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PERFORMANCE SPECIFICATIONS - WITH GNSS*
POS LV 220 220 220 410/420 4107420 410/420 610/620 610/620 610/620 PERFORMANCE SPECIFICATIONS (RMS ERROR)

PP |ARTK DGPS PP |ARTK DGPS PP IARTK DGPS Mo GMSS outages, standard road vehicle dynamics

XY Position (m) 0.020 0.020 0.300 0.020 0.020 0.300 0020 0020 0.300

Z Pasition (m) 0.030 0030 0.500 0.030 0.030 0500 0.030 0030 0.500 Position (m) 15H 01H 002H 002H

) - = 30V 05V 005V 005V

Roll & Pitch (deg) 0.015 0.020 0.020 0.008 0.015 0.015 00025 0.005 0.005 Rol & Pitch (deg) 004 003 003 D025

True Heading (deg) 0025 0.050 0.050 0.020 0.020 0.020 0.015 0020 0.020 True Heading*(deg) 012 Q.09 009 006
"

- *
PERFORMANCE SPECIFICATIONS - GNSS OUTAGE, 60 SECONDS 1km or 1 minute GNSS outage. standard road vehicle dynamics®
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20H 20H 10H 0.80H
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True Heading (deg) 0.030 0.070 0.070 0.020 0.030 0.030 0.015 0020 0.020
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Background

Over the past few years, the number of applications using
the RTK-GNSS has increased owing to an increase in the
demand for low-cost GNSS receivers with high accuracy.

These pictures show typical cases of construction sites. In
such an area, the environment can be extremely complex,
and several users abandon RTK-GNSS and rely on surveys
considering total stations (TSs).

However, surveying with TSs is expensive and becomes
critical to remotely monitor changes at construction sites
using RTK-GNSS to reduce the cost and workload of
operators. This study aims to describe a method for RTK-
GNSS in a challenging environment.

Good balance between GNSS and conventional Total Station
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If we set static RTK mode, it can’t track | |
even small displacement. We can't use | =~ Static RTK (open sky) & seimniiasis:

20.82

static RTK continuously for monitoring.

20.78

20.36
N-S (m) AVE=20.2468m STD=0.0025m RMS=20.2468m

20.28

If the commercial receiver can provide

20.24

reasonable RTK-GNSS, we use the

20.20

receiver. OQur target is the environments  [o=®
these receivers can’t provide RTK-GNSS. |

Static RTK is not sensitive to small displacement.



Target cost

N

. Most of companies considers that official survey and field

monitoring applications are different.

. They still use survey grade GNSS receiver for official survey.
. With the advent of low-cost multi-GNSS/multi-frequencies

receiver, they started to use them for many applications of

cm-level monitoring.

. Since they use many receivers, low price is a must (less than

approx. $500-1,000 U.S. from my prediction).




Accuracy is not like standard RTK

0.2 E-W (m) ORI= 35 667203387°N_139.791920596°E 39.1658m
=-0.0000m STD=0.0272m RM5=0.0272m

0.1; 5

: X i ln ‘“*r J iy
[}.[}‘h ﬁ’%%’*““ﬂ‘wb % f‘ M'« i .“k "‘I'ﬁ\'.u
-0.1
-0.2 g
0.2 N-S(m) AVE=-0.0000m STD=0.0214m RMS5=0.0214m

0.0 Agh*!mﬁwww ;‘M W\W*“ 34 0""' W

_g ; U-D (m) A‘U’E -0:0000m STD=0.0369m RM5=0.0369m

; i Standard RTK
_[:- m'ﬁo“‘wm*m b*‘ i%‘; MN‘ m :
-0.2 f

. . . . ; ; ; ; 2cm
04:30 05:00 05:30 06:00 06:30 07:00 07:30 08:00

It is not required to output 1 Hz. It depends on the applications.
In most cases, smoothing of 1 hour or more is possible.



