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RESEARCH INFLUENCE OF ROAD-OFF ROAD ROUGHNESS ON TERRAIN MOTOR VEHICLES
Zoran Majkić 

Summary: Analysis of road roughness on the vehicle as an object road roughness may occur in any capacity for two. First as an external disturbance that acts an a vehicle that, when considering how dynamic processes or characteristics of the vehicle with them are not directly related. Others appear as input parameters of the vehicle as an object with the effect that manifests itself in the basic functional requirements such as the characteristics of ride comfort, stability, movement, mobility and so on. This paper presents some results of measurements of parallel profile and on access use through spectral analysis to determine the basic characteristics of response vehicles. Data for the analysis were obtained from records at the inertial measuring device road-off road profile and appropriately equipped vehicle testing "PUCH 300 GD" that moves with constant velocity.
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1. INTRODUCTION
For all means of transport occupies a special place the question of safety and ride comfort. On the technical side of this issue in air and maritime traffic influence over the construction of the means of transport. However, the ground vehicles consideration of this matter is related to the consideration of the configuration of the ground. This connection causes the interaction between vehicles and road bumps. When the vehicle moves over uneven road appears oscillatory motion in conjunction with the dynamic loading of the vehicle passengers, cargo, transported, and the road. Dynamic force motor vehicles not only cause additional burdens already a significant factor for safe movement.
When considering the unevenness of the road surface is defined as a change in the profile of the ordinate in the vertical plane at a certain length of time. Of interest are at the same shape and size, also the frequency and distribution of local irregularities; All this requires that when considering taking into account the long stretch of road.

Knowing the characteristics of the times is important both for the experts that build and maintain roads and in car constructor. Especially important is the cooperation of these experts in various stages of design.
The constructor of the vehicle may in a particular area by choosing appropriate parameters of the vehicle that affect the oscillation parameters of the vehicle excited irregularities times.

But still as authoritative flow characteristics of the road surface. Only in an ideal flat road can be eliminated oscillations.
Numerous experimental research design features indicate that the unevenness of road deployed accidentally. Continuous changes ordinate prominence in a certain way represents the intersection of function sučajnu prominence microprofile times. Oscillatory sections Car excited irregularities times are random processes.

In general, the surface of each road type represents a non-stationary random function whose properties change over time. However, if we consider the characteristics microprofile limit on the final interval of time then the micro- times can be considered as stationary random functions and characteristics of the road shall be determined by applying the theory of statistical dynamics.

In further considerations micro- times is considered as a random function that meets the following assumptions: i ergodic function stacioarna, ordinate microprofile times are subjected to the normal law of distribution, are seen only bumps in the range from some minimum to some maximum value of the wavelength.

2. FEATURES MEASUREMENTS UNEVENNESS ROAD  

Score sheet flatness road based on measurements of the longitudinal profile of the road surface along an imaginary line. Measurements include recording the height profile of road along the marked longitudinal cross section at a specified interval, so all the data collected '' two-dimensional ', ie. Besides the information on the height profile is recorded and the distance between the alleged value, ie, the distance from the starting point of measurement profile. A special task is to define a methodology for filtering measured data, depending on what purpose the information will be used later.

In any sophisticated system to manage the maintenance of the road network (Pavement Management System PMS), measuring the flatness of the road is an important factor in making the decision to work on the network in the context of limited budget resources intended for the maintenance or improvement of the existing state of certain sections of the network. Rating pavement condition based on the measurement of flatness road full affirmation experienced in developing countries, especially in Kenya [1], India [2] and Brazil [3, 4], where they conducted research indicated a significant correlation between the flatness of August and operational costs of vehicle use (fuel, oil, tires, costs for spare parts and routine maintenance and depreciation of the vehicle).

Almost all systems for profiling of August, which are used in the digital world. They are very widespread, especially in the US, inertial measurement systems profile (Figure 1) in which software for data processing converts the measured value of the vertical acceleration of the inertial reference that currently determines the height of the accelerometer built into the supporting vehicle.

