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Rail ) Timing Sync
0.2% 0.1%
Surveying
4.5% & Road
.8 38.0%
Agriculture
1.9%
i Maritime
1.1%
~
LBS * Aviation
53.2% —  1.0%

European GNSS AgencylZ &5
(GPS WORLD April 2015)



BT IW—TTDILATopl0
(GNSS¥—4vyI)

Component manufacturers System integrators Value-added service providers

Qualcomm USA Toyota JP Google USA
Trimble Navigation USA Garmin USA Pioneer JP
Broadcom USA General Motors USA Denso JP
CSR UK Volkswagen DE Clarion JP
Laird UK Ford USA Here Global NL
Furuno Electric JP Apple USA Tomtom NL
Rockwell Collins USA Samsung Electronics KR Microsoft USA
Texas Instruments USA Nissan JP Jeppesen Sanderson USA
Cobham UK China First Automob. CN Trimble Navigation USA
Hexagon SE Honda JP Telenav USA

European GNSS AgencylZ &5
(GPS WORLD April 2015)
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Products by Industry

Agriculture

Connected Farm Alignment Planning Engineering & Survey
= Connected Farm = Road Alignments —_——— - —T=
= Freight & Passenger Rail Alignments E — — - — " - - =
« High Speed Rail Alignments @ htp://www.u-blox.com en/ » £~ || @ u-blox: leading provider ... x | ° RS
Guidance & Steering | ENG: | GER. |-JAP: | CHN | KOR
o . | Partner log-in | #Online shop | Subscribe | Contact us
- Building Design, Construction & e
= Displays Operatli - g ! blox Search Website Go
= SfCRng Sy-thms | Products Support Technology Markets Company Investor Relations
= Correction Services = Architecture | - . .
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= MEP Trades
= -~ Wireless & positioning solutions

Modules, chips, and software
for industrial, automotive
and consumer devices

locate, communicate, accelerate

|
Hot News | u-blox' ODIN-W2 awarded for Internet of Things innovation » more

u-blox joins M2M Alliance » more

u-blox joins CAR 2 CAR Communication Consortium » more
| ALL PRESS RELEASES » more

Internet of Things that Really Matter | Our products ‘ Quick links
We deliver compact, low-power, high-performance chips Product iew | Product Catalog | & Online sh
and modules for automotive, industrial M2M and roduct overview | Product Catalog |- W Online shop
consumer applications. Facts about u-blox | Share Price S
Click here to download our latest Product Cataloa 16 Newsletter | Subscribe
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New GNSS Era : many more satellites
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« ;8| = FIGNSS+ Speed sensor + IMU

Reliable RTK still requires dual-frequency Low cost

* Prospective accuracy in safety use for ITS like lane
recognition is said decimeter level with continuous
positions

10m 5m 1m 10cm 1cm

Ta rgEt Accuracy

#2 Product ($10-100) #1 Product ($200,000)

GNSSIZROHLNAEE SRV RILRUEETZBRGEFITOMERTE
BEEIIGNSSKYMII L=t N EESHEE(ICESLZVLEBENMAA~DEH



BEOH—FEFITMTILFGNSSIZEB E?
FREXBEED

B : GPS/QZS/BeiDou

G2
R ek

. N p W) e
! . BN
SRS E 20120/ 4 m’“ 200047 N 139, 471061 HEHEET, $ 2

6n 620

gt at 613



OV a—I3MTZEBTOERE
1R GP/Z/BeiDou _

Béngkok
Downton

e

LLITTY

_DigitalGlobe’

G ogle

13° 4436017 N 100° 327305%% 23 m EE:Z 689 m\f"'
=

oy ey, B

5 R L

5 20141
2013
T &
W
E{SENSH 2013/11/21
- 2

/

@®GPS
@® GPS/QZS/BeiDou
s

ma (Jooglc earth

13° 4436017 N 100° 32:3954” E 123 23 m I_JF; 689 m,_{

wr
{SERISH: 2013/11/21




A a—IRAATRE
11838 GPS/QZS/BeiDou

‘ Lrade - (=
/)7 € ZE! ) ¢
w- In Ml.g‘ M bal
/// Data SIO, N(.J/\/\'.ail %ﬂcf\.ceﬁc, F I ; \ k] GOC
/) m"‘ o ' | .
/' // 17 5. 8! 4 WY

3 o i

e~ Ma—

oy
B e

Many skyscrapers...

Lo

\’ P 4 Google ETlx&H BN
SNF ¥ BHEDOEITERIZT—H




2 Google Ty 7
€ > C 8]

i
[

@ & wie D

LSRN B
‘_':" pa s »

AP AR
405 — Ry

(5 5(9) ;

ws@E B SHERET - BT

RRNEEX

@ apps [l BTT05CN (JIETwHI—4 @ Trimble NetR9 Ka-+ i Citibank® online

% Start

UK
WB75F DABE=P mEAY
rFUBZ
AZLP

.

(Google
WEIS ST

#EF -2 22014 Google, ZENRIN ¥4

'Multi-GNSS RTKD T &
~ (CORST—%4H|F)

Test

Schedule

1st

2014/8/13 13:07-13:32

2nd

2014/8/13 17:26-17:52

3rd

2014/8/13 22:26-22:50

Ath

2014/8/14 8:36-9:02

5th

2014/8/14 12:07-12:35

* GPS/QZS/GLONASS/GALILEO/BeiDou
are entirely used in this test

* Trimble SPS855 receiver was used

* RTK : Trimble and Laboratory engine



Multi-GNSS RTKD &t B8R

Multi-GNSS RTK (Trimble engine)

Average NUS Fix rate GPS VS. Multi-GNSS RTK
Test 1 12.3 58.7% (Trimble engine)
Test 2 123 75 4% Test 5 Average NUS Fix rate
- GPS 5.8 26.8%
Test3 13.6 65.:5% Multi-GNSS 14.2 70.5%
Test 4 12.4 60.0%
Test 5 14.2 70.5%

FIX rate comparison between GNSS combinations (Laboratory engine)

55.4% 64.7% 65.9%
82.4% 91.5% 94.7%

RTK FIX rate
Velocity output

48.2%
67.0%

58.2% 55.5%
80.3% 86.5%

G:GPS J:QZSS C:BeiDou R:GLONASS

The reason for small contribution of BeiDou/GLONASS to RTK was
just due to the shortage of high elevation those satellites
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PPP (& #5 B BE 3 A4 ) D TERE

* 30 minutes static and 15 minutes kinematic
* Trimble SPS855+RTX (PPP) option

e Comparison with RTK results

* Omni-star was used

* Open Sky

35.657

139.784

Horizontal plots at Harumi Area



Altitude Comparison between
RTK and RTX (PPP)

Red : RTK-GNSS
Blue : RTX using GPS/GLONASS

Static Kinematic
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CORS(Continuously Operating Reference Stations)

KFEB TOHCORSHRYRT—4H
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= (x| T observation data via the Internet

Tokyo (Univ. of Tokyo, Keio Univ., TUMSAT)
Bangkok (Thailand), Manila (Philippine)

What you can do ?

You can get real-time precise position by RTK-GNSS
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Horizontal Results
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Height(m)

U-D Results
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Height(m)

Another Experiment
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» Applications

[dChecking the status of the road pavement
[1Verification of land subsidence
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