TS was used to evaluate the accuracy of
RTK- GNSS on the WaH

‘ i | — ] B S 4 n i SRS i
= A maana | | B 5
B . \ = oy = E = =——— 3 g : I

= 2 . = = ——— . A RS, - e
| R S s o o - i e R o ¥ 2 =

jIhs
LYAN

There was approximately 1 cm deviation in Horizontal and Vertical.




Difficulties in RTK-GNSS

DGNSS Due to bad DOP and multipath,
1. Difficult to find correct ambiguities.
2. Difficult to fix ambiguities continuously.

20

¥

Once we could find correct ambiguities,
Hold mode and TDCP/Doppler are
available for continuous RTK. We used
combinations of these two methods for
continuous RTK-GNSS.

In this presentation, we focus on finding

initial correct ambiguities.
Very harsh environment (4 hours)



Method to resolve initial ambiguities in harsh
environments

We set up 3D grids for float solutions.
Then, count scores based on Ratio test.

We often could not get the first correct FIX for (not single epoch but 10-30 min. data)
more than a few hours in harsh environments.

N
3
5 -2m 0| 1| 2| 28| 48| 12| 7| 0| 4
B 151 29 1} O] 151 21 9 0] O
§ ' [\_\ 0| 16| 11| 14| 13| 3| 54| 46| 3
r_;: 0 | \/ 1| 0f 0] 3] 0| 29| 14| 80| 44
;g -1 _ . \/- Om 3| 0] 0 Of 15| 80|138| 8| 23 Maximum:
-2 11 0 11 67|161| 97| O 161/1800
. " 100 O 16] 5] 1| 0O 6| 17| 11
451400 455000 458600 462200 465800 469400 473000 71 10| 40| 12| 0O O] O] O
TOW (s) -2m 0l 59| of o| o] 38 of o o
Most of RTK engines try to fix ambiguities om om om  E

using Kalman filter or similar filtering method o _
in time series. However, it doesn’t work well... This is the case of 30 min.
(sequential estimator)



The position with highest score was regarded
as FIX position.

0.1
: 0.08 "k
First search : £2m oo N
Second search : £0.bm 7 0os | -3 '&' 3 D: i
RN LR X
N“ - o ;.““,-‘ é :‘, $ : g .
-ag 0 4 ’ ‘: }1: L] }, ™ 4‘4&9 ﬁ\;&.‘ 4 w}%q,
50cm 9] 17] 35 5 00 H ¥ L R
11| 7/103] 8 0 Jool B \
Ocm | |130/122[2511228| 38 008 :
451400 452000 452600 453200
6| 73| 36 39\29\ —_—
_ 0l 0| 5] 10| 38
>0cm . 251 epoch’s solutions passed Ratio test.
VE These all results were shown here.
-50cm ~ Ocm  50cm Initial position was determined by averaging these positions.

Future Task : We have to discuss more from a theoretical point of view



How can we determine the center position?

N T
1. Static RTK mode was used to determine om | ol 1 2l 28l asl 2] 7 o] 2
the center position of Grids. 15| 20| 1] of 15] 2[ o of o
2. Averaging DGNSS might be also used. ‘13 13 1(1) 1: 13 23 ij :z 42
3. Duri_ng this step, the antenna should be om | T30 EE RS
stationary. 1| o of 1| e7(162| 97| o
4. |f there is large errors in static RTK mode, 10| 0| 16| 5| 1| 0] 6] 17| 11
we can’t find the correct fix position. O] 7] 10 40} 12| 9 9] 9] O
. ] . -2m Of 59| 0O 0O 0O 38 0 0O O
5. The least duration will be discussed later. X
6. Errors due to DOP should also be -2m Om 2m E
considered (basically errors spreads in the Unknown correct fix position has to be

direction of the wall). included in those grids.



