No.: AN004
Level: Public
Version: 2020.08

bynav

IMU-Enhanced GNSS Receiver X1

COMPETITIVE ANALYSIS

ABSTRACT

TEST REPORT

This report summarizes the performances between Bynav GNSS/INS integrated system X1 (hereinafter referred to as
X1) and other competitor receivers in 8 typical application scenarios. The results show that X1 can ensure real-time,

continuous and reliable centimeter-level positioning results under harsh environments, providing geo-referencing

for autonomous driving and unmanned systems.

INTRODUCTION

The Global Navigation Satellite System(GNSS) can
provide centimeter-level high precision positioning in
a long term, but with low output frequency, and the
GNSS signal can be blocked or interfered easily.

The Inertial Navigation System (INS) can provide
effective angular rate and acceleration, as well as
accurate relative displacement in a short time, but the
error will accumulate rapidly over time.

The GNSS/INS combines the advantages of both GNSS
and INS system. On the one hand, it uses GNSS to
suppress the long-term drift of INS, and on the other
hand, it uses INS to smooth the short-term errors of
GNSS, thereby providing real-time, continuous, and
reliable centimeter-level high-precision positioning.

X1 is an industrial grade high precision GNSS/INS
receiver with the following features:

» Deeply coupled algorithm

* Dualantenna RTK positioning and heading

» Builtintactical grade IMU

» Support full system including BDS-3, GALILEO

» Low latency
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Tests conducted in the following typical scenarios :
- Open sky - Underground parking
- Urban canyon - Under elevated road
- Foliage canopy - Along elevated road

- Signal interference - Tunnel

Movement status:

As the GNSS/INS receiver performance is related to
the movement status, special dynamic movement
were randomly performed such as high speed, low
speed, emergency stop, sharp turn, U-turn, uphill and
downhill in each scenario.

Test results measured using the following criteria:

*+ RMS—-Root mean square of horizontal position
deviation (PRMS), velocity deviation (VRMS) or
Azimuth deviation (ARMS)

« Availability-—The
position error < 0.29m , vertical position error <

percentage  of  horizontal
1.4m, directional error<0.5°[1]

« Integrity ——The percentage of non-fixed solution
when the positioning results are not available

» (CEP95--95% of the positioning results are within

the limit www.bynav.com
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Set—up and MethOdO[Ogy Figurel Set-up and Methodology

The test set-up is shown in Figurel and | GNssBase

ensured' GNSS Antenna
- All receivers used the same antenna; ATCM 32 g » Splitter

X ] NMEADUT to PL—-4— -
- All the receivers received the same RTK onss X1-3

. GNSS A

correction data; orem Y -

) ) ) NMEAOUT fo PC < i
- All the receivers were disconnected with e Xi-6 Spiitter
the satellite signals when interruption| |l v RTCHM 3.2 » <

. «_”SB*E < NMEA OUT to PC -“‘—

occurred; Laptop PC N-Port &
- Power supply was within the range of
each receiver, and was turned on and off | Figure2 X1 Table1 X1 Specification

atthe same time;

i Di [ 116%114.2*38.6
« The values (lever arm/RBV) set into all Imension mm

Weight 4329

Power
Consumption

receivers were obtained in the same way

X1 GNSS/INS Receiver

As shown in Figure2, X1 is a compact
and highly integrated GNSS/INS receiver,
whose specification is shown in Tablel.
X1-3 and X1-6 differ in IMU model as