Accordingly, the amount of reference in relation to August is the distance between the accelerometers in the vehicle and the road surface directly below the accelerometer. This distance is measured with a contactless sensor such as a laser converter. Longitudinal distance of the complete instrument system is constantly monitored on the basis of data from the speedometer of the vehicle, and in recent times, and further controlled by a GPS device.
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Fig. 1 Measuring system for inertial measurement Profile [5]

Among the most efficient systems for the rapid measurement of roughness, which are now available in the market, the Automatic Road Analyzer - ARAN [6]. This lightweight and portable measuring system consists of a measuring beam mounted on the front bumper of 7 to 9 sensors that register not only the parameters of flatness, but also some of the pavement surface characteristics such as texture and smoothness aggregates. This system comes standard with a built-in GPS device and allows the measurement of roughness parameters and other road at any speed. In addition, the system is easily adapts to additional requirements of users in terms of the subsequent installation of additional components and software.

The most complex systems of this type consists of special vehicles (Figure 2), equipped with all components for measuring how the parameters of flatness, geometry and surface characteristics and damage of August. These vehicles have a larger number of cameras high sharpness and resolution as well as other equipment that the occurrence of ruts and cracks in the pavement surface. The cabin of the vehicle includes all electronic devices and computers on which the software is installed for processing the collected data. Transfer of data for further use is very simple and fast due to all of the computers in the vehicle using the standard Windows platform.

One of the most popular and for widespread system in the world is the Road Measurement Data Acquisition System - ROMDAS [7]. The structure of this system are relatively inexpensive modular components, which allows a lot of flexibility, because the user depending on his needs you to draw that configuration of devices that will challenge the best gather the necessary information. Of course, in addition to measuring straightness, and the system also can collect data on the texture of the pavement, ruts and geometry of the road profile. A system as an additional option offers the possibility of measuring travel times and traffic load on certain sections along the measuring section. Hardware components of the system can be divided into three basic categories:

1) The central system (such as ROMDAS and MiniROMDAS )

2) Modules (additional sensors, which can be upgraded central system to allow simultaneous collection of different data types), and

3) Standalone conditioners (independent units that can be operated independently with no central system).

The software that comes with ROMDAS system includes programs for data acquisition, post-processing and analysis thereof, as well as special applications for pavement management and maintenance of the road network. Basic program called Data Acquisition Software is always got along with each component of the commissioned system, and other software applications must be ordered separately and pay extra.
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Fig. 2 Measuring system for inertial measurement profile [5].

In addition to the undoubtedly large number of advantages, the use of said system for rapid measurement of the profile of roadway, has certain shortcomings, which are primarily reflected in need of highly professional workforce necessary to manage and control measurements. Also, in preparation for the measurement with these systems shall be made a single information system for the entire road network of a country, to the results obtained for individual stocks could be compared with each other. This provides a reliable basis for rational decision-making about the order of execution of works on damaged sections.

While all components of the modern system calibrated by the manufacturer, validation tests and extensive control procedures are still necessary to ensure that future measurements will be accurate. If these rigorous procedures and test measurements are not performed, the usability of measurement results is quite limited. Of course, all previous control tests are expensive and require additional investment of time and money by steering the road network before the actual start of direct measurements. 

3. THE EFFECT OF ERRORS IN ROAD ON CALCULATION  PROFILING IRI-A
Since the software for the budget itself IRI has already long been known, and more road through extensive research in the field thoroughly verified, incorrect values IRI's usually due to errors in determining the height of the measured profiles along the tracks of the wheels of the vehicle, or profiling of roadway. The causes errors in profiling road are:

1) the human factor, that is, a user who handles measuring instruments;

2) deficiencies or defects at the measuring equipment;

3) characteristics of the road, ie, pavement surface on which to perform the measurement.

The main source of variability in the measurement of the profile is that each time different lines, ie. intersection, the road surface is profiled. When static method of profiling lines along which they measure means physical, and the possibility that a mistake is made smaller. However, in the method of inertial measurement profile, variations in the choice of the same measuring line / cross-section of the pavement are usually higher than other systems used. 
Assuming that the vehicle drives with measurement equipment is always along the lane that is parallel to the road axis position along the lines of that conducted sampling profile depends on the initial position of the longitudinal and lateral position of the measuring sensor. At a speed of 100 km / h the vehicle exceeds the measuring almost 28 meters per second, a human reaction can briefly take several tens of seconds which corresponds to a length of 5-8 m. Additional errors can occur, and in the activation of the sensor, as they may cause so-called. weather '' gaps '' due to the specific design of electronic equipment and software that controls the entire system during the test.

