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RP-ADAS: Relative Position-Advanced Drive
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Abstract—Few decades ago, electronic and sensor technologieLiDAR(laser radar): A technology similar to Radap t
are merged into vehicles as the Advanced Driverist@sce determine the distance, which uses radio wavegadsof
System(ADAS). However, sensor-based ADASs havetdioins light.
about weather interference and a line-of-sight iafwoblem. In our _ |nfrared camera: A camera which is sensitive td hediation
projec_t,_we investigate a Rglative Positio_n bas@RB(RP-ADAS). of objects.

We divide the RP-ADAS into four main research are@dISS, —_y/sion: A vision sensor which collects light on aht
VANET, Security/Privacy, and Application. In thigjper, we research . s . L

the GNSS technologies and determine the most apptemne. With Sensmvc? backplate and distinguishes the objecingge
the performance evaluation, we figure out that @& code based Processing.

GPS technologies are inappropriate for ‘which lewvet application.

However, they can be used as a 'which road-lepplication. However, Sensor-based ADASs have limitations about
weather interference and a line-of-sight naturebjenm. Also,
Keywords—Relative Positioning, VANET, GNSS, ADAS the sensor-based ADAS requires each sensor foy seevice.
In our project, we investigate a relative positibased
I. INTRODUCTION ADAS(RP-ADAS). It does not have a line-of-sight iiation

and weather resistance. Also, it uses the same &RES
communication device for multiple ADASs. We dividiee
RP-ADAS into four main research areas: GNSS, VANET,
Security/Privacy, and Application. In this papeg anly focus
on GNSS area.

This paper organized as follows. In section 2, vesent our

HE vehicle has been used as a human transportigicoe

more than 100 years. Since then, vehicles have be
investigated in many ways and become a technolagysive
device. Few decades ago, electronic and sensardieciies are
merged into vehicles as an Advanced Driver Asstgan

System(ADAS). ADAS is a system to help the driiiits o jative position based advanced drive assistastesy In

driving process for safety and convenience withcted®ic — gqction 3, we research the GNSS technologies aechdee the

sensors and Human-Machine Interface(HMI). The Sensappropriate ones. We also take performance evahstin
monitors driving circumstances and detects hazamnts gection 4. The conclusion shows in section 5.

instead of human sense of vision, distance, aretiiom. The

warning responds to vehicle actuators or informsnéms Il. RELATIVE POSITION-ADAS

through human sense of sight, hearing, and touclprevent

accidents. The examples of ADAS are as follows. A.Relative Positioning Technology

- Lane departure warning (LDW): Warns the driver & is The most of VANET services utilizes vehicle’s laoat
leaving a defined trajectory within the lane information. For the reliable service, each vehisleould

- Blind spot detection(BSD): The near field collisis@rning recognize its own location and others. To recogoize and
in the blind spot area others location, to the best of our knowledge, takative

- Forward Collision warning(FCW): Detects front oludés positioning technology has been studied in GM si2@@6[1].
and warns the driver when they are too close Furthermore, the idea adapted to CICAS-V and VS@djects

- Adaptive cruise control (ACC): Based on the froehicle and still under researched. However, the projectsased on
information, regulates own vehicle speed Intelliggspeed L1/L2 carrier GPS receiver and WAVE based commuitoa
advice: Informs the driver about speed limits amg t device. High-cost L1/L2 receiver and un-widely dsd

recommended speed network infrastructure are main stumbling blocksitalize the
- Night Vision: Enhances the perception of the drivedark VANET and RP-ADAS. Therefore, in our project, wansider
light conditions a customer level (low-cost) GPS receiver and widielgloyed

The examples of sensor technologies for ADAS ai@lesrs networking technologies depending on the stage ANET
- Radar: A technology that determines distance tokject or  implementation.
surface. The time delay between pulse transmisgjives the

; TABLE |
ran n .
ange to an object STAGE OFVANET IMPLEMENTATION
Communication environment Equipment s
Initial Stage No WAVE based comm. Cellular + WLAN
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Fig.1 and Table Il presents the test-bed of VSCeference

model and our RP-ADAS proposed model.