4.8W

Temperature -40~+85°C

GPS, GLONASS, BDS,
System QZSS, Galileo*,
BDS-3* NavIC*

Figure3 GNSS antenna Table2 IMU Error Parameters
shown in Table2. (the system marked *
was not enabled in this test in order to Model = X1-3 = X1-6
Parameter
compare with the competitor receiver.) \_./ Range(®/s) 500 | 450
Repeatability 014 01
GNSS Antenna 6 Crs)
Y swmbilye/n) 27 12
The BY300 high precision survey antenna
0 Angular
shown in Figure3 supports GPS(L1/L2/L5), Randomwalk =~ 0.15 = 0.08
BDS(B1/B2), GLONASS(G1/G2) and Figure4 Base Station R;Z;Q()g) s g
Galileo(E1/E5b), with typical gain 40+2 dB. I Repeatability 5 3
I A (mg)
: ] c .
Base StaUOﬂ c Stability(ug) 2.7 14
e .
The base station was built with NovAtel Ra:cféiilelvalk 0.900 0.04
718D as shown in Figure4. (m/s/h)
M Raw data 100 125
output (Hz)
Test Platform U

The test platform, as shown in Figures,
was set up according to FigureT.

Benchmark

The post-processing results output by
commercial software Inertial Explorer
was considered as test benchmark.
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1. Open Sky

The vehicle drove under open sky without
blockage or signal interference. To verify
the accuracy and consistency of the
positioning results, the test performed
several round-trips along the same road
and lasted 13m26s.

Figurel.1 Environment

Figurel.2 Trajectories

Trajectory

200

100

Narih(m)

200

300

400

800 7t0 600 OO 400 300 200 0@ O
East{m)

Table1.1 Positioning Results

M Alg“jga Integr | CEP95 | PRMS
del | lop [MvC) | (m) [ (m)
ET | 100 | 100 | 0064 | 0.037 | 0.028 | 0.687
X;' 700 | 100 | 0.047 | 0027 | 0.025 | 0.753
X;' 100 | 100 | 0036 0021 | 0019 | 0.143

Figure1.3 Partial Trajectories

Trajectory
115
120
“125
% 130 ==
et
s !
135
140
145
150
55 50 ¥13 40 36 an 26 20 15 10 5
East{m)

Figure1.4 Horizontal Position Deviation

2D Position Deviation

016
| E1{rms:0.037001)
044 F I H1-Frmes-0.027178)
: X1-B{rms:0.020671)
012
0.1

Distance(m)
o
k=1
o

0.04 l ’| |'|

ooz}'ﬂ ’

13089 131 1311 1312 1313 1.314 1315 1316 1.317 1318
Time(s) < 10%

Figure1.5 Velocity Deviation

3D Velocity Deviation
015
| E1{rms:0.028008)
| ¥1-Hrms-0.025272)
X1-6(rms:0.019073)

Velocity(m/s)

1308 131 1311 1312 1313 1314 1315 1316 1.317 1.318

Time(s) x 107

Figure1.6 Azimuth Deviation

Azimuth Deviation

E1(rms:068672) |
*1-3(rm=:0.75251)
x1 -Gfrms 0.14301)

'r‘/\

1.2

I\ i
if v" It

1

/
] i 1
04 5.

‘J\r’

'
02}

f
Lo
"‘ #f [v ¥ “\
g |
Ul _ L,»qgi
1.308

131 1311 1312 1313 1314 1.315 1316 1317 1.318

Time(s)

<10°

Figure1.7 Number of Satellites

Number of Satellite

a0
35 i Ir!'l 'E“llll_l[ I|::l'|!'|"i'|i 1N I‘ ‘i '!}ll [‘lllJ |I.!!:| |
30 ':' | | fhat B LA I
2} yu lfuwwu mmm AP Jrh
5 !
%20 | 1 |
=
151
101
E1
Standard
5 x1-3
X16

0 . . :
1.308 1.302 1.31 1317 1312 1313 1.3714 1.315 1.376 1.317 1.318

Time(s)

<10°

summary

Under open sky, X1-6 had the best performance in position and orientation accuracy with 3.6cm of CEP95 and 2cm
of horizontal position accuracy. The X1-3 performance was close to or slightly better than that of competitor receiver.
Since X1 did not enable GALILEO and BDS-3 during the test, the Number of Satellites was a bit low.

bynav
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2. Urban Ca nyon Table2.1 Environment Figure2.2 Trajectories

Under this scenario the vehicle drove e s

through the high-rise buildings with a ne

limited sky view, where all receivers were € [ "j,‘

powered on and finished alignment. The ; |

test lasted 11m32s, of which the building .

