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eview on the Morphological Visualization of Physical
Marks for the Traffic Accident Collision Speed
Evidence Analysis

Abstract Road traffic injuries still remain an important public health problem at global,
regional and national levels while the speed is an important determinant of injury. This paper
describes retrospection and future trends in physical marks in traffic collision speed analysis.
Traffic accident speed estimation methods such as skid marks, deflection, thrown distances,
visual techniques, computer simulation and physical marks measurement techniques are briefly
mentioned. A special attention has been paid to interface with surface morphological analysis
and optical methods. Selected problems of visualization and collection are described. The
effects of collision on the speedometers are analyzed alone. Since collision marks for speed
analysis are becoming both technologically and theoretically critical, their description is a
problem of a great practical importance. And it will provide a new train of thought to study this

problem in an integrated way.
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1. Introduction

With the social and economic development and the
sharp increasing in the number of motor vehicles, traffic
accidents have become the world's largest public nuisance.
And road traffic injuries still remain an important public
health problem at global, regional and national levels. As a
major cause of the death and disability [1], the road traffic
crashes are of direct relationship with the speed. Since the
speed is an important determinant of the injury [2], the faster
the vehicle is travelling, the greater the energy inflicted on
the occupants during a crash, and the greater the injury.

For protecting human body, the travelling speed shoulb
be limited [3]. For limiting the speed, laws have been made
to ensure safety and pinpoint responsibility. While for
pinpointing the responsibility, the ability must be improved
to determine the speed more and more accurately in the
traffic accident analysis. Each country sets its own speed
limits, however, rates are similar. Currently, a lot of useful
methods have been accumulated to estimate and determine
the speed in the traffic accident analysis.

From a physical evidence view, it needs not only to
find out effective ways to determine the accident speed, but
also to assess the results for expert testimony. For casualty
treatment and safety design of vehicles, speed analysis
is important, while for forensic science, it refers to more
complicated aspects.

Collision speed, especially in the serious impacting
situation, is of close relationship with the deceleration. And
for accident scene detecting, the mechanical properties of the
interfaces are important for mechanical analysis, since it is
meaningful for physical evidence verification.

With new techniques and theories coming forth, it
impels to take review on these fields for speed analysis on
the physical evidence view, which including the necessary
brief retrospection of collision speed analysis especially the
physical marks on the scene, and the resent results of original
researches on the surface analysis and morphological surface
collision marks visualization and collection in the traffic
accident field. More problems have been suggested unsolved

here, and more impact marks should be studied for the traffic
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accident injury treatment and the scene reconstruction.

2. Speed analysis

No matter you searching for the skid marks on the road
[4], or the deflection of the vehicles [5], or taking calculation
of the thrown pedestrian [6] or objects [7], like most police
officers still relying upon, real conditions are more or
less limited [8] to interfere the old traditional methods to
be the optimal approaches in real cases. Therefore, new
experimental methods [9], the image [10][11][12] and video
[13][14] approaches and the computer simulations [15][16]
[17][18] have been suggested. These new approaches have
indeed improved the accurateness of speed determination
[19], but their uncertainties have been critically analyzed
[20]. And more, how can all the roads be covered with video
recorders? Or how can such costly equipments be bought by
everyone to collect data for simulation? So, it still needs to
find more simple ways to solve the problem.

2.1 Skid marks

A primary technique is the estimation of vehicle speed
from the length of skid mark. The technique of calculating
speeds of cornering vehicles from the curvature of their
tire marks is widely used, although misgivings have been
expressed over its accuracy, given the way that cornering
ability depends on individual characteristics. Controlled
crash tests had performed by various workers [21][22][23]
show that the relationship between impact damage and
impact velocity is a remarkably simple function, and more
scientists described the techniques for using their data in the
more varied conditions of real accidents.

Experiments [21] have been performed in a range of
motor cars to explore these effects, to establish the accuracy
of the technique and to draw up a set of guidelines for
accident investigators. The conclusions are that the marks
must clearly indicate side slipping and a degree of yaw by
the vehicle; that the measurement of radius should be taken
directly from the road surface; that only the first part of the
mark (usually about 15 meters) need be measured; that the
yaw of the vehicle should not be large; and that the speed
so found should be reckoned as being that at the start of the
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marks + 10%. The characteristics of an individual motor
car may affect its ability to achieve a particular lateral
acceleration without loss of control, but not the speed
indicated by its tire marks.

Vehicles decelerate between brake application and skid
onset. To better estimate a vehicle’s speed and position at
brake application, skid-to-stop tests [22] were performed
from four initial speeds (20, 40, 60, and 80 km/h) using three
different grades of tire (economy, touring, and performance)
on a single vehicle and a single road surface. Average
skidding friction was found to vary with initial speed and
tire type. The post-brake/pre-skid speed loss, elapsed time,
distance travelled, and effective friction were found to vary
with initial speed. Based on these data, a method using skid
mark length to predict vehicle speed and position at brake
application rather than skid onset was shown to improve
estimates of initial vehicle speed by up to 10 km/h and
estimates of vehicle position at brake application by up to
8m compared to conventional methods that ignore the post-
brake/pre-skid interval.

While there has also been a line-based skid mark
segmentation and measurement system to solve issues
related to randomness from pavement texture and
measurement subjectivity at car accident scenes. The system
was designed to operate along the longer straight lines that
exist in boundaries between skid marks and pavement at
the scene of an accident. The operational system consists
of two processes: preprocessing and feature extraction.
Preprocessing steps include skid mark positioning, slope
angle detection, and segmentation, whereas feature extraction
involves detecting light striations, striation segmentation,
and calculating the widths of striations from images. Some
experimental validation and objective measurements [23]
have illustrated that this system saves operation time and cost
while performing with accuracy similar to that of manual
methods.

2.2 Deflection

The structural-deformation inhomogeneity of the
surface layer has been assessed by the method of scratching
with recording the variations of the tangential force of

resistance to the motion of the indenter [24]. For the depths

of penetration of the Vickers indenter comparable with the
parameters of surface roughness, the function has been used
to describe the inhomogeneity of structural-deformation
properties of the material along the scanning path without
making into account the influence of the surface topography.

