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Overview

Part I (Kayser-Threde GmbH, Munich):

n Project Objectives

n Project Schedule

n Prototype System Design

n Core Sub-Systems Selection

n Modularity Concept

n System Integration and Acceptance
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Overview (cont’d)

Part II (Insitute for Geodesy and Navigation, Univ FAF, Munich):

n S/W and Kalman Filter Design

n Performance Acceptance (Car Tests)

n System Application (Rail Tests)

n Data Evaluation

n Conclusion
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Project Objectives and Target Performance

n Technical motivation: develop prototype system for high-precision

position and attitude determination in rail applications

n tailor to requirements of spot maintenance tasks, e.g. overhead power

line diagnosis, measurement of track curvature etc.

n perspective: use in safety-related applications, where high performance

and integrity is required

n Commercial motivation: develop top-end system w.r.t. implemented core

sensors and data integration filter (Kalman filter)

n later down-grade to less demanding applications is easier than up-grade



K     A     Y     S     E     R     -     T     H     R     E     D     E

5

Project Objectives and Target Performance (cont’d)

n IMU (high data rate, short-term stability) and GNSS (low rate, long-term

stability) show complementary characteristics

n Sensor combination ideal for bridging typical GNSS outage situations in rail

traffic (tunnels, forest, ...)

n Accuracy targets: horizontal position ±7 m (2s), attitude ±1° (2s, any axis)

n Modular design for easy access and exchange of modules (down-/up-grades)

n System design and I/F independent from carrier vehicle (except power)

n System integrity (i.e. sensor and filter performance) continuously monitored

by dedicated S/W mechanisms (“QuickLook Monitor”)
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Project Schedule

M/JM/AJ/FN/DS/OJ/AM/JM/AJ/FN/DS/OJ/AM/JM/AJ/F

2001 2002 2003

KO

Procurement/Manufacturing

AR

FP

DR

Pre-Test IMU

Pre-Test GNSS

Car Tests

S/W Developm. & Integration

Environmental Tests

Application Tests

Post Proc.

System Reqs.

GNSS and IMU Trade-Off

Test Procedures
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RadioCompass System Design
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MAIT Flow (Part I)
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MAIT Flow (Part II)
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MAIT Flow (Part III)
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Component Tests

n IMU pre-tests:

n analytical performance evaluation (documentation, propagation of

gyro and accelerometer errors)

n sensor performance test in thermal chamber

n GNSS pre-tests:

n analytical performance evaluation (documentation, raw data output,

acquisition and tracking, oscillator)

n static test on surveyed station

n dynamic lab test with GNSS signal simulator
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Trade-Off and Selection IMU: Status and Perspectives

Year
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Trade-Off and Selection IMU: 6-DOF Systems (mid 2001)
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Inertial Measurement Unit (Litton LN-200)

 ø 87 mm, Height: 85 mm 

 Fiber optical gyroscopes (FOG)

 Silicon accelerometers

 Data interface RS 485

 +5 V, -5 V, +15 V, -15 V,  ca. 12.5 W

 External time synchronization possible
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IMU Pre-Tests: Analytical Performance

Accelerometers:

n Bias repeatability 200 µg to 1 mg

n Bias variation 50 µg  (60 s correlation time)

n Scale factor stability 300 ppm

Gyroscopes:

n Bias repeatability 1°/hr to 10°/hr

n Bias variation 0.35 °/hr (100 s correlation time)

n Scale factor stability 100 ppm
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IMU Pre-Tests: Thermal Tests
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Drift of Accelerometers vs. Temperature
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Drift of Gyroscopes vs. Temperature
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Conclusion IMU

n Accelerometers:

n Bias Repeatability better than

10-4 m/s2

(spec: 2*10-3 - 10-2 m/s2)

n Bias Variation better than

5*10-5 m/s2 @ 60s

(spec: 5*10-4 m/s2 @ 60s)

n Better than 1.2� g/s2/K

n Gyroscopes:

n Bias Repeatability better than

0.5� /h

(spec: 1 – 10� /h)

n Bias Variation better than

0.03� /h @ 100s

(spec: 0.35� /h @ 100s)

n No temperature dependency
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Pre-Selection GNSS Receiver: Systems (mid 2001)
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GNSS Pre-Tests: Analytical Performance
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GNSS Pre-Tests: Surveyed Pillar
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SPP (no ESTB, no Iono)
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ESTB, but Iono Correction from L1/L2
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ESTB incl. Iono Correction
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Scatter Plot of all three
Static GNSS Tests
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GNSS Pre-Tests: Dynamics

n Output Frequency L1 @1575.42 MHz

n Channels 12

n Max Velocity � 120,000 m/s

n Max Acceleration � 3,600 m/s

n Pseudorange � 0.01m

n Pseudorange rate � 1mm/s

‡�' HILQLWLRQ�RI�WHVW�WUDMHFWRU\
‡�&RPSDULVRQ�RI�UHFHLYHU�SRVLWLRQ
�ZLWK�VLPXODWHG�SRVLWLRQ
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Simulated Trajectory
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Dynamic Accuracy of GNSS Receiver

Latitude [arc sec] Longitude [arc sec] Heigth [m]
Mean 0.0013 0.0019 -13.29
std. Deviation 0.0013 0.0014 1.99
Mean 0.0010 0.0018 -12.92
std. Deviation 0.0012 0.0013 1.39

GPS

GPS+EGNOS

horizontal speed [m/s] vertical speed [m/s]
Mean -0.0046 -0.0205
std. Deviation 0.1033 0.2735
Mean 0.0220 -0.0213
std. Deviation 0.1103 0.2444

GPS

GPS+EGNOS
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Conclusion GNSS

n Static and dynamic performance very good, in particular when using

internal L1/L2 iono corrections

n No significant improvement observed when using EGNOS, but:

n at times of pre-tests, only ESTB available

n with S/A off, performance of a RAIM dual-frequency receiver such as

Novatel Millenium comparable to EGNOS spec
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System Integration: Sub-System and Functional Tests

n IMU/GNSS integrated performance tests:

n synchronization of IMU and GNSS data

n test of navigation software and Kalman filters

n 19” Central Unit tests:

n electrical tests (interfaces, power supply)

n test of the LINUX operating system

n S/W tests:

n verification of S/W functionality and performance
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Physical Properties and Environmental Tests

n Physical properties test: measurement of system weight and dimensions,

check of vibration immunity

n Thermal test: several thermal cycles to evaluate IMU performance

(presented before)

n EMC test:

n according to EN 50121 and EN 50155 (applicable rail standards)

n cooperation with German company IES (experienced with rail

subsystem verification tests)
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Summary System Integration

n RadioCompass system design followed a rigorous system engineering

approach

n Core sub-systems selected, pre-tested and integrated in time

n Environmental tests (EMC, vibration, thermal) according to rail standards

n All sub-system performance and system functional tests were successful

and fully meeting requirements


