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Recelver used In this training

1. u-blox GNSS receiver (M8P or M8T)
2. Trimble NetR9

Trimble NetR9



You can purchase M8T

A http:// www.csgshop.com/product.php?id_product=205

UBLOX NEO-MS8T TIME & RAW RECEIVER BOARD WITH SMA (RTK READY)

UBLOX NEO-MS8T GPS, GLONASS,
Galileo, BeiDou, QZSS and SBAS RAW
and timing receiver EVAL module USB,
- 12C, UART with SMA antenna
« connectors. RTK ready.

| Moredetails |

$74.99
Quantity: 1

167 items in stock

> Send to a friend
> Print

>!View full size


http://www.csgshop.com/product.php?id_product=205
http://www.csgshop.com/product.php?id_product=205

Some Data used in Practice

Static raw data sdt24h)
- U-blox M8T (ref/rover) +Trimble/NovAtelant.
- Trimble NetR9réf) Trimble ant.
Static raw data set (1h)
- U-blox M8P (ref/rover) + Trimbl&ovAtelant.
- Trimble NetR9 (ref/rover) + TrimbMbvAtelant.
Kinematic raw data set (0.5h)
- U-blox M8T (ref/rovel +Trimble/NovAtelant.
- TrimbleNetR9(ref/rover) +Trimble/NovAtelant.



RTK DEMO

A Both reference station and rover station are installed
on the rooftop of our building.

A" aAY RTIKLIBS | #fictned > ¢S OF y
A You will learn why the crevel navigation can be
achieved by RF&NSS through this class.

Receiver u

Receiver b

Baseline
u-blox M8P Trimble NetR9




ORI= 35.666342230° 139.,792210090° 59.7350m
N AVE=E:-0.2368m N: 1.1001m U:-0.6957m
STD=E: 0.7813m N: 0.8869m U: 1.8977m

e RTK PE rformance
12h, rooftop, our building

35.666342230° 139.792210090° 59.7350m
E=E:-0.0160m N:-0.0395m U: 0.1039m
0 0.2253m N: 0.2461m U: 0.5594m

RMS=E: 0.2259m 493m U: 0.5689m 2D: 0.6728m

ORI= 35.666342230° 130.792210000° 59.7350m
AVE=E:-0.0000m N: 0.0002m U: 0.0028m

STD=E: 0.0017m N: 0.0015m U: 0.0039m

RMS=E: 0.0017m N: 0.0016m U: 0.0048m 2D: 0.0046m

RTK : mm level

Same scale

50 cm



CarrierPhaseBased
Positioning with GNSS



GNSSignal Structure

Carrier
(X) sin@ut+7£)
+1
Code 1
C(t)
X
+1
Data 1
D(t)
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J2PC(t)D(t)sin@uit + F) +K



GNSignalSpecifications

CarrierFreq(MHz) | Code | Modulation DataRate GNSS
50 bps GPSQZSS
C/A BPSK1) i Q
250 bps QZSS (L3AIF)SBAS
LYVE1 |1575.42 P(Y) BPSK10) 50 bps GPS
L1Gd/p | MBO(Q6,1,1/11) | -/100 bps GPglll), Galileo
L1CGd/p |BOO1,1) -/100 bps QZSS
L1 1602+0.5625K| C/A BPSK 50bps GLONASS
P(Y BPSK10 50bps GPS
L2 1227.60 () 110 i
L2C BPSK1) 25bps GPS (IIRN, QZSS
L2 1246+0.4375K| C/A BPSK 50bps GLONASS
L5/ BPSK10 -/100 bps GPSIIF), QZSS
L5/E5a | 1176.45 9 ) i 3 ).Q
E5al/Q | BPSK (10) -/50 bps Galileo
E5Sb 1207.14 E5BI/Q | BPSK10) -1250 bps Galileo
EGI/Q |BPSK5) -/1000 bps | Galileo
E6/LEX|1278.75
LEX BPSK5) 2000 bps QZSS




Spreading PRN)ode

GPSC/A CodeGenerator
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Carrier/CodeTrackingin Recelver