What's more, the energy absorbed in deforming a
vehicle's structure in an accident often account for a
significant fraction of its original speed. Some Controlled
crash tests [25] performed by various workers have shown
that the relationship between impact damage and impact
velocity is a remarkably simple function, and the techniques
have been described for using their data in the more varied
conditions of real accidents. And the process of calibrating a
tachograph (3.3) makes use of a mechanical head drive unit
and an electronic clock tester. Both these devices should be
checked against a standard at 6-month intervals. The design
of such a substandard, based on a highly stable 1 MHz
crystal oscillator, has been researched, too.

2.3 Thrown distances

For reconstruction of pedestrian—vehicle accident
being a worldwide problem, numerous previous studies had
been carried out on accidents with vehicular skid marks or
definite pedestrian throw distances. However, little could
be done if marks or throw distances cannot be obtained in
accident reconstruction. And a team work [26] first described
the physical model of dynamic process of pedestrian head
impact on windshield glazing. Some simplifications have
been made to obtain a better and more practical model,
including discussing the support boundary conditions. Firstly,
the work modeled the relations between pedestrian impact
speed and deflection of windshield glazing based on the
impact dynamics and thin plate theory. Later, the relations
of vehicle impact speed and deflection were discussed.
Therefore, a model of vehicle impact speed versus deflection
of windshield glazing has been developed. The model was
then verified by ten real-world accident cases to demonstrate
its accuracy and reliability. This model has provided
investigators a new method to reconstruct pedestrian—vehicle
accidents.

2.4 Visualization

For visual techniques, some researchers [27] presented

January 2011 ISSN 2157-118X ()3





their new results regarding the problem of driving an
autonomous vehicle by the use of vision, dealing with
the three aspects of the system: the vision algorithm, the
vehicle's behavior, and the lateral control, making the
guidance possible. The main point of these researches is the
presentation of experimental results. The researchers have
compared results obtained in simulations to those recorded
on the vehicle at high speed.

Since a time-series study [28] has been designed with a
comparison group to assess the effects of the speed cameras,
the “intervention group” was the beltway, and the comparison
group consisted of arterial roads on which no fixed speed
cameras had been installed. The outcome measures were
number of road collisions, number of people injured, and
number of vehicles involved in collisions. It fitted the data to
Poisson regression models that were adjusted according to
trends and seasonality.

As the results, the relative risk (RR) of a road collision
occurring on the beltway after (vs. before) installation of
speed cameras was 0.73 (95% confidence interval [CI]
= 0.63, 0.85). This protective effect was greater during
weekend periods. No differences were observed for arterial
roads (RR=0.99; 95% CI=0.90, 1.10). Attributable fraction
estimates for the 2 years of the study intervention showed
364 collisions prevented, 507 fewer people injured, and 789
fewer vehicles involved in collisions.

2.5 Computer simulations

In order to analyze safety of traffic accident scenes
and avoid secondary accident, influence factors including
human factors, vehicle factors, road and environment factors
and management factors have been analyzed. Based on the
system dynamic, the system causality graph and flowchart
of system dynamic have been established [29]. Changing
input of every factor, importance degree of factors has been
obtained. Evaluation index system of safety in accident scene
has been established. Membership degree and dimensionless
function have been adapted to deal with quantitative and
qualitative index. The three level BP neutral network model
has been developed to evaluate safety level in traffic accident
scene. The results have shown that the evaluation index is

logical and the conclusion is objective. At last, Preventive
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measurements have been proposed.

And for computer simulations, it has been presented
a vehicle-to-vehicle distance and speed control algorithm
[30] using an electronic-vacuum booster (EVB). The
EVB has been used as a brake actuator. The performance
characteristics of the EVB have been investigated via
computer simulations and experiments. Mathematical
models of the electronic-vacuum booster developed in the
study and a two-state dynamic engine model have been
used in the simulations. Linear optimal control theory has
been used to design optimal acceleration for the vehicle-
to-vehicle distance control. A throttle/brake control law
has been proposed. The throttle/brake controller forces the
vehicle acceleration to converge to the desired acceleration.
It has been shown via the simulations and vehicle tests
that the control law can provide a vehicle equipped with
the electronic-vacuum booster with good distance control
performance in both high speed and low speed stop and go
driving situations.

2.6. Collision marks

Since the road scenes are so easily to be influenced by
external conditions, that why not to find an approach directly
to the core of the problem? Being part of the accident scene,
vehicles can provide the information of the travelling and
collision. And there indeed some experts set foot in. Some
experts [31] [32] utilized the score mark or scratches on
the tires or bodies of the vehicles to estimate the speed as

Figure.1 shown.

Figure 1. Scratches on the tyre [32].

Although they have solved the problem in a numerous
and complicated way, it has been suspected whether they
could reduce the amount of calculation work in practice.
Theories of the physical evidence have siggested to find

useful traces or impressions to identify things. It enlightened
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a new direction to scan the problem of speed identification.
As traces left on the road were no longer novelty, traces or
marks on the vehicle body or fittings were novel for accident
analyzers.

In collisions where there is contact between a plasticized
polyvinylchloride surface and a vehicle, characteristic marks
[33] arising from the plastic are deposited on the vehicle.
These appear as (a) a series of ridges and depressions with
embedding plastic filaments, or (b) dispersed droplets along
with brown mass. The corresponding features noticed on the
plastic are (a) melting and marks of stretching, and (b) dark
brown discoloration and cracked film structure. These marks
are dependent on whether the deformation in the collision
is either melting or thermal degradation. The occurrence of
the marks from melting has been reported [34]. In a recent
case, different marks, namely, dispersed droplets along with
brown mass caused by the thermally degrading plastic were
observed.

The appearance of either of these kinds of marks on the
vehicle together with corresponding features on the plastic
material constitute physical evidence of contact and can be

used as proof of a collision.

3. Interface

3.1 Physical properties of the solid surface

Mechanical properties [35] which describe how a
material behaves when forces are applied. They depend on its
structure, the strength of the bonds, and the type and number
of defects present. (1) Strength: A strong material has a high
ultimate tensile stress i.e. a high stress is needed to break it.
(2) Ductility: A ductile material can be drawn into wires. (3)
Malleability: A malleable material can be hammered into
different shapes. (4) Stiffness: A stiff material has a high
Young's modulus, i.e. a high stress produces little strain. (5)
Toughness: A tough material will deform plastically before it
breaks. It is not brittle, i.e. cracks do not easily spread. Since
surfaces vary, their physical properties are different.

Since the early 1960s, techniques for the study of
surfaces on the molecular level, which have provided the

foundation for the rapid evolution of surface science, have

become available in ever-increasing numbers. In the interim
period, surface science has emerged as the frontier area
of molecular physical chemistry on a broad front, ranging
from nanoparticle structures to biointerfaces and selective
catalysis of stereospecific molecules and reactions, and to
chemical energy conversion.

