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Motivation — Latency occurred on a highway

e Data communication: 3G

30sec Latency Test
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Age of Correction
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Propose Compact RTK as an optimal method
to compensate latency errors
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Performance Validation of Compact RTK

Feasibility Test for GPS/GLONASS Compact Network RTK
Conclusions

Future Works
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Briefings on Compact RTK

e Compact RTK
Developed by Seoul National University (SNU) in 2002

Optimized to reduce temporal decorrelation errors
RTK service available in a low-rate data link ( < 500 bps )
cf. Conventional RTK requires approx. 1500 bps (RTCM v3.0 MT1004, 9 satellites)

Currently assigned as RTCM Message Type 4081 for Test

e Participating National R&D Projects

“Technical Research of the Land Application Infrastructure based on
GNSS” (2009-2014)

funded by Ministry of Land, Infrastructure, and Transport (Budget: 16MS)

“Development of the Land Application Infrastructure based on GNSS”
(2016-2018)

funded by Ministry of Land, Infrastructure, and Transport (Budget: 2MS)

CGSIC 2017 A
September 25, 2017 Seoul Nat’l Univ. GNSS Lab-{g
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Conventional RTK correction and protocol

e Conventional RTK

CorreCtion representation ) monventional RTK Correction, GPS PRN12
_ S : . . .
(3 (1
p=d+O6R+B-b-1+T+S6NA+g 24
Terms w/ high variation 23f
£

'd : range between a receiver and a satellite| 2al
'0R, b : satellite orbit and clock error i N _//
B receiver clock offset | 24 e
"1, T : ionospheric and tropospheric delay =» High variation
0N, A integer ambiguity and wavelength : 2 20'00 40'00 60'00 80'00 10600 12000

epoch (1 sec)

RTCM Messages

e ———————— —
RTCM ‘
Information No. of Bytes || Recommended update rate ||
Message Type I
Observations (GPS) 1004 8+15.625*Ns | 0.5 -2 Hz (low latency) |
Observations (GLONASS) 1012 7.625+16.25*Ns 'L 0.5 -2 Hz (low latency) l

VS S L L e e aa e .
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Compact RTK correction and protocol

e Compact RTK (Kee and Kim, 2002)

GPS PRN 12 %107

10 T T T T T 2.5
. . J \
Correction representatio Eliminate terms w/ high variation!
Carrier Phase-Correction (CPC) | |**
g 6 12.3 ;6’
5p=¢—d—B+b-N2
=6R+0B-6b—1+T+56NA+¢ 5%« 122 §
g 5
G g
CPC rate © \ ................... {21 8
d 5
5S¢ = ¢ ~—I+T+5R+56B-Sb+e' & I, L 2
0 2000 4000 6000 8000 10000 12000
epoch (1 sec)
=>» Low variation
=>» Can be extrapolated by
RTCM Messages low-order polynomial

\

Information RTCM No. of Bytesq Recommended update rate ||

Message Type I ,

Carrier Phase Correction (GPS) 40.81 6+11*Ns I According to rate and age of |,

(proprietary) CPC 7
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Latency compensation

e Latency compensation for conventional & compact RTK

Correction outage . - Nonlinear

b
r
b

v [72]
c ) c - w/o rate information >> €
o
.g Conventlonfal x 2
J RTK correction ! o
= (includes p, B) : g
S : o - Linear
. - w/: rate information
. Compact : -
1 - -
1 . : 1 <
R RTK correction ' €
/— : — : rate ‘
, . < = : >time
> time
A tk l I

_________________________

* Conventional RTK
> High nonlinearity, no rate information =» compensation error
grows rapidly as latency increases = Need high update rates

* Compact RTK
> High linearity, rate information provided = low-order polynomial
extrapolation effectively compensates latency error

=>» Allows low update rates

CGSIC 2017 =» Reduces required speed of data-link
September 25, 2017
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Correction Scheduling Strategy for Compact RTK

e Determination of Broadcast Priority

Step 1: Monitoring CPC error at current time caused by latency

A

55(&) = 5¢(t1) - (tk _tl) . 5¢(t1)

Corrections

Last Current time
broadcast time

Step 2: Determining transmission time of correction

Transmission criteria
5¢Thresho|d : Maximum allowable error

So(t ‘>5 or (t —-t)>T
‘ ¢( k) ¢Thre‘°'h°|d ( k 1) max T : Maximum allowable update interval

max

CPC: Carrier Phase Correction

CGSIC 2017
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Compact Network RTK