DOD 5% BasebandProcessor
|
CH1 ‘nf
CodeNCOk— !
Range |
[T DLL Pseudorange
Cep, NaviData
CD CD ”: CD,Q I | — j
)——1 Correlator[y 1 |3
RF ] R
Frontend ' 1.0 CarrierPhase
N, PLL/FLL DopplerFreq
Oscillato NCO n nf




Pseudoerange(Codephase)

Definition:
The pseudeaange (PR) is the distance from the
PPra o ¥ receiver antenna to the satellite antenna including
r receiver and satellite clock offsets (and other
(m) biases, such as atmospheric delagy@INEX2.10)

o At Satellite T =% - Timeby SatelliteClock(s)
| .
LT T WU L LI LA ARSI L L

«— t —>

@ At Receiver L Timeby ReceivelClock(s)
UL LU UL UL AL




CarrierPhase

Definition: _
... actually being a measurement on the beat

s _ frequency between the received carrier of
S =F - M
r r the satellite signal and a receivgenerated

(cycle) reference frequencyRINEX 2.10)

Y ReceivedSatellite Carrier: fs(fs%

Local Referencé&requency: f(t)

2

She

CarrierBeatFrequency: f>=7F - M

p
N

1N
N

VIV VNV Y




How about accuracy (Code) ?

Real correlator samples (40MHZz)

Received code

3500

GPS L1-C/A : 1chip (293m)

1
1
! 1500 /
I — I
Normalised L E 1000
correlator outpuM\ m
500
B L

Generated codes

3000

2500

— EE— 2000

-1—12 0 +1 -1 12 0 +1 6 ,
Chip offset Chip offset -300m Om 300m
Wi th the aid +ocforiirleoloapt ofri |cthearriancgt e

we try to estimate the code measurements
approximately desi-meter level (- 1m).




How about accuracy (Catrrier) ?
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| phase and Q phase (GPS L1-C/A) | phase correlation value A Navigation data

Wi th the aid +ocforiirleoloapt ofri |cthearriancgt e
we try to estimate the carrier-phase measurements
approximately mm meter level.




Codevs CarrierBasedPositioning

StandardPositioning

PrecisePositioning

(codebased) (carrierbased)
onservabies|  Poeuioanas i
ReceiveiNoise 30cm 3 mm

Multipath 30cm-30m 1-3cm

Sensitivity High(<2BHz) Low(>35dBHz)
Discontinuity No Slip CycleSlip

Ambiguity - Estimated/Resolved

Receiver LowCost(~$100) Expensivgd~$20,000)

Accuracy 3m(H),5m(V)(Single) | 5mm(H),1cm (V) (Static)

(RMS) 1m(H),2m (V)(DGPS) 1cm(H),2cm (V) (RTK)

Application

Navigation,Timing, SAR,..

SurveyMapping,...




Pseudorange Model

(3) Satellite
P°1 ¢ ClockBias
=c(t -t°) (1) Geometric

Range

=c((t, 4ty € dF) &+
=c(t +°) of ot dT) e + (4) lonospher
=(r; 47 ®) cdt dT) g
=r> (dt dT7) |+ T+ e+

(1) 2) (3 ) (5) (6 (2)Receivel
(1) 2 3 @ (6 () o eceel rev

(6) Multipath +
ReceivemNoise + Other Errors

(5) Troposphere




CarrierPhase Model (1)

Carrier phase measurement is

CarrierPhase: accumulated Doppler frequency.
er: f(tr) - ° Isl‘lrs /-+6' (fr,O:fr(tO)’f(?:fs(tO))
=(f(t «dt t) fr-b) (fét° dT+ t) -g) N S B

:/E(tr ) 4C=/(d'[r i) (5 £ -N)+,€e teycle)

Fr/F=t ) cdt dF) ([ F o N) +
=r7 €(dt dT) |2 T%* /B% d° +e + (m)

r

CarrierPhase Bia®ther Correction Terms
Pseudorange:

RP=r «(dp dT) |3 T+ e

18



CarrierPhaseModel (2)

CarrierPhaseBias:

Bl =Fo- fo+N; (cycle)
N> :Integer Ambiguity
fr,o : Receivelnitial Phase
f5  :Satellitelnitial Phase

Other Correction Terms:
Eri: B dr,pcoTe?,enu"' (;sat ece1‘d|soco)T ef + dr, pcv+ dysacv' ddispTerS,enu
+d pw+ dreI (m)
dr pco: ReceiverAntennaPhaseCenterOffset
r.pcv - ReceiverntennaPhaseCenterVariation
déco : SatelliteAntennaPhaseCenterOffset
dpey : SatelliteAntennaPhaseCenterVariation
dyisp : SiteDisplacement
dpw :PhaseWindup Effect
d,e :RelativisticEffect



Phase Wineup Effect




What happens in carriephase ?