In previous tests and experiments, where the measurement line marked with paint on the pavement surface, measuring a vehicle used by experienced teams of drivers and specially trained technicians, were observed errors when defining the starting position of the order of 30-60 m. Although today the use of GPS devices these errors reduced to a minimum, even the most experienced teams happen to the initial error of 5-10 m. The most modern devices, such as ARAN [6], reduce '' sensitivity '' of the results obtained by measuring the initial position, because with them possible to start measuring the highlighted profile in any position sensors.

In order to perform a valid measurement of the profile of the roadway and obtain reliable values of IRI and all parts of the measuring system must function properly: accelerometer, sensors for measuring height, accelerometers, components for power devices for the transmission of electronic signals, converters analog to digital signals and installed computer equipment [8]. Each of these components can be a potential cause of an error in the measurement and calculation of IRI index.
3.1 The impact of the election longitudinal trace of the wheels of the vehicle and the lane on a budget IRI index
The line along which the measured profile is typically located directly below the sensor installed. With most methods for measuring the profile of this line coincides with the longitudinal rut. Although there are no strict rules which must be located transversely analyzed profile and how the profile is actually enough to measure, the general recommendation is that the profiles should be measured along the trace of the two wheels in the lane, and for each of them separately calculated the value of R & D, in order to one later uprosečile level observed lane. Based on research conducted in the US [9, 10], 50% of agencies with transport infrastructure in US federal states comply with this recommendation, 29% of the national transport agency performs measurements only on the basis of the profile of the right trail system, while 10% of the agency uses the measured data only from left trace. According to the survey Rogers [11] and measurements performed in Texas in the US, calculated the value of R & D vary significantly between the profiles measured along two different trace wheels. In most cases, the value of IRI's obtained from measurements along the right or external trace system, were noticeably higher. This also applies to the motorway network, where the greatest unevenness always occur on the outside or far right lane along the right trail wheels [12], as these tapes are used as a rule, the most heavy-duty vehicles.

Thanks to modern technology and the development of the laser, optical and ultrasonic sensors transverse position of the test vehicle relative to the axis of August is not so important because the sensors have the ability to capture the whole cross-section of the road surface from one edge of the pavement. In this way, the driver can forget about the measurement and the obligation to maintain the position of the cross, that is, is free to change lanes and drives as well as all the other drivers in the traffic flow. Of course, the number of collected data is huge, but it is their selection and filtering using a fast processor units far more efficient. In addition, the driver who was relieved may be better to concentrate and monitor the movement of other vehicles, thus reducing the potential risk for the occurrence of traffic accidents.

3.2 Errors due to the cancellation of some of the components of the system for measuring the profile

A common cause of poor functioning of the measuring system for profiling August did malfunction or complete cancellation of some of the components of the system. For example, due to the complexity of inertial measurement system profiles, sometimes it can seem that the results are correct, although some of the vital elements of the system failed. On the basis of the vertical position of accelerometers and signal values which are read by a sensor for measuring the height obtained relevant data to generate a profile. Also, these components provide information on the basis of which eliminates the effect of '' jump '' vehicles [8]. If a sensor breaks down or stops working, they lose the values measured height profile on these sensors, which is a tendency to reduce the size of calculated flatness August. However, due to the previously recorded displacements due to bouncing of the vehicle that should be excluded mentioned effect tends to further increase the size of the resulting flatness
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Fig. 3 The appearance of the analyzed profiles of August with the included accelerometer and no signal on it [13].
Experienced engineers can looking at the diagrams drawn profiles to identify whether or accelerometer sensor for measuring the height canceled. If the accelerometer does not work, the variation profile before filtering will be much more limited than what is normal in the interval of the order of only one inch. In Figure 3 we compared the profile of the measured values ​​with the values ​​obtained only on the basis of the work of sensors for measuring height. The value of IRI, calculated only signal processing for measuring height, is 97 inches / mile, while the value of IRI, which is obtained from the real profile is 140 inches / mile. Although compared to the size of IRI's very different, specific value of IRI, obtained on the basis of processing signals from the sensors to measure altitude, is in the expected range, and is not likely to cause any suspicion when he entered into the database of measurement data. Without analysis diagrams measured profile, this error can be seamlessly slip [13]. On the other hand, if the sensor for measuring the height does not work, the resulting profile will be much smoother, and its chart will not notice any sharp variation.