blockage occupied about 50%. B T —_—
asim)

Table2.1 Positioning Results

Figure2.3 Partial Trajectories

Trajectory
Mo Ab\/‘iéla VRMS . E:EHdard
del (%)y (m/s) X2
10
E1 | 971 | 0 | 0223|0134 0042 | 0657 E° s
5
X1- T
17| 992 | 833 | 019 | 0113 | 0035 | 0687
=20
X1 100 | 100 | 0105 | 0061 | 0019 | 0261 o L |
-50 -40 -30 -20 -10 o 10
East{m)

Figure2.4 Horizontal Position Deviation

2D Position Deviation

E1{rms:0.13367)
09 r H1-Frmes:0.11315)
X1-6{rms:0.060768)

Distance({m)
o
o

0T VT
0 0
1136 1137 1138

1.14 1141 1142 1143 1144
Time(s) < 10%

1.139

Figure2.5 Velocity Deviation

3D Velocity Daviation
0257
E1(rms:0.041585)
¥1-3(rms-0 034688)
X1-6(rms:0.018563)

0zt

Velocity(m/s)

01 ll' |I I I
INiwN

0 - o - " .
1136 1137 1138 1139 1.14 1.141 1142 1143 1.144
Time(s) x10°

Figure2.6 Azimuth Deviation

Azimuth Deviation

Figure2.7 Number of Satellites

Number of Satellite

14 ™
E1(rms:0 65732) ; ]
| *1-3{rm=:0.68602) | Tl | i
12| X1-6(rms:0.26082} o UL | |
T J

—

N
Q

® Ea
=] o |
2
E: g . { W
2 215 J |
I | |
| 1|
1o it ! |
L 1 |
If 1 f =1
st | Standard
x1-3
X1-6
0 ! ]
1136 1137 138 1139 114 1741 1142 1143 1144 1136 1137 1438 1139 114 141 142 1143 144
Time(s) <107 Time(s) < 10°

X1-6 achieved 100% availability in urban canyons with a high accuracy on position and orientation. Its CEP95 was
much better than that of the competitor receiver. X1-3's performance in urban canyons was close to competitor

| bynav
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3. Foliage Canopy

Under this scenario the vehicle drove
through foliage canopy. To verify the
positioning accuracy, the test was
performed several round-trips. The test
lasted 11m12s, of which the severe

occlusion occupied about 80%.

Figure3.1 Environment

U

Figure3.2 Trajectories

Trajectary
\ =
1200 [ &

1000

00 -

Narih{m)

aoo

1000 800 800 00 200 0 200 400 €00

East{m)
Table3.1 Positioning Results Figure3.3 Partial Trajectories
Trajectory
vai 455 o
AElE VRMS | ARMS e
bility (m/s) | (deg) X1-3
(%) /S) g, 450 15
445
E1 85.0 0 0.393 | 0.226 | 0.047 | 0.302 Eaao
=
2 435
X1-
3 95.7 | 81.9 | 0298 | 0.176 | 0.030 | 0.702 430 |
X_I 425 -
e | 985 | 846 | 0225 | 0132 | 0024 | 0316 ol L]
-325 -320 -315 -310 -305 -300 -295 290 -285 -280
East{m)
Figure3.4 Horizontal Position Deviation Figure3.5 Velocity Deviation
i 2D Position Deviation oy 3D Velocity Daviation
—alh - 1
E1{rms:0.22636) E1{rms:0.047245) |
08 ¥1-3(rms:0 17563) 018 | ¥1-F(rms 002981 7)
X1-6{rms:0.13182) X1-6(rms:0.024137) |
o8 I 016
07 I 0.14
| —
=06 '\ 012
5 (] ]l Il | £
205 ! £ 04
2 . | I | 2
5 04 i | | i ] Loos|
03 _I ' | 0.06 |
02 ' " L 0.04
0.1 M u‘f Lﬂ\ 002}
P21 1422 1123 1124 1425 1426 1127 1428 1129 P121 1122 1423 1424 1125 1426 1127 1428 1120
Time(s) % 10% Time(s) =10
Figure3.6 Azimuth Deviation Figure3.7 Number of Satellites
Azimuth Deviation Mumber of Satellite
127 40
E1{rms:0.30238) |
x!-ﬁ(rm::D.?DzQQ}| 35t 1 0ol f
1} | xv-s:nnsuatsql}_. '|1\' 11 | | vl f
5 il b il | IR
E 30 | | At |||| “i i ||
A{]S- 25% !I'.I.'uY;
g €
T 06 g 20 If g
4 5 T !
< = | g 11 f | |
sal !5_— | |:' |I | | |
| L ! | | '|: l il
1B THULR 1 4 1] | e
'I it I| E1
szl Ig 0T f { I Standard
5 |||i R o X1-3 |
| .l !I | [ i X146
L ol | " 1] 1
1121 1.122 1123 1.124 1.125 1.126 127 1.128 1.129 1121 1.122 1.123 1.124 1.125 1.126 127 1.128 1.129
Time(s) =10° Time(s) «10°%
summary