Code minus Carrier-phase

0
376000 376500 377000 377500 378000 378500
-50

-100

32.62 min.

-150

2045 m

-200

Difference (m)

-250

-300
TOW (s)

Basical fcya,rrieeade i ndi cat es

Turn table rotates 33.3333¢é/ min.
It means that the number of rotation was 1077.22.
Converting t&€/Ametldr7d . f2*101 19¢ = 204.
204.98/1939 s = 0.1057m / turn have to be compensated in carrier-phase.

t he code mu



After compensation,

V.

5
1
5
- TR R L
1

Code multipath {m)

-2.5
376000 376500 377000 377500 378000 378500

TOW (s)

You see code mu|



Antenna Phase Center

0 T =—IL2APC (0.1159 m)

4 . ™ =—L1 APC (0.0854 m)
‘ ‘ . ‘ «— ARP (0.0000 m)

A The GNSS measurements are referred to theadted
antenna phase&enter. The position of the antenna phase
centeris not necessarily the geometigenterof the antenna.
Indeed, it is not constant, but it depends on the direction the
radio signal coming in.
Source: Navipedia



DD (DoubleDifference)

Ot 1 ((Fy- Fo)- (£ - £9))
- rlijjb+C(dtlijb- dTuijb)_ Ilijjb"'lejb"'/BHb"'dEb"'eu

—_ _ ij ij
- rub Iub+Tub+

ij ij
/ |\Iub + dub + eu

dtl =df} - dil =0

dTh=dTp- dT},° 0

/V

time difference between u and b
satelli te c¢cl ock

Bl =(fuo- Fo+ N - (Foo- Fo+NL) - (Fuo- d + ND) +(Foo- FL +NJ) = NI

S0 il i
uub rub+/Nub+eD

- (short Baseline and same antenna type)

jo—qi ] j —7i 7] j —Al A
Iub— IUb IUbo O’Tub_TUb TUbO O’dub_dUb dUbo O

Satellitei @

Receivelu

Baseline

&00 Satellitej

£
b Memo for Misra& Enge
http://gpspp.sakura.ne.jp/
: diary200608.ht
Receiveb an m




BaselineProcessing

NonlinearLSE:

ParameteVector:

— (¢ T T
x=(ry ,NSBL NG, Nop™)

ub

MeasurementVector:
Y=, Wy eVt

MeasModel, DesignMatrix:

h(x) = (i, 00T R, (0T by (0T |

(g T T T
H —(Htl He, e He )r

MeasErrorCovariance:

R=blkdiagR ,R. ... R )
Solution(Static/Float):

f£=xo+(H R H) *"H TR (y- h(xg))

— T
Yo, = (Fobt P o venF )

ubt, ' ubty ubt,
aA,98 . 9% S Q@
&0t " Toa, NGB 0
E. 535 .55 SmS1 O
h, (x) =& ut ™ "oy +/INGE™ 5
k & M o]
P22 0

SmSL _ ,SmSL SmS1

?u,tk rb,tk +/Nub 9
o T ~
% elf?tsl / oL 03
& ’kT o}
_a&e 3% / L o}
Htk Fo <) eu’tk 0 OC')
e M M Mo

_|
S~
-|-QD:

Uty

éﬁesmsl 0 0 L

3 2 2 20
Usp° 257 L 2578

R, =2oF Aor L 29670
“ = M M O M §

2 2 20
?SF ZSF L 4SF 9

I, . FixedBaseStationPosition

It is similar to the single point positioning except for KF




Effectof BaselineLength

RMSError:
E:0.2cm
N:0.6cm
U:1.0cm
FixRatio:

