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Past work

Pre 2008-2011 — Buildup of experience
Summer 2011 — OpenShoe feasibility study
Fall/winter 2011 — OpenShoe implementation
Spring 2012 — Evaluation/testing + publication
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First publication will be presented on april 23th

Foot-mounted INS for Everybody — An
Open-source Embedded Implementation

John-Olof Nilsson!, Isaac Skog!, Peter Hindel', and K.V.5. Hari?
!Signal Processing Lab, ACCESS Linnacus Centre, KTH Royal Institue of Technology, Stockholm, Swedsn
*Statistical Signal Processing Lab, Department of ECE, Indian Institute of Science (15¢), Bangalore. India

resaurces are available at wiw wopenshoe.org. The reproduction
cost for o single unit is below $804, with the inertial measure-
ment unit making wp the bulk (ST00L. The form factor of the
impleme ntation is small encugh for it ta be integraied in the soke
of o shoe. Our performance cvaluation of the system shows a
position error for a 50 [m], straight-line trajectory of +0.5[m]
(1> boand) perpendicular to and 0,15 [m] along the trajectory.
For a closcd-loop, B0{m]. symmetric, figare-olcight trajectory

the crrar i 028 m] in all directions.

L INTRODUCTION
Foot-mounted inertial navigation is not rocket science and
ﬂlzplﬂlfmmllmﬂ algu'uhmmawallmembed—

ded i might seem short. However,
our C is that the di ies of ing a well-
performing foot-mounted inertial navigation system (INS).
et sur am easily The number of

software and hardware components that need to work together
is large enough such that getting them to work in harmony is
mot trivial Further, obtaining sufficent computational power
and versatility on an embedded processor and sufficiently low
computational cost of the filter algorithms require came in
platform slection and algorithm i ion. Moreover,

N

Fig. 1: Shaes with wiss of e prewesied foot-massied INS isplemenation
iniegraied in the hoets aad cablizg with USH connectors a2 e shae shafls.

researchers not specialized in aided INS. e.g. in fields such
a5 b - — - ;onoe, and ubiquil
computing. The value of the embedded implementation also
lies in its modularity and in its small weight, bulk, and price
in comparison with the typical sensor-plus-laptop research
systems. These properties alleviate the work of integrating the
foot-mounted INS in larper realtime navigation systems. and
malke it feasible o equip a larper number of users with foot-
mounted INS units for field performance tests and cooperative
‘navigation studies.

The presenied system is a zero-velocity-update (ZUPT)-
aided INS built from off-the-shelf components and with a
mmmusnmmmm:mg. implemented on a

attaining & form factor and mechanical durability, such that
the system can be integraied into the sole of a shoe and still
be ahle o use off-the-shelf components and easily available
construction methods, is challenging. Few sodutions exist on
the market or in the literature with even fewer solutions
that provide the documentation and modifisbility desired by
mesearchers.

Therefom, o give researchers. teachers. and system design-
ers a shortcut to 3 working foot-mounted INS impementation
suitable for further research, education, and md Fumiypmg.
and usable as a in larger

(p(C} Aitted with an OEM inertial measurement
umit {IMLU) in a casing, which, in tum, is integrated in the sole
of & shoe. Figure 1 shows a pair of shoes with the sysiem units
integrated in the heel. The sysiem can easily be configured to
‘Tun any user implemented algorithm executable in ~ 10° clock
cycles per time updsie. The software and hardware design
am releasad under permissive open-source licenses. Available
mesources include ready-to-compile, as well as pre-compiled
soarce code, hardware production fll.es, a Matlab sysem
interface, and ion, with everything from ek

ichenmml:.\]}dmmngs u(msmgcmnpnnzmxlncath
ions. All resources can

systems, we present an open-source, embedded, foot-mounted
INS implementation containing both hardware design and
software/algorithm implementations. Our hope is that such an
implementation will save time, sweat, and tears for navigation
mesearchers as well as facilitsie the use of the echnology by

and i
‘e downloaded from www.openshoe.org

1. FoOT-MOUNTED INS
A foot-mounted INS is simply an INS mounted on the foot
combined with additional filtering that improves the accuracy




Ccurrent status

e Homepage presentation on a reasonable level
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Foot-mounted INS for Every Foot
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OpanShoe is an open source project
for creating an embedded foot-
mountaed INS implementation.

Pages
# Home
# About
» News
#» System description
» System reproduction
» System modification
» Matlab Implementation

OpensShoe is an open source emhedded foot-mounted TS implementation o 1 “a_d
including both hardware and software design. A cross section of the z:_"m'cabms
E s 3 icenses
implementation integrated into a sole of a shoe can be seen above. » People

General features: » Feedback and contact

External links
» Analog Devices (IMUs)

5 atmal fmicrnenntenllarst

1. Embedded zUPT aided INS
2. Open source and fully documented
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e 6 complete units (4+2)
e 20 PCBs manufactured

4 e 5 units (-IMU) + 5 PCB will be produced
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Ccurrent status

e Basic performance evaluation done

Straight-line trajectories

position y [m]

: : : : : :
o 5 10 15 20 25 30 35 40 45 50
pasition % [m]

Figure-ot-eight trajectories
5 ... ............ ............ ............ . ............ ............ , ............ ......

position y [m]

position % [m]
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e Synced C/C++ interface several IMUs
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Ccurrent status

e \We can runl!
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Summary — Curren status

e Basic presentation of the system is available

< We have gained basic experience and confidence in the
hardware — It works!

gge@% = Basic evaluation of the system shows similar performance
FKTHEZ to previous off-line implementations (which were 3-4
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Current work

= Constrained filtering
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Current work

= Upper/lower layer filtering separation

Instead of
Ferny ope]  [0pes o B0 s ik
g v ¥ Ovie| = |0Vi1| + | AR ifi] 00k + dlk R we
% 69k 59k_1 —dth?,ka,k
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at 820[Hz], we can use

Pr| _ |Prk-1 R _1dpy
lwk] B |:¢k:—1:| i [ dipy, } W

at ~1[Hz]
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e RTS smoothing
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Current work

 Fixed-point algorithm implementation

Super-cheep implementation!
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Summary — Current work

= Constrained filtering
= Upper/lower lever filtering division

4 e Smoothing

R  Fixed-point implementation
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Needed future work

.-~ TWBRadio - _

In order of importance

1. Integration
% 2. Integration
R 3. Integration
ggKTH % 4. Integration
; Syt O 5. Magnetometer
At O Invensense IMU I et
7. (Wireless) | .

e« + alot of small fixes and features
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