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Abstract: With the advances in integration of different units such as /O controllers and network interfaces in a
single chip, Intel introduced the low power EP80579 embedded processor. This processor is the first IA based
system-on-chip (SoC) with an IA-32 processor core, North and South Bridges, and integrated Accelerator and
network interface.

In this paper we will show main steps to design a real-time embedded system along with identifying the hardware

and software requirements to implement such system. The embedded system introduced in this work will perform

several tasks regarding road surface conditions based on multiple sensor readings. The sensor data will be
processed in real-time to reconstruct the road profile and provide an estimate for the texture contents of the road
surface. The EP80579 SoC will be used in the design of such a system. Modeling will be done with the aid of

UML profile for modeling and analysis of real-time and embedded (MARTE) systems.

Key-words System-on-a-chip; Modeling Real-time systems; parallel processing modeling; MARTE; Embedded
Application; Road Profiler.

. Language) is a standard used mainly for software systems.
1 Introduction UML provides extensions and profiles that can help

Road profiler [1] is a system that is used to reconstruct trgj%&?fg_]rg egbi;lil(jledssg_sl:_temsd Ml\a/llr;‘);?c_}fEthe;_eSproflles such as
road profile from the data collected by laser an , OySML, an . [2-5] are now
accelerometer sensors. With the aid of the latest SoC fr ndardlz_ed and in use for modeling embedded SySte”_‘S and
Intel, the Tolapai embedded processor, we intend to desi real-ime operations. Also the new UML profiles
and implement a realtime road profiler system wit troduce the tools to model both hardware and software
capabilities of providing both road profile and road surfat’:EyStems and provide a way of allocating the software to the

texture analysis. The final desired system to be implement ‘as”ed hardware unit. Modelmg regl-tlme systems either as
will be a Real-time road profiler/ texture measureme ardware, software, or a combination of both has been the

system subject of several research projects. For instance, [10]
' models a network constructed from network-on-chip (NoC)
The first step in the design of a new system is to providesgstems with the aid of MARTE. In [11] a hardware model
model for the system that shows the main parts of the syst@fintroduced for the IP-XACT feature which is a standard to
and how to integrate them together to reach the desirggrmalize interface of intellectual property (IP) from

design. For this reason modeling tools are used. The genegiferent vendors of SoC systems. [12] Models a
purpose modeling language UML (Unified Modeling
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telecommunication system, GSM base transceiver statigh3 UML Profilefor Scheduling, Performance
using UML standard. and Time (SPT)

The following section discusses a number of UML profilegpT gefines a set of concepts useful for modeling real-time

and extensions developed for embedded systems modeliggems. Its purpose is to integrate notation used by existing
The third section of the paper describes briefly the rogd,| time analysis techniques into UML in order to:

profiler/ texture system. Se%ti_onﬂ4_intr%duces ;he T?Iapa| Enable the construction of models that could be
(EP80579) SoC. Section 5 briefly introduces the software used to make quantitative predictions regarding

used for implementing such application. The modg—:ling steps these charactetistics.
as well as the results obtained from the road profiler system Facilitate communication of design intent between
are shown and analyzed in section 6. Finally, the paper is developers in a standard way

concluded in section 7. « Enable inter-operability between various analysis
and design tools.

Thus, the SPT is defined to offer a common framework for

real-time modeling that unifies the diversity of techniques,
2 UML Extensionsfor M Ode”ng Real- terminologies and notations existing in the real-time

. software community, while still leaving space for different

Time Systems kinds of specifications. In its present form, the main focus of
In this section we are discussing some of the modelir8PT is on time and time-related concepts: performance,
profiles adopted and standardized as part of UML. timelines, schedulability, etc.

SPT offers a terminology for modeling real-time systems: it

defines a set of concepts - aiming to fit standard real-time
2.1 UML-RT modeling techniques - and some relationships between these

Real-time Object Oriented Modeling (ROOM) [5] is aconcepts as allowed by the meta-modeling technique used

modeling language used for modeling real-time systems.fﬁ: the deﬁmuon_of_the_SPT. . L

has its own graphical notation set to model structures of reA® US€ of SPT is justified because UML is lacking in some
time systems. A capsule stereotype was introduced B§Y ar€as that are of particular concern to real-time system
ROOM to represent a reactive object. A capsule c SIgners and_ develppers. In particular, the . lack .Of a
communicate with other capsules through ports, which afl@ntifiable notion of time and resources was an impediment
boundary objects, and a protocol associated with the potrcf. its t_)roader use in the real-time and empgdded doma_un. It
ROOM also defines a connector which connects ports S dlscovered that UM!‘ had aII.the reqwsne mechanlsms
provide transmission facility for supporting a particulaf®’ @addressing these ‘issues, in particular through its
protocol. ROOM is more oriented towards the actuéfx'_[ens'b'“ty facult|§_s_ [14, 15]. SPT is a standard way (.)f
implementation and physical design [8]. ROOM wadsing these capabilities to represent concepts and practices

integrated as part of UML to form what is known as umLirom the real-time domain.