_ Configurations

Location Etchujima campus in TUMSAT
Time 24 hours, November in 2022

Receiver u-blox FOP for rover/base

Antenna AMO patch antenna for rover/base

_ Analysis Settings

GNSS GPS/QZSS/GALILEO/BDS/GLONASS

Frequency L1 and L2

C/N, 35 dB-Hz or more
Mask angle 30 degrees
Max. PDOP 20

Commercial receiver can’t provide reasonable RTK-GNSS.



1. Determining the center position of Grids

E-W (m) ORI= 35.667203380°N 139.791928800°E 39.0800m
2 AVE=-0.7804m STD=0.8430m RMS=1.1486m
_— + Latitude
N-S'(m) AVE=0.3458m STD=0.9904m RMS=1.0488m
- — + Longitude
UD(m) /s’ AVE=1.0642m STD=2.2481m RMS=2.4867m
S » Height
! Center position of the Grid was
09:00 09:05 09:10 09:15 09:20 09:25 09:30

determined using the position
after 30 min. of static RTK mode.

There were some wrong fixes (static RTK mode).



2. 1st Search (£2m, spacing 0.5bm, 729 grids)

Number of Fix 2d alt = 38.35m

Number of Fix 2d alt = 38.85m Number of Fix 2d alt = 39.35m

Number of Fix 2d alt = 39.85m

600

@ @ ~ o @ a w 5] -
@ ™ - o o IS = r -

Alt=39.85m

- . 0 . 0
Alt=38.35m Alt=38.85m [ |- Alt=39.35m N~

1 2 3 4 5 6 7 8 9

Number of Fix 2d alt = 41.85m

AIt 41.35m i Alt 41.85m i

Number of Fix 2d alt = 40.35m Number of Fix 2d alt = 40.85m

AIt 40.35m i Alt=40.85m i

Number of Fix 2d alt = 42.35m

© o ~ @ [ Fs @ ~ -
@ ™ - o o IS = r -

" One graph includes 81 horizontal grids. The score frequencies were color-coded.

" The levels of two grids were over 500, highlighted in yellow in the second and third graphs.

. These values were close to the values of the true position. The grid with the highest score

- was selected, and_the average value of the fixed positions was saved for the next search.
Alt=42.35m



3. 2nd search (£0.5m, spacing 0.25m,125 grids)

The second center position was set

; EW (m) ORI= 35.667203380°N 139.791928800°E 39.0800m
using the previous resu It AVE=0.0359m STD=0.0556m RMS=0.0662m
. Number of Fix 2d alt = 39.05m 1500 0 .;-'ﬁfﬂh;- R R = 4
L -1
18 1 N-S (m) AVE=-0.0128m STD=0.0438m RMS5=0.0456m
2
1000
. S e e et s PPt el o -t
25 0 ot oreny o o ni——
3 -1
8 ; U-D (m) AVE=-0.0159m STD=0.0898m RMS=0.0911m
: 500
45 0 f%ﬂ. wwm.vm“w' RO
5
-1
%% 1 15 2 25 3 35 4 45 5 55 09:00 09:05 09:10 09:15 09:20 09:25 09:30

The number of fix was 1510 out of 1800, and the fix rate was ~83.9%.

The average position was within a few centimeters of the true position.

The horizontal standard deviation was 7.1 cm, and its altitude was 9.0 cm.

As the fix rate was sufficiently high and the standard deviation was within 10 cm,

we stopped the search, and this average position was set for the continuous processing of the RTK-GNSS



24 hours results after setting the initial position

4 E-W (m) ORI= 35.667203380°N 139.791928800°E 39.0800m 1 E-W (m) ORI= 35.667203380°N 139.791928800°E 39.0800m
AVE=0.0022m STD=0.0430m F{Ms=0.0431mi AVE=0.0015m STD=0.0129m RMS=0.0130m
]
UMMM 0
1 1
1 N-S (m) AVE=0.0008m STD=0.0442m RMS5=0.0442m 1 N-S (m) AVE=0.0018m STD=0.0114m RMS=0.0115m
UWWW 0
13 [} f
L]
1 1
) U-D (m) AVE=0.0054m STD=0.0869m RMS=0.0871m 1 U-D (m) AVE=0.0037m STD=0.0207m RMS=0.0210m
[ ]
H ] ] ]
0. II N ¥ . i 0
* iy ) 9.
-1 ‘ -1
10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00

Left figure shows the 24-h RTK-GNSS after setting the correct initial position.