Of all the component parts of inertial measurement system prof contract, the sensor for measuring the height of the least reliable in harsh operating conditions. Laser and optical sensors should be checked regularly, to ensure that the lenses are not covered in layers of dust or mud, which would prevent a continuous visual perception of the projected image on the surface of road.

Dust, dirt and increased humidity negatively affect the accuracy of ultrasonic sensors [8]. Without adequate protective barriers, these sensors are exposed to the influence of factors that are changing the time needed to broadcast the sound reflected from the road surface, and came back to the receiver on the vehicle. Also, under the influence of wind, air pressure changes as well as the speed of sound. Adverse effect on the measurement results has external noise may temporarily '' confused '' sensors. Although the ultrasonic sensors much cheaper than laser and optical, due to the limited accuracy of their application is lately getting smaller, particularly for measuring the flatness of the pavement surface texturized.

3.3 Changing the original profile road over time 

Initially measured or original profile August changes over time. This is especially true for rigid pavements where concrete pavement panels during the day and change their dimensions due to daily temperature fluctuations, ie, heating and cooling. When the upper panels are heated, the lower zone is almost imperceptible expensive, and there are periodic deflections plates, which can lead to changes in the value of the index IRI-and up to 20% [8].

In addition to daily weather fluctuations, and seasonal weather changes can affect the analyzed profile. Seasonal changes mostly affect measurements that are performed on clay and gravel roads, because the humidity in the lower machine road can vary, which of course affects the size of the deformation occurring on the surface of these shares lowest rank. 

3.4 The impact speed of the vehicle on the measuring accuracy of the IRI calculation

In the past, most of the methods for measuring profile, except of course static, almost always require precisely defined speed of movement of the measuring vehicle. For example, when performing experiments require IRI to speed RTRRMS system on all sections with asphalt surfacing is 80 km / h. These restrictions are there primarily because of the construction themselves profilometers and other elements of the measuring system, as well as the purpose of their use, ie, ways of processing measured data that they collect. 

The systems that are in use today do not have strict limitations in terms of speed of movement of the measuring vehicle during the experiment. However, certain limitations, primarily related to the particular type of sensor and the specific requirements of the budget IRI index still exist.

Here is primarily thought to the range of wavelengths that can be filtered '' Quarter-car '' filter in a computer program for the calculation of IRI. As is known from [14] wavelength sinusoid which measured values ​​are presented profiles of August, which recognizes IRI algorithm, are in the range from 1.2 to 30 m. At higher speeds systems for measuring the profile of the most accurate register signals with higher airwaves, which can be collected after filtration profile information, lead to a certain decrease in the accuracy of the calculated index IRI. This problem occurs more frequently in inertial measurement system profile requires maintenance due to constant inertial reference value and performance of the installed accelerometers. Also, in order to eliminate the so-called. effect 'unwanted noise' electronic signal, which affects the intensity of the signal emitted from the accelerometers, it is recommended that the minimum speed of inertial systems for IRI calculation is 25 km / h [5].

Although most modern inertial system is not sensitive to changes of pace during the performance measurements during braking or rapid acceleration of the test vehicle still appear small errors in the measurement. Errors are usually the result of larger longitudinal acceleration compared to the limit values which are tolerated software for filtering signals. Also, in the sudden acceleration of vehicles there are also higher levels of normal jerks, but the main axis accelerometer temporarily deviates from the ideal vertical position, which disrupts the required accuracy inertial reference.