Compact RTK (RTCM 4081) can be combined with Network RTK

Examples of RTCM correction messages for Network RTK realization

Conventional Proposed
MT1004 MT4081
MAC Network RTK MT1017 MT1017
VRS Network RTK MT1004 MT4081
MT1004 MT4081
FKP Network RTK MT1034 MT1034

Network RTK corrections require low update rates

MAC (MT1017) and VRS (MT1034)

corrections
MT1004 and MT4081

CGSIC 2017
September 25, 2017
10

Speed of data-link determined mostly by update rates of RTK

RTCM: Radio Technical Commission for Maritime Services
MT: Message Type

MAC: Master-Auxiliary Correction

VRS: Virtual Reference Station

FKP: Flachen Korrektur Parameter

Seoul Nat’l Univ. GNSS Lab- g


http://gps.snu.ac.kr/snugl.htm

11

Test Results for Compact RTK
Performance Validation of Latency Compensation
30-sec Latency Test Using Commercial Receiver
Static Positioning Performance under Low-Rate Data-Link

CGSIC 2017 A
September 25, 2017 Seoul Nat’l Univ. GNSS Lab- (s
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Performance Comparison of Latency Compensation using

Conventional and Compact RTK — Test Configuration

e Test Configuration

!_\' Zero-baseline test

\4
User

Trimble NetRS

Trimble NetRS

II\)/I?I!T(;;(: Compensated l
SNU MT4081 Compact RTK | mMT4081
Obm Compact ——> — Latency >

RTK Server Compensation
Latency Residual
Generator Conventional Calculation
> —>  RTK Latency >
MT1004 Delayed Compensation” Compelllsated

MT1004 MT1004

*Conventional RTK Latency Compensation (Neumann et al., 1996)
- 3-state Kalman Filter (Carrier phase observation, rate and acceleration)

CGSIC 2017 A
September 25, 2017 Seoul Nat’l Univ. GNSS Lab-g
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Latency error reduced by max. 60% using Compact RTK
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T T T T T T T T 0.5 T T T T T T T T
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=» Compact RTK improves robustness to broadcast latency
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30-sec Latency Test — Test Configuration

14

MT4081 RS

Trimble 4000ssi

SNU
—> Compact
RTK Server MT

MT1004 RS

MT1004

e Test environment 1
Baseline: 145 m
Experiment timg: 10:00).1

e Rover setting

Low latency dynamic
Max. age of corr

CGSIC 2017

Delayed
MT4081

4081

Latency
Generator

Compensate}/—\

MT1004

Msg Modifier

—> - MT4081 to MT1004

- Latency compensation

\

~
7

ﬂompact RTK Use\

Trimbie NetR9

Conventional RTK Us

r

Delayed MT1004 \

Latency
(sec)

1sec

w

v

pction: 120 sec

100
GPS epoch

Courtesy: Dr. Byungwoon Park

September 25, 2017

\ Trimble NetR9 A

.= Latency error in MT1004:

compensated by receiver
manufacturer’s own
compensation scheme.

________________________________________

Seoul Nat'l Univ. GNSS Lab &
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Time Series of Vertical Error for Max. 30sec Latency

Age of Correction

15 sec latency
[ [ [

4,02 4.04 4.06

x10°

[

05
RM§: lcm

(Conventional RTK)

MT1004

—

15

[ [
RMS:.65.7 cm (DGPS

Conventional.RTK 1oses RTK fix

[ [ [

o fixed MT1004
float/dgps MT1004

4,02 4.04 4.06

MT4081

[ [
RMS: 6.5 cm (RTK fix)

Compact RTK provides stable RTK-fix position
even under 30sec latency unlike conventional RTK

CGSIC 2017
September 25, 2017

Courtesy: Dr. Byungwoon Park

Seoul Nat'l Univ. GNSS Lab &
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Static Positioning Results for various speeds of data-link

[ ] L]
Horizontal Vertical
" . " : : Lo 6463
144,61} it
i FRETES '::‘
5mm Baoo 01N ) 64,64
144.605 |- ¢ o 1 1cm
o X 64.65]
1446} e
R 64.66
E _
E 1445051 £
5 s
=z n
64.67 |
144.59 - .
3 g- 64.68["
144,585 SRR
- Baseline length: 185:m*; 6469
144,58} —_— | TPk T XN
- # of visible satellites: 6-9
935 93495 9349 93485 9348 93475 9347 93465 -93.46 Raih) 1000 2000 3000 2000 5000 6000 7000
East(m) Time(sec)

Broadcast bandwidth
(bps)

Horizontal Error
(2DRMS, cm)