Nowadays, many application [36] of the newly acquired
knowledge of molecular surface chemistry is used in
innovative technologies relying on metal, semiconductor,
and polymer surfaces in order to achieve controlled chemical
bonding, adhesion, friction, electron and atom transport, solar
energy conversion and selective catalysis. Therefore, the
challenge of modern physical is to understand macroscopic
surface phenomena on the molecular level.

For forensic purpose, it mainly focuses on the physical
marks on the surface.

Surface wear has been conventionally characterized by
two-dimensional approaches primarily because historically
there was a lack of proper three-dimensional measurement
techniques and effective characterization methods. In
recent years, many advanced three-dimensional instruments
[37] for surface topography measurement have become
available. This has had the effect of stimulating the demand
for characterization of surface wear through the three-
dimensional techniques. Since there is no well-defined
approach, some researchers [38] have aimed to initiate an
integrated approach based on three-dimensional techniques
to the characterization of surface wear. The methods and
techniques used in the qualitative characterization have been
presented and described in conjunction with discussions of
experimental results. Since qualitative characterization does
not require relocation techniques during surface measurement
and tribological testing, it is simpler and more economical to
use. Furthermore not only is the proposed approach effective
in surface wear characterization, but also it would be useful
as a guideline to assist the functional design of surfaces.

Roughness is, among human sensations, just as
fundamental as color or pitch, or as heaviness or hotness.
But its study had remained in a more primitive state, by far.
The reason was that both geometry and science were first

drawn to smooth shapes. Thus, color and pitch came to be
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measured in cycles per seconds, that is, have been reduced
to sinusoids, in other words to uniform motions around a
circle — the epitome of a smooth shape. A study of roughness
had necessarily to wait until specific mathematical tools had
been discovered and, much later, suitably interpreted. Fractal
geometry began when it reinterpreted the flight from nature
that had led mathematicians to conceive of notions like the
Holder exponent, the Cantor set, or the Hausdorff dimension.
They boasted of these notions being ‘monstrous’ but in fact
it turned them over into everyday tools of science. It also
added further tools that — taken together — made roughness
quantitatively measurable for the first time. Acquiring a
quantitative measure is the step that moves a field into
maturity. And this move instantly led to a striking conjecture.
The traditional measures of their roughness ranged all over.
To the contrary, their fractal roughness varies very little not
only between samples but also between materials. It checked
the “universality” had been extended but not explained.
The new intrinsic measure created a major intellectual
mystery. The first major new tool that added to those
contributed by the likes of Holder, Cantor, and Hausdorff
was multifractality, for both measures and functions.

It was motivated by the urge to model the intermittence
of turbulence but also noted that the same techniques ought
to apply to the intermittence in the variation of financial
prices. It found unexpectedly quantitative truth to this
adage by showing that both phenomena can be tackled
with essentially the same tools. Roughness is everywhere
therefore fractal geometry has little fear of running out of
problems. It will sketch the fractal geometry of roughness
and explore some new developments relevant to this field.

While for the fractal theory of roughness stand among
the other branches of physics, quantitative measures of
mass and size came early and mark the dawn of history.
Visual signals led very early on to the vocabulary of bulk
and shape, and of brightness and color; auditory signals, to
the vocabulary of loudness and pitch, and to scales known
to musicians since time immemorial. However, optics and
acoustics did not fully arise as sciences until two hundred
years ago, when concrete notions represented by ancient

words were made quantitative, for example, when color
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and pitch could be measured by frequencies. Similarly, the
first step in the theory of the perennial sensation of “hot”
was well-recorded by history. It was the ‘invention’ by
Galileo of the notion of bodies of uniform hotness, together
with a proper intrinsic quantitative measure of hotness: the
temperature.

Judged against this background, the sense of smooth
vs. rough, which is a priori equally essential, remained in a
primitive state. To accomplish this has been an awesome and
humbling privilege.

Previously, the notion called either roughness or
volatility was measured by a mean square deviation from
a ‘norm’. For fluctuations in a perfect gas in equilibrium,
this measurement happens to be formally proportional to
temperature. But in the context of roughness or volatility, it
proved an inappropriate borrowing. Instead, starting almost
from scratch, it had to create a new tool-box specifically
geared towards the study of forms of roughness that possess
certain geometric scaling invariance. For each invariance
intrinsically introduces one or more numerical invariants,
it has reinterpreted one as the first of many quantitative
measurements of roughness. Later, many additional
intrinsic measurements were also brought up by fractal
and multifractal geometry; it even made a set’s ‘degree of
emptiness’ into a concrete and useful notion.

More generally, in the long road from raw sensation to
science, a key moment has been marked by the successful
identification of a proper ‘compromise’ between simplicity
and breadth of applicability. Fractal dimension is the first
agreed-upon quantity able to measure pure roughness the way
temperature measures uniform hotness. This is analogous
to the question of applicability of the notion of a system
of uniform temperature. A growing and long list of widely
diverse examples shows fractal or multifractal forms of
roughness/fragmentation to be ubiquitous to an extraordinary
degree in nature and culture. Specific applications cannot
be discussed here further but the early illustrations of a
multifractal measure have provided excellent models of the
variations on financial prices and on the internet.

A co-existence emerges in physics, between the usual

smooth or smoothly varying phenomena, and the fractal
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ones. This raised a general issue. In responding, It has
observed that numerical solutions of very familiar partial
differential equations easily yield close approximations
to fractals. For example [39], this happens under new but
natural conditions that include movable singularities or
boundaries. They occur for the Laplace equation in the
case of interacting galaxies under Newton attraction, and
for diffusion-limited aggregates. Solving the usual partial
differential equations of physics can yield either the familiar
and expected smoothness, or fractality.

3.2 Forms of surface collision

An excimer laser (KrF) operating at a wavelength of 248
nm has been used to modify the surface microstructure of
7075-T651 aluminium alloy. The aim was to improve both
the corrosion resistance and the pitting corrosion fatigue
resistance of the alloy by means of laser surface melting
(LSM). The microstructure and the phases of the modified
surface structure have been analyzed, and the corrosion
behavior of the untreated and the laser-treated specimens
were evaluated by immersion test. The fatigue resistance of
the 7075 alloy has been presented in the form of S/N curves.