Greater speed in the measurement profile requires a greater frequency of data collection profile, which can be read by a variety of sensors. In other words, the time interval readings profile height or frequency of registration of measured values are proportional to the speed of the measuring vehicle. Speed of data collection in the ultrasonic sensor is limited by the duration of the reverb or so. echo reflected sound signal, to a lesser extent, the speed of sound in air. Thus, for example. at a speed of 100 km / h, in the majority system with ultrasonic sensors, readings interval beeps for measuring the profile of the pavements with asphalt surfacing is not less than 300 mm [5].

3.5 Influence of surface texture measurement on road profile

Based on the large number of previous tests it was determined that the open pavement surface textures, such as surface treatment and different types of asphalt exposed aggregate coarse grains on the surface of the wearing course, there are serious problems with the measurement profiles, ie, determining the IRI index [12]. Expressed macrotexture causing variation profiles of roadway on short lengths that include wavelengths on the order of a few inches or less. These wavelengths are usually outside the defined range for most of the analyzes that are performed on data obtained by measuring the profile, but they directly affect the performance of individual instruments and sensors.

Macrotexture can cause and the effect of insufficient sampling of the original one, or so-called. effect 'undersampling jagged sinusoid'. Figure 4 shows that the vertical lines marked sections where the profile is sampled and registered sine wave short wavelength shows the original profile of road. Intersection points of vertical lines and sinusoids are actually sampled values.
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Fig. 4 The Effect „undersampling jagged sinusoid“ [5].
In order to '' filter '' in the software for the calculation of IRI's able to recognize that it is a form of sinusoid signal, the sampling interval profile must be less than or equal to half the wavelength of the same sinusoid [5]. An example of Figure 4 shows what happens when the sampling interval is too large. It may be noted that, when combined with the sampled values of straight lines, getting new sine wave with much greater wavelength. The negative impact described effect is particularly evident when the measurement system profile does not have any response to a sinusoid short wavelengths, which are the original profile. The main problem is that it can happen that the same measuring system registers 'subsampled sinusoid' longer wavelengths. Given that such a sinusoid not realistically reflect the original profile, it is clear what caused the error in the IRI calculation.

Sensors that measured the height profile using a laser beam can be calibrated so that the output signals emitted by very high frequency, which can significantly reduce aliasing [8]. As is known, ultrasonic sensors operate by emitting short beeps and receiving the reflected response or echo signals. The time between transmission of the output and registration of the reflected signal is proportional to the measured height profile. This measurement method gives wrong results if the surface does not reflect well on roadway beeps, or if there are multiple reflections, or the appearance of multiple echo signals, confusing the receiving sensors. The results of many studies conducted over the past 10 years has been repeatedly demonstrated that the systems for measuring the profile of the ultrasonic sensors can not provide reasonably accurate values ​​measured profiles on the pavement surface macrotexture expressed [12]. Also, systems with optical laser sensors have problems with the measurement of the profile of the carriageways with similar characteristics as the auxiliary image projected on the surface of road, due to the coarse texture, they can not detect the signal converters.

3.6 The influence of cracks on the surface of road on IRI calculation
Dents or bulges road dominant influence on the feeling of ride comfort for the user analyzed road section, as opposed to the cracks that users often do not register. The system for measuring the profile, which detects only the unevenness can provide more accurate values ​​sračunatog IRI, in contrast to systems that register and cracks and in which there are two sources of error [15]. The first relates to the fact that the increased value of IRI accounted for cracks are not recognized by the road user. Another source of error is explained by the fact that it can be very difficult to obtain the same value of IRI's when repeated measurements. Although the measuring system can detect cracks in the same repeated measurements, depth registered leaked depends on many factors, including the amount of dirt in the cracks and transverse position of the laser sensor to detect when the cracks. For example, in one pass depth of the cracks can be 5 mm, and in the next aisle same cracks can be detected with a depth of 50 mm. 

To solve the problem of recording cracks, that is, rational filtration of measured data on the profile of the pavement cracks, the use of special algorithms to detect cracks in real time. Most of these algorithms works on the principle that when the laser beam encounters a crack, profile height remains unchanged, ie. algorithm temporarily retains the previously measured height profile when crossing the laser through the cracks. A similar problem occurs with the measurement of IRI on a rigid concrete pavements with couplings. In fact, despite the existence of cracks in concrete slabs, laser rays register and the joints between the boards, where the greatest depths of depression occur. To troubleshoot these errors, in addition to the already mentioned algorithm for the detection of cracks developed special filters for bridging of expansion joints or so. '' Bridging filters '' [16], which at certain distances, the same concrete slab dimensions, temporarily closing the depression of the hinge.

