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SUMMARY

The development of MEMS Inertial Measurement Sensors (IMU) has shown steady progress
in recent years; there is a measurable increase in the number of sensors on the market, and,
most importantly, the performance is also improving after years of stagnation. Though
manufacturers provide sensor characterization information, the lack of standardized, generally
accepted parameters makes any performance comparison difficult. Therefore, the need for
experimental comparison still exists. To support academic research, mainly in navigation
algorithmic developments, a collaborative working group across the professional institutions
of the International Association of geodesy (IAG) and the International Federation of
Surveyors (FIG) was formed and a series of field tests were carried out using a representative
sample of MEMS sensors. For reference purpose, navigation-grade IMUs were also included
in the tests, so a highly accurate baseline solution is available. This paper describes the sensor
configuration, the mobile surveys conducted, and the reference and MEMS measurement data
that are now available to the navigation and surveying community.
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1. INTRODUCTION

Due to recent technological advancements, MEMS sensors are increasingly becoming
available in a growing number of applications. However, their still modest performance,
primarily characterized by large drift and noisy sensor measurements, presents challenges to
the navigation community; in particular, as most of the Extended Kalman filter-based
navigation solutions are customized toward using navigation- or tactical-grade IMUs. In
addition, there are non-conventional sensors, such as ranging and imaging sensors
increasingly used for navigation that are not yet integrated with the traditional GPS/IMU-
based navigation filter. As a result of these developments, research has been very active in
multisensory integration with specific attention directed towards using inexpensive MEMS
sensors. To support this research, and combine broader international research efforts into
ubiquitous positioning systems, a collaborative working group has been established under the
banner of two international professional organizations: the International Association of
Geodesy (IAG WG4.2.5) and the International Federation of Surveyors (FIG WG5.5). One of
the aims of this WG is to support the broader research community through the provision of
reference data sets to support algorithmic design, performance testing and various cross-
performance validations. In cooperation with research teams from three international
universities, a major test campaign was performed at the Ohio State University that included
12 IMU sensors. Navigation grade sensors provided the highest accuracy reference solutions
and a tactical grade IMU was also used for cross-comparisons. The eight MEMS IMUs
included the most frequently used models, and two identical sensors were also used to assess
the performance fluctuations of a particular model type. Using a mobile platform, various data
sets were acquired in different arrangements, including slow and fast dynamic motion, various
acceleration/deceleration patterns in both linear and angular components. To support the
broader applicability of the data, all the MEMS IMU data was preprocessed to a unified
format, and using the high-end IMU in GPS/IMU integration, a reference solution was also
provided. The specific objectives of field tests were:

— Acquire reference data for MEMS performance validation using high-end IMU’s

— Acquire reference data for algorithmic research (typical trajectories)

— Validate time synchronization performance of different implementations (embedded
GPS, timer-board based and software-only PC data acquisition systems)

— Acquire data in various sensor configurations in highly dynamic environment

— Acquire data in a group of sensor nodes equipped with GPS/IMU of various grades

This paper briefly summarizes the implementation of these efforts to facilitate the use of the
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reference data set in the research community. The discussion includes sensor configuration,
performance analysis of the reference data set, and an overview of the MEMS data and its
accessibility to the IAG/FIG community.

2. SYSTEM CONFIGURATION

The field tests were carried out on the The Ohio State University (OSU) campus across the
week of 12-16 May 2010. The mobile research platform was provided by OSU and various
grades of IMUs, several GPS receivers and datalogging software were provided by all
institutions including the University of Melbourne and the University of New South Wales,
Australia. After two days of installation and testing, ten data acquisition surveys were
conducted on 14-16 May, 2010. Table 1 lists the IMU sensors used in the field experiments,
including interface and installation parameters.

. Lever arm with respect to rear GPS antenna
IMU Owner | Interface Timing Right [cm] = o il Up [cm]
H764G-1 osu 1553B Built-in GPS 26.6 -76.1 123.6
H764G-2 osu 1553B Built-in GPS 48.2 -76.1 123.6
LN100 osu 1553B External(hw) 26.6 -71.7 102.8
HG1700 Oosu H/SDLC | External(hw) 48.5 -53.4 101.8
XBOW-0 osu Serial External(hw) 53.5 -78.1 107.2
XBOW-1 UoM Serial External(sw) 43.8 -78.1 107.2
XBOW-2 UoM Serial External(sw) 30.4 -60.2 107.2
XSENS-1 UoM USB External(hw) 43.4 -71.4 109.8
XSENS-2 UNSW USB External(sw) 37.6 -71.4 109.8
Gladiator Landmark UoM Serial External(sw) 53.9 -64.6 109.7
MicroStrain, INERTIA LINK UoM usB External(sw) 47.6 -64.4 108.9
Crista IMU UoM Serial External(sw) 37.9 -59.5 109.9

Table 1. IMU sensors used in the experiments, with GPS antenna lever arm data.

The IMU sensors were installed in a two-level rigid metal cage, where the lower plate held
two Honeywell H764G navigation-grade IMUs, and all the other IMUs (10) were mounted on
the upper plate; Fig. 1 shows the upper plate during sensor installation.

