US007089148B1

a2 United States Patent

(10) Patent No.: US 7,089,148 B1

Bachmann et al. (45) Date of Patent: Aug. 8, 2006
(54) METHOD AND APPARATUS FOR MOTION 5807284 A % 9/1998 Foxlin oeoveeiiinans 600/595
TRACKING OF AN ARTICULATED RIGID 5819206 A * 10/1998 IHorton et al. . v T02/150
BODY 6,636,826 BL* 1022003 Abeet al. ......... 702/151
6,691,074 BL*  2/2004 Moriya et al. ..oviinnn 702/190
(75) Inventors: Eric R. Bachmann, Oxford. OH (US): 6,820,025 Bl * 11/2004 Bachmann et al. ........... 702/94
Robert B. McGhee, Carmel, CA (US);
Xiaoping Yun, Salinas, CA (US); OTHER PUBLICATIONS
Michael J. Zyda, Carmel, CA (US); Henault, G, A Computer Simulation Study and Component
Douglas L. McKinney, Prunedale, CA Evaluation for a Quaternion Filter for Sourceless Tracking
(Us) of Human Limb Segment Motion, Mar. 1977, Naval
(73) Assignee: The United States of America as PostGraduate School.*
ﬁsxs::;igi;gt:ﬁe[s;cﬁ;;y ukthe * cited by examiner
(*) Notice: Subject to any disclaimer, the term of this i ”I'fmr}‘ E;‘?mi.t:er—{?lm Bﬁr]?w
patent is extended or adjusted under 35 ssistanl Examiner— _Ga“, e I
U.S.C. 154(b) by 33 days. (74) Antorney, Agent, or Firm—Donald E. Lincoln
(21)  Appl. No.: 10/963,007 (57) ABSTRACT
22) Filed: Sep. 30, 2004 ; ; s
(22) File == One embodiment the invention includes a method of deter-
Related U.S. Application Data mining an orientation of a sensor. The method includes
o i o . measuring a local magnetic Held vector and a local gravity
(62) Division of application No. 10/020,719, filed on Oct.  vector and using those measurements to determine the
30, 2001, now Pat. No. 6,820,025. orientation of the sensor. Embodiments can include measur-
(60) Provisional application No. 60/246.215, filed on Oct. ing the magnetic field vector and the local gravity vector
30. 2000, S using guaternion coordinates. Another embodiment includes
measuring a local magnetic field vector, a local gravity
(51) Int. Cl. vector, and the angular velocity of the sensor. These three
GOIC 17/00 (2006.01) veciors are processed 10 determine the orientation of the
AGIR 5/103 (2006.01) sensor. In one embodiment the three vectors can all be
(52) US.Cla oo, o TO2/151: 600/595 measured in quaternion coordinates. Another method
(58) Field of C la%stﬁcaﬁ o ‘iearch 702/151, embodiment includes determining a local gravity vector by
' 702/150, 141, 142, 94, 53. 6 600!595 345/473  Providing a acceleration detector, moving the detector from
See application file - complete search lnstorv a start point to an end point over a time period, and summing
; acceleration measurements over the time period. The local
(56) References Cited gravity vector is calculated using the summed acceleration
measurements.
U.S. PATENT DOCUMENTS
5645077 A * 71997 Foxlin .oovvvreercneiieeinnns 600/587 14 Claims, 6 Drawing Sheets
/4 74 P
= 7R
T . a0 5 503)
Gh de) [ Gakottots] @ m5 303 e
Ecd)
T~z
AT
(& 42 43)
/—/ F7
AT — “
| ez _mynest— 29000z ) -
(g A) .

DOCKET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Aug. 8, 2006 Sheet 1 of 6 US 7,089,148 B1

AT ) «/f‘é’«://é)

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Aug. 8, 2006 Sheet 2 of 6 US 7,089,148 B1

27 T 224 T
/ ) _/-7/
OO %+ G et o
G ds ) || es] G
! £(g) \_,j/
LGN TONETEES T i
" A
T /://’f’f AL | B
il :
Y Py <X
|Gz s 29002770 |
(g /)

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Aug. 8, 2006 Sheet 3 of 6 US 7,089,148 B1

C.S‘Z%;’/’)

AGBINAE S Ll AL
STEUTRE JELR T/ P
MR DY SN TE
L 7Y F A U
1 /’/ >
CONFZLTE i TN
ETE
o4
L T2 J /
S B D)
SMEASUEN G 7 MHAAETY
STEL LD P72
-~
MELHER S A S22/
LETEZULHINE
AT S AT pEr T
BT SATGHETY LK
HELTE e/
HE77ITE

'\/52’5‘@ iﬁﬂfilrzi/?ff/@
DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Aug. 8, 2006 Sheet 4 of 6 US 7,089,148 B1

LW o, A S5

72 2, B 7% L S7F
(LU AT W A LI TE /
| YL G AL 7 JL7P8
f%%ﬂfﬂf
7~

% p 43
FREETTIG AW L2 /
FECTE 477 L s
A CETTEEL AT 70

¥ PrZ4
AR S o (U TN /
| PRITHH 7P 27
Gt T TN 2
ELETALTE

& 27
NIFEEITE TRHE S OF /
DA G4 TED QAT AN EEE
LT UTTTE U0 o
zpyﬁffwaﬂf47z'
A GERTL T THE /
A TEGL TSN LT
T 2208 -
T AERY LT RATTE DL T
| S LR T TS

o
DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