As the vehicle drove repeatedly between semi-occlusion and occlusion, all receivers had obvious fluctuations in the
position and velocity deviations, however, as X1 was not affected much in terms of number of satellites, it showed
more stable performance than competitor receiver. The number of satellites of the test benchmark is the number

used in post-processing, which is relatively few. bynav
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4, Slgﬂal Interference Figure4.1 Signal Jammer Figure4.2 Environment

To ensure reliable positioning results
under extreme complex electromagnetic
environment, the signal interference was
performed using a signal jammer in the
1.5G-1.6GHz range with the B1/L1/G1
signal. This test lasted 5mins.

Table4.1 Positioning Results Figure4.3 Partial Trajectories
Trajectory
Integri | CEP95 | PRMS | VRMS | ARMS 200 | et
ty (%) (m) (m) (m/s) | (deg) s
100 - -
. or (lorigin
El 69.4 0.7 5.707 | 3.417 | 0.115 | 0.788 & /
E B e —— I
>_<;) 71.5 90.5 6.517 | 3.829 | 0.085 | 1.072 2001
—
X_I =300 ( - — — — ==
6 69.4 90.6 6.274 | 3.782 | 0.083 | 0.266 T . —— - |
=800 -700 -600 -500 =400 -300 =200 =100 ]
East(m)
Figure4.4 Horizontal Pasition Deviation Figure4.5 Velocity Deviation
2D Position Deviation 3D Velocity Deviation
14 o7
il E1(ms:3.4173) E1{rms:0.11524)
fl X1-3(rms:3.8286) X1-3{rms 0. 0B4E18)
121 /\ X1-6(rms:3.782) 06 | ! X1-B(rm=:0.082889)
1 |
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o
wn

o
=

Distance(m)
Velocity(m/s)
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[N

E: ‘.‘1/1
o
b

N
a/“
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o

i U A p — I. . ' ] s
1.318 1319 1.32 1321 1.322 1.323 1.324 1.325 1326 1.327 1.328 1318 1.319 1.32 1321 1322 1323 1.324 1325 1326 1327 1328
Time(s) %108 Time(s) % 10°
Figure4.6 Azimuth Deviation Figure4.7 Number of Satellites
Azimuth Deviation MNumber of Satellite
18 40
E(rms:0.78801) | 1 i
1.6 X1-3(rms:1.0723) 35 i Tk el
} X1-6(rms:0.26599) | |lI”1 [ B
14} ol ’. v
/ 30 i |
12+ 4 F ! (T : oA 1“
A 25 il
F 1r /qf M, / -4"J(J E ! |
J [ ' = ]
3 H" v " % 20 | |
2oa
< ;M ; | A = "
i H
06 f ,f""‘ ; \ A A |
' \ ;"‘ \
r | Fa 10t
04 i / J R N v E1
1 i . i} \ — e Standard
02t R i }, : ‘H ‘ e 5 x1-3
i X1-6
. M1 Wt " .
1318 1319 132 1321 1.322 1.323 1.324 1.325 1326 1.327 1.328 1.318 132 1.322 1.324 1.326 1.328 1.33
Time(s) «10°% Time(s) < 10°