A microscopical examination and the transmission
electron microscopy (TEM) study [40] have revealed
that LSM caused a reduction both in number and size of
constituent particles and a refinement of the grain structure
within the laser melted zone. As a result, the corrosion
resistance of the aluminium alloy has been improved. There
was a significant reduction in the number of corrosion pits
and shallow attack occurred. The fatigue test results showed
that under dry fatigue conditions, the total fatigue life of the
laser treated specimens, in which the crack initiation period
is of considerable significance, was lower than that of the
untreated specimens. However, after shot peening, the fatigue
life of the laser treated specimens was recovered. This was
primarily attributed to the elimination of surface defects,
but also be in part, due to the introduction of compressive
residual stresses in the surface layer of the specimen. The
fatigue resistance of the shot peened laser-treated specimens,
tested in 3.5 wt% NaCl solution with 48 hrs prior immersion,
was greater than the untreated specimens with an increase of

two orders of magnitude in fatigue life. This was primarily

due to the elimination of surface defects and the reduction of
corrosion pits.

The problem of surface instability of a right circular
cone with an arbitrary opening made of a hexagonal single
crystal (the cone axis coincides with the crystal's axis of
isotropy) has been investigated. The surface of the cone is
free from normal and tangential stresses, but in the layer near
the surface initial constant tensile or compressive stresses
act in the hoop direction and in the direction of the cone's
generators. Surface instability is analyzed by the use of
weak nonstationary disturbances which propagate along the
surface of the cone in the form of the two types of surface
waves: the nonstationary Rayleigh waves polarized in the
sagittal plane, and the nonstationary wave of the whispering
gallery type polarized perpendicular to the sagittal plane.
The weak nonstationary surface waves are interpreted as the
lines of discontinuity (diverging circles) on which partial
derivatives of the stress and strain tensor components with
respect to coordinates and time have a discontinuity, but the
components of these tensors are continuous. Each of the lines
of discontinuity propagates with a constant normal velocity
along the cone's surface in the direction of its generators and
is obtained as a result of the exit onto the cone surface either
of two conic complex wave surfaces of weak discontinuity
intersecting along this line (Rayleigh wave) or of one real
conic wave surface of weak discontinuity (wave of the
whispering gallery type). The analysis [41] has been carried
out within the framework of the theory of discontinuities
based on the kinematic, geometric and dynamic conditions of
compatibility; using them the velocities of the surface wave
propagation and their intensities have been found. It has
been shown that the surface wave velocities are dependent
only on the initial stress acting in the direction of the
propagation of a surface disturbance whereas the damping
coefficients for the intensities of the surface waves are
dependent not only on this stress but also on the initial stress
acting in the hoop direction as well. The relationships for
two critical magnitudes of the force compressive in the hoop
direction have been obtained, and it has been shown that
under the hoop compressive forces in excess of one of these

magnitudes the intensity of the Rayleigh wave or the surface
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wave of the whispering gallery type begins to increase
without bounds during its propagation, i.e., the surface of
the cone loses stability with respect to either of two types of
weak nonstationary disturbances.

The atomic force microscope (AFM) [42] was used to
monitor changes in surface features of an acrylic melamine
coating that was exposed to a variety of conditions. Exposure
to ultraviolet (UV) radiation and high relative humidity
caused general roughening of the surface and the formation
of pits. Further, the damage of the coating surface was much
more substantial for exposure to high relative humidity
compared to exposure to dry environments. This difference
in degradation rates correlated with measurements of
chemical degradation determined using infrared spectra that
were acquired along with the AFM images.

For a variety of products, presenting different industrial
sectors, the quality of the product surface is quite often
an important factor. The product surface may go through
a sequence of finishing processes in order to improve the
surface quality. Thus a very smooth punch surface is usually
required for optimum tablet making. In the case of cellular
phones high quality plastic covers are obtained using electro-
discharge machining for injection mold surfaces. Plastic melt
copies the mold surface and if wanted a relatively rough
surface matte can be obtained. However, the tool is subject
to wear and may cause local surface quality variation in the
plastic product during a long duty cycle of the tool.

It is obvious that in some sectors of the industry [43]
there is a desire to get as smooth a product surface as
possible, whereas in some other sectors a relatively high
surface roughness is the measure of the quality of the
product. A common factor for all such industrial branches is
to get information of the surface roughness of the product,
and also on the finishing marks and their orientations. The
role of the manufacturing process and, for instance, the
condition of the tool has great importance in finding the
optimal process in order to gain optimal product surface
condition. Optical measurement techniques for ultra
smooth surfaces are of great importance especially in the
optimization of the surface quality of devices based on

semiconductors and other high tech products.
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Chemical mechanical polishing (CMP) process is
commonly regarded as the best method for achieving global
planarization in the field of surface finishing with ultra-
precision. The development of investigation on material
removal mechanisms for different materials used in computer
hard disk and ultra-large scale integration fabrication are
reviewed [44]. The mechanisms underlying the interaction
between the abrasive particles and polished surfaces during
CMP are addressed, and some ways to investigate the
polishing mechanisms are presented.

The surfaces of polybutadiene rubber (BR) and styrene-
butadiene rubber (SBR) subjected to different degrees
of abrasion have been specially studied [45] by scanning
electron microscopy (SEM). In the case of SBR it has been
shown that abrasion begins with marks in the direction of
rotation which are followed by fine ribbing and then by
the formation of coarse, angular and prominent ridges.
Prolonged abrasion produces folding and cavities on the
surface. This change in abrasion mechanism has been
explained as a result of heat build-up and high crack growth
rate in SBR which occur beyond a certain stage. These help
in softening the matrix and removing the surface. On the
other hand, fractured surfaces of BR show that ridges begin
to form at about 250 revolutions and there is no characteristic
difference between the abraded surfaces at lower or higher
degrees of abrasion.

With the application of the photogrammetric analysis
of microphotographs obtained with the help of a scanning
electron microscope to the evaluation of the sizes of
three-dimensional objects on anisotropic surfaces., the
surface of a sintered carbide (WC + TiC + Co) subjected
to electrochemical grinding and the surface of an abrasive
diamond strip was studied [46]. The analysis of stereo
pairs for different inclination angles of the surface makes it
possible to reproduce the stereometry of objects formed after
treatment for different anodic polarizations and pressure and
determine the roles of the electrochemical and mechanical
factors.

