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Test and Evaluation for GNSS based Lane Level Precise
Positioning User System

o 1% o1 -3 1 =1 =] .0 2 <2 =) 2 =] = 1
OJFF" - o] A - kFA - I - HEA - YIS o] $H? - F 8
B2 F2FATY SHI|sHATA
B YA AT E FAIS|AL VS THLE

Jung-Hoon Lee'" Sangwoo Lee' - Jongsun Ahn' - Sunghyuck Im' - Yunseong Choi” - Y oungsu Jang2
Dongchul Lee? - Moon-Beom Heo'

Navigation R&D Division, Korea Aerospace Research Institute (KARI), Daejeon, 341133, Korea
VS Development Team, HYUNDAI MnSOFT, Seoul 04365, Korea

[ 9o

AAT A58 SEA 2 SFIE BN AZTE FE AN DS LT, o) AYFUA LU BEFHE A
o] 744 Esh ol k. 914 71w A 1 4 A =9 A2 TR 5] BAB7 BoPLEwEofok s, o) & 918 37}
A28 g o] A asIolof gk, B = Rol A AN TWA 28 JI 2T AU A AgA A 28] FAE AR
A3 317, 7 0] T4, 718 4214 S ek, ok, b ALkl s A B Al 7k ekl djs) A sielc.
)3 AR A B A R A A 2wlel] A 8 A2 ThEglon] BYh A2 A 8-S 913 e 4 7t B )
s sk AR A1Q B T FAS skl £ AolEl S wiEo R £X 4 A B7HE st onl, A4 3 A5
FYGY UG B AR AZ TR A WIS FAs] A2 TR U A DY AH8A A0 B7} A E EESa 2y

shoeh

[Abstract]

The C-ITS requires the lane level positioning of the vehicle in the land transportation environment, and it is most effective to
utilize the GNSS. In the precision positioning system based on satellite navigation, the evaluation of dynamic environment of lane
level positioning performance should be accompanied and the evaluation system configuration should be preceded. In this paper,
we selected performance indicators, assessment equipment, and reliability of reference equipment for evaluation of precision
positioning user systems based on the GNSS. The performance evaluation system described above is applied to a real system, and
the performance evaluation tool developed for the evaluation system is described. The numerical performance evaluation was
carried out based on the data collected by carrying out the actual testbed driving. The performance evaluation by the actual
driving trajectory and driving image comparison was performed to derive and analyse the evaluation results of the vehicle lane

level positioning user system.
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TS; cooperative-intelligent transport systems)< K3
-ITSE S3als S0l Ao A=k 12244 7%
—r—c% Hol AF=AE- 425 91X 27 (Lane level positioning)-S
1), TR A= QAW O R RFID (radio
frequency identification), 7}H2} 53 22 =234 7HA] A
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Table 1. User system performance metrics.

Performance T
indicator
-Positioning horizontal RMSE (root mean square
error) test.
1 & ~ 2
Accuracy RMSE= Vx M D Dy [
k=1
-p, and I;k are k th each referenced, estimated
positions, K is total data number.
- Integriry HMI (hazardously misleading
information) event [HPL; horizontal protection
level)=<AL,; alert limit<HPE; horizontal positioning
error] incidence.
<1 —
Integriry Py = N(HPL =1 51;(< l D ~ Pi I )
- Nis satisfied number of condition.
- HPL is horizontal positioning error of user system.
- HMI event : If system can not only lane level
position, but also alert
- Availability [HPE<HPL<AL] satisfied rate test
Availability N( || p, = py | < HPL < 1.5m)
= % 100

=] — Hd A%
E 2. 924 3 718N M5 24 55

Table 2. Integrity and availability analysis values.

Category HPL HPE AL
Definition Horizontal Horizontal po siEioning Alert limit
protection level error || Dp — D I (1.5m)
1) =23 H84
.?—]i]ﬁ pal 24 fi]—/\-] il A]__Q_x}. }\]/\Eﬂ o] HPEZS gH *3 }‘3],]]:]
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2} 71 gu) o) X AA gk 7FAfo] = A °lfzt} ] =2
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Table 3. Testbed qualifications.

Requir ..
4 Category Definition Contents
ement
. - At least 4 GNSS
Requirements .
.. satellites observable
GNSS for receiving .
. . . section.
available location via .
condition satellite - A scction of above
navieation C/NO average 35
System & dB-Hz.
Requirements
. for the user s ..
Argumentati - Within the Precision
. system to e -
on available . Positioning System
.. perform precise h
condition e . service.
positioning using
argumentation.
Precision .. - Map constructed
Precision road . . ..
road map o section with precision
.. map availability. . .
condition lane information.
- A section that easy to
Road Y
. . change road lane.
Service environment for .
.. - Includes various
Road precision .
.. S traffic scenarios
condition positioning and .
. (multi lane road, entry
service . .
. . / exit, acceleration /
verification. .
deceleration, etc.).
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Table 4. Transportation and road condition.

Category Contents
- By speed
Traffic condition (continuous Vaﬂablﬁ}, §m00th / slow / stop)
(changed - By driving lane.
change - Driving around the heavy vehicle (whether
environment)

there is a large truck and bus around the test
vehicle).

- Driving around facilities / obstacles (barrier,
hill, high-rise buildings, etc).
- Structure on the road (bridge, signs, etc.).