During satellite signal interference, the orientation accuracy of X1-6 is obviously better than that of competitor
receiver, and the position accuracy of all three receivers were very close. The number of satellites received by X1 can
still remain about 5 during satellite signal interference, which is also the same as that of competitor receiver.
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5. Uﬂderg round Parkiﬂg Figure5.1 Environment Figures.2 Trajectories
In this scenario the vehicle entered the : =
underground parking lot after the initial = s
alignment was finished outside, and g0
g 150 - !
then performed parking, turns, reverse :
and then finally drove out of it. The test
laSted 5m85~ -200 -180 -100 -0 o 0 100 150
East{m)
Table5.1 Positioning Results Figure5.3 Partial Trajectories
Trajectory
Availa g
Mo . Integri
bility 5 60
del (%) ty (%)
-80 |
El 62.8 83.2 10.78 | 6.644 | 0.131 | 0.658 E-oor
=
2
1- -120 F
3 62.9 99.3 2.898 | 1.763 | 0.124 | 0.935
140
K= 577 | 984 | 3198 | 1847 | 0072 | 0587 = g
-20 o 20 40 B0 80 100 120
East{m)
Figure5.4 Horizontal Pasition Deviation Figure5.5 Velocity Deviation
2D Position Deviation 3D Velocity Daviation
201 05
E1(rms:6.6438)
181 X1-3(rms:1.7628) 045+
X1-8(rms:1.8475)
16
14 ‘
2 10 =
B ‘ g
o 8 m g
6 -
4 I R R
: o | PR
S AT “ .
3‘16 1.161 1.162 1.163 1.164 1.165 1.166 1.167 t11_16 1.181 1.162 1.163 1.164 1.165 1.166 1.167
Time(s) x10° Time(s) «10%
Figure5.6 Azimuth Deviation Figure5.7 Number of Satellites
Azimuth Deviation MNumber of Satellite
2 35
il E1(rms:0.65781)
18 ’,,-’ hh . X1-3(rms:0.93546)

" . W X1-6(rms:0.58676)

Angle(deg)
Number(n)

10 |
5h
®1-3
X1-6
L L L . & 0 1 T
1163 1.164 1.165 B 1.16 1.1861 1162 1.163 1.164 1.165 1.166 1.167
Time(s) = 10° Time(s) < 10°

summary

While driving in the underground parking lot, the satellite signal was completely lost. Under this condition, X1-3 and
X1-6 performed significantly better than competitor receiver.
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6. Tunnel Figure6.1 Environment Figure6.2 Trajectories
Under this scenario the vehicle drove
through a tunnel at a high speed after
finished the initial alignment, and then
turned around and went back from the
same one. The driving speed was 80-100
km/h, and the total length of the tunnel is
about 4.33km.

Trajectory
0 origin

5000 -

North(m}

16000 -

-15000

4000 2000 © 2000 4000 6000 BOOD 1000Q 12000 14000
ast{m)