Vertical Error
(2RMS, cm)

Unlimited

1.10

1.56

RTK service available with Compact RTK in 250-500 bps data-link

(c.f. Conventional RTK requires approx. 1500 bps)
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Test Results for Compact Network RTK

Compact Network RTK Positioning Results and
Assessment of Required Bandwidth for GPS only signal

Test Feasibility of GPS/GLONASS Compact Network
RTK and Assessment of Required Bandwidth

CGSIC 2017 A
September 25, 2017 Seoul Nat’l Univ. GNSS Lab-{sig®
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Test Environment for Compact Network RTK Validation

Test environment

Network configuration
(CORS RS in North Carolina State)

Gibsonville  Qurlington — pyopane

T
v Graham ’ N
A w Youngsvilig
@ =
Pleasant Master RS \40/ Durham [‘-!z?:sc[ l
Garden @ ——
‘ il e 4D P

[ Chape \540/
Morrisvilie
LR
Cary Rral 99 Knightdalé |

RS

Date of test July 12th, 2007
Time 17:00 ~ 18:00 KST (local time)
Reference 1 Master station (PITT)
stations 5 Auxiliary stations (NCAS, HILB, NCFA,
NCLI, RALR)
User SNFD (27km away from Master station)

Rockirfjham 1@

Apex

Garner.

Holly

Springs

Clayton

18

Fuquay-Varina *
a.“)
vay Four)
2 S o s
Lillington NCLT Boson.
@
SOW Dunn
2N south 95/ @D
Pinehurst ?;:nc(;m ¢ o @
Aberdeen
- 8 NCFA, oy
Raeford Hope Mills .
“ — -
CGSIC 2017

September 25, 2017

Post-processing Field Test
- CORS rinex data (logged in 1 sec)
- Intentional 1sec Time Delay
- Correction Scheduling
=» No Difference from the Real Time Process

Network RTK Algorithms

- Corrections are generated by SNU-developed software

Correction format
- Compact RTK + Conventional Network RTK Solutions
(RTCM 4081 + RTCM v3 1015, 1016, 1034)

=» Test Compact Network RTK for various
speeds of data-link

w5
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Compact RTK + MAC Test Results & Bandwidth Gain Attribution

Horizontal Results Vertical Results
T T T T T T T 015 T T T T T T
0.06ll * 700bps Compact RTK-MAC wischeduling | ‘ . :gggg Cg;”ﬂ ;RFI?KM;\ECW “bd ‘R@’TCM wac wo o TR
' «  1500bps Compact RTK-MAC/1900bps RTCM-MAC w/o scheduling 2RMS ps -ompa 19005p WO S —
2DRMS 01- 1500 bps (unlimited): 7.98 c
0.04} L. i
1500 bps (unlimited): 5.95 cm 700 bps: + 0.01 cm
700 bps: +0.05 cm 0.05} 1
0.02 .
-
£ . T N
£ 0 . 4 £ o} 1
o ]
=
002} §
-0.051
004} §
01
0.06]
L L 1 I 1 L L | L L | L | |
0.06 0.04 .02 0 0.02 0.04 0.06 346 3.465 3.47 3.475 3.48 3.485 3.49

East(m) GPS Time(s) « 10°

19

Proposed Performance Assessment

System BandW|dth System Bandwidth Bandwidth Accuracy

Compact Network RTK Solution reduces the data link rate by
approx. 63~70% w/o Accuracy Degradation

00) hne | ~(illhneg 1 /(1A

Next step: Use GPS/GLONASS signals for improved visibility
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Test environment for GPS/GLONASS Compact Network RTK

Network configuration Test environment
4 - I Date of test February 29, 2017
Time 13:00 ~ 16:00 KST (local time)
Reference PAJU, DOND, INCH, SUWN
stations (equipped with Trimble receivers)
User GUMC (35km way from Master station)

Post-processing Field Test
- CORS rinex data (logged in 1 sec)
- Intentional 1sec Time Delay
- Correction Scheduling

=» No Difference from the Real Time Process

Network RTK Algorithms

: & - - - Apply generated MAC from SNU-developed Compact
(Googleé g, & Network RTK Software

SkyPlot (GPS) SkyPlot (GLONASS) o . . one
N N Consideration for GLONASS Feasibility Test
b P s - Consider only homogeneous receivers
300//22 % Aeo w/ \\eo / N - Estimate Single-difference ambiguity to maintain integer
/ » 25 W24 | V21 icti
f 7 \ ‘ I “\is \ characteristics
wzm‘; % | % E wz7o§ Jz |0 E
‘\,‘ 32 / \l 13 ,
N /f; /| = Test GPS/GLONASS Compact Network RTK for
e N ¢ “/ various speeds of data-link
al w0 Required data-link compared with conventional RTCM

