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ABSTRACT

Structural depth of pavement is a key indicatoretfbect pavement macroscopic structure. A measunemethod
using laser-displacement-sensors is presented.Basethis method, an improved least square methagséd to
remove the trend of pavement, and then the streafi@pth of pavement can be calculated. A detectysitem
including hardware and software is developed, whiah achieve accurate and rapid measurement iniegidns.
Reliability and performance of the developed systemre tested in some experiments. The results shawthe
presented method can measure the structure degthvaiment accurately and rapidly.
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INTRODUCTION

Anti-sliding performance of road is directly reldtdo traffic safety. And pavement macro-structuféecis
anti-sliding performance directly. It also affectyainage ability of pavement in rainy days. Goodadro
macro-structure can promptly remove surface wateyent pavement water film and improve drivingesafactor
[1, 2]in rainy days. Pavement structural depth is an mapd indicator of Pavement macro-structure. So tmwse
better method, with low cost to obtain the highumacy of pavement structural depth indicators bexdhe
difficulty and key factor in road detection area.

Pavement structural depth detection methods usédrae and abroad are mainly sand method, drainagleoch,
digital image analysis method and laser profile sneament method. Each of the methods mentionedeabas
their own advantages and disadvantages. Sand methodpave known volume of standard sand in tistirtg
pavement, then use rubber sheet which is at therhodf the push plate to push the sand into a rdlatdThe
volume ratio of sand and the mean area of pavingdas the depth of pavement structure. Designethé®\British
Institute of Roads, this method is characterizeadnyvenient operation. But prolonged detection giMe operator
high labor intensity, poor security, also it is retailable in wet weather. Drainage method is agdisimed by
monitoring the excluding time of fixed volume watdrough the pavement to reflect the macro strecir
pavement indirectly, this method is designed byRhench, because of its complicated measuring tiperathe
current application is small. Digital image anadysiethod is carried out by digital analysis of pagat texture
picture, then calculated the pavement structurehdefth the information such as the Gray-scale imyample is
the biggest feature of this method, but the measent repeatability is not well, and it does not énav strong
correlation with sand method, so there is no uggaetical engineering test [3].

Laser detection section method is carried out tinothe laser displacement sensor which is instatledthe
inspection vehicle (carrying platform) to measune pavement structure depth in a high speed. Faasuming
speed is the characteristic of this method: thede&ome in the same section of the road has d gowelation and
better repeatability with sand method results. $hertage of this method is that the test resubtsqaite different
due to different road; also it can not establisim#ied correlation with sanded method under theous sections of
the road. The reason is that the laser displacesesisor which collects pavement elevation is itestah the testing
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vehicle during the collection process. Due to tifauence of vibration testing vehicle itself an& thavement trend,
the collected elevation information does not omglude the texture information of pavement, bubdlse trend
information of the pavement. However, the pavenstntcture depth is merely related to the textufermation,
only to get precise pavement texture can we cdketle pavement structural depth index accuraBayhow to get
the real pavement texture information becomes iffieudty of the Laser detection section method.

This paper mainly studies the accurate detectiowiple of pavement structure depth, develops pa&rerstructure
depth detection system which can be used in engiriepractice with high-speed and high-accuracy.

1 DETECTION PRINCIPLE

In china, sand method is considered as the stanéstrdnethod for highway pavement structural deptasurement.
In order to judge if the outcome meets the requinais of the anti sliding performance of pavemer, gavement
structural depth results that all methods obtaimedt be transformed into sand method’s pavemeunttsinal depth.

Evaluation index of pavement structural depth ismiectonic depth (MTD).

1.1 TRADITIONAL DETECTION PRINCIPLE

The principle of laser profilaused to detect pavement structure depth is toasse sensor which is mounted on the
inspection vehicle to project line laser beam ideorto obtain the pavement section curved outlaoesrding to the
reflected light accepted. Then the pavement sectioved outlines are divided into 100mm long segrncenve; the
mean segment depth(MSD) of each fragment curvecaligulated; the mean of all fragments curve of M&B
taken as the pavement mean profile depth(MPD);aR@® Nanslated into the MTD[4]through the relevamti&tion.
The calculation principle of each fragment curvéM&D is shown in Figure 1; the calculation metheds follows:

First, calculating the average of elevation valoiall points on the curve; secondly, dividing segment curve into
two sections evenly. Thirdly, Calculating the elégma valuesnax andmax on the highest point of each curve, and

then calculating the difference between elevatialnes of the two highest point and the whole he&yletrage of the
fragment curve. The arithmetic average of thesedifferences is the mean segment depth of the feagicurve.

