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SW Design

Integrated Performance Tests

Application Tests
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Interface to common navigation sensor

Time tagging of input data

Storage of all time-tagged data for post processing
Strapdown calculation of inertial data

Estimation of major sensor errors by means of
Kalman filtering

Storage of PVA
Command line interface
Graphical user interface to evaluate current system

status
A
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RC Input Line
— GPS

— IMU

— Odometer

— Balises

RC Output Files (online)
GPS

IMU

Odometer

Balises

PVA + Variance

+ ++ + I+ I+

5BAR&RP PW+ SBRIKWO HARY +

RC Input Files
GPS

IMU
Odometer
Balises

RC Output Files (offline)
+ PVA + Variance

+ State estimate

+ Covariance Matrix

Ethernet
+ PVA and sensor states
+ Basic commands
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| RRVHERXSTY

Y
Inertial Navigation PVA ElNS
Navigation System Processor rrors
Kalman
Filter
- Kalman PV(A),
GNSS Receiver Filter Time
Eurobalise ~<Z
Odometer ~<I
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IMU at+e
(physical system) g+

calculation -

strapdown

PVA

(

Kalman Filter

Zz—P

)é; :)é +K, (z - Hk)é)

P|<+ =(I - KH, )R

> PVA»
+
+
—d(PVA)
——cov(PVA)—»

(D)GPS ——ea, eg, d(PVA)
Balise
A 4
b |
C.
Odometer

Side-Slip/Up-Slip
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F =1+Fdt
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Accellerometer

Gyroscope

Gravity computation

Position Information

A

A

Initial attitude

5BAR&RP PW+ SBRIKWO HARY +

lokale
gravity
vector
I I
i 9 Coriolis correction
i 1 1
£ fr A\ -
! R - R R | Strapdown Navigation-
! »  Specific force '\fj S — CoiEEr
? t
! A E
! Cg Initial position and velocity =-=3
I
ir rn I'n
W : o+
Wi Attitude Wie ™ Wen
i | Computation
: 'y
! :
M (]
' :
i [}

Institute of Geodesy and Navigation

Institut fir Erdmessung und Navigation

—

position
velocity
attitude




' VAMM. DB DD) IGMY RRS

update F from

inertial measurementsand
PV A data from strapdown
algorithm

Enter a priori error state and its
covariance:

Ry 5 Po

Compute Kalman Gain:

K :PkHI(HkPkHI+Rk) '

Project ahead: Update estimate with

Apply observations z,

(" ~ N
N'ins = Faps
A ins ~ Vers
— b
Z = o nVins = Vodometer

b
8:nVINS = Vsde /up sip
@INS = Oobserved )

)ék . )ék measurement zk: \
1= k ry = A +K (Z _ H A ) e - = N
P, ,=®,P® +T4 1" AR K- HA oy
' 1avy
X, :{ dr HUpdatePVA
Compute error covariance for 1dU
‘ updated estimate: I U
| 9Y )
Pe=(- KHIP Get error states %
Discrete kalman filter Extendg d I_<a|man fiitersion R—
navigation purpose 'ﬁf
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RC Server (rcserver)
+ SW daemon
+ Sensor management

+ Sensor fusion
(Navigation
Computer)

+ TCP Interface

RC Client (rcclient)

+ Graphical User
Interface (GUI)

+ Monitoring of sensor
status

+ Monitoring of overall
status

+ Commanding

A
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CRadioCompass =——— CRCServer
CGPSsyncedCompass
CCompass (——— CSimpleCompass
\
CIML [t CLNZ200

COMS5:CPosition

CGNSS::CGF’STimﬂ\

- —

CEensor:CSensorData
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COME5:CGNS55ensorData

| CCompass: CCompassSensorData

CIMLU:CIMUSensorData

=

CLNZ200:CLNZODSensorData
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. [ GLOBAL]

. # start in realtine node
. Online = no

. # start internet server

. RCServer St art
. PORT = 55555

. Initial Covari ance =
[opt/rcserver/etc/Initial Covari ance_9. dat

. Syst enNoi se = /opt/rcserver/etc/ SystenmNoi se. dat
. LogFile = /opt/rcserver/var/|l og/ RCServer
. O flineDel ay=0

= yes

. (1M

. Type = LN200

. Sour ce=/ opt/rcserver/share/ | MJ pat ched. | og
. # data rate of | MJ

. Rat e=400
. Quat er ni onRat e=50

. # prefilter coefficients for raw data filtering
during alignnent

. RawDat aFi | t er=/ opt/rcserver/ et c/ RawFi | t er. coef

. # prefilter coefficients for azimuth filtering
during alignnent
. YawFi | ter=/opt/rcserver/etc/ Level Filter.coef

. GyroDriftCorrel ati onTi ne=100
. #Sensor Dat aLogFil e = /opt/rcserver/var/log/ 1 MJ
. #Sensor Dat aLogType = 1

5BAR&RP PW+ SBRIKWO HARY +

*[ GNS§]

*Type = NOVATEL

«Source = /opt/rcserver/share/ SPP. bin

* #Ti meout =5

+COffset = 0.00.00.0

*#Sensor Dat aLogFil e = /opt/rcserver/var/| og/ GNSS
* #Sensor Dat aLogType 1

o [ COVPASS]
«Type = GPSSynced
*Source = /opt/rcserver/share/ Conp. bin
* #Ti meout =30
*#Sensor Dat aLogFi | e
*#Sensor Dat aLogType

