- 1 -- PERSONAL | NERTI AL NAVI GATI ON SYSTEM TECHNI CAL FI ELD S The present
invention relates to a personal navigation systemand in particular, to a
personal inertial navigation system (PINS) using satellite networks and

t echnol ogy. SUMVARY OF THE | NVENTI ON 10Enbodi nents of the present invention
provi des a Personal Inertial Navigati onlr System (PINS) that is capable of

bei ng depl oyed fast, independent of infrastructure setup such as W-Fi
access points or Psudolite, without solely relying on navigation satellites

and not affected by elf@ié%ﬁﬁﬁﬂlﬁl%@ﬁkw %%6N5Eg$)pgﬂ,{rents of the

present invention provides a personal navigation systemthat integrates an
inertial sensor suit which includes 15a gyroscope and an accel eroneter. A
satellite signal receiver and a Digital Signal Processor (DSP) are used to
conpute a target user's position based on the data fromthe inertial sensor
suit and/ gtk AEGeEVPd satellite signal. In the event of satellite
signals outage, the target user's position can be solely calculated by the
DSPsvMth built-in algorithns, e.g. an Adaptive Kalman Filter Al gorithm
based on themcej&tga obtained. fromthe 20inertial sensor suit. Wen satellite
si gnal s beco PAFSCRLRECIAIoR relRtes B BETFEH BRVIBHIRD PG LPAERPASUREIR 2 or e

accurate p@%%h&liiﬁé}tigﬁ{a@ggaﬁoﬁ BRtABINS) URE seRDitdRedBHRT N R&AnBibeGoNPar i ng
the conputed position data wth the positfion data obtained based on the
received satellite signals, by using a Kalman Filter Algorithm The

inertial [ nt invention does not include a
nagnetonéﬁgg_ﬁf‘%]??#é%zgﬁm]ﬁtﬁﬁgadi ng of a 25target user, therefore the
pergpnal navi gahbdAimes bEMe PrestMEn DA ProvidseRdr@hal BeARl Nalfgaéed by

el ectromagnetic interference from surroundi ng environnents. Accor di ng

to one erbySigMEINSHihat iseapnbiseieingdepknyiedhasttindepsadeat pf indrasiryptidieselgan be
obt ai ned Stléhogg \Q’?—tl:ﬁ] a&?gg ﬁd?gts %%ﬁte{‘ %t\ﬁgﬁt}%%lel); FbrlﬁHg Bn ﬂa\%ﬁi"oq‘sgt\éﬁ% S

receiver.
and not affected by electromagnetic interference. Embodiments of the present invention

provides a personal navigation system that integrates an inertial sensor suit which includes

15 a gyroscope and an accelerometer. A satellite signal receiver and a Digital Signal
Processor (DSP) are used to compute a target user’s position based on the data from the
inertial sensor suit and/or the received satellite signal. In the event of satellite signals
outage, the target user’s position can be solely calculated by the DSP with built-in
algorithms, e.g. an Adaptive Kalman Filter Algorithm, based on the data obtained from the

20 inertial sensor suit. When satellite signals become available and the Dilution of Precision
(DOP) is good, more accurate position data of the target user can be determined by
comparing the computed position data with the position data obtained based on the
received satellite signals, by using a Kalman Filter Algorithm. The inertial sensor suit in
the present invention does not include a magnetometer for measuring the heading of a

25 target user, therefore the personal navigation system of the present invention is not

affected by electromagnetic interference from surrounding environments.

According to one embodiment of the present invention, the satellite signals can be
obtained from both GPS and GLONASS networks, through a GPS+GLONASS receiver.
30 With GPS and GLONASS networks combining, the number of satellites in view is

increased and the positioning and navigation accuracy of the personal navigation system is



30Wth GPS and GLONASS networ ks conbi ni ng, the nunber of satellites in view
is increased and the positioning and navi gation accuracy of the personal
navi gati on systemis - 2 - greatly inproved, especially when the nunber of
visible satellites drops due to dense forested terrain or surroundi ng

bui | di ngs and structures. Clhezg aspects and advantages of the
present invention will becone apparent from 5the follow ng detail ed
description, illustrating by way of exanple the inventive concept of the

g;g:gtn ts ﬁgﬁﬁébﬁ?%vggﬁsg;g%%ﬁ | %)IEEE\I?\A fng:regﬂd_igss@;i%%y%n&rggg%em% ﬁ ?16% gfe rer ence

to the adoesiedmnytdingodsidmiungiag bulldinhs edit structures. Fig. 1 is a bl ock di agram
showi ng a personal inertial navigation systemaccording to one enbodi nent
of the present invention; 15 Fig. 2 is a block diagram show ng a

per sonal i ner tik: AR 9Rd R AUFLAIMACHRL MAch POt BEEnEIBBALABMm of the

present invention; ows the way

per sbnal thafiloiwvadg deaailegates@iptioy sillesramgdydyaygp28topkrthe diveetitesconterit o€
present invention on.a person. Fig. 4 shows the process for cal culating
posi ti on '8t PIESa4 Y &PUQdser by using the personal navigation system according
to one enbodi nent of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

10 These and other aspects of the present invention will be described in detail with

reference to the accompanying drawings, in which:

Fig. 1 is a block diagram showing a personal inertial navigation system according
to one embodiment of the present invention;
15
Fig. 2 is a block diagram showing a personal inertial navigation system according

to another embodiment of the present invention;

Fig. 3 shows the way for fitting the personal inertial navigation system according

20 to embodiments of the present invention on a person.