Road condition
(fixed environment)

J8 2. W8 ¥ &2

FH, (c)

Transportation and road condltlon situations

[=I3=4";
Om_l

Fig. 2.

(a)
Interruption, (b) Side of heavy vehicle, (c) Side of

barrier, (d) Below of signboard.
E 5 FHAZIN E WE/E2 34 =H F (A

Table 5. Transportation and road condition Table (Ex).

Velocit REHEE | b Below of
Time (UTC) - Lane heayy structur structure
vehicle €
16:00 Stop 1 N Y Y
16:01 Stop 1 N Y N
16:02 Stop 1 N Y N
17:00 Stop 1 N N N
17:01 Stop 1 N N N
YY. N
MM 17:02 Slow 1 N N N
DD 16:00 Slow 1 N N N
16:01 Slow 1 N N N
16:02 | Smooth 1 N N N
17:00 | Smooth 1 N N N
17:01 | Smooth 1 Y N Y
17:02 Slow 1 Y N Y
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Table 6. Positioning modules function.

Category Contents
- Expensive satellite navigation receiver,
SPAN-CPT inertial navigation system, car odometer etc.
(reference) - Provide reference position for evaluation of

precision positioning results.

- Precision positioning module (satellite
navigation), argumentation information
receiving module (DMB).

- Provide precise positioning results (location,
protection level).

Transinfra user
navigation (tested)

2) A@E7} 718780 AR 2 AEAE vg 21

B71= 13l NovAtel jil-2] SPAN-CPTE 7|40 2 A48}
o, 3 AH]= PPP (precise point positioning) 41H] 2> A]
3 22} 0.04 m, RTK (real time kinematic) 5= A] 0.01 m %
Lo At eg 7AW frAF S 7H Aol wlEl 7t
A7} A=dsic) A AIZE PPP A H] 2 B NovAtel k2] $ A
2] 2ZE o)<l Inertial explorers AFE31e] 7|&71] 2] 944
ARE TS 7] A2 gk gyl 718k 3t
of up}, YIS o 21 A A = ml IR 2 A Bo] A5t
= o]l HlaL 7 k= 7|Edn] YIXAA ghel AlE =T g
¥ 7 5ol ghafjA Rt X8 gich

PPP AH|~E AREE Alolls F2I7)0A AlTEH e
BESTPOS HA1%] €] =3 91| 9] 91,74 &= 3732} (latitude and
longitude standard deviation)[10]2] RSS (root square sum)”} AL
1.5m ©]3}d wigk ARS-slH INS A 2] G g1t g
g & wintk $1 X127 A7 A8} Inertial explorerS A&
gt Aloll = AlFE = X A4 d19] Quality number[6]E 3
sto] 7Y S9leEe] A EE I 4 9k Quality
numberi= 1~6 Ake] gk 71AH, ZF ghell whe F4 geje &
1032} 2t} B71= Quality number?} 1, 291 A$-=S H713ch
F7H o2, 71Edn] o] 9143 718184 A s |3k HDOP
NSATE #8314, HDOP < 2 (DOP rating excellent ©]7d),
NSAT >4 %315 W53 4-9-5 7heih

]

E 7. Quality number $=x[of 2 XZYE Hs
Table 7. Quality number index.

Quality Description Position accuracy
number (m)
1 Provide ‘the b‘es‘t ppsﬁlomng 0.00=0.15
result with minimized error.
Some low-quality positioning
2 results can be provided with a 0.05-0.40
small amount of error remaining.
3 ) 0.20-1.00
2 The error remains §0mewhat 0.50 = 2.00
large, inappropriate for
5 . 1.00 - 5.00
_ performance evaluation.
6 2.00—-10.00
Unproce | Data is not processed and can not
N/A
ssed be used.
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Table 8. Performance evaluation tool’'s requirements.
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8,185
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Category Requirement
Coordinates of received positioning data Output on
map screen.
Storage of received positioning data.
Simultaneous display of coordinates of positioning
Functio data of reference equipment and evaluation

GN nal equipment.

SS Navigation satellite information confirmation.
Coordinate distance difference of positioning data
of reference equipment and evaluation equipment.

Extract and save desired information from log.
igi;lf; Support to 5 Hz positioning data input cycle.
Urse Fu:::lt 10 Real time video play of camera, play after saving.
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Fig. 7. Result map of lane level positioning (Ansung to Seoul, Seoul to Ansung).
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Table 9. Test and evaluation result (lane level positioning). Table 10. Test and evaluation result (performance index).
Lane level Comparison of image HPE < !'5 m Time Acc(ura Integrity Ab\lmla HMI | Avail Total
positioning condition S ey tm, (HMI) ity event | sample | sample
: 10) ()]
(Total sample: Tested o =
23815) Referenced S Tested navigation 1 0.409 0.13*10 91.476 1 7255 7931
navigation 3
2 0.340 0.12*10 96.481 1 8200 8499
Successful sample 23813 23762 23753 3 0361 0.54*%10° | 95.125 4 7025 7385
Success rate (%) 99.99 99.78 99.74 Total | 0399 | 0.25%10° | 94394 | 6 22480 | 23815
FHAA2F AL 1.5 mE ZFsieEts A 22 -7 E 1. M5 HMst 712t
X338t 7PSAL 7R 1L QU= AL BojEt) sl vk o) 9f 7+ Table 11. Performance degradation sections.
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Fig. 8. Test and evaluation result (each section performance).
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