Table6.1 Positioning Results Figure6.3 Partial Trajectories
Trajectory
Availa e Standard
bility CEP95 VRMS aoo - o
i m m m/ x1-3
(%) (m) (m) (m/s) | (deg) oo 15
-8000
E1 86.8 76.6 2421 | 14145 | 0.275 | 0.467 g’“m [
; -8200
X] - -8300
85.5 88.5 24.09 | 13.991 | 0.398 | 0.571
3 -8400 -
><_I -8500
6 84.3 83.9 10.70 6.239 | 0.123 | 0.465 -8600 - ‘ . ‘
4000 4200 4400 4600 4800 5000
East{m)
Figure6.4 Horizontal Paosition Deviation Figure6.5 Velocity Deviation
2D Position Deviation 3D Velocity Daviation
140 357
E1(rms:14.1453) E1(ms:0.27511)
H1-3(rms:13.9913) ¥1-3(rms-0 3979)
120 F X1-6{rm=:6.2366) 3r X1-6{rm=:0.12304)
100 25+
% B0 g 2r
g B0 g 15}
| |
40 | 1 fl
20 il r’
o LA L J .
2.64 2.845 2.65 2655 2.66 2,665 267 2675 2.64 2.645 265 2655 2.66 2.665 287 2675
Time(s) <10° Time(s) x10°
Figure6.6 Azimuth Deviation Figure6.7 Number of Satellites
Azimuth Deviation Number of Satellite
127 40
X¥1-3{rm=:0.57 146) 35
1t III X1-6{rms:0.46547) |
: Il | 30
08
- 2 25+
g =
:EO.S T % 20
<z Z
15
04
10
0ZF
5 x1-3
X186
3.64 2.645 265 2655 2.66 2.665 267 2673 364 2,645 2.65 2655 2.66 2665 26T 2675
Time(s) «10°% Time(s) < 10°
summary

When passing through the tunnel, the number of satellites was reduced to 0, and each receiver had some position,
velocity and arientation deviation in different level. The position deviation of X1-6 was significantly lower than other
receivers, and the performance of X1-3 was close to that of competitor receiver.
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7. Under Elevated Road Figure?7.1 Environment Figure7.2 Trajectories
The vehicle was driven round-trips @ fran- —
under the elevated road after s Lo i e
finished initial alignment, in which & oo .
the satellite signals were repeatedly
blocked. The whole test lasted about
7m305' o 500 1000 1500 2000 2500 :b 3000
East(m)
Table?7.1 Positioning Results Figure7.3 Partial Trajectories
Trajectory
Integr | CEP95 VRMS | ARMS =
ity (%) (m) (m/s) | (deg) 2230 |
-2240 |
. -2250 [
El 87.3 0 0.437 | 0.249 | 0.044 | 0.481 £
| £ 2260
=
X-I _ -2270
85.4 76.1 | 0.543 | 0.321 | 0.058 | 0.749
3 2280 |
X.I _ -2290
6 92.4 74.2 | 0.358 | 0.220 | 0.034 | 0.314 i e—
2740 2750 2760 2770 2780 2790 2800 2810 2820 2830 2840
East{m)
Figure?7.4 Horizontal Position Deviation Figure?.5 Velocity Deviation
2D Position Deviation 3D Velocity Daviation
25 04 r
E1(rms:0.24889) E1{rms:0.044337)
X1-3(rms0. 22147) 0.35 - _ X1-3{rms-0 D58487)
X1-6(rms:0.21953) X1-6{rms:0.033964)
2r 1 e
| 03+ 1
|
E 15k EMG
o 1 gms
0.1
05 [
0.05 |
pu— |

1772 1.774 1776 1778 178 1.782 1.784 1.786 1788 179 1.792 179 1792

Time(s) «10°% - . Time(s) ) %105
Figure7.6 Azimuth Deviation Figure7.7 Number of Satellites
Azimuth Deviation MNumber of Satellite
18 a5
E1{rms:0.48085)
16 X1-3(rms:0.74843)
| " X1-6(m:0.31352) | S §
14F | I
| | il 25
12|
| :
D LT o i ! J g 20
: .- '- :
£°° Ay ,f‘;}/‘. //L [ 21
Iy | 14§ WT
06 SR fr‘\ | "
| I/ I [ W 10+
04+ i1 |
[ P | -rlﬁ‘
02 ! i !J 51
P ’ Lt i el
N W Ol Y = |
1.772 1.774 1776 1778 1.8 1.782 1.784 1.786 1.768 1.79 1.792 1.772 1.774 1776 1.778 1.78 1.782 1.784 1.786 1.788 1.79 1.792
Time(s) <10% Time(s) <10°

During the circles under the elevated road, the signal was periodically blocked, resulting in regular fluctuations in
position, velocity and the number of satellites. X1-6 performed better than other receivers in all respects.
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8. /—\LOﬂg Flevated Road Figure8.1 Environment Figures.2 Trajectories

Trajectory

Under this scenario the vehicle drove

origin- — Standard

x1a
X158

along an elevated road where satellite
signals were mostly blocked. After
finished the initial alignment, the vehicle
drove into the test road section with
several round-trips for 17m45s.