99.9%

RMSError:
E:10.0cm
N:12.0cm
U:30.2cm
FixRatio:
64.3%

BL=0.F&m

E-W (m) ORI= 35.10363513% 140.08630715° £9.7449m
AVE=-0.001m STD=0.002m RM5=0.002m

0.1
0.0
0.1
0.2

M-S (m) AVE=-0.005m STD=0.003m RM5=0.006m
0.1
0.0 s, g Wi
0.1

u-D (m) AVE=-0.008m STD=0.006m RM5=0.010m
0.1
°‘°mm¢mmww
0.1
0.2

00:00 03:00 05:00 09:00 12:00 15:00 18:00 2100
BL=32.Xm

0.2

E-W (m) ORI=35.97040871% 140.40295058% 55.135m

AVE=0.014m STD=0.099m RM5=0. 100m
0.1
00 LA et A WA i DY o
LI s

0.1
0.2

N-5 (m) AVE=0.003m STD=0.120m RM5=0. 120m

0.0 g™ iaTiy 4 omh. sarov ey b W i‘“ ‘W i i f 'waww
0.1 [
22 o AVERD,020m STD=0.301m RMS=0. 502m

:: g, iy ‘{:f;’zg ' 3;%_';;% At F#W
VI g%f“'s TATHIL ™

0.1

0.2
00:00 03:00 05:00 09:00 12:00 15:00 18:00 2100

BL=13.&m

2
E-W {m)
0.1

ORI=36.03133950% 140.20244350% 70.903m
AVE=-0.003m 5TD=0.022m RM5=0.022m

e At e RMSEITOT

0.1

-0.2
N-5 (m)
0.1

o.omwwwﬁgmw

-0.1

-0.2
U-D {m)

E:2.2cm
N: 2.4cm
U:10.6cm
FixRatio:

AVE=-0.003m S5TD=0.024m RM5=0.024m

AVE=-0.015m STD=0. 105m RMS=0.106m

Wwwﬂ’f%vm’ﬁw 94.2%

-0.2
00:00 03:00 08:00 0%:00

12:00 15:00 18:00 2100

BL=60.%km

B m
A My

0.2
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0.1 ¢
-y - , i
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0.1

0.2
U-D [}

0.1 ¥

/ i
nop i i
"‘* f i; ija &;%

0.2
00:00 03:00 06:00 09:00

ORI= 35.642353447| 140.44830085° 77.853m
AVE=0.009m STD=0.139m RM5=0. 140m

A ATy T RMSETrror:
S E:14.0cm
Dl s N2 14.8CM
ey U 26.7cm
FixRatio:
44.4%

AVE=0.002m STD=0.267m RMS=0.267m

5’!% ' ipg’ "%;M\"Oé

flifs

Ryl

+
¥
12:00 15:00 18:00 21:00

(24 hr Kinematic e: FixedSolution « : FloatSolution



Integer Ambiguity Resolution

A Objectives
I More accurate than float solutions
I Fast converge of solutions

A Many AR Strategies

I Simple Integerounding

I Multi-frequency widelane and narrowane generation
I Search in coordinatdomain
|
|

I Search in ambiguitgomain

I AFM,FARALSASTAMBDAARCH{BL3, Modified
CholesyDecompositionNull Space FASTOMEGA,,..



|LS(IntegerLeastSquareEstimation)

Problem: x=(@@",b")T, H =(AB)
y=Hx+v=Aa+Bb+v

>(<— argmn (y- Hx) Qy (y Hx)
al Z"bi R™

Strategy:
(1) Conventional SE
. &0 ] aQ, Q
= — xHT 1 Q= a abQ H H
%@Q Qy Y, Q é%bang(Qy)

(2) Searchinteger Vectorwith Minimum SquaredResiduals
zg = argmin(E— a)T Qy 1(5— a)
a z"
(3) ImProvesqutlon
= Qo Q& &)




LAMBDA

Teunissen, P.J.G. (1995)

The leastsquares ambiguity decorrelation adjustment: a method for fast |
integer ambiguity estimationlournal of Geodesypl. 70, No. 2, pp. 6582.