RT. Lack of usage and support is considered one of tfpe of the main guiding principles is that, as much as
limitations of the UML-RT. possible, modelers should not be hindered in the way they

use UML to represent their systems just for the purpose of
model analysis. That is, rather than enforcing a specific
2.2 SysML approach or modeling style for real-time systems, the profile
should allow modelers to choose the style and modeling

The Systems Modeling Language (SysML) is a UML profilggonstrycts that they feel are the best fit for their needs of the
that is domain-specific Modeling language for systemg,oment.

engineering. SysML supports the specification, analysis,
design, verification and validation of a broad range of
complex systems [3]. SysML defines two types of diagram2.4 UML Profilefor MARTE
the Block Definition Diagram (BDD) and the Internal Block\maRTE is UML profile adopted by OMG in order to extend
Diagram (IBD). The BDD is based on UML Class Diagramghe capacities of UML for real-time modeling in embedded
and UML Composite Structure Diagrams. The role of gystems. Not only for the modeling and analysis, MARTE
BDD is to describe the relationships among blocks, whickiso provides support for specification, design, and
are basic structural elements focusing on specifyingyification/ validation stages. This new profile is intended
hierarchies and interconnections of the system t0 Rg replace the existing UML Profile for Schedulability,
modeled. The SysML IBD allows the deslgner to rgflne theerformance and Time. [4]
structural aspect of the model. The IBD is the equivalent gfocause SPT’s constructs were considered too abstract and
the comp_osne_ structure in UML. SysML lacks the construcisyrq to apply, and for the requirement of aligning SPT
for modeling time. profile UML2.0, there was a need for upgrading or creating
new profile.
MARTE profile is an evolution of the SPT profile with the
purpose of upgrading this profile to UML2.0. It is made of
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various packages: namely MARTE foundations, MARTE3.1 Profiler
design model, MARTE analysis model and MARTE].
annexes. The profile is intended to be a fundamental tooIlJ
the design of real time systems. Both modeling an
analyzing concerns are tackled leading to a comple
instrument to improve the design phase. Within MART
the Software Resource modeli(8RM) framework provides
modeling artifacts to describe software execution platforiflost profilers measure profiles for wheel paths traveled. For
modeling. The SRM profile provides a broad range dtach wheel path an accelerometer is used to find inertial
modeling capabilities covering main multitasking frameworkeference defining the height of the accelerometer at that
such as dedicated real-time language libraries and real-tifi@ment after double integrating the acceleration
operating systems. measurements. A laser sensor is then used to obtain readings
Besides software resources, MARTE allows us to modggpresenting the height of the road surface to the reference,
hardware resources. Due to its genera| purpose, UML |acﬁgd a distance encoder prOVideS the |0ngitudina| distance as
certain key native artifacts for describing concrete an@ Fig. 1.
precise hardware RTE execution platform. The UML profilehe road profile is reconstructed from laser and
for MARTE fills this lack with two sub-profiles: a generic gccelerometer readings according to (1).
resource modeling (GRM) profile and a hardware resource
modeling profile (HRM). Both can be used to model p(t)= ” a(tdtdt—H(t) (1)
hardware platform.
The HRM is composed of two views, a logical view thatwhere
classifi(_es hardware resources depending on their functiongl a(t) is the acceleration,
properties, and a physical view that concentrates on their
physical nature. Both are specializations of the general
model. The logical and physical views are complementary.
They provide two different abstractions of hardware whicA high-pass filter is used to remove the effect of long
could be simply merged. wavelengths on the profile. These wavelengths represent the
underlying grade and overall road curvature and are more
difficult to measure with inertial profilers with the current
2.5 Real-timeModeling Using UML and UML configuration. There is also a distance sensor to measure the
Profiles distance traveled. An optical sensor is often used to

Common UML and/ or UML profiles modeling practicesdetermme the start and end of some measured road sections.

he profiler is an instrument that is used to produce values
lated in a well-defined way to a road surface [1]. Profiler
ombines reference elevation, height relative to the reference
fd longitudinal distance to produce the true road surface
profile.