MSD=[(max- avp+( max ajé2=( max mp- (1)

The first segment —s~—The second segment —
L Fragment Curve (100mm)

Figure 1. The counting principle of MSD

1.2 IMPROVED DETECTION PRINCIPLE OF TEXTURE DEPTH

The calculated unit mentioned above is based owrrtes-sectional of testing car. Due to the higét o line laser
detection, complex detection system structure hadrhproper trend such as cross slope added icrtfss section,
pavement MPD measured by this method must be delzéore they can get MTD, it can not obtain paveime
MTD directly.

Aiming at the shortage of the current detectionhoéf this paper presents an improved pavementtstelaepth
detection method, the results of which do not rteeglate, and the pavement MTD can be obtainesttlt

A laser displacement sensor is installed near dfteahd right wheel path of the detection vehitiecollects the
vertical elevation change with high density whea detection vehicle is running in a high-speed, thet uses this
outcome to calculate the depth of the pavementctstre. Literature shows that macro structural pa@m
wavelength range from 0.5mm to 50mm and the angditis greater than 0.1mm and less than 200mm
[5].Considering the detection accuracy and the @uogd of the system, the longitudinal sampling rimé of
pavement texture depth detection system in thigipep0.2mm. In the detection process, an inewdtétend will be
added to the detection road surface due to thetuor of detection vehicle or large wavelength &atwn of the
road. This trend is combined by the road and vehiidration. It is a complex curve if using tradital calculating
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method to count, the detection result is not neoégsreliable. So in order to get accurate testulieof the
pavement structural depth, the difficulty is howémove this complex trend from the test curve.

In traditional least method, to get rid of the ttda by using least squares [6-10] to linear fgtthe data sampling
within the given sampling length, assuming the damgppoints is N within the length of the curveetldata
sequence i$={x(1), x(2),..x(N} , the data is divided into m same length sectiotlh W sampling points, then the

data sequence in the section m is{x(m* n+1), X mf n-2),... ¢ Mm n )h, the least squares linear equation of the m
segment of is:

Xn=a,i+h, @

3 (%, = )" =min
. 3)

Among thisi ={m* n+1, m* n+2,..nt n+ h,
According to equation (2) and (3), the obtaineadrdéine is broken line and the boundaries of eagment are

discontinuous. In order to obtain a reasonableetmend, this paper proposes an improved leastrasquathod to
get rid of this trend, specific methods are asfed:

In the evaluated fragment curve length (100mm)rettere N data points, dividing any continuous landata
segment of n into several section, taking thisise@s the analysis base section, then taking safrgeh the K data
points, k=1,2,..N - n+ 1, the line which using least square method to alftaim the point k is:

A(K)

= a®j+ p®
x =avi+b (4)

Among this;i ={k,k+1..k+n-}

This method can get N-n+1 least squares line througthe analysis segment. These lines increasetiglly with

the value of k, and sliding the whole fragment gltimee segment curve. To the k da@(k) curve can be obtained to

describe the tendency position of this segmeningathe average of the K fitting line in this poias the trend
location of this position. The curve trend positmfithe k data points can be expressed as:

_ l/T(k)Tf‘j;g(k),ls k< n
x(K) = ®)

k=n+T(K) »
UTK) Y. %(K,ns ks N

i=k-n+1

Among this:
k,\lI<sksn

T(kk={nng k€ N- n+1
N-k+1,N-n+1< k< N

Taking the trend curves calculated by formula @géaseline, this baseline value is a smooth clirean reflect
the change of trend surface precisely and contisiyptemove the trend of the date within the arialfragment and
then calculate the curve of pavement structurehdaptording to the introduction method of formula (

Figure 2 and figure 3 are the comparisons of ggttith of the trend between the traditional leastasg method and
the improved least square method. Figure 2 andr&igushow the surface profile of 200mm sample segsn®
illustrate the algorithm comparison.10 lines in WFig 2 is the segmented trend line obtained by ¢hstisquare
method. The 10 smooth lines in Figure 3 is the saded trend line obtained by the improved leastasgu
calculation method. As can be seen from the corsparithe improved method of least squares canhgetdad
trend better.
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Figure 2. Theresult of traditional methods
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Figure 3. Theresult of improved methods

2 THE DESIGN OF THE SYSTEM STRUCTURE AND SOFTWARE

The structure of detection system is shown in FegirThe hardware system includes a laser displkacesensor,
distance sensor (encoder), data acquisition campater and power etc. Software uses Windows sysketiheir
operating platform chooses Microsoft's SQL Serv@®@® as the database management system to manage and
maintain the test results, Visual Studio 2010.NEThe development environment and object-orientedrpmming
language C + + for development. The software sysaeiopts three layer structures which include u$entc
application server and database server, wheresreclient provides user operation interface, thaieation server
encapsulates the business logic rules of pavemectiwral depth detection and the database seawesghe testing

results of structural depth.