The fix rate was 96%. In addition, these results were generally smoothed for 1 h.

Smoothing for 1 h is allowed for a few applications, i.e., monitoring slow-moving embankments.
Right figure shows the RTK-GNSS smoothed for 24 h.

The standard deviations of the horizontal dimension and altitude were ~1.7 and ~2.1 cm.




Minimum duration

It is important to determine how long the initial position
should be analyzed. A shorter duration was better for

this application. However, the shorter the duration of

the initial position, the worse the accuracy of the

Initial position is.

The remaining 23 test results were shown in right table.

Except for these three cases, we determined the correct position.
We could not determine the correct position in these three cases
because the accuracy of the static RTK-GNSS was poor.

Table lists errors related to longitude, latitude, and altitude after
30 min in the static RTK-GNSS to achieve the initial position.

In the case of 20 min. : 4 outliers
In the case of 10 min. : 7 outliers

UTC

9:00-9:30
10:00-10:30
11:00-11:30
12:00-12:30
13:00-13:30
14:00-14:30
15:00-15:30
16:00-16:30
17:00-17:30
18:00-18:30
19:00-19:30
20:00-20:30
21:00-21:30
22:00-22:30
23:00-23:30
0:00-0:30
1:00-1:30
2:00-2:30
3:00-3:30
4:00-4:30
5:00-5:30
6:00-6:30
7:00-7:30
8:00-8:30

Longitude
-1.0
0.2
0.0
0.4
-0.8
-0.8
0.3
-0.8
-0.2
0.2
0.2
0.2
-0.5
-1.0
-0.2
1.0
-0.5
0.4
-0.4
0.1
0.7
0.8
-8.3
0.8

3D Errors in 30 min (m)
Latitude
0.0
0.1
0.0
-0.1
0.7
0.1
0.1
0.6
0.4
0.1
0.2
0.1
0.4
0.3
0.0
0.5
-2.0
0.3
0.1
0.0
-0.4
-0.3
1.6
-0.1

Altitude
1.3
0.2
0.0
0.4
-1.0
-0.4
-0.4
-0.8
0.5
0.1
2.5
-0.2
1.2
1.3
0.2
5.2

15.5
0.0
1.7
0.5
1.4
0.1
1.5
0.5



Commercial receivers and survey grade antenna

T4 ,,,‘ Time : 4/6/2023 3:00-7:00 (UTC)
LA Satellite visibility was bad during this period.

Base stations were set as same receiver respectively.

Low-cost Survey-grade

3 types of positions were evaluated simultaneously
in real time.

1. RTK engine using low-cost receiver
2. RTK engine using survey-grade receiver
3. Our engine using low-cost receiver

(modified RTKNAVI in Note PC)




Two commercial receiver's RTK engine

Approx. 25 min. were within 10 cm in ENU compared to true positions.

E?—W (m) ORI= 35.667203600°N ' 139.791929300°E 39.1600m 10 EW (m)

1.0 ¢ ¢ AVE=-0.0939m STD=0.5697m RMS=0.5774m
0.5 i ﬁ M
i *4—‘-'.—/ >

0.0 \“WM'

-0.5 “w‘\'\-—h Nﬂ 0 it N
—— e

-1.0

1.5

N-5 (m) AVE=0.1751m STD=0.5472m RMS=0.5745m N-S (m)