transmitted information is encrypted and privacgsarved by
SecPri module. The service module receives thetivela
position information and calculates the collisiarsgibility. If
the possibility excesses the predefined threslitolgrns driver
or decreases the vehicle speed.

|LDW||BSD||FCW||ACC|N

Y
ERYINENN

fsas i -4 — | IVI Platform |
ﬁ RTK-GPS DGPS-GPS | ssP-GPs [ 7
2 OBU Vehice \ll l
. — _Signal -Signal -Signal L i
Fig. 1 Test-bed VSC-A and RP-ADAS | | [ | i | aoden [ e ] .
; \b A~ atcnin »a
TABLE Il Relative l T v
Position Ntrip Client
TEST-BED VSC-A AND RP-ADAS M‘j:“‘e . ’—| NeighbormDiscovery | J
w
VSC-A RF-ADAS | — - | L8
Securit TRSM P
GPS H/W Standard GPS Standard GPS l —— ‘ [ TRsm_]| o | |I=
SBAS GPS SBAS GPS N | \L \LCommunication Module | 7 Q
RTK-GPS NDGPS : y r
RTK.GPS | Cellularate [ WAVE T WIAN @dhog | 13
GPS S/W coTS RTKlib Fig. 3 RP-ADAS modules and Components
GPS Ff)rmat NMEA, Raw ?iata NMEA, Raw Data Each module has follow components
GPS-Aid Dead-Reckoning None 1) GPS & Signal Receiver: Receives the location signal
Communication IEEE 802.11p - DSRC WLAN, LTE, continuously depending on the network and signal
Device (WAVE) availability
Msg. Format SAE J2735 TCP/IP 2) Location Resolution: Absolute position is calgudhwith
Security ECDSAVOD Not Defined Yet respect to a global frame based on the GPS signal

B.Relative Position ADAS

_L/ Communication

module

Service module
GNSS module

D
SecPri Module

Fig. 2 RP-ADAS modules

The RP-ADAS enabled vehicle has follow modules
1) GNSS module : Identifies own location using codd hh
carrier based GPS receiver
2) Communication Module Establishes a VANET.
Transmits location information and  security/priyac
relative message
3) SecPri Module : Supports security and privacy sesvifor
every transmit messages.
4) Services Module : Supports ADASs based on an Iniekeh
Infotainment(IVI) platform
The follow paragraph describes simple RP-ADAS ofi@na
with four modules. FCW, for example, is a key sesvior
ADAS that prevents car crash by relative distaraleutation.
The former FCW uses a laser sensor by countingetfected
light time that has a line-of-sight limitation. RP-ADAS, the
GNSS module receives
information through the communication module.

Bver

its position and transmits tt

3) Map matching: Calculates its own position relate to
neighbor vehicles

4) Relative Position: Calculates more precise posttiase on
own RTK-raw data and neighbor's RTK-raw data

5) Ntrip Client : Corrects its own location by DGP$erence
station’s RTCM message

6) Neighbor Discovery : Identifies the neighbor vebglpon
the radio signal strength

7) Security: Provides security services

8) TRSM(Tamper-Resistant Security Module) : Stores and
calculates key materials for security and privaayiges

9) Privacy : Provides privacy services

10) Cellular : Receives and transmits the RTK-raw datapPs
correction data, and service relative messages

11) WLAN : Collects a nearby vehicle’s information with
WLAN ad-hoc mode

12) WAVE : Replaces or supports Cellular & WLAN funai®
when the WAVE based network is well established

13) IVI : Manages hardware resources and provides Ad?ls
ADAS software

14) ADAS(LDW, BSD, FCW, ACC)
assistance services to drivers

Provides drive

Fig. 4 and Table Il present RP-ADAS implementation
environments

Fig. 4 Test-bed and screenshot
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TABLE I
TEST-BED LISTS
Features
GPS SBAS, DGPS, RTK
System Intel Atom Pineview-M N450, 1.66 GHz
SwW Ubuntu 11.4 (OS)
Crypto++ Library 5.6.1 (Crypto module)
RTKIlib (RF Module), BNC (Ntrip Client)
Programing C, JAVA