The causes of foxing, a rust-red spotting of engravings,
books and archive documents, are not yet completely

understood, but they are usually ascribed to mould growth
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and/or heavy-metal-induced degradation of cellulose and
sizing materials. In the present work [47] some experts
reported the use of attenuated total reflection Fourier
transform infrared spectrometry, image analysis and atomic
force microscopy as non-destructive tools for the surface
analysis of foxing stains in respect of their chemical and
physical characteristics.

An abelian differential on a surface defines a flat metric
and a vector field on the complement of a finite set of points.
The vertical flow that can be defined on the surface has two
kinds of invariant closed sets (i.e. invariant components)
— periodic components and minimal components. Some
researchers [48] have given upper bounds on the number of
minimal components, on the number of periodic components
and on the total number of invariant components in every
stratum of abelian differentials. These bounds are tight in

every stratum as shown in Figure 2..

p3

pl

Figure 2. A genus 3 flat surface with three invariant

components in H (2, 1, 1). The boundary of M1 is a slit with
identified points. The boundaries of M2 and M3 are slits [48].

Surface acoustic wave (SAW) devices can be turned
into identification and sensor elements, so called SAW
transponders. Identification elements transmit an individual
ID number and sensor elements measure physical quantities
such as temperature, pressure, torque, acceleration, humidity,
etc. The SAW devices do not require any power supply
and may be accessed wirelessly. The complete sensor
system consists of such a SAW transponder and a local
radar transceiver (reader unit). An RF burst transmitted by
the radar transceiver is received by antenna of the passive

SAW transponder. The passive transponder responses with

an RF signal, like a radar echo, which can be received by
the front-end of the local transceiver. Amplitude, frequency,
phase and time of arrival of this RF response signal transmit
information about the SAW reflection and propagation
mechanisms which in many cases can be directly attributed
to the sensor effect for a certain measurement value. Due to
the high delay time of the SAW transponder in the order of a
few microseconds, usually no intersymbol interferences due
to environmental reflections occur when the system operates
in harsh indoor/outdoor environments. The functional
principles of such wireless SAW transponder systems and
the reader systems have been pointed out [49], including
the design requirements for SAW transponders, such as
identification tags and radio sensors, several application
examples and their state-of-the-art performances.

In addition, multi-process textures are very important
from functional point of view. Various methods of their
description have been compared [50]. Surface texturing as a
means for enhancing tribological properties of frictional pairs
started to be extremely popular from for about last 10 years.
The effects of surface texturing on improving tribological
properties of sliding assemblies have been analyzed.

For cutting marks, fossil bones from the Lower
Pleistocene site of Venta Micena bear cut-marks in a small
proportion of specimens, similar to that of bones with
cut-marks at East African sites at Olduvai and East Lake
Turkana. Cut-marks are distinguishable [51] from other
surface marks in terms of metrical characteristics, anatomical
location, grouping, and microscopical characteristics,
particularly those such as microstriations which may be
observed with the scanning electron microscope.

3.3. Tachographs

Considering the practicability and universality, one
thing in vehicle was never worthy to be thought highly but
of close connection to speed and never to be concerned by
researchers or analyzers. This was the speedometer. We have
neglected the speedometer in accident analysis from its born
to now. We all knew its function of telling travelling speed
during the driving, but few of us thought of its function of
recording the instant speed value trustily at the moment of

collision in the evidence way.
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R. F. Lambourn, who had researched the traffic accident
speed analysis for decades. He not only researched the tyre
skid marks on the road, but also the tachographs.

A tachograph is a device that combines the functions
of a clock and a speedometer. Fitted to a motor vehicle, a
tachograph records the vehicle's speed and whether it is
moving or stationary. The mechanical tachograph writes on
a round piece of paper which constantly turns throughout
the work day. The marker moves further from the center the
faster the vehicle is moving. An entire rotation encompasses
24 hours.

Analogue tachographs record the driver’s periods of
duty on a waxed paper disc. However, these are vulnerable to
tampering, and so are being replaced by digital tachographs
which record data on smart cards.

Tachographs are also used to improve road safety and
ensure fair competition. They are also used in the maritime
world. Rules for this are made by the Central Commission

for Navigation on the Rhine.
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Figure 3. Enlargement of Tachograph recordings can
reveal vital evidence [52].

Apart from enforcing regulations, tachographs are often
used in Germany to investigate and punish speeding. This
practice was approved by the German high regional court
in the 1990s. Also, after an accident, the discs are often

examined with a microscope to discover the events that took
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place at a collision site.

But the situation is, the tachographs are not commonly
in each country. So the methods can provide us a novel idea
of traffic accident analysis in speed estimation but of no

practical use in real cases.

4. Visualization and collection

For visualization, optical properties are important
because they provide a nondestructive means for
identifications and are responsible for all the features one
immediately observes and admires including color, luster,
brilliance, scintillation, and dispersion, as well as special
phenomena, plays of colors, labradorescence, and the
like. In the last decades, studies focus on the fluorescence
techniques such as multi-band light waves, and spectroscopic
methodology.

For color, the photography is important to collect the
data. And morphological analysis provides tools on this
problem to do further studies.

The visualization usually involves in the latent marks,
and there is the chemical etching technique. Viewed under
an optical microscope, the microscopy technique relevant to
SSTND observations [53] has been described: light and dark
field illumination, transmitted and reflected light, contrast
enhancement techniques, special devices, etc. Starting from
this basis a study of each step is undertaken: conception
and description of various etching baths, nature of the
etchant according to the detector structure, influence of the
etching parameters such as concentration, temperature, time,
stirring, and influence of interruptions in the process and of
the reaction products. Peculiar methods such as TINT [54],
TINCLE [55], perforated detectors [56], multilayer detectors
[57] and thin foil techniques [58] have been described in the
history.

There were others dealing with the so-called decoration
techniques, namely, silver chloride crystals [59], fluorescent
and/ or dyed detectors [60], silver precipitation in glasses
[61]. The latter is just mentioned whereas the two former
techniques are described in more detail: the working

principles are explained from the theoretical point of view,
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the technological behavior and properties of those detectors
are described together with their possible applications.

With the development of researching, the use of
“mixed techniques” forms the conclusion of the part on
track revealing, until eventually, the use of the transmission
and stereo electron microscopes [62] was considered and
the specific fields of application of these techniques are
reviewed.

Two important kinds of surface collision marks have
been studied for the decades. One is scratches on the tires
which have been discussed formerly, while the other is
needle marks by mechanical press which will be discussed
later.