[ 500 1000 1500 2000 2500 3000
East{m)

Table8.1 Positioning Results Figure8.3 Partial Trajectories
Trajectory
1340
Mo CEP95 | PRMS | VRMS | ARMS oy
del ) (m) | (m/s) | (deg) 1360 xia
-1380
E1 90.5 0 0.442 | 0.259 | 0.047 | 0.527 E <1400
3
X1- 1420
89.0 458 | 0.824 | 0475 | 0.053 | 0.613
3 -1440
X1-
6 92.3 39.2 | 0.326 | 0.189 | 0.024 | 0.270 aeser ‘ . | . . ‘ .
2680 2700 2720 2740 2780 2780 2800 2820
East(m)
Figure8.4 Horizontal Pasition Deviation Figure8.5 Velocity Deviation
2D Position Deviation 3D Velocity Daviation
a5 07
E1(rms:0.25858) E1(rms:0.047401)
4+ X1-3(rms:0 4T488) 21-3rms-0 0529)
X1-6(rm=:0.18866) 08 X1-6{rms:0.023538)
35
0.5
3 |
52_5 é 0.4 |
= =
3 2
gz 203 | | |
1.5 | |
0z
1 | ! I? |
| | [
05 | i I i J 01 | U
g.15 2155 216 2165 217 2175 2.15 2155 216 2.165 247 2175
Time(s) <10% Time(s) x10°
Figure8.6 Azimuth Deviation Figure8.7 Number of Satellites
Azimuth Deviation Number of Satellite
251 40
E1(rms:0.52668)
X1-3(rms:0.61337) 35} |
X1-6(rms:0.2697 1)

2F | a0l ]|n.;|'| Iq“'ﬂ ]:.‘l}flip |

gl

Angle(deg)
Number(n)
8

15
AL e \ ﬂ{‘ hu\"‘w"l 10f
05 / ;‘j \) oI
S "l hﬁ“’ AAY ?f\&
215 215 2. 165 2.17 2175 3_13 2.155 2.16 2.165 27 2175
T\me(s) =10° Time(s) <10°
summary

While driving along the elevated road, the signals were continuously blocked, resulting in a reduction of 5-10
satellites in general. During the test, X1-3 experienced several large positioning deviations, but X1-6 always showed
better performance with higher position and orientation accuracy than competitor receiver.
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summary

Table3 Positioning Results

Availability

Integrity
(%)

(%)

El 86.1 33.3 13.25 7.738 0.157 0.557
X1-3 86.2 81.3 13.06 7.576 0.219 0.726
X1-6 87.5 81 6.16 3.567 0.075 0.360
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This report summarizes the performances of various
GNSS/INS receivers, using availability, CEP95, and RMS
as indicators, in the following scenarios:

- Open sky
- Urban canyon
- Foliage canopy

- Underground parking
- Under elevated road
- Along elevated road
- Signal interference - Tunnel

To download test raw data :

The test results showed:
X1-3 and X1-6 have a better performance in integrity
than ET.

X1-6 achieved 100% availability in the open sky and
urban canyon environments, and can also provide
real-time, continuous and reliable positioning results
in other harsh environments, with its overall
performance better than competitor receiver.

X1-3 and E1 were easier to be affected by external
environments. When encountered long-term signal
blockage (such as elevated road or tunnel), both
diverged quickly in position, velocity and orientation
errors. To sum up, the performance of X1-3 and E1 are
quite close.

http://www.bynav.com/cn/resource/bywork/geek-observation/rawdata.html

Or contact us via en@bynav.com .
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