Ho /

0.5 d/_-..——dw——"- /"\

0.0 ' /',Vf-’--_ SR

: M\"'—‘ ¥
-0.5 3
-1.0 5

U:D (m) AVE=0.6274m STD=0.8322m RM5=1.0422m

=T T T Y N N N~ N S - Sye

U-D (m)
~
AN
W

ORI= 35.667203600°N ' 139.791929300°E 39.1600m
AVE=0.7961m S5TD=2.3429m RMS=2.4744m

AVE=0.0493m 5TD=1.6662m RM5=1.6669m

AVE=1.0498m STD=1.2984m RMS5=1.669/m

i / o
i 'MW/ "y
|
f
0 ;E o - M‘*
i £
04:15 04:30 04:;15 05:00 05:15 05:30 05:45 06:00 06:15 06:30 06:45 07:00 07:15 07:30 07:45 08:00 08:15 04:15 04:30 04:45 05:00 05:15 05:30 05:45 06:00 06:15 06:30 06:45 07:00 07:15 07:30 07:45 08:00 08:15

Survey-grade receiver’s engine Low-cost receiver’s engine

Big issue : Many large wrong fixes positions.



Our engine using low-cost receiver

E-W (m) ORI= 35.667203600°N 139.791929300°E 39.1600m

1.0 AVE=0.0268m 5TD=0.0251m RM5=0.0367m
0.5
0.0 21 gl = St it i gy e A e, ks 24 gt s, % ‘U"’E:. -’tﬁm“ s e ptmtn b B Sy ing punl PR, sl o
-0.5
-1.0
L0 N-S (m) AVE=-0.0228m STD=0.0177m RM5=0.0288m
0.5
0.0 o s Taun L SR — el il iy Wy L e — S T PR gy g & gy i ¢ P
_05 [ ] [ ] [ ] [ ] [ ] [ ] [ ]

After initial position estimation, most of
1.0 o agp -

errors (over 90%) were within 10 cm.
10 U-D (m) AVE=0.0060m 5TD=0.0381m RM5=0.0386m
0.5
0.0 s singl o 40 v o P o ko 4 Wit 4% gy ¢ 8 whanat Rhmv B L R
-0.5
-1.0

04:15 04:30 04:45 05:00 05:15 05:30 0545 06:00 06:15 0630 06:45 07:00 07:15 07:30 07:45 08:00



Antenna comparison in RTK
(Survey-grade and Patch)

Time : 4/10/2023 2:00-6:00 (UTC)

ORI= 35. 55?2D338?°N 139. ?91929595°E 39 1658m

RMS=E: 0.0272m N 0.0214m U: 0.0369m 2D: 0.0692m

95th percentile=11.2cm

38.0% FIX

5¢cm
—

RTK-GNSS of Survey-grade antenna

RTK-GNSS of Patch antenna



TOEONSS

Antenna comparison in RTK
(Survey-grade and Helical)

Time : 4/11/2023 3:00-7:00 (UTC)

ORI= 35. 66?2&3344“[‘4 139. ?91929?18°E 39 1801m

0
82.1% FIX 716.7% FIX
H?ﬁ
5cm S cm
P _Sem

RTK-GNSS of Survey-grade antenna RTK-GNSS of Helical antenna



Summary

1.

2.

We introduced an improved initial integer ambiguity
resolution in an extremely severe environment.

Verification based on actual data confirmed the effectiveness
of the proposed method(lcm after 1h smoothing).

. Antenna comparison was conducted (low-cost helical

antenna was better).
It will promote the use of RTK-GNSSs in confined spaces,
which were ignored by civil engineers previously.