[opt/rcserver/var/| og/ COWPASS
1
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CORHE BT 2 YHIDOH\DXY
File Edit ¥iew Help
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— RadioCompass Status

¢ Offline
¢ StandBy
- v &RP P DOAQ)
Odometer @
WV zZupT [~ cupT Balise o
I Side-iUp-Siip ™ Attituce Compass @0
— Kalman Filter Status
GPS Week: 1184 GPS Second:  469823.76 ) M\M
Fosition [7|m] - 0° 0.0000" - 0° 0.0000" -0.01 m
Welocity [mis] -0.00 m{/s -0.00 mfs -0.03 mfs
Attitude [*] -0.9459° -0.0072= -0.0029°

] IGPS | Balise | Odometer | Compass | TCPAP

K-2K0E J-aKiE Z-3Ki5 '
Accel. [mis~Z] 0.0244 051270 -9.61914 HN.(BGG I_QRJ,Q H.P Dm
Rotation [*fs] 0.00000 -0.00000 -0.00076

External Sync [

Temperatures: I Gyro ¥ vl 33.2734 °C
Yoltages: I—SV DC vl -48373 ¥

MNavigation
; 7|
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48.078

48.077 A

48.076

48.075

48.074

48.073 A

48.072 ‘ ‘ ‘
11.625 11.63 11.635 11.64 11.645
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— Complete Test Track [°]
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. Accuracy - Quicklook Monitor
+ Position < 1m + Sensor Status
+ Velocity < 0.5m/s + Filter Status
+ Attitude < 0.2° + Basic Commanding
- Features

+ Update Rate 1Hz
+ Data Rate 50Hz
+ Logging to file
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Reference Data Set - INS / DGPS

48.05 %
48.00 [ M
4785 F -
47.75 F----

47.65

48.15

11.60 11.70 11.80 11.90 12.00

11.50
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Latitude [
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GPS Data 24.03.2003

48.15 12.05
48.10 - 12.00
48.05 11.95
48.00 11.90

11.85
47.95

11.80
47.90 |

11.75
47.85 |

11.70
47. -

80 11.65
47.75 11.60
47.70 | 11.55
47.65 L L L L L 11.50

110000 115000 120000 125000 130000 135000 140000

GPS Time [s]
Latitude  + EGNOS availability >
Start time

Number of seconds
Number of epoch
Epochswith EGNOS

Per centage of EGNOS
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Longitude [O]

48.15

GPS Data 26.03.2003

48.10 |

48.05

48.00

47.95

47.90

Latitude [°]

47.85 |

47.80

47.75

47.70 |

12.05
iw-r

- 12.00

{1105
EGNOS] 11 0

i #HHHV#Mi
;

-1 11.85

< 11.80

11.75

11.70

11.65

11.60

11.55

47.65
285000

114538
22195
98496
78793

80.00 %

11.50
290000 295000 300000 305000 310000 315000 320000

GPS Time [s]
Latitude  + EGNOS availability >

286796

28234
112972

93934 ~
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Reference Data Set - Attitude

100 T T T T T T 6
Yaw
80 [ Pitch -
60 ‘ 14
40 | W—FL “
i | 1,
20 H | |
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Latitude []

48.15
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Reference Data Set - INS / DGPS

11.72

48.1 |

48.05 |-

a8 |

47.95

479 |

47.85

478 |

47.75

47.7

47.65

DGPS Longitude

L T T T
INS Latitude  + )

INS Longitude

=4 11.7

-4 11.68

- 11.66

—4 11.64

4 11.62

—4 11.6

-4 11.58

-4 11.56

<4 11.54

129000

130000 131000 132000 133000
GPS Time [s]
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134000

135000

11.52
136000

Longitude ﬁ

Heigth [m]

850

Reference Data Set - Height

750 |

650

600

550

T
INS Height +

1 1 1 1 1 1

129000

130000 131000 132000 133000 134000 135000 136000
GPS Time [s]
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100 T T 4
80 | INS  + b {3
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0F 140
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Pl 12
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-100 | ! 44
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Residual f']

Residual ﬁ

Residual ﬁ

Mean -0.30123 -0.058027 0.12142
Std. 0.20843 0.10930 0.86082
deviation

R—
'..'
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Residual in Latitude

48.15 T T T T T ———— 0.00015
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Residual in Longitude
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Residual in Heigth
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Standard deviation

Latitude [m] 0.134 2.100

Position Longitude [m] 0.043 1.200
Height [m] 0.116 3.007

North [m/s] -0.024 0.401

Velocity East [m/g] -0.448 0.187
Down [m/g] 0.030 0.308

A/
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Roll [ ] Pitch [ ] Yaw[ ] Standard

deviation

Mean -0.429 -0.205 -0.718 Latitude [m] 0117 5.179

Std. 0.232 0.108 2.379 Position Longitude [m] 0.125 3.661
deviation

Height [m] 1.060 4.621

North [m/g] -0.024 0.383

Velocity East [m/9] -0.445 0.186

Down [m/s] 0.030 0.308
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