H(t) is the height measured by the laser
sensor.

suggests that
* Use of UML profiles only when standard UML cannot e
perform the task. [f"”' Computer \

e Use SysML diagrams for general modeling of the ‘ pick-up

/
system. 1. Inertial R
Reference: A 7\,{ =B
\ = =~ VM
— B \\- /

* Use MARTE for modeling the system’s details. / |

3. Speed/Distance
[ N
e

i
» Use MARTE specifically to model the hardware system = —| N
with all of its details along with modeling the software \.\, /

methods which are part of the application.

Accelerometer; A

2. Height relative to reference
(laser, infrared, or ultrasonic sensor)

. Fig. 1 Road profiler system [1]
3 Road Profiler/ Texture System

The system to be designed will collect and analyze d .

regarding road surface condition in order to specify ro?gz Texture Analysis

roughness and usability. The purpose of the system is ASTM E 1845 [6] standardizes the calculation of pavement
determine the road profile and texture measurements frdgxture from laser readings which represent the measured
the data collected by laser and accelerometer sensprsfile of the pavement macro-texture.

installed in a vehicle which is driven over a specified roagihe pavement macro-texture is defined as the deviations of a

section. pavement surface from a true planar surface with the
characteristic dimensions of wavelength and amplitude from
5 mm and up.
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In order to compute the mean profile depth (MPD), theontroller hub and flexible integrated I/O support with three
measured profile is divided into segments each havingEthernet connections, two Controller Area Network (CAN)
base-length of 100 mm. The slope, if any, of each segmentngerfaces and a local expansion bus interface. The design
suppressed by subtracting a linear regression of the segmaigo includes PCI Express, High Speed Seriall (HSS) ports
The segment is further divided into two equal lengths of 5@r TDM or analog voice connectivity, security accelerators
mm. segments and the height of the highest peak in each Hatf bulk encryption, hashing and public/private key
segment is determined. The difference between that heigjaneration.

and the average level of the segment is calculated. ThRe |ntel QuickAssist Technology initiative consists of a

average value of these differences for all segments maki ily of interrelated Intel and industry standard
up the meqsurfed profile is reported as the MPD. Check hnologies that simplify the use and deployment of
illustration in Fig. 2. accelerators on Intel platforms. The integrated accelerators

The texture will be computed from laser sensor readings for this processor support Intel QuickAssist Technology
both left and right wheel paths from the road profiler systetrough software packages provided by Intel. These software
as discussed in the previous subsection. packages provide the library structures to integrate security
| and/or VolP functionality into the application, completely
adjunct to the Intel architecture complex, freeing up CPU
cycles to support additional features and capabilities. This

Frofie | provides the efficiency of customized hardware with the
St A O flexibility to design diverse applications with one platform.

Fig. 3 shows a block diagram of the Tolapai SoC.

Mean Segment Depth =

Feak lavel () ||

{ firet hatf of basdina ) | (secondhafofbaseine) | m* D
25 = NEIO gt
! l Expersion| | o || TPM GigE
Seion Shem Bs || sopyy || Ierface A
7 Senvices Unit (160 @ \EEE‘I%SB MZENTT) #
: 3DES, AES, (ARCA, 80MHz)
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l =
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Fig. 2 M ean segment depth computation =
Acceleration and 1O Complex = Enaliling software recpired. [
1A Complex MCH

3.3 Real-Time Implementation Requirements

PCl-4-PC1 Bridge
In this section to the system requirements and the amount i iT
data to be processed will be discussed. 2 |2 :
The main requirement to operate the road profiler/ textur § bt Mermory Conroller Hib

system is to collect data for any road section with th
minimal distraction to the traffic, which means that the 4

profiler vehicle should run in a speed range of 40- 60 mp |[ix II II L
(58- 88 ft/sec). The data from all 6 sensors are to k|| |apc owa Times watchog
collected simultaneously via data acquisition system in ord || L= 5169 o
to compute the road profile values correctly. The minimun iI e
sampling rate required to construct road profile from sens: | | £y
readings is 4 kHz; while for accurate texture estimatior| 3 - JIC JL JL o g
laser readings should be sampled with at least 24 kHz. So, |[| s ||ssmaz0||usm20| | ware | ||| 202

order to implement the road profiler/ texture systen||| ™= || “ || ¥ ||§ee2
sampling rate required is 24 kHz or more, since all sens

readings should be sampled with the same speed fo
consistency. Fig. 3 Block Diagram of the Tolapai Embedded