20 ®


http://gps.snu.ac.kr/snugl.htm

Positioning Error for Various Broadcast Bandwidths

0.1}

North (m)
o

-0.05

-0.1

-0.05 %

-0.1F

-0.15

-0.2

21

oo

600 bps
800 bps
900 bps
1000 bps
1200 bps
1400 bps | |
unlimited

2DRMS: 2.7 cm (unljmited)

-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

East (m)

Vertical
. 600 bps

800 bps
900 bps
1000 bps
1200 bps
1400 bps
unlimited

2RMS 4 3cm (unllmlted)

0 2000 4000 6000 8000 10000 12000
epoch (1 sec)

Additional 3D position error

additional 3D position error (mm, RMS)

with respect to unllmlted bandW|dth
35 T

3D position error for unllmlted
" bandwidth: 0.026 m (RMS)

w
o

N
a
T

N
o
T

-
(3]
T

-
o
T

a
T

Sub-mm limit
?_=7 L |-

1400 1200 1000 900 800 600
Broadcast bandwidth (bps)

o

=>» Additional positioning error less
than 1 mm for bandwidths larger
than 1200 bps (GPS/GLONASS)
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Performance of Ambiguity Resolution for Various Broadcast

22

Bandwidths

e Assessment of ambiguity resolution performance out of 1500 trials

Mean and standard deviation of

Ambiguity resolution performance

Correct fix rate
Unlimited 1400 12001000 900 800 600 Unlimited 1400 1200 1000 900 800 600

Time-To-Fix

100

-
—

-
o
T

98

96

94 -

92 -

90

(%)

88 r

86

84 r

- Wrong fix rate
] Cannot be flxe

82

Time-To-Fix (sec)
o - N w ESN [3,] [=;] ~ [} ©o

GPS/GLONASS Network RTK service available for 1200 bps

data-link using Compact RTK without performance degradation
- Ambiguities can be correctly fixed in 2 seconds
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Required bandwidth for GPS/GLONASS Network RTK

23

e Amount of messages transmitted for conventional &

Compact Network RTK for the test data set

4000

3500 |

1000 |-

Amount of messages trasmitted (bits)
S
o
o

3700bps

1200bps |

RTK (RTCM) + MAC (RTCM) ||
Compact RTK + MAC (RTCM)

0 2000 4000 6000 8000 10000 12000

Required

Method of Network RTK .

bandwidth
Conventional MAC Network RTK

(calculated according to RTCM 3700 bps

recommendation) -
MAC Compact Network RTK 1200 bps

(proposed)

Compact Network RTK can reduce bandwidth by 65%

compared to conventional Network RTK for GPS/GLONASS

CGSIC 2017

September 25, 2017

Seoul Nat Univ. GNSS Lab-(g
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Conclusions

24

Compact RTK (RTCM4081) effectively reduces latency errors
caused by broadcast delay or failure
Reduces latency error by 60% compared to conventional RTK (RTCM1004)

Maintains RTK position fix for 30-second latency unlike conventional RTK
Conventional RTK switched to DGPS when time of latency reaches 15 sec

Compact RTK (GPS only) provides RTK fixed position with 500
bps or even slower data-link without performance degradation
(Conventional RTK needs at least 1500 bps)

Compact Network RTK reduces speed of data-link by max. 60%

compared to conventional method

Required bandwidth (bps)
Conventional (MAC) Compact Network RTK (MAC)

GPS only 1900 700
GPS/GLONASS 3700 " 1200

Target data-link: satellite communication link

Seoul Nat’l Univ. GNSS Lab- g
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e Real-Time Dynamic User Test for GPS/GLONASS Compact
Network RTK

Performance validation of Compact Network RTK for various data-link
condition

Comparison of performance with conventional Network RTK

MT4081
. + MT1017, MT1039 (MAC)
Permanent Reference Station Network SNU Correction Scheduled correction
_ Compact Scheduling Dynamic user
Network RTK (for unlimited,
Server 1200 bps data-link) =
p
coo & &
NGl Trimble
> Network RTK BD970
Server Commercial Service

- MT1004, MT1012 (VRS)/
- MT1004, MT1012 + MT1034, MT1035 (FKP)
=» Broadcasted according to RTCM recommendation

CGSIC 2017 ¢
September 25, 2017 Seoul Nat’l Univ. GNSS Lab-
25
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