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SuperV|sors Dr I\/Iark PetoveIIo and Dr. Ker o’ Keefe

~ Until most recently, GPS has served as the primary source of information for
~positioning systems, but GPS anne cannot deliver the performance IeveIs de-
- sired for positioning of moving veh|cIes in all S|tuat|ons The absence of an
accurate GPS solution is a resuIt of limited satelllte ava|Iab|I|ty, and by incor- |
| ..Zporatlon of additional measurement methods a more con5|stent posntlonlngi- |
.' solution can be obtained. To this end, two additional sensors namely UItra |
Wide Band (UWB) radios and bear|ng (d|rect|on) sensors, have been inte-
~ grated with GPS to achleve more accurate and reI|abIe V2V performance and!. _
‘todo SO more often. = |

| Veh|cIe to- vehlcle (V2V) naV|gat|on has been an ongo—.f |
ing field of study in the vehicle |ndustry, as the de-

‘mand for intelligent transportation systems increases.

- Knowmg the relative location of other vehicles couId
potentially allow for incorporation of safety features -
such as vehicle detection in blind spots, detection of
“slow cars ahead, and/or collision avoidance, for exam-
ple. For this to be realized, however, the relative posi- .
tion needs to be determined with a suff|C|entIy high

level of accuracy and reI|ab|I|ty _IThe main obJectlve of this research prOJect was to augment eX|st|ng GPS- onIyl .

| ._.;reIatlve posmonlng software with UWB and bearlng data and to assess the
| |mprovement in performance that can be reallzed |

- - Figure 2: GPS and UWB Equipment Setup on Test Vehicle -

| L L ~ Figure 1: Typical Driving Environments in the Calgary Area (Alvesetal,2010)  Results
Testing Procedures
- An analysis of the data collected from the road test showed significant improvement in the positioning solution of the

Drivers today experience a variety of environments; most of which cause diffi- ~ vehicles. To better understand the augmentation improvements, the positioning errors were split into two directional
culties in pOsitio'ning with GPS alone. To simulate standard driving conditions, || ~movements: across track (perpendicular to motlon of vehicle) and along track (paraIIeI to motion of vehlcle) For sim-
a road test was conducted in February of 2010, in the northwest section of - | pI|C|ty, the resuIts are shown for one vehicle.

| Calgary, AIberta

Positioning Errors for Industrial Scenario =~ Figure 6 shows the anng'an'd across track errors during
Observation combinations used: L Lt R et T, __the urban canyon scenario. In this environment, several
| ._ZGPS OnIy Squtlon . E errors affect the posrtlonlng solution as one sateIIrte is

" removed due to obstruction by the Children’s Hospital,
and the building itself reflects signals of interest

'-'.(multlpath) The orange line indicates the GPS- UWB—

- Bearing: squtlon and cIearIy indicates the most accu-
rate solution with the least variability. In fact, the posi-

: t|on|ng error in the along track direction decreases

B ' . from a mean value of 0.82m (GPS-Only) to 0.12m.

.' GPS and UItra Wlde Band Squtlon
. GPS and Bearlng Squtlon | R |
. GPS, Ultra Wide Band, and Bearing Solution-

Addltlonally, d|fferent sensor comblnatlons were tested in var|ous enV|ron— |
ments to |IIustrate the beneflts and shortcomlngs of each add|t|onaI data
source |n reaI|st|c scenarlos such as:

Figure 6: Along and Across Track Errors in Industrial Scenario

- - - o - Tt ' - | Figure 7 shows the along and across track errors duringthe: =~ Positioning Errors for Residential Scenario -
Open Sky (ldeal): An area that has an unobstructed view of the sky, as seen in g e (T, e L ¢ e ¢ L ¢ L ¢ |
residential scenario, with significant foliage cover. As can be

' ngure4:_Ro'adTesti‘nIndustrialScenario_:'I : R T - : R IR 0 60 : _ | I
Flgure 3. All satellites V|5|ble to the speC|f|ed Iocatlon W|II be abIe to prOVIde R i e 2 . seenin the plot, around GPS time 502860 (1860 on the plot) -

observatlons O O PV A o A et o Ly S AL O o T e S
- - - - - - Py - — - there is a data outage in the GPS—only solution (blue I|ne) - :
~causing fairly large errors in positioning for about 10 sec- 5 5 | |

| Ionds The GPS UWB Bearlng squtlon (orange I|ne) |nd|cates_ - ! ! ! ! ! ! |

that the errors are not only smaller, but the recovery time is .

“about 4 seconds. By usmg all available observations, the
 mean p05|t|on|ng error in the across track direction |m— SN

r{m)

20

Along-Track E

Industrial (Average): An area where a portion of the \'/isible'sky'is blocked by
‘a man-made structures, as seen in Figure 4. Some satellltes ‘may be unable |
to prowde quality observations as a result of this obstruction.

Track E

GPS-UWB-BRG

Time Since 20100000 (s)

Res:dentlal/Follage (Average to Harsh) An area Where the VISIb|e sky is par—- 5

| ‘proves from —4.27m (GPS- Only solutlon) to -0.33m.
t|aIIy obscured by vegetation and natural ObJECtS as seen in Flgure 5. Again, | | |

‘some satellites may be unabIe to prowde quallty observatlons dependlng , _— [ . . . . . . . . . . | | | |
on the densrty of the area |n questlon T T B e B B iy .In th|s manner, dur|ng GPS S|gnal outages the addltlonal observatlons present in the posmonlng squt|on aIIow for a reI|-
P ' P ' P ' P ' 2 Figure'5: Road Test in Residential Scenario- ' P ' , , , , , , , ,
| abIe squtlon to st|II be obtalnable

Figure 7: Along and Across Track Errors in Residential /Foliage Scenario
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