Processor [7]

Menory Controller

4 EP80579 Embedded Processor 5 Embedded Software

EP80579 (code name Tolapai) [13] is a system-on-a-chi

(SoC) embedded processor which includes an mté?arallel processing impl_ementation requ_ires an operating
architecture complex based on the Intel Pentium NKyStém capable of dealing and managing parallel tasks

processor, integrated memory controller hub, integrated 1/@'réads), and a programming language with ability to
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create, run, and terminate threads. Recently there are mémy type of work assigned to different thread. The second
operating systems that can support parallel processimpcomposition type is the data decomposition which is based
Selecting an operating system is one of the mosnh dividing the data among a number of threads that perform
fundamental decisions as a device manufacturer you mtiseé same functions but processing different data block. And
make. In the case of choosing an operating system fiimally, the third one is the data flow decomposition where
embedded systems, such operating system should hé#ve output of one thread is the input of another one. This
certain characteristics, like having a small foot print sincéecomposition type is used when there is dependency among
usually embedded systems do not have large storage deviteeads which occur in what is known as a producer/
Also the operating system should be able to communicatensumer problem which is the case in pipeline or wave-
and control any special peripheral designed speciffoont programming patterns.

embedded applications. Since embedded systems are mainly

designed with time constraints or what is known as real-time )

application, the operating system must be able to meet the3 Thread I mplementation

real-time requirements for the implemented application d?rogramming embedded multiprocessor systems can be
the whole system will be useless. difficult. They are generally programmed at a relatively low

An operating system dedicated for embedded systemslergel using C, C++, or even assembly language.

known as a real-time operating system (RTOS). RTOS is dhread implementation requires special support from the
operating system that guarantees a certain capability withi®gerating system and the implementation language with the
specified time constraint. Some real-time operating systerdgpport of special libraries that helps creating and
are created for a special application and others are map@nipulation threads.

general purpose. For our application we selected one ¥®enMP is one of the well known and widely used
Windows based operating systems dedicated to thgeading technologies. OpenMP is an application
which consists of compiler directives and library of support
functions that is conFig.d to work with FORTRAN, C, or

5._1W|ndows Embedded Standard C++ programming languages. OpenMP supports both data
Windows Embedded Standard allows developers 10 9gtq fynctional Parallelism on a shared memory system.
access to embedded specific tools that work in the familiar ] o
developer environment of Visual Studio allowing them t&PenMP provides support for concurrency, synchronization,

rapidly conFig., build, and deploy devices that are mor@hd data handling while hiding the need for explicit thread
secure, reliable, and manageable. management.

The main practice of parallel processing involves splitting a
single problem into separate parts that are solved
simultaneously, allowing more work to be done faster due to
the fact of using parallel execution instead of serigd M odeling Road Profiler with MARTE
execution. Those parts are implemented in program unitns

called threads, and using several threads as in the case }his section we will show and discuss the modeling
L 9 . . process used to model the real-time road profiler/ texture
parallel processing is known as multi-threading.

_ Y o _ system based on UML profile for MARTE. Also we will
Multi-threading is implemented within a single programghow the results from implementing such a system using an

running on a single system. It requires a multi-threadpg80579 based embedded board.
capable operating system, which allows a program to split
tasks between multiple threads of execution. On a machine

with multiple processors, these threads can execu@el Road Profiler/ Texture System Modeling

cpnggrrently, potential!y spegding up -a given t.aSIf’his subsection focuses on how to model real-time
significantly. Also mgln-threadmg.reqwres programming, .- 1ded systems, sensor hardware, and multi-core
languages  that provide abstractions for expressing t?ocessors using real-time UML extensions, as a first step in

parallelism explicitly. the designing and building a fully integrated real-time
system that implements profiler/ texture system. We used a
; combination of UML and MARTE to model the system, in
5.2 Parallel Programming Moddls ich we use MARTE only when UML has limited support.
he first step in modeling with UML is to provide a
escription of a system’s behavior which is done with the
Id of a use case diagram. Fig. 4 illustrates the use case that
escribes the profiler/ texture system. The Fig. shows two
ptors. The road surface itself under test, and the system's
perator that is responsible for driving and running the
easurement vehicle. This use case is described by a series
of events that occur regarding operating the profiler/ texture

