement with 
the fast camera approach, MADRAS, was performed 
on a bar moving along the DUT, measurements made 
with the PMT have been performed on stationary 
images.  

Transition times, (t10-t90) [ms] 
finish

start  
0 91 139 255

0 19,23 16,78 7,45
91 8,44 15,80 6,69

139 9,09 15,35 6,63
255 9,80 16,23 14,75

TABLE 1: Gray-to-gray step response times 
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Based on these measurements the width of a blurred 
edge was obtained by the distance between the 10% 
and 90% luminance levels for both rising and falling 
edge.

NBETs from Step-Response  
finish

start  
0 91 139 255

0 1,49 1,34 0,92
91 0,94 1,29 0,90

139 0,96 1,32 0,90
255 0,99 1,32 1,32

TABLE 2: NBETs from step-response meas. 

NBET from MADRAS-  = 4  
finish

start  
0 91 139 255

0 1,51 1,09
91 1,04

139 1,20 
255 1,18 1,48

TABLE 3: NBETs at  = 4 steps per frame period. 

NBET from MADRAS -  = 8  
finish

start 
0 91 139 255

0 1,49 0,93
91 0,92

139 1,04 
255 1,06 1,41

TABLE 4: NBETs at  = 8 steps per frame period.  

NBET from MADRAS -  = 16  
finish
start 0 91 139 255

0 1,43 0,98
91 0,96

139 1,09 
255 1,03 1,49

TABLE 5: NBETs at  = 16 steps per frame period.

Discussion
NBETs from the step-response were always shorter 
than the results obtained with moving targets. These 
NBETs are not independent of the speed of pattern 

translation, , as predicted by theory. 
This leads to the assumption that the LCD-monitor 
used for our experiments shows lateral coupling 
effects in a moving image but these are not included 
in the evaluations carried out with stationary patterns.  

Fig. 3: Normalized intensities vs. time obtained from 
camera measurements (dotted lines) and PMT-
measurements (continuous lines). Measurement 
window is one step wide.

Fig. 4: Intensity vs. time measured in areas of 
different size and at different locations.  

 = 4 pixels/frame.  
Curve A corresponds to the condition of the 
measurement shown in fig. 3.
Location and size of measurement areas 
area A is one step wide  
area B is 1/3 step wide  
area C is 1/3 step wide 
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Effect of display-loading  
Evaluation of the blurring of edges of moving targets 
from intensity variations at a fixed location on the 
DUT requires the independence of the dynamical 
properties of the DUT from image content. We have 
carried out measurements of the step-response 
between a range of gray-levels for 4 sizes of the 
activated area of the test-pattern (full-screen, 1/2, 1/4 
and 1/8 screen). The results of this analysis do not 
show a systematic variation of the response times with 
the activated area of the test-pattern.  

4. Summary

We have developed MADRAS, a motion artifact 
measuring system based on a high speed camera 
approach. The algorithms applied to this instrument 
have been proven and confirmed by using an almost 
ideal sample-and hold as well as a pulse type display. 
For convenient operation, a pattern generator has been 
integrated to this system in order to perform highly 
automated measurements. 
In state of the art LC displays, in particular those for 
video application, the input signal has undergone 
various steps of data-processing before it is arriving at 
the target-pixel(s). The data-processing involved may 
even intentionally create or amplify lateral couplings 
between the individual pixels (e.g. scaling procedures, 
edge and sharpness enhancement, etc.). Additionally, 
the electronic circuitry of active-matrix LCDs may 
include capacitive coupling between adjacent columns 
or lines of pixels and sub-pixels [see e.g. 5]. 
As a consequence, measurements performed on 
stationary images cannot completely characterize the 
motion display characteristics of LCD-screens by 
evaluation of temporal luminance transitions. 
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