GPS

A ILSEstimationwith:

I ShrinkintegerSearchSpacewith "Decorrelatiori

I EfficientTreeSearchStrategy
T Similarto ClosesPointSearchwith LLLLatticeBasisReduction

Algorithm

{ = argmn(& a)' Q, (& a)
al z"

K=

F=72"£0Q,=2"Q,2
- argmin(g- 2" Q, {(E 2)

4 z"
L=778




Performanceof LAMBDA

15
e : with decorrelation

~ e : Without decorrelation
S
o 10
£
|_
c
ie)
3
o O
>
LL

. _

5 10 15 20 25 30 35 40

N : Number of IntegeAmbiguities
(Pentium 4 3.2GHmtel C/C+48.0)



RTK(RealTimeKinematic)

A Technlquevvlth BaselineProcessing

Realtime Positionof RoverAntenna
TransmitReferencesStationDatato RoverviaComm.Link
OTHOnthe-Fly)IntegerAmbiguityResolution
TypicalAccuracyl cm+ 1ppmx BLRMSHorizontal)

Applications:
LandSurveyConstructiorMachineControl,Precision

Agricultureetc.
=

Reference CommunicationLink Rover
Station I S —— Receiver




RTKApplication (1)

Geodetlc Survey Construction Precision Agriculture
Machine Control

ITS (Intelllgent Mobile Mapping Sports
Transport System) System

http://www.trimble.com, http://www.leica-geosystems.com, http://www.gpsworld.com



RTK Application (2)

@ SMARTNAV LIRTK G x \_§

« C [ www.drotek.com/shop/en/home/762-11-

drotek

BLOG  FORUM  DOCS  SUBSCRIBE

#  AUMENTATION  ELECTRONICBOARDS  FPV  MULTIROTORS ~ GIMBALS ~ ACCESSORIES ~ FORUM  CONTACT

asCTRON Reach

Q SMARTNAV L1 RTK GNSS High accuracy L1 RTK GNSS
Short description
Fulldescsotion
SMARTNAV L1 RTK GNSS

Drotek is proud to release its L1 RTK GNSS! RTK technology allows to enhance GNSS

of RTK board: However i RTKLIB 9DOF IMU 10T CONNECTED

the UAV it and

environments.

Thisis why devel i Drotekis
specialized in electronic design for UAVs and has put ail its expertise in designing this
board, it enter for (CNES) and French
= Institute for Aeranautics and Space (ISAE).
What is RTK for?
RTK tions f i “base’, the -

http://www.drotek.com http://www.emlid.com



GNSS TSUNAMI BUOY

GPS buoy outline |
GPS sats

&

Base St. e

Wave Height (m)
-

Southlwate buoy 0
A 10km offshore “la:40 1450 15:00 1510 15:20 15:30
A Depth 200m __SRTIA .
200m Dt |
14K 46 Earthquake o g? AR RO M ES
14K 53 First detected Tsunami motion o
. . 2 im SR T e rsorean
15K 12 Tip of Tsunamivave )
ia
#
P :GPS . i b || 1 || com— 01:02/01:10| '-:;

Source: Port and Airport Research Institute




10N

Smart Construct

10N

ded construct

A Computer a




PrecisionFarming

A Precision farming resolves the issue in decreasir
farm family

ETINNE LIR=KE7
GISTERA T !

Efw k -
|r“:"-"‘.':-..--- LB RRICHT LT

A -

'::EI- . ] ]

) mmon—T EE< %/ .‘%-
5. B—H-T

7 ERCARURMICALT
e FiFah—T Rl oy

e

< A A T—
SAVICHI &S ICRMETC




Quality of Big data

A Road condition monitoring
A Traffic information in big disaster

' " B LIFELINES BEls205ma) [MORS

Accuracy improves the quality of Big data



Autonomous car with precise map

* Autonomous car
* Smart control




Recent Test RTK on the wall

E,N series
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Recent Test Running

-19.0
U0 (m)
-19.2
Height series
-19.6
BB et R s S P, it T Ay,
W e R it il A I R s R e 1ot S e
..‘*.'.'-.W.‘a.," # & ?,;‘;‘:" A Py 1 ?}0,; +
ot + 3 T
& + it
¥ b
*,
03:35:00 03:35:30 03:33:00 03:35:30 03:37:00