Communication

LTE(RS), WLAN(802.11n)

I1l. GNSS

A global navigation satellite system (GNSS) is a system of

satellites that provide autonomous geo-spatial positioning with
global coverage. However, the satellite based positioning
system has accuracy errors. The errors divide into three
categories. system errors, receiver error (ex: Channel Noise),
and satellite arrangement error (ex: Dilution Of Precision). In
spite of the most error sources are uncontrollable and hard to
control, the system errors can be removed by a differential GPS
and a RTK. The follow table shows the GPS system errors and

its values.
TABLE IV
GNSS SYSTEM ERROR

Error Values
Satellite Clock Error 0~15n
SV Ephemeris Error 1~5m
lonosphere refraction 0~30m
Tropospheric refraction 0~30m
Selective Availability 0~30m

We research known GNSS technol ogies and categorize them.

Point Positioning

Code Based

| GNSS Technologies for RP-ADAS |

|
!

| Absolute Positioning

Carrier Based Correction info. |Measurement info.

SPS | | PPS | | Differential Positioning | I Relative Positioning |

1

2)

3)

Satellite Based | Ground Based
SBAS NDGPS

[ Rk
Fig. 5 GNSS Technology
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Standard Positioning Service(SPS): The normal civilian
positioning accuracy obtained by using the single
frequency C/A code. Without any augmentation or
correction sources.

Precise Positioning Service(PPS): The most accurate
dynamic positioning possible with the standard GPS, based
onthe dual frequency P-code and no SA. PPSwas designed
primarily for U.S. military. It will be denied to
unauthorized users by the use of cryptography.
Satellite-based augmentation system (SBAS): A system
that supports wide areas or regional augmentation through
the use of additional satellite-broadcast messages. Such
systems are commonly composed of multiple ground
stations, and located at accurately-surveyed points.

4)

5)

6)

7)

Depending on the service area, it can be caled as
WAAS(USA), EGNOS(European), or MSAS(Japan). In
Korea, some areas can receive the MSAS signal.
Nationwide Differential Global Positioning System
(NDGPS): A ground-based augmentation system that
provides GPS accuracy within three feet. Initialy
developed for the Coast Guard, it was enhanced to cover
the entire country. NDGPS is used by highway and road
crews as well as by the police, but is available to anyone
with an NDGPS receiver. In this paper, we receive
correction information through the cellular network using a
BNC ntrip client. The base-station should be located within
80km.

Real-Time Kinematic(RTK): a process where GPS raw
measurement signals are transmitted in real time from a
reference receiver from a known location to one or more
remote rover receivers. The use of an RTK capable GPS
system can compensate for atmospheric delay, orbital
errors, and other variables in GPS geometry, increasing
positioning accuracy up to less than a centimeter. The
limitation of traditional RTK is that some
distance-dependent errors will increase in proportion to the
length of the baseline between the rover and the reference
station(10~20km)[2].

Network RTK(nRTK): To overcome the single RTK
distance limitation. A nRTK server collects the raw
observations from a number of reference stations, and
sends corrections to a rover positioning terminal after
carrying out an integrated processing. The rover then
combines these corrections with its local carrier phase
observations, to obtain a high accuracy real time
positioning solution. The separation between the NRTK
reference stations can be extended to 100km([3]. However,
it lacks availability of Cell Coverage for all country and
computational overhead for every vehicle.