Fig. 4 shows the process for calculating position of a target user by using the

personal navigation system according to one embodiment of the present invention.

25 Fig. 5A-5C respectively shows the detailed steps of process 1-3 shown in Fig. 4

according to one embodiment of the present invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

30 Embodiments of the present invention use satellite signals together with signals
from an inertial sensor suit in a personal navigation system for the positioning and

navigation of a target user, or solely use signals from an inertial sensor suit for the



25Fi g. 5A-5C respectively shows the detailed steps of process 1-3 shown in
Fig. 4 according to one enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF PREFERRED EMBODI MENTS 30Enbodi nents of the present invention
use satellite signals together with signals froman inertial sensor suit in
a personal navigation systemfor the pé itioning and navigation of a target
user, or solely use signals froman inertial sensor suit for the - 3 --
positioning and navigation of a target user when the satellite signals are

I
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|ncIudesta:ncghgabtgxgnmbugfocessor (DSP) 110, an |nert|al sensor suit 120
and a UPS receiver 130 coupled to DSP 110. The sensor suite includes a
3-axis accel eroneter 122, a 3-axis Gyroscope 124 and a baroneter 126, to

enabl e masur%@%%qg FPrﬁosi' %b&@oﬁ hé’x‘@%@’k&?t@&fﬂ?}t cPhralfl Blopd data of the

target user. In the eve conp ete e sat |te out age, DSP 110
reads thentotjpint bf tinp3esant inventidnandedess aglizgitad sigh2hroSssoci(BDSBY i 0 aope 124

and baroneter. 126, an inre ti t_user's Lattitude,
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di stance conputation unit 112 to performthe conputation. It should be
not ed t hahallhechsuromentepf p@s&mrsreéa'aemdvcammtlcml—@mﬂdm of the targeitusen. 100. | n

some ot her er onal 5naV| at i S not be
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usefp Ad Qbédl&ﬂﬁlbiey 122 @aﬁﬁ@@%ds&@el@4%ﬂ bhtdnieér 126 ladiBdonRitesERlrad eighewi t h

ot her types of algorlthns e.g. a Kalman filter, when the data readings

from 3- axhestapges Byessdrgiitade, Lnglém: wat Slitedsy datpesing @ npp-guagelemeter based

algorithm. An Adaptive Kalman filter Algorithm 111 is provided in a movement profile
and distance computation unit 112 to perform the computation. It should be noted that the
barometer 126 is an optional element of the system 100. In some other personal

15 navigation systems, the barometer 126 may not be included if there is no interest in
determining the Altitude of the target user. Additionally, the Adaptive Kalman filter 111
may be replaced with other types of algorithms, e.g. a Kalman filter, when the data

readings from 3-axis accelerometer 122 and barometer 126 are processed.

20 The movement direction of the target user in real time is calculated by the DSP 110
with the built-in Adaptive Kalman filter algorithm 111, based on the 3D angular velocity
data from the Gyroscope 124 and the initial heading data of the target user obtained from
manual input or a digital compass. The 3D acceleration data from the accelerometer 122
is used to calculate by the DSP 110 the distance travelled in real time of the target user,

25 with the built-in Adaptive Kalman filter algorithm 111 in movement profile and distance
computation unit 112. The Latitude and Longitude information of the target user therefore
can be computed based on the movement direction and the distance travelled by the target
user. When necessary, the Altitude of the target user is calculated by DSP 110, based on
the data readings from the barometer 126, and processed with the built-in Adaptive

30 Kalman filter algorithm 111. It should be noted that a different algorithm may be used for

calculating different position data, e.g. the Adaptive Kalman filter algorithm 111 is for



20The novenent direction of the target user in real tinme is calculated by
the DSP 110 with the built-in Adaptive Kalman filter algorithmill, based
on the 3D angul ar velocity data fromthe Gyroscope 124 and the initial
headi ng data of the target user obtained from nmanual input or a digital
conpass. The 3D accel eration data fronkfhe accel eroneter 122 is used to
calculate by the DSP 110 the distance travelled in real tine of the target
user, 25 with the built-in Adaptive Kalnman filter algorithm 111 in
movenent n i n
Congt ¢ uad IGRbRE R R PRI RO B ol B Al BEFEREd o
t he rmverfemhedalrceletw@af@cﬁekpd@&m@llc&taance travel l ed by the target user. \Wen
necessary, the Altitude of the target user is calculated by DSP 110, based
on the data readings fromthe baroneter 126, and processed with the
built-in Adapt I ¢ i that a
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sensor 140 provides the data f to conpensate the tenperature
drift ine3 axclsnalapoms@bpénomahowm thddighiagwrialt frrat NIVEA20ar8BEMARR drom@hn Mar i ne
Electron%cs Asi00|at|on) out put of the system 100 may be transmtted to
ext er nal Y&V a central controller (now shown), through a seria
porip 113, e.g. an RS422 or a Can bus interface. 10 When satellite
S|gnals are avail able, the position data of the target user, e.g. the
user's Latit ud¥hen soieiite sttmalsraee availpblodbe gasirion dap obthedesi ysed cigadhsd on t he
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conpar ed Wit Ion et user conpu ased on t he