Horizontal



Network RTK(NRTK)

A Extensionof RTK
I RTKwithout User Reference Station
I Sparse Networke®eferencestations
I CorrectionMessagewviaMobile-PhoneNetwork
i Format:VRSFKRMAC,RTCM2.3,RTCM.1
I Server S/W: Trimbl&PSNetGEO++ GNSMART, ...
I NTRIP Networkedlransportof RTCMialnternet Protocol

A NRTKService in Japan

I GEONETF1200 Referenc8tationsby GSI
I NGDS, JENOBRerasat



Concept of NRTK

Network of Individual Reference Stations

To cover a large area with single reference stations to run RTK, we
need multitude of points and still we have huge gaps between the
points.

The Solution is Network RTK (NRTK)!

The same area is covered with much less number of points using the
Network RTK concept. All the area is covered with no gaps.

Accuracy, Reliability, Availability
Good mmss== wwmm Bad

Accuracy, Reliability, Availability
Source: GEO++ Goog==== === Baq



Relationship between Errors

Error

NTRK error surtace

/I&ﬂ

/ (plane tor 3 stations)

Ref3 /

error at
error at
AT
Refl rover ¢rror at
Ret3
Rover
Distance

Several interpolation algorithms



Japanesé&sEONET

GEONET STATIONS MAP by Google Maj

HOSH |BE+ER

FUEINRY.
fas @

[k ©2011 TerraMetrics, $[E7—% ©2011 Geocentre Consulting, Mapabc, SK M&C, ZENRIN, Europa Technologies, Tele Atias - #{ 1% [N}

“ (hittp://terras.gsi.go jp/ja/index.htm)




Actual Steps of RTK

A After this summer school, please check the
followings regarding the process of RTK to
deepen your understanding !

1. DSYSNY 0AYy3 GR2dz0f S R
22.CAYRAY3I GAYUSISNI I YO
3. Baseline processing



1. DD(DoubleDifference)

_ o Without reference station,
alt /((Fi- fy)- (F - )

It I s I mpossi bl e t
=l +c(dtl - dT1)- 13 +TL+/N? +d’ +e, And satelitec | ock err or o
=70l -1 +TL 4+ /N +d) +e, Generate new observation

which means double difference.

dilp=dt] - di} =0,|dT=dTp- dT4° 0
Bl =(fuo- Fo+NO) - (Foo- Fo+NL) - (Fuo- d + NI+ (Foo- FA+ N =N

Why do we say the

(short Baseline and same baseline limitation of RTK ?
antenna type) (10-100 km or more)
1B =1ip- ti e oTh =Tl - T) e 0di =di,- dj.o0 It strongly depends on

each RTK engine !
Satellite | @ £l £l % Satellite j

£ f)

N
y

Baseline
Receiver u Receiver b

Memo for Misra & Enge:
http://gpspp.sakura.ne.jp/
diary200608.htm



2. Integer Ambiguity Resolution

SML_sVv2 _ .SV sV SVL s\V2
I:)rov_ref _ rrov_ref +ep,rov_ref

SV _sV2 _ .SV s\ SV _s\2
frov_ref — rrov_ref ++ ef,rov_ref

A Once you can resoliateger Nin carrier phase double
difference, yowgetaccurate positiorabout 1 cm

A It can be imagine that theseudorange(code) accuracis
quite important.

A Codephase isi0isy(1 m) butabsolute distance
A Carrierphase isaccuratebut includes integer ambiguity




3. Test results on the rooftop

- double difference of 10 m baselire

4?37300 437400 437500 437600 437700 437800 437900 438000 438100 438200 1-1237300 437400 437500 437600 437700 437800 437900 438000 438100 438200
=2 -11

3 -12

-4 ‘ 13 //

-5 , -14

-6 Wi Nl -15

7 -16

-8 -17

-9 Unrt |S meter in y axis -18 Ul’llt iS meter in y aXiS

1. Reference satellite GPS PRN 16
and target satellite is GPS PRN 8
2. Which is code-phase double difference ?
3. If you subtract from right to left, what happen ?