A collection method is a built-in function or procedure
that operates on collections and is called using dot notation.
You can use the methods EXISTS, COUNT , LIMIT, FIRST,
LAST, PRIOR, NEXT, EXTEND, TRIM, and DELETE to
manage collections whose size is unknown or varies.

But the practical methods used in the surface marks
collection still focused on the optical ways especially by

camera.

5. Discussion

5.1 In mechanical identification methods

(1) In theory, search for the mechanical tools to solve
speed calculation problem,;

(2) In the actual identification, when there is no skid
marks, new methods should be found to solve the problem;

(3) A theory of uncertainty calculation on speed should
be developed.

5.2 In the computer simulation

(1) Develop new simulation models based on the
original model, to improve their accuracy and computational
speed operation;

(2) Develop a practical application of modern
automotive simulation software.

5.3 Surface analysis

The multidisciplinary and complicity of cause the
difficulties of surface collision marks analysis.

Within the analysis of many frictional contact problems

Coulomb's law [63] with a constant friction coefficient p is
used. This assumption is sufficient for many applications in
structural mechanics; however in the special case of rubber
friction on rough surfaces the resulting simplification cannot
be accepted. The physical interactions between e.g. a tire and
a road surface are very complex and still widely unknown.
The elastomer undergoes large deformations during contact,
such that the frictional properties result for the main part
from internal energy dissipation and not just from the
combination of surfaces in contact like e.g. adhesion. As it is
apparent from experiments, the friction coefficient depends
heavily on various parameters like sliding velocity, surface
roughness, normal forces and temperature change. In this
contribution a multi-scale approach will be used to make an
attempt to understand the sources of elastomeric friction in a
more rigorous way.

5.4 Speedometer marks

There are two kinds of speedometer. One is mechanical,
and the other is electronic. In this research, it studies only
about the former one.

For the mechanical speedometer, on the basis of the
Locard's Exchange Principle [64], the needle marks have
been found to be a kind of physical evidence in some reports
[65] and thought of limited use in speed analysis but without
experimental studies on the details. In this study, it brought
forward two hypotheses.

The first hypothesis is:

The tip of the needle may leave marks on the faceplate
surface nearby the scale of the speedometer during the
collision;

while the second hypothesis is:

The middle part of the needle may leave marks on the
faceplate surface of the speedometer during the collision.

Based on the laboratory impact system and
mechanical analysis, the first hypothesis and half of the
second hypothesis had been proved . As the needle of the
speedometer was resting like a cantilever beam above the
speed scale, when collision happened, its tip might hit
the faceplate surface, and left marks like the finger print.
Analyzers could take use of these marks, as shown in Figure

4, to determine the collision speed directly from the scale.
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More can be studied on this subject of collision marks for

speed analysis, since it is useful both for collision accident

analysis and impact injury treatment.

Figure 4. The middle characteristic (light source: white,
incidence angel of 15°) of needle marks (80 km/h) on the

gauge plate of the mechnical speedometer from the real case.

6. Conclusions

Speed analysis techniques have been developed into
a new period of elaboration. And more can be studied on
this subject of collision marks for speed analysis, for it is
useful both for collision accident analysis and impact injury
treatment. Since the mechanical speedometers have been
universal in the traffic system, and the optical and camera
techniques have been developed into the microspur, the
collision marks on speedometer would be a new direction
for the speed analysis. And the electronic speedometers have
been gradually spread in the world. This will open a new

vista for the researchers on the subject of collision marks.
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Abstract Currently, in the researches and applications of the piezoelectric crystal sensors,
many phenomenons have been found which can not be explained and consistent to the
classical Sauerbrey theory based on the “mass respones”. And scholars often explained those
phenomenons with “the non-mass response of the piezoelectric crystal”. In our researches,
we improved the detecting equipments and obtained some primary experimental results. The
results showed that the non-mass respones are independent of the piezoelectric sensor, but
dependent on the characteristics of the liquor itself. Based on these results, it can be deduced
that it is a new physical phenomenon, that is to say, the liquor has the electrical resonance
characteristic which likes the characteristic of the piezoelectric crystal, and we can identify the
characteristic of the liquor using the liquor’s frequency of the electrical resonance. Contrarily,
as soon as any of the characteristics of the liquor changed such as component or viscosity, the
resonance frequency will changed accordingly. Using the new detecting method grounded
on the principle of the liquor resonance, the detection of blood coagulation is introduced
in this paper. In the process of blood coagulation, the viscosity of the blood plasma was
changed continuously resulting in the sequential change of the electrical resonance frequency.
Therefore, it can reflect the process of blood coagulation by measuring the electrical resonance

frequency.
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1. Introduction

Currently, various sensors grounded on the piezoelectric
crystal have been widely used in the process of research.
The researches and applications of the piezoelectric sensors
are mostly based on the “mass respones” and ‘“non-mass
respones”P Pof the piezoelectric crystal.

The traditional piezoelectric biosensors were initially
used to measure the thickness of the membrane in gas, this is

based on the Sauerbrey equation [1]:

Af =-226x10°-Am- f*/A4 (1.1)

In gas, there is a simple mathematic relationship between
the change of the resonance frequency of the quartz crystal
and the the change of the surface mass on the quartz crystal
, that is also “the mass respones of the piezoelectric crystal”.
But in the surroundings of liquor, the traditional piezoelectric

biosensors fall across the measuring difficulty both in single-

surface touch with the liquor and in double-surface touch
with the liquor.

Firstly, the energy loss of the piezoelectric crystal in
single-surface touch with the liquor induced by resonance is
far more larger than the energy loss in gas [2-4]. And there
is a double-electric layer between the piezoelectric crystal
and the liquor which equivalent capcitance can usualy reach
the level of uF, at the same time, the liquor can also produce
the corresponding resistance. Therefore, under the condition
of single-surface touch with the liquor, the situation
becomes more complex, and the Sauerbrey equation can not
completely suit to the analysis of the resonance of the crystal
under the condition of liquor. Secondly, it is very difficult for
the piezoelectric crystal with double-surface touch with the
liquor to reach resonance.

In order to overcome the deficiency of the traditional

piezoelectric biosensors measuring in liquid and the
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Sauerbrey equation, we designed a sensor of liquor resonance
without the piezoelectric crystal, and some experiments
concerning the coagulation of blood plasma have been

carried out.

2. Method

In the experiments, the hardware frame of the measuring
of the resonance frequency of the liquor is as Fig.1.