The IMU sensor installation mostly followed the ideal orientation with respect to the vehicle
body frame, except when mechanical constraints prevented it. Table 2 shows the IMU
coordinate correspondence to the vehicle body.

V:Qé‘;'e LN100 | H764G | HG1700 | XBOW | XSENS | Gladiator | MStrain | Crista
Right Y Y Y Y Y Y Y Y
Front X X Z X X X X X
Up Z Z X Z Z Z Z Z

Table 2. IMU sensor orientation in the GPSVan.
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Figure 1: IMU sensors installed on the upper plate of the IMU cage.

The five OSU IMU sensors are permanently installed in the GPSVan, so their locations were
known from past highly accurate surveys, and the seven MEMS IMUs were relatively
positioned to them; the lever arm parameters are listed in Table 1. The GPSVan is equipped
with two GPS antennae, installed in the central vehicle direction and separated by 192 cm, see
Fig. 2. The rear antenna served as the main antenna, so the lever arms are referenced to it.
Since most of the MEMS IMUs are still manufactured without integrated GPS, additional
circuits and software were needed to provide GPS time-tags to the MEMS IMU
measurements. The front antenna primarily was used to support GPS time-tagging. Two 4-
way splitters provided GPS antenna signals to the three GPS receivers in the GPSVan and for
all IMU sensors with built-in GPS. Most of the GPS time-tagging solutions, used in our
testing, were software-based, see Table 1; more details about GPS time-tagging can be found
in (Toth et al., 2008).

3. FIELD EXPERIMENTS

The GPSVan, shown in Fig. 2, was used as a mobile platform to acquire data in various
motion patterns, including straight and circular vehicle trajectories at various velocities and
accelerations.
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Figure 3: GPSVan in field tests at OSU Campus; note a GPS reference station in the back.

During the ten sessions, trajectories ranging from straight segments to repeated loops were
driven on roads and in parking lots. Fig. 4 shows the trajectory of session 8; (a) is the
differential GPS solution, (b) is the GPS/IMU integration solution, based on the H764G-1
IMU data, and (c) enlarges the maneuvering part in the parking lot. Note that two GPS gaps (6
and 11 seconds, marked in colors different from green) found in (a) are well bridged, as seen
in (b). Obviously, there are no GPS gaps in the parking area, where most of the maneuvers
were carried out. Fig. 4c shows that straight segments were acquired in the North-South, East-
West and diagonal directions with various acceleration and decelerations along the straight
parts. The loops were also driven in both directions and included *“8”patterns too.

(b)

Figure 4: Trajectory of session 8; (a) DGPS solution, (b) GPS/IMU solution, and (c)
maneuvering area.
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4. REFERENCE SOLUTION AND MEMS DATA

The post-processed reference solution was computed using a Novatel OEM4 rover and a
Topcon Legacy GPS base station, in the parking lot, and IMU data from the H764G-1 sensor.
The loose-integration based GPS/IMU solution shows excellent performance, as expected
since the trajectory falls in a mostly open-sky area. The Kalman-filter estimated standard
deviation of position, velocity and attitude are shown in Figs. 5, 6 and 7, respectively.
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Figure 5: The standard deviation of position for session 8.
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Figure 6: The standard deviation of velocity for session 8.
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Figure 7: The standard deviation of attitude for session 8.

Session 8 started in the parking lot, and after finishing the various maneuvers, the GPSVan
drove back to the staging area via public roads in the OSU West Campus. Fig. 8 shows the
velocity solution. The velocity profile correlates well with the driving pattern, the loops in the
parking lot, and road segments where GPS signal was lost or degraded due to tree foliage;
compare it to Fig. 4a and the larger values in Fig. 5.
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Figure 8: The velocity of east, north and up directions for session 8.
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All the MEMS IMU data were pre-processed to assign GPS time-tags; during recording either
the local high-resolution counter of CPU was used or the GPS time-tags were real-time
estimated. The overall processing of MEMS IMU data have been done by six universities:

— SPIN Lab at The Ohio State University

— University of Melbourne, Australia

— University of New South Wales, Sydney, Australia

— National Technical University of Athens, Greece

— Budapest University of Technology and Economics, Hungary
— Vienna University of Technology, Austria

There are several publications in various preparation phases on reporting about MEMS IMU
performance. The FIG web-portal, from where any interested researcher can access the entire
data set, is maintained by University of Melbourne, Australia.

5. CONCLUSIONS

The FIG Working Group that was formed in 2009 to support research in using MEMS IMUs
conducted a successful data acquisition campaign at the Campus of The Ohio State University
in May 2010. Eight MEMS and four navigation/tactical-grade IMU sensors were used in a
variety of kinematic testing. All the measurements were GPS time-tagged and a reference
navigation solution was obtained based on using a navigation-grade IMU data in the
GPS/IMU integration. The data, including the reference solution, MEMS measurements data,
metadata and additional processing tools are available from the FIG WG portal, maintained
by the University of Melbourne, Australia. There have been results published on MEMS
performance on this demo data set and more are expected in the future.
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