o) Data processing and
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¢ Computer
Displacement [, 4
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Figure 4. Testing system chart of pavement structural depth

1457



Lin Guo-Qing and Wang Jian-Feng J. Chem. Pharm. Res., 2014, 6(6):1454-1459

The system uses a distance sensor (encoder) taeravrigger signal to let the two laser displaeatrsensor is
mounted on the left and right wheels of the testiefjicle sample synchronously. Encoder is mountedhe

vehicle's wheels. When the testing vehicle traeelgshe detected road, with the rotation of the whibe encoder
will output a square wave signal whose frequenoshsnging with the speed. This signal providesggér signal

for the two laser displacement sensors; systemtadoipLD Complex Programmable Logic Device) to achieve
the driver and logic operation of the laser dispiaent sensor.

3 FIELD TEST

3.1 CALIBRATION TESTS

In order to verify the accuracy of the system, déad height gauge is used to calibrate the detesystem, the
specific method is to place a highly known gaugéhim actual road surface every 10 meters, the glacger is
shown in Table 1. Then the detection system is tseatbtect the height of the quality block. Thet tesults and
error are shown in table 1.

3.2 COMPARISON TESTING

Due to the difference of actual amount of block awad construction have and the common methodgthatment
structure depth usually use is sand method, songakicomparison test between the detection systetrsand
method. Specific methods are:

Five different typical pavements are selected wiiake different texture depth. Each section is d@@ers. Then
detecting each road section for three times; tleeame detection value of the 100 meters is in table

Table 1 show that the detection system used instidy has good detection accuracy, and the maxioetaction
error is 0.019mm.The correlation which is estalgsihetween the detection systems and sand mettstbven in
table 2

Table 1 .thecalibration result of detection system

Gauge block (mm)| test(mm)| error
14 14.019 0.019
12 12.009 0.009
10 10.001 0.001
8 8.001 0.001
6 5.998 -0.002
4 3.999 -0.001
2 2.001 0.001

Table 2 .comparison results between detection system and sand method

sectionl| section 2| section 3| section 4| section 5

First time 0.47mm | 0.59mm | 0.72mm | 0.83mm | 1.05mm
Second time 0.48mm | 0.60mm | 0.70mm | 0.85mm | 1.04mm
Third time 0.48mm | 0.60mm | 0.71mm | 0.84mm | 1.04mm
average 0.48mm | 0.60mm | 0.72mm | 0.84mm | 1.04mm

Standard deviation 0.006 0.006 0.006 0.010 0.006
Coefficient of variation| 1.211% | 0.968% | 0.817% | 1.191% | 0.553%
Value of sand method | 0.47mm | 0.60mm | 0.7mm 0.84mm | 1.04mm

1 L
Value - w=1 0022%¢-0.004
of ’ F=0.99498
sand
methDdDE
/mm 04

0.4 0.6 0.8 1

Value of Detection svstem/mm

Figure5. Correlation diagram between Detection system and sand method
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As can be seen from Figure 5, the results betward depth detection method and the proposed pavestneature
depth detection method in this paper have a highelagion. Due to removal of the pavement trendnijtehe
detection structure depth does not need to doelated process and can be used directly. Pavertnaatusal depth
of laser detection system developed by this methaded to do detection in some section of motorsiash as: An
yang — He bi, Wu Wei — Gu Lang, San Men Xia - G¥anMiao hall. Through the comparison of the tesgults
between the developed detection system and thersatitbd, the maximum detection error of the datecsystem
of pavement structural depth is less than 2%.

CONCLUSION

In order to get rid of the error such as behingdidn methods, big detection difficulty, high castd low accuracy,
we proposed a new detection pavement structurdndeethod. Specific method is to use laser displacgsensor
to detect the road surface elevation informatiohigh-density, adopt the improved least square otefitoposed to
remove the pavement tendency of pavement elevatformation and obtain accurate information. Fipallusing
the texture information of the road surface to glaie the pavement structure depth. In accordarite tve
proposed detection method, we developed detectyster® and detection software, making the detectibn
pavement structure depth more accurate and rapiel.ca@libration experiments and field tests showas by using
this automatic detection system of pavement straatiepth, continuous detection in various vehipleesls can be
achieved. The test results have high correlatidh thie sand method and can be used directly.
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