Future work : We have to investigate if our proposed method is
optimal or not from a theoretical point of view.



ow to generate fixed positions continuously
after initial correct AR (case of HOLD mode)

0.10 E-wy . rgs ORI= 35.667203400°N ' 139.791929600°F 39.1660
) Not hold ambiguities AVE--0.0187m STD=0.0095m RMS=0.0210m
0.05 AVE=-0.0161m STD=0.0187m RMS=0.0247m _ o
' l ! | g Example of holding ambiguities
“ TIME | Ratio | SV3 | SV10 | SV15 | SV19 | SV26 | SV30
S 1 2.5 O O O O O O
0.10 Hold ambiguities > 2710 1lololol ol o
0.10 N-S (m) AVE=0.0107m STD—0.007 im RMS—0.0128m |—— = 0 o 5 5 o 0
0.05 4 2.9 O @) O X X O
0.00 5 27 O @) @) X X O
‘ 6 25 | O | [O []O X X O
-0.05 =
7 3.9 @) O @) X O X
0.15 {j-p (m) AVE=0.0057m STD=0.0273m RMS=0.0279m | 9 4.2 @) @) @) X ©) X

AVE=0.0095m STD=0.0248m RM5=0.0266m . . .
O :Carrier phase is valid

X : Carrier phase is not valid

094000 94200 94400 94600 94800 95000 95200 95400 95600 95800 96000 96200 96400 96600 96800 97000 97200 9740C

Velocity use for RTK-GNSS:
Kubo, N. Advantage of velocity measurements on instantaneous RTK positioning.
GPS Solut 13, 271-280 (2009). https://doi.org/10.1007/s10291-009-0120-9
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TAVEIW)  ALT(H)
e - AR - | - '| Debug ~ Win32 ~ P O0-H)L Windows TI\VHi— ~ B = | » | = = |&) Live Share &

YYU1-23Y TYAT0-5- rtkpos.c® 41 X [JUEILEees)

@E o-5IB e be properly set for relative mode except for moving-baselin v renos

Y1-23Y TIATO-5- OikZR Ctrl+ P ~ 1880 —lextern int rtkpos(rtk_t *rtk, const obsd_t *obs, int n, const nav_t *n Az AE & BEEOFTIAVE
- 1881 { -

- 1882 prcopt_t *opt=&rtk->opt.
1883 sol_t solb={{0}};
qzslex.c 1884 gtime_t time;
revlex.c 1885 int i, nu, nr;
revraw.c }gg? char msg[128]="":
rinex.c 1888 trace (3, “rtkpos : time=%s n=%d¥n", time_str (obs[0].time, 3),n);
rt17.c 1889 trace (4, “obs=¥n"); traceobs (4, obs, n);
’ 1890 /*trace (b, “nav=¥n") ;. tracenav (b, nav) ;*/
rtcm.c 1891
rtem?2.c 1892 /* set base staion position %/
1893 it (opt->refpos<=POSOPT_RINEX&&opt->mode!=PMODE_SINGLE&&
rtem3.c 1894 opt->mode ! =PMODE_MOVEB) {
rtcm3e.c 1895 | for (i=0;i<6;i++) rtk->rb[i]l=i<3%0pt->rb[i]:0.0;
1896 }
il 1897 /* count rover/base station observations */
rtklib.h 1898 for (hu=0;nu  <n&&obs[nu ].rcv==1.nu++) ;
1899 for (nr=0:nu+nr<n&&obs[nu+nr].rcv==2.nr++) .
1900
rtkrev.c 1901 time=rtk->sol. time; /* previous epoch */
rtksvr.c 1902 relposkubo(rtk, obs, nu, nr, nav).
1903
sbas.c 1904 /* rover position by single point positioning */
septentrio.c 1905 if ('pntpos (obs, nu, nav, &rtk—>opt, &rtk->sol, NULL, rtk—->ssat, msg)) {
1906 errmsg (rtk, “point pos error (%s)¥n”, msg);
skytrag.c 1907
solution.c 1908 it (I'rtk—>opt.dynamics) {
1909 outsolstat (rtk)
1910 return 0; =