SV s\W2

PS\[I. 5\2 S\ZI._S\/Z
p,rov_ref

rov_ref rov_ref

+e

fS\Zl. 5\2 S\A_S\Q NsVl_S\/z esﬂ S\V2
rov_ref rov_ref rov_ref f,rov_ref




4. (Carrier DD) (CodeDD)

237300 437400 437500 437600 437700 437800 437900 438000 438100 438200 _2237300 437400 437500 437600 437700 437800 437900 438000 438100 438200
-2 -30
-4 -35
-6 » -40
-10 -50
-12 -55
The unitis meter  Divided by wavelength The unit is cycle

0.19029 mé (L1)

Probably, we guess the integer ambiguity between
PRN16 and PRNS8 is about - 40 ?
In fact, the average of this right results was - 41.3



5. What Is the correct ambiguity ?
AGLYUOS3ISNI fSIad &bzt NBA YW S|
epoch !

A If you know the3 or more ambiguitiesyou can estimate
the user positiorwith the level of carrier phase because
only 3 unknowns remains.

A Then, (dxdy, d2) can be estimatednd finally,
A (X_userY userZ usey= (X, Y, Z) + (dky, d2)

Satellite i Satellite |
@ £ f] &)0
i j
Ponte ~ e G fM &
FSUL_S2 _ S_sW2 sv_sw Receiveru /K< Baseline >/\ Receiver b

rov_ref rov_ref ef ,rov_ref

(X_user, Y _user, Z user) (X,Y,2)
Reference sta.



6. Test resultgdx, dy, dz)

Reference

B 11.05 Pole Earth
1431,300 437400 437500 437600 437700 437800 437900 438000 438100 438200 11.048 Center
11.046
-2 11.044
3 | 11.042
4 11.04 v
= 11.038
6 | 11.036 ¥
7 11.034
11.032
8 | 437300 437400 437500 437600 437700 437800 437900 438000 438100 438200 Reference
9 idi ECEF
: meridian
—distance
—dx —dy —dz
-7.955 - - -2.26 -~ . -7.28
437300 437400 437500 437600 437700 437800 437900 438000 438100 438200 437300 437400 437500 437600 437700 437800 437900 438000 438100 438200 437300 437400 437500 437600 437700 437800 437900 438000 438100 438200
-2.265 | |
796 -7.285
22 -7.29
‘7.965 _2'275
-7.295 |
-7.97 | -2.28
2.285 | 73
-7.975 | [ 7305
-7.98 -2.295 -7.31
—dx —dy —dz

Std. = 2.8 mm Std. =4.0 mm Std. = 3.4 mm



/. Convert to horizontal positions

-8.63
6.86 6.87 6.88 6.89

-8.64

-8.65

Reference sta.

Enlarged view of the very small plot

shown in the bottom-right corner.
-8.66

| am repeating myself, RTK tells you only dx, dy, dz.

You have to decide the precise reference positions ! (X_user, Y_user, Z_user)



Difference between expensive and
low-cost receiver

Cost
Multiple GNSS

Multiple Frequency
Numberof channel
RTK (short baseline)open sky

RTK (ove2Okm baseline) + open sky

RTK undemid obstructed area (short)

RTK undedense obstructed area
(short)

Accuracy of fixegosition + open

Accuracyof code positiont open

Surveygradereceiver

100,00

Perfect

Perfect
400-500-

Perfect

Almost perfectup to
100 km or more

Almost perfect

Sometimesnot good

mm

Decimeter

Low-costreceiver

$100

BeiDouor Glonass
Other are OK

L1/B1/E1/G1 only
-100

Almost perfect

Impossible

May be difficult
Difficult

o

1-2 meter



PPR(PrecisePoint Positioning)

A Feature

I with SingleReceive(No Referencestation)
I EfficientAnalysidor Many Receivers
I PreciseEphemeris
I ConventionallyPostProcessing
A Applications
I GPSSeismometer
I GPMeteorology

I POD(PreciseOrbit Determination)of LECSatellite
I PreciselimeTransfer



StaticPPPvs KinematicPPP

KinematicPPP
Station:IGSCONZ (Chile)