Moving Base RTK(mbRTK): mbRTK differs from
conventional RTK positioning, where the reference station
remains stationary at a known location, while the rover
moves, by allowing both the reference and rover receivers
to be moving whilst calculating a centimeter accurate 3D
vector between them. Initssimplest form, theMoving Base
RTK solution provides an absol ute position accurate to the
autonomous GPS level (approximately 20m). However, the
enhanced Moving Base RTK is allowed for either shore or
satellite broadcast DGPS, or shore based RTK corrections
to beincluded in the solution.
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TABLE V
CONSIDERATIONS FOR RP-ADAS GNSS MODULE
Accessibility Standard Sw Scalability Price Accuracy[4]
( Satellite) alone Independency
SSP (e} (e} o (e} Low 428.9cm
PPS X (e} A (e} High 135.7cm
SBAS A (e} (¢] (e} Low 109.2cm
NDGPS (e} X A (e} Low 126.0cm
RTK (e} X X A Mid(L1), High(L1/L2) 13.1cm
nRTK (e} X X X Mid(L1), High(L1/L2) -
mbRTK (e} A X (e} Mid(L1), High(L1/L2) -

We also determine considerations for the RP-ADAS s GNSS

module

1) Accessibility: A specid purpose satellite supports
anthologized groups or specia areas

2) Standard alone: For the location accuracy, arover requires
areference station’s correction information

3) SW independency : Some GNSS technologies requires not
only the signal analyzer but aso the extra functioned
software

4) Scaability: For the RP-ADAS, the GNSS should support
unlimited number of receivers

5) Price: For the wide implementation, the module price must
be reasonable.

6) Accuracy: For the “which-lane(less than 1~1.5m)” and
“which-road(less than 5m)” level services requirements[5].

We analyze seven GNSS technologies in Fig.5 based on the
six considerationsin table 5. According to our analysis, the SSP
satisfies al the considerations for the “which-road” level
accuracy. The PPS has limited accessibility for military and
authorized groups. It is not appropriate to general users. The
SBAS aso supports limited areas such as Europe, USA,
Canada, Japan, and some Asian countries. The NDGPSrequires
infrastructure  communication  devices for  correction
information. Therefore, it depends on the network availability
(not standard-alone). The RTK also requires a communication
device and 10km baseline between the rover and the reference
station(low scalability). It is not appropriate to the vehicle
movement pattern. The NRTK overcomes the RTK scalability
problem(10km baseline limitation) by the virtual reference
station. However, the nRTK is based on a server calculation. It
is not appropriate on a large number of vehicles. The mbRTK
uses the neighbor vehicle as the reference station. Therefore, it
is free from to baseline limitation and server overhead. We
select the SSP, SBAS, NDGPS, mbRTK as the RP-ADAS
GNSS technologies. We take performance evaluations for the
SSP, SBAS, and DNGPS. As the mbRTK requires additional
studies about s'w requirements, we will consider it in our future
work.

IV. PERFORMANCE EVALUATION

For the GPSreceiver performance evaluation, we measure the

accuracy and the precision.

1) Accuracy: The degree of closeness of measurements of a
quantity to that quantity's actual (true) value.

2) Precision: The degree to which repeated measurements

under unchanged conditions show the same resullts.

For the relative positioning system, we aso re-define the

relative position measurement based on the precision.

3) Relative Position: The degree of value differences of two
receivers in the same circumstances: Receiver, Time and
Position.

A. Evaluation Scenario

1) Accuracy

To measure the accuracy, we use a geographically known
position ‘A’. We locate the GPS receivers and compare the
measured data with the known position.

Fig. 6 Position A (Lat : 37 °17'42.76"", Lon : 126 °58'39.76")
2) Precision
To measure the precision, we use an average value of each
GPS receiver. Firgt, we calculate the average value. Second we
compare the average value and the received value for

difference. Third, we sum up al the differences. The
measurement took in position ‘B’.

Fig. 7 Position B(Lat : 37 °17'30.59"", Lon : 126 °58'41.14")
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3) Relative Position

To measure the relative position, we use the two same GPS
receivers. We a so execute the evaluation in the same position at
the same time. Then we compare two GPS receivers' values for
difference. The measurement took in position ‘B’.
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Fig. 8 Position B(Lat : 37 °17'30.59'", Lon : 126 °58'41.14")

B. Evaluation Result
1) Accuracy

0.00006 T

Fig. 9 Accuracy of SSP receiver

The SSP’'s accuracy rate of lat. is0.6% and lon is 0.4%. The
max aberration of lat. is 9m and lon. is 7m. The average
aberration of lat. is1mand lon. is 3m.