0% ~ & EEEEONMEEATLE 17:1896 X=:6 BA  CRLF

preceph.c

—C-0Y 4T M4

LONOL Y LREA—(

rtkpos.c

src.pro

ss2.c
stream.c
streamsvr.c

(2
D

tersus.c

72AF. JORT.. GitZEE

[ 13 "relpos”, TBIEDFFIAV A Y-RTEIEN « By
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TAVFEIW) AT H)
e - AR - | - '| Debug ~ Win32 ~ P O0-H)L Windows TI\VHi— ~ B = | » | = = |&) Live Share &

YYU1-23Y TYAT0-5- rtkpos.c® 41 X [JUEILEees)

- T e o 1048 i ]
@ "q| Che S r@| 1949 for (i=0;i<6:i++) rtk->rb[il=solb.rr[il; v relpos
Aa BH & BEORFIAVE

T I = = - 1950
JU1-Y3Y THAT0-5- Otk (Curl+ P 1951 /* time-synchronized position of base station */
A 1952 for (i=0;i<3;i++) rtk->rb[i]l+=rtk->rb[i+3]*rtk->sol. age;

1953 }
gzslex.c 1954 else |
revliex.c 1955 rtk->sol. age=(float) timediff (obs[0]. time, obs[nul. time) ;

1956
revraw.c 1957 if (fabs (rtk->sol. age) >opt-—>maxtdiff) |
rinex.c 1958 errmsg (rtk, “age of differential error (age=%. 1f)¥n”, rtk->sol. age):
117.c 1959 outsolstat(rtk);
’ 1960 return 1;
rtcm.c 1961
rtcm?2.c 1962 }
1963 /* relative potitioning #/

rtem3.c 1964 //relpos (rtk, obs, nu, nr, nav) ;
rtcm3e.c 1965 relposkuboResult (rtk, obs, nu, nr, nav):
rtkemn.c 1966

’ 1967 outsolstat (rtk) ;|
rtklib.h 1968
1969 return 1;
rtkpos.c 1970

rtkrev.c 1971
rtksvr.c

preceph.c

—C-0Y 4T M4

LONOL Y LREA—(

shas.c
septentrio.c
skytrag.c
solution.c

Src.pro
p v

2.
s8eC @ RSRE BONEHATLE 71967 =21 BA  CRUF
stream.c

streamsvr.c

[
(2
D

tersus.c

72AF. JORT.. GitZEE
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T4VEIW)  AITH)
e - B W | - '| Debug ~ Win32 ~ P O0-h)L Windows 7/\vii— ~ BE) v | » | = - |/ Live Share o8

YU1-3Y T9A0-5- main.cpp B X
v 400 L}
NE o-5IB 401
. _ 402
VU1-23Y TJ2T0-5— ORE (Cl+ P ~ 403 =l extern int relposkubo(rtk_t *rtk, const obsd_t *obs, int nu, int nr, const nav_t *nav)

404
calc_satpos_next.cpp - 405

—C-0Y 4T M4

calc_satpos_prev.cpp 406
407

Elledfe e 408 int =0, iter=0;//EA A A E %

calc_velocity.cpp 409 int revn;//revn=1 (ZEZ£@) rcvn=0 (FEEHD)

heck cn. 410 int pos=1.//7?
checkcn.cpp 411 int rover_kaisu=0;
choose_sat.cpp 412 int min_sat = 6;
choose_sat_dual.cpp 413 double trange[PRN]={0}. stock_cn1[RCVN] [PRN]={0} ;

h K 414 static int SATn_moto=0, SVn_moto[PRN]={0}:
choose_sat_rtk.cop 415 double ratio_ggeb = 0, ratio_gger = 0, ratio_ggebr = 0;
global.h 416 static double max[6] = { 0 };

417
global_extern.h 418 for (i=0:<3; i++)PreSolFlag[i]=Sol_flag[i];

least_square.cpp 419

LONOL Y LREA—(

i 420
main.cpp 49

matinv.cpp 422 SetRKTLibtoKubo (rtk, obs, nu, nr, nav) ;
minv.cpp 423 : .