4. EXPERIMENTAL RESEARCH
Experiments were conducted with experiment vehicle "PUCH 300 GD" and profiler for measuring the uneven road.

Measurements were made at seven positions, five on board "PUCH 300 GD" and two on the trailer - Profiler to determine irregularities road provided that the measurement of the base - asfatu performed only on axle trailers - Profiler on the left and right sides. At the crossroads, the fallow ground measurements performed on the vehicle and the trailer. Four encoders are mounted in areas wheels and a sensor under the driver's seat. On the surface - asphalt on the road Pančevo Kovin performed three measurements: Asphalt worse; impact load on the asphalt and on a good asphalt. 
Selected impact load, location Bavanište - Kovin. On the surface - turf measurements were performed at selected locations in the region Deliblatska peščara. Measuring chain consisted of instruments: measurement system for vibration NetdB12 (01) and NF piezoakcolometra. For statistical analysis software dBFaSuite, data are cmg format. Figures 5, 6 and 7 are shown in the time records measured values [s, m/s2] densities range of irregularities, measurements were made at the direction of Pancevo - Kovin. Figure 8 shows time record of measured values [s, m/s2] in the selected direction on the track turf.  Figure 9 shows the power density spectrum of acceleration Hz; ((m/s2)2/Hz, PSD). Spectrum power density is obtained for time record measured values presented on Figure 8.
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Fig. 5 Time record measured values [s, m/s2] with power density with a spectrum of acceleration  Hz; ((m/s2)2/Hz, PSD). Asphalt Pancevo – Bavanište.
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Fig. 6 Time record measured values [s, m/s2] with power density with a spectrum of acceleration  Hz; ((m/s2)2/Hz, PSD). Asphalt Pancevo - Kovin. Rail crossing.
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Fig. 7  Time record measured values [s, m/s2] with power density with a spectrum of acceleration  Hz; ((m/s2)2/Hz, PSD). Asfalt Bavanište – Kovin. 
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Fig. 8  Time record measured value [s, m/s2]. Ledina location 1– Delibatska peščara. 
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Fig. 9  Differentiated the spectrum power density acceleration Hz; ((m/s2)2/Hz, PSD). Ledina location 1– Delibatska peščara

In Figure 9, 10 and 11 are represented by the integral data acceleration power spectrum density for the selected location on the turf track at Delibatskoj peščari.
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Fig. 10  Integrated power density spectrum display acceleration Hz; ((m/s2)2/Hz, PSD). Ledina location 1– Delibatska peščara
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Fig. 11 Integrated power density spectrum display acceleration Hz; ((m/s2)2/Hz, PSD). Ledina location 2– Delibatska peščara
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Fig. 12 Integrated power density spectrum display acceleration Hz; ((m/s2)2/Hz, PSD). Ledina location 3– Delibatska peščara

5. CONCLUSION

Evenness of the pavement surface, looking from the perspective of direct road users, is certainly one of the most objective indicator of driving comfort, because all of the bumps and bulges acting on the roadway with suspension of the vehicle, causing vibrations which can thus be made in a specific form of the driver and other passengers in the vehicle. 

Measurement of flatness is based on a representative selection of the profile and record road its height at a specified interval.

In addition to user data for the assessment of and comparison of the analyzed sections within the road network, measuring the flatness obtained and reliable information for assessing the level of comfort and quality of service provided to users of the road.

It is the duty of every state agencies, as well as control of the road network, is to create a modern information system with a database of roads, which will be regularly updated data on the state of flatness August on the state road network. Although to achieve this goal at the beginning of the necessary large financial resources and time, all the effort later through gradual and continuous improvement of the entire road network pays dividends. Roads are a national asset whose construction and maintenance is financed with money of all citizens, which is why the responsibility for rational investing money in the maintenance of the road network should be huge.
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