In the Fig.1, the liquor in the experiments refer to the
blood plasma, the detectors were two gold-plated electrode
boards. In the experiments, the two gold-plated electrode
boards were immerged into the liquor prepared to be tested.
The oscillation circuit was a frequency output circuit which
was constituted with a in-phase input Hysteresis Comparator
and a integral operation circuit. And, two shielded leads
were used to connect the detectors and the oscillation circuit.
In the experiments, the frequency counting circuit was
constituted with the singlechip and the oscillation circuit.
Then, the data was transfered through the serial port and then
was displayed on the computer.

From the oscillation circuit above, the outputting data of

1201313 B{ei B YN S Liu, A new method on detecting the process of the blood plasma coagulation, FOREN SCI SEM, 1 (2011) 14-18

the frequency can be described as an undee graph. And the

value of the outputting frequency is [5]:

f= T
4R R,C

From the equation above, we can see that when the
values of R1, R2, R3 keep stable, then the frequency (f) only
changes according to the capacitance C. In our experiments,
we replaced the capacitance C with the capacitance produced
by the blood plasma. And then the outputting frequencies
were associated to the capacitances in the experiments.
So, we could measure the capacitances of the blood
plasma through detecting the output frequencies. Because
the capacitances produced by the blood plasma were
corresponding to the viscosity of the blood plasma, therefore
we could measure the viscosity of the blood plasma through

detecting the output frequencies (f).
3. Results

At the begining, droped the tested plasma sample of
10pl into the center of the goldplated electrode board of
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Fig.2. The process of the blood plasma coagulation without any reagents
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the sensor, at the same time, adding the liquor of thrombin
activation of 10ul. Then, mixed it equably and incubated
it for 3 minutes. When the resonance frequency stabilized
down, added the CaCIB2B liquor of 0.025M to it and
mixed equably in order to startup the reaction. Kept on
detecting the frequency for 100 seconds until the frequency
stabilized down. And the computer recorded the data and its
corresponding time automatly.

3.1. The process of the blood plasma coagulation without
any reagent

Observing changing trend of the frequency in the
process of the blood plasma coagulation, the results shows as
Fig.2.

3.2. The process of the blood plasma coagulation with
the APTT reagent

After testing, we cleaned the blood clot on the goldplated
electrode board of the sensor and flushed it with two-time
distilled water for 3-5 times. Then, immersed the sensor into
the anhydrous CB2BHBS5BOH for 30 minutes, and dried it
with the gas of Nitrogen. So that the sensor could be used to
measure again.

Then we executed another experiment which was added

the APTT reagent, and the changing trend of the frequency

in the process of the plasma coagulation, shows as Fig.3.

4. Discussion

In Fig.2, we can see that the curve changes with zoomac
at first, and then it tends to be stable at a certain value. The
time of the plasma coagulation from the starting point to the
end point was about 30 seconds(from 14:26:22 to 14:26:52).
In the medical field, we know that the normal range of the
time is about 22-38 seconds. Therefore, we can conclude that
the method is effective, and it reflects the actual process of
blood coagulation.

In Fig.3, the coagulation time is about 15 seconds(from
10:15:52 to 10:15:07), and in the medical field, the normal
coagulation time is 10-16 seconds after adding the APTT
reagent with a certain proportion. Therefore, we can
conclude that the method by which measured the plasma
coagulation time with the equipments of liquor electric
resonance frequency is effective. And this is more favorable
in the field of clinical analyse of blood coagulation. From

the picture above, we can see clearly that after adding the
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Fig.3. The process of the blood plasma coagulation with the APTT reagent
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APTT reagent in order to start-up the reaction, the resonance
frequency of the blood plasma changed with zoomac in the
first 10-20 seconds, and then tends to be stable. And this is
the coagulating process of blood plasma. In the process from
the liquor to the solid, the time between the starting point
of coagulation and the starting point of being stable is the
coagulating time of blood plasma. And the coagulating time
is consistent to the time in the medical field. Therefore, we
can analyze the coagulating process of blood plasma through
the changing of time and frequency, and after many times
of measurement we can obtain the same trending curves of
frequency.

These experiments inspected the process of the blood
plasma coagulation. We can determine the starting time and
the end time of the blood plasma coagulation through the
changing of the liquor resonance frequency. The starting
point of the rising is namely the starting point of the reaction.
Then, as the viscosity of the reaction system kept increasing,
the resonance frequency also kept increasing along with the
process. Combining the phenomenon with the equation (1-2),
we can deduce that during the coagulation the capacitance C
of the tested blood plasma became less and less. This is also
what we will disclose in the next paper.

From the two pictures above, we can see impersonally
the regular changing trend of the resonance frequency in the
reaction process of the blood plasma coagulation. Besides,
the recurrence of the resonance frequency phenomenons
was stable , the sensor could be reused, and the low costed
instruments could be operated easly with the value of being

extended to clinical usage.

5. Conclusions

It was validated by the experiments that in a close
surrounding, if any biologic or chemical reaction does not
take place in a liquor that has fixed components, at the same
time, the acreage of the measuring electrode boards and
their space positions are stable, then the electrical resonance
frequency of this liquor must be stable. Besides, the

changing of the frequency is obvious, and the recurrence of

1 8 Forensic Sci Semi Vol 1 ber 1

1201313 B{ei B YN S Liu, A new method on detecting the process of the blood plasma coagulation, FOREN SCI SEM, 1 (2011) 14-18

the phenomenon is also stable.

The following rules can be deduced through the two
experiments above:

First, for a certain liquor, when the other factors do not
change, and only changing the viscosity of the liquor in a
certain range, the corresponding resonance frequency also
changes accordingly.

Second, the outputing frequencies all have its unit of
MHz, that is to say, the changing of the frequency is obvious,
and the recurrence of the phenomenon is stable.

Third, the new method of detecting the process of the
blood plasma coagulation is effective and proved to be an

acceptable choice.
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n Separating the Signet and the Text by Digital Image
Processing

Abstract Along with the constant development of the
computer technology, Computer-Aided Identification has
become an irreversible trend of development of the scientific
identification. In the area of document inspection, it is mainly
expressed in the digital image processing about materials
submitted. The use of PHOTOSHOP, a digital image
processing software, to separate the Signet and the Text is
just a tiny application. Taking the technology for an example,
this paper is to consider about the criterion of its issue in the
practice of identification and judicial procedure, and give an
advice as guidance for the work of document inspection to be
a better application and be more conformable with the digital

trend.
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Abstract Crimes of terrorism are one of the most important
international security topics nowadays. After the “9-11” attack
and the other terror crimes in Europe (such as in London,
Madrid, Beslan), the terrorism has been the cancer for the global
peace and stabilization.