In order to split a single problem into separate parts,
create a parallel programming model from a seria
programming model, developers should identify the par
(workloads) and the dependencies among them in the gi
program; then divide the workload to multiple threads. Thi
division is known as decomposition. There are three maj
forms of decomposition [18, 19]; the first type is the tasR
(Functional) decomposition where the division is based
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system. The road surface will be measured to determine ttmmpute profile, while the texture will be estimated using
reference elevation from accelerometer sensor and heigh¢ height readings alone.

relative to the reference from laser sensor of the road

surface. A combination both data sets will be used to

Road Profiler/ Texture System

Compute Profile ) ( Estimate Texture Content |
I+

\i/

Fig. 4 Road Profiler Use Case

Road Surface *Profiler Operator

The activity diagram is used to show workflows (flowchartare considered to be parallel entities. Second, a single object
in a step by step manner for the activities and actions, wigmtity exhibits itself a concurrent behavior. This means that
support for choice, iteration and concurrer@tate (activity) the object's state-machine is specified as a set of concurrent
diagram is another diagram of the UML standard that showsmponents. The real section state is supposed to perform
the step-by-step workflows of the activities and actions. Tharee operations separated by dotted lines. The first
activity diagram of the system here is shown in Fig. 5. Theperation is to collect the sensor readings, while the second
main activity this system carries is to continuously colleaiperation is to perform texture analysis once enough data is
sensor data then distribute the readings between twbtained (4 inch worth of data); the third and final operation
computational tasks processed concurrently, profils to compute profile for every 1 inch. Those three
construction and texture estimation. The concurremperations are intended to be performed concurrently as
operations are represented in the activity diagram with tiséated in the state machine.

aid of fork, join states. The fork pseudo-state is a connecty orger to model the Tolapai embedded processor we
that branches a single input transition into multiple outgoingested new stereotypes. One stereotype is for the
transitions to different states that will be aCtivate%uickAssist technology and the other is for the Tolapai
concurrently. The join pseudo-state joins together multiplsncessor itself adding the capability of customizing them
incomi.ng t.ransitions into a single t.ransition. Once the qa Bwards individual application domains. The new
collection is over, and the system is ready to stop workingyereotynes will appear in diagrams as <<QuickAssist>> and
all data points will be saved in output files for offl|ne<<-|-o|apai>> respectively. Fig. 7 shows the <<Tolapai>>
analysis and archiving processes. stereotype, which extends three of the MARTE meta-classes
Next, the state machine is introduced (Fig. 6). There are twamely hw_processor to represent the IA-32 processor in the
states. The idle/ pre-section state is where the system stdi¢apai, the hwl_O for the I/O controller part, the hwMMU
running but doesn't perform any computation and the refar the memory management unit. It also extends the
section state where the system collects and processes ¢<h@uickAssist>> stereotype.

data. UML models parallelism in two ways. First, all objects
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Acguire Sensor readings

[ F=]
(=1

it fs
pem

ESE\.“E Frofilfe and Texiure data

Fig. 5 Activity Diagram

Idiey Presaction

Real Section

Acquire sensor readings

[Wail for 4-inch data segrnenlj
Siore results

Estimate Texiure

G‘n‘an for 1-inch data segmenD

compute Profile

Fig. 6 State-M achine Diagram

astereotype, computingResources
Tolapai

shwProcessors

ghwl O» ‘ chwiMU»

gstereotype, metaclasss
Quick Assest

Fig. 7 Tolapai Stereotype
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Fig. 8 illustrates the HRM model of the road profile/ texturéamportant to build such as system. On the other hand, the
system. Using the stereotypes defined by MARTE fagoftware functions and methods to be used are modeled with
different hardware components plus the newly creatatle aid of SRM profile as in Fig. 9.

stereotype for the Tolapai processor we were able to model

and specify the hardware devices and the controllers

<<Tolapsis>
Embedded Processar

Read Port: Realssciar |1 Stor Data: Reafdnu[1]

¥ Readiniedsce Resbar|1 74 e
ecomgonert, raDevsces =
Data Acquisition Card PR, R
Cata Read: Realiatin (1] usa
e - mm = === = == = | Read Realvecior 1]
Height Realvechar [1] = !
«  Traweled Distance: Realvecior [1]
- . 2 Vertical Mvscnent: Realvecir (1] ™~
Height Reafvector (1] -~

acompoaent NiWSaasors .
Laser ¥ Movement Reatedor(1]
sComEUEET, NWSassTe
Acceleromater