424 E //if (((int)DGPSTIME) == 267071)
newton.cpp 495 J/1

read_data.c 426 // int a=0;
PP 427 [/ at+,
i a++;

428
read_rinex_obs302.cpp 429 /7]

rinex_time.cpp 3%10

set_initial_value.cpp 432 if (SATn[01==0 H SATn[11==0) return 0;
t dinate. 422 if (GBPSTIMF==0 || NOPSTIMF==M ratirn 0
rans_coorcinate.cpp @ RSRE BONUEHACLE < 559 X=24 131 RA

read_rinex_nav.cpp

trans xyz Ilh.cpp

++
++
+t
++
++
++
++
++
[
(B
++
++
+e
++
++
+s
++
++
++
++
++
++
++

w_inv.cpp
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ORI= 35.667108800°N 139.792815500°E 59.781
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GNSS/IMU/Odometer (Applanix POS LVX)

PERFORMANCE SPECIFICATIONS# (RMS ERROR)

Mo GNSS outages, standard road vehicle dynamics

1 km or 1 minute GNSS outage, standard road vehicle dynamics®

SPS SBAS RTK Post-Processed®
wn | 00 | osv | ooy ooy
Velocity 001 001 001 0.005
Roll & Pitch (deg) 0.04 003 0.03 0.025
True Heading5(deg) 0.2 0.09 0.09 0.06

SPS SBAS RTK Post-Processed?
Position (m) 20H 20H 10H 0.80 H
50V 30V 20V 020V
Roll & Pitch (deg) 009 009 0.09 0.05
True Heading® (deg) 0.35 035 0.30 0.20

(m
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Kachidoki

Monzen
nakacho

TUMSAT

Blue : FIX
Light blue : Flag 4
Gray : Dead reckoning
Orange : Flag b

FIX rate 66.3%
—only GNSS 40%

FIX rate is improved by integrating GNSS
with IMU/Odometer.




Post-processed

Real-time

3 3
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Relatively large error (normally 60-70cm in maximum)
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» . .
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H
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PL =Post-RMS + Real-time RMSX 3

Generated a temporary protection level.
Orange : Protection level, Blue : Actual errors

14 Percentage Orange > Blue
17527/18426 =95.1%
12
—— Absolute Horizontal Errors
E 10 —— Temporary HPL
= Ginza
c 8
S Marunouchi
— 6
v
2 !
\ ) |
0 - }‘ —wbl".___ 7 N\
192600 193100 193600 194100 194600 195100 195600

TOW (s) (\m



Real-time

Blue : FIX

Light blue : Flag 4
Gray : Dead reckoning
Orange : Flag b S/

FIX rate 81.9%
—only GNSS 77.4%



AVE=E-0.0100m M* 0.0049m U:-0.0206m 0.5 E-W (m) ORI= 35.666334250°N 139.792201810°E 59.9050m
AVE=-0.0100m STD=0.0758m RMS=0.0764m

STD=E: 0.0758m N: 0.0962m U: 0.0587m

RMS=E: 0.0704m M: 0.0963m U; 0.0622m 2D: 0.2458m 0.4
ti:t‘ * 0.2 }, b\.
f P r .
.r--"'h\“ ' ls
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R=50cm 02 !‘
-0.4 §

-0.6
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0.4 i 3{
0.2 T {_ & %
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-0.4 .

20 cm
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AVE=0.0049m 5TD=0.0962m RM5=0.0963m
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Accuracy is different from the results of dense urban.

A TuMm

Takyo Universify of Marine Science and Technology
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PL =Post-RMS + Real-time RMSX 3

Generated a temporary protection level.
Orange : Protection level, Blue : Actual errors

: Percentage Orange > Blue
7819/8201=95.3%

—— Absolute Horizontal Errors
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Features of each sensor

—

GNSS

IMU/Odometer | Integration

Good and bad of each sensor

GNSS
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