The anti-terrorism situation is increasingly bad, and the
international community has taken varieties of measures. After
the “9-117attack, the General Assembly and the Security Council
of the United Nations have passed lots of resolutions about
how to manage the terrorism crimes. Meanwhile, they advocate
“protect the human rights and the basic liberties when counter
terrorist”. Regional international organizations such as the EU,
the ASEAN, the OAS, the AU, the league of Arab states, and
the SCO put forwards anti-terrorism conventions. On one hand,
these conventions can offer conditions for legal cooperation; on
the other hand, they are contributed to decrease disagreements
between contraries. Especially, they emphasize advancing the
efficiency of the counter-terrorism measures when assurance
of the human rights. As the sovereign states are concerned, no
matter which belonged to the Anglo-American legal system,
such as the United Kingdom, the USA, Canada, Australia, or
which belonged to the continental legal system, such as France,

German, Spain, they all implement systematic reforms to their
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anti-terrorism legislations and criminal procedure laws.

Nowadays, there are two main kinds of counter terrorism general plans. One is to see the terrorism as a armed conflict
directing to sovereign countries. So, they try to wage a “war on terror” in order to eliminate terrorism. And the other is to
regard the terrorist attacks as crimes. And the special criminal procedures must be designed so as to effectively dealt with
these special crimes. In fact, the “war on terror” model has lots of drawbacks, and the latter is absolutely a reasonable way.

Today, there are four basic premises for a special criminal procedure to crimes of terrorism. Firstly, crimes of terrorism
have their specialties comparing with the normal crimes. Secondly, attentions must be paid to the experience and lessons of
the international community on dealing with terrorism. Thirdly, the UN and other regional international organizations have
released and signed many resolutions and conventions, On which the special criminal procedure must be rested. Fourthly,
there are great academic improvements about the criminal justice. When designing the special criminal procedure directing to
the crimes of terror, three presumptions must be insisted. One, the security must be in preferred status as the value orientation
is concerned. Two, the bottom-line “due process” criminal procedural rights must be guaranteed. Three, dynamic balance
must be kept between the power of the states to punish the guilty and protect the fundamental human rights.

China has been confronted with severe situation when countering terrorism. Terrorists in Xinjiang and Tibet have
launched lots of terror attacks pointing at the common people. Countering criminals of terrorism has been one of the most
urgent tasks in security domain. And it is absolutely the inevitable choice to deal with the terrorism with the mechanism of
litigation, which is based on criminal procedure laws. Nevertheless, there are desperate shortages of legal resources. The
criminal process law has to be reformed in order to meet the dual demands as to strike the terror crimes and protect human
rights. The reforms in China must stick to the principle of rule of law, the principle of equality of treatment, principle of
appropriation, the principle of prior protection of victims, principle of protection of basic rights. Meanwhile, the reforms must

pay attention to the actual national situation of China. Also , the reform should have perspectivenesses and innovativeness.
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Abstract A sensitive, selective and accurate high-performance liquid chromatography-mass
spectroscopy (HPLC-MS) assay for the determination of nalmefene in human plasma was
developed and validated. The procedure involves protein precipitation and extraction with
dichlormethane—hexane mixture. The extracted solutions were then analyzed by a HPLC
system, comprising of a shimadzu shim-pack VP-ODS (150mmx2.0mm, Sum) column
and a mobile phase of a mixture of 50mM ammonium acetate and acetonitrile (66:34, v/v),
coupled with electrospray ionization mass spectrometry (ESI-MS). The chemical structure
analog of nalmefene, Naloxone, was used as the internal standard. The method had a total
chromatographic run time of 5.5 min and linear calibration curves over the concentration range
of 0.04~15ng/ml. The intra- and inter-assay variations for three different nalmefene levels were
less than 10% throughout. The method proved to be accurate and specific, and was applied to

the pharmacokinetic study of nalmefene in healthy Chinese volunteers.
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Abstract Objective To identify the distribution and function
of glucocoiticoid receptor (GR) regulated target genes in the
human genome, and to know the bioinformatic significance
of it. Methods With bioinformatics methods, we found
out all the genes that contains Glucocorticoid Response
Element’s (GRE) consensus sequences, and extend our study
to the distribution of consensus sequences in the human
genome and the functions , protein products and the Gene
Ontology (GO) number of the GR target genes and then
to emphasize these genes’ function in inflammation and
immunity. Results We found 225 genes which contain the
GRE-1 consensus sequence (5’-AGAACAnnnTGTTCT-3")
and 94 genes contain GRE-2 consensus sequence
(5’-GGTACAnnnTGTTCT-3"). Conclusion According to
the analysis of the function of genes which contain the
consensus sequence of GRE, F2R, DAXX, PAG1, ULBP3,
OR8D4, RIMS1, NPY2R are correlate with inflammation
and immunity.

Keywords: Glucocorticoid; Glucocorticoid Receptor,

Glucocorticoid Response Element;Consensus sequence of

GRE; bioinformatics.
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Abstract Objective To detect the extent of drivers affected
by the unstable factors, and to give the driver a reasonable
driving tips and advice the driver a reasonable driving
tips and advice, in order to achieve prevention of traffic
accidents and traffic injuries. Methods 1t developed the the
instability detection device driver based on the GBA (Game
Boy Advance) platform. The drivers tested the voice simple
reaction time, the vision simple reaction time, the voice and
vision combined simple reaction time, the vision complex
reaction time and the control ability of tracking and response
to the moving target. After tests, the device automatically
compared these values with the values under normal
conditions, in order to calculate the extents of drivers
affected by the unstable factors. The reasonable driving tips
had also been advised, to achieve traffic accidents and traffic
injury prevention purposes. Results By the simulation tests
of alcohol and sleep deprivation, the device could timely
and accurately test the reaction time and control ability of
the drivers, to prevent traffic injuries effectively. Conclusion
The detection device is easy to use. The testing results
are accurate. The reasonable proposals can prevent traffic
injuries. This is only the preliminary stage of this study. It
will continue to improve the function of the device to make

it better to meet the practical needs.

Keywords: Driving, ; Instability; Traffic injury, Prevention.
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