File Edit View Help
u-| 1] [2] 12 [Position v:m' + T @
3

bt ORI=-36.84376628° -73.02551480° -180.653m
AVE=1,495m STD=1,388m RMS=2.039m

Magnitude of 8.6 ‘
M

Al

AVE=0.259m STD=0.359m RMS5=0.442m

20cm

[1]2010/02/27 06:28:00 GPST-02/27 06:45:00 GPST : N=1017 B=0.0km Q= 5:5(0.5%) 6:1012(33.5%)

2010/2/276:286:45GPST
Interval:1s

06:30 06:35 06:40

StaticPPP
Station:GEONE0837

¥ D:¥projértklib_test¥ppp¥sol3¥0837_2009.5

File Edit View Help

[ = [roston v|=far ~|H T & ¢ o = C | 3 X G
10

-
0.

E-W (m) ORI=31.824060872" 130.599593859"° 314.6565m
AVE=0.0000m 5TD=0.0084m RM5=0.0083m
0.05

. g, T O ey IS
0.00 gz W”&:""W.M'Q’-kﬁsw‘“’w%"w‘ SRt B A T

AVE=-0.0000m 5TD=0,0059m RM5=0.0059m

AVE=-0.0000m 5TD=0.0110m RM5=0.0110m

-

. . o et et st e ome
) . R AT SN L I N A S St
¥ *, et et TR A FERALT AN Phary .
* .‘:“" ST ‘. ARSI ) RV
. P . o A

0.10
0903 0905 09f07 03/10 0912

1]2009/01/01 00:00:00 GPST-12/31 00:00:00 GPST : N=3&5 B=0.0km Q= &:365(100.0%:)
[12008/01/0 2 Q

2009/1/1-2009/12/31
Interval:1day



PPP Applications

Mining
Control

Pressure MSL (hPa) : 2004/10/15 00:00 T= 0 H= OhPa

ny B

4y
e~ »
B s L, O

Offshore Autonomous Weather Forecast
Construction Driving



RTK vs. PPP

RTK RealTimePPP
Local/Regional
Coverage (< 1000km) Global
Typical 1-3 cm HRMS 2-10 cm,much dependlng
Accuracy on orbit/clock quality
Effect of Ref| Hard to separateef and | Less effect by distributecef
Movement user movement stations
System Simple, Complicated,
Complexity at least one ref station need many reftations
Latency of 15 5 o5
Corrections
Biases Basically cancelled by DD  Needcareful handling

Which is better depends on AP requirement and technology level.
RTKLIB offers both. They are ussarlectable by option settings.




Error source mitigation (Typical)

_ DGNSS _|__RTK__

Satellite clock model 0.0m
1 m(rms)

Satellite ephemeris Ng) 0.0m
1 m(rms)

lonospheric delay 1 -2 m (zenith) 0.1-0.2m
2-10 m(zenith)
x3aths

Tropospheric delay 0.1-0.5m 0.1-0.2m

2.3-2.5m(zenith) .
Y 10aE (zenith)

Multipath (open sky) Code Code
Code 0.51 m rb rb

Carrier -1 cm

Receiver Noise Code Code
Code 0.1-0.5m rb rb

Carrier :1-2 mm

Finallyé|[23mM -1lm

0.0 m
0.0m

0.01m

0.01m

[HCarrier

HCarrier

-1cm

0.01c0.1m
0.01-0.1m

0.01Im

0.01lm

bCarrier

HCarrier

-10cm




RTK and PPP

RTKA = | § PPP/PPP-ARZ
(| DE P - Bt /
w w R ’k e w " A g
oINS\ T oneREE ____ Y
| R REEE |
FHERER
I BT -TILFIHR
Reference station Continuous communication

through satellite

Continuous communication

Wait for 5-30 minutes

Instantaneous position

No limitation

10-100km limitation




I QU dzF f LISNF 2 NX Iy

PPP

SPP | i

., | DGNSS After convergence

Accuracy (95%)
SPP 1.36m
DGNSS 0.44m
RTK 3 mm
PPP : 3.4 cm

RTK