Fig. 8 Road Profiler HRM M odel

ac . swSc cen

{1
T Laser: Realvector [1]

Laser: Realvector [1] i r BeoalWectariil -

Accelerometer: Real\a’ed.lq.uﬁ}
|1}

«co L SW S cen

wcompenent, swSchedulableResources
Profile Computation

Fig. 9 Road Profiler SRM Model

6.2 Applicability of Tolapai for the Road road profile while Fig. 12 shows the MPD values for texture
Profiler/ Texture System estimate.

The profiler program was next used with the Tolap rogrammed in C with the aid of OpenMP as a threading

development system to simulate real-time data collection. .
. . echnology. The threads created according to the thread
portable instrument package used for obtaining raw sensgr . . . : L
. ) mapping obtained from decomposing the given application
data for a given wheel path, Fig. 10, was used to obtain’ . . . : X
sensor data from a tvbical road section. The desired Iar]a%mustrated in the activity and state-machine diagrams (Fig.
yp : PN nd Fig. 6) and discussed in the previous subsection. The

to use the Tolapai inside the instrument module, processi o to be processed are mapped according to the

and sending the computed profile, texture and oth rpendency and the amount of work to be done in each

paveme_nt perforr_nance characterl_stlcs via a netwos age. The road profiler/ texture system problem fits the data
connection to a client computer. Using this data the multlgl-

threaded profiler program was run on the Tolapalow decomposition and more precisely, the producer/

X onsumer model. From Fig. 3, there are three tasks that can
development system to compute profile for one wheel pa : . - X o
& processed in parallel; the main task is data acquisition.

simulating the real-time data measurement process. £ . ! . .
i - e second task is the profile construction, and the third one
computed results matched with the real-time measurements

. ' I§-texture analysis. Both second and third task depends on
using the current measurement system. Fig. 11 representst egfirst task and the data passed to them from the first task,

in which the relationship among them fits the producer/

alp terms of software implementation, the application is
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consumer model where the data acquisition represents 1
producer and both the texture analysis and profil
construction are the consumer part in this relationship. Th
way of decomposition requires creating three differen
threads each of them is assigned to one of the tasks. Fig.
lists the main part of the code that starts with setting tr
number of threads to be used (3 threads) then the progri
will call the ADC() function to initialize the data acquisition
unit and any other device that needs initialization) . Afte
that the program will initialize and run the created thread
with the aid of section pragmas in OpenMP were each one
them will execute one task assigned by the function calls
each section.

Jareer H. Abdel-Qader, Roger S. Walker

Texture Estimation
14 T

024

i I i
500 1000 1500

DCistance (ft)

Fig. 12 MPD Valuesfor Estimating Texture Contents of
the Tested Section

Fig. 10 Portable Profiler Instrument M odule

Road Profile

]
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i i 1
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Distance (ft)

Fig. 11 Road Profile measur ement for tested section

"stdio.h"
"“mat h. h"
<tine.h>
<onp. h>

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

void Set_ADC(); //Initialize the ADC
Devi ce

voi d Data_Acquisition();
void Construct_Profile();
voi d Texture_Anal ysis();

int main()

{

onp_set _num t hreads(3);

Set _ADC();

#pragma onp parallel sections
{

#pragma onp section
Dat a_Acqui sition();
#pragnma onp section
Texture_Anal ysis();
#pragnma onp section
Construct _Profile();

}
printf("Program End...\n");

}

ISSN: 1109-2750 1285

Fig. 13 C Codefor Implementing the Road Profiler/
Texture System in with OpenM P Support
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7 Conclusion

In this paper we discussed how to design and model a r?qlz]
time embedded system that performs several tasks regarding
road surface conditions based on multiple sensor readings
which will be processed to reconstruct the road profile and
to provide an estimate for the texture contents of the road
surface. The Tolapai embedded processor will be used in the
design of such a system. A comparison between differ t3]
UML modeling profiles was introduced and accordingly we
decided on a combination of UML and MARTE to model
the system. We use MARTE only when UML has limiteq 4]
support. UML was used to show the general model of the
system and MARTE was used specifically to model the
hardware system with all of its details along with modeling

the software methods which are part of the application.
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