The DGPS's accuracy rate of lat. is 0.0% and lon is 0.0%.
The max aberration of lat. is 11m and lon. is 13m. The average
aberration of lat. is6m and lon. is 8m.

2) Precision
TheSSP stotal changesof lat. is6224m and lon. is5779m.
The average change of lat. is2m and lon. is 2m.

000006 T
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Fig. 13 Precision of SBAS receiver

The SBAS' s total changes of lat. is 2445m and lon. is
2146m. The average change of lat. is1mand lon. is 1m.

0.00006 T

ummsu 1

0.00004 T

Fig. 10 Accuracy of SBAS receiver

The SBAS saccuracy rate of lat. is4.7% and lonis9.2%. The
max aberration of lat. is 3m and lon. is 3m. The average
aberration of lat. is2mand lon. is2m.

Fig. 11 Accuracy of DGPS receiver

0.00004

000003 ————H—

| oooooz

0.00001

0.00000

Fig. 14 Precision of DGPS receiver

The DGPS’ s total changes of lat. is 6803m and lon. is
4373m. The average change of lat. is2mand lon. is 1m.

~ 3) Relative Position

0.00008 T

Fig. 15 Relative Position of SSP receiver

The SSP's concordance rate of lat. is6.1% and lon. is 14.6%.
Themax gap of lat. is7mand lon. is4m. The average gap of lat.
is2mand lon. is2m.
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Fig. 16 Relative Position of SBAS receiver

The SBAS's concordance rate of lat. is 0.0% andisdh5%.
The max gap of lat. is 7m and lon. is 5m. The ayegap of lat.
is 3m and lon. is 3m.

s | AT

eee LON

Fig. 17 Relative Position of DGPS receiver

The DGPS's concordance rate of lat. is 1.1% and4dn9%.
The max gap of lat. is 8m and lon. is 13m. The ayergap of
lat. is 5m and lon. is 6m.

C.Evaluation Result

1) Accuracy: We don't use an absolute positioning ved t
vehicles. Therefore, the accuracy is not a crifigetor but
a reference factor to determining the GNSS tectyiedo

requirements. We choose four GNSS technologies gritiam
and take performance evaluation: SSP, SBAS, NDR{BS,
mbRTK. As a result, the SBAS shows a reliable mesasant.
Also, we figure out that the C/A code base GPSreldyies are
inappropriate for ‘which lane-level' applicationowkver, they
can be used as a ‘which road-level' applicatiom.tk® future
work, we will investigate a relationship betweerference
distance and measurements of the DGPS. Despitettection
information, the DGPS shows the unusual result creg to
that of the SBAS.
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2)

3)

for RP-ADAS. The SSP and NDGPS show the lowest
accuracy rate. Relatively, the SBAS has the higher
accuracy rate(7%). The average aberration of the 81l
SBAS is the same as 2m. The DGPS has the 7m average
aberration. However, we should pay attention tostiable
DGPS values after 1819 second.

Precision: The precision is required for the rdéabnd
stable positioning. The SBAS shows the lowest \salofe
changes and average changes. The SSP and the @S h
the same changes and averages that are threehiighes
than the SBAS.

Relative Position: This is the most important factor
RP-ADAS. We define three requirements: the high
concordance rate of relative position value, tlablst gap

of relative position value, and less than 1m oftieé
position gap. The SSP has the highest concordaatee r
among the GPS receivers, but it is not reasonatnle f
RP-ADAS. The average gap of the SSP is 2m thaBisfl
others. The SBAS has the stable gaps. Howeverthtor
relative positioning system, it should be less than

V.CONCLUSION
In this paper, we design the RP-ADAS and the rebeareas

are divided into four. For the first step, we invgaste the GNSS
technologies for RP-ADAS. We categorize them arfthdesix
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