readi ngs rédeﬁzretlttﬂileugmelP'Slreden&‘ee nsor Tﬁwetdaﬂa?cﬁntbe cat@uicd &vifhbire pesidoe ditabe
position data using a Kalman Filter Algorithm In the event of GPS
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user fron1t e | ner sensor suit er e Pment as Shown in
Fig. 2, aigpelssonge, thaposjmri dmta syt earga()ﬁemmeloahtakit@i Bladx basedooeher onet er

222, a 3-axis Gyroscope. 224, and a bar 226 coupl e
’ data related tot pp s1t120n of the target user ?rom t?le 1nert?al sensor 3191t 120.

In another embodiment as shown in Fig. 2, a personal navigation system 200

20 includes a 3-axis accelerometer 222, a 3-axis Gyroscope 224, and a barometer 226 coupled
to a DSP 210. Personal navigation system 200 may further include a temperature sensor
240 coupled to DSP 210. The configurations, functions and working procedures of the
above elements in system 200 are similar to those in the previous embodiment. In the
present embodiment, system 200 further includes a GPS+GLONASS receiver 230.

25 GLONASS is a satellite network established by Russian government with 24 satellites
round the globe which provides signals which are accessible in Singapore geographical
area. In situations where there are satellite signals blockage due to dense forested terrain
or buildings and structures, the number of visible satellites in the GPS network may be
reduced drastically. In such instances, a personal navigation system according to the

30 present embodiment has the ability to enhance personal tracking using GPS + GLONASS
network, as a supplement to the GPS-only satellite network. The GPS + GLONASS
network can provide a total 36 to 42 satellites in operation. With GPS and GLONASS



to a DSP 210. Personal navigation system 200 may further include a

t enperature sensor 240 coupled to DSP 210. The configurations, functions
and wor ki ng procedures of the above elenents in system 200 are simlar to
those in the previous enbodinent. In the present enbodi nent, system 200
further includes a GPS+GLONASS receiver, 230. 25G.ONASS is a satellite

net wor k established by Russi an governﬁéhf wth 24 satellites round the

gl obe whi ch provides signals which are accessible in Singapore geographi cal

area. In nt%.l&(yrﬁ%%%isnh\%’\ﬁgi?kﬁegril&mhbeerr%f gz{tgl%iﬁ%ti Ieriwt i§ 1@%&@(—% %&cﬁépgg)légggmgg?ré& o dense

forested Terrain or ngs an ructures, € nu VI Si

sat el || t egvigatibheccERSy iegramhkinifryvdde reduced drastically. In such
i nstances, a personal navigation system according to the 30present
enbodi ment has the ability to enhance personal tracking using GPS + GLONASS

network, as a : t - el |4 e GPS +
GLONASS net \Aor'iﬂ%g(lﬁ[ﬁg? %g%&nas%t 8%%0%1%&8%6 és@%%ﬁ??ﬁgg??ﬁ pé%;g[r?tat ion. Wth
GPS :mnd GheNASSmay bd wornehwar kaisowddi arisaged tdwhe nestioén tofetameehd sHosa inn vi ew

is increase nd the posi.tioning and navi gatjon acguracy_is greatly
irrproved.%_.?g%'ggf eard ARVEHRT SReBy e r&@éﬁf‘a?tﬂ@@%@?ﬁ%@f&?ﬁgwﬁfents of the
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target user, as shown In The personal navigation system accordi ng
to the embosthitemcemphted pesippedanof i targeitiserto mpprthblcton dandhehpieinsimalh wi r el ess

bosi 11 on CHAMHCBAoGT el D il £t ainiStpe RisufBra: Fopiwgbon o
G afhi calsh&0inb Wy BlubBiions oblitelcbZ@dick Hositib BT £afRALEe@r i Ng site such as a

Command Post, 10showing 3D illustrations of the conputed positions of a
target user. Accordi ng to one enbodi nent of the present invention, a

method for caleul, &g RSk afal Rk 3 aek: iHSGHioRY, MR eI ReL BN
inertial navigation gsystem I'ncl udes ol '1'ow ng three maj of procésses, as
shown i npbsigon éf a fbget user byRIsi@aks pdisoredielAhbvigatidiesydieheidtivdes bk t he
target user based on the readings fromthe 3-axis gyroscope and the

r eadi ngs feliyring Huesmaier progesses.<p shavein Figrdcess 2: cal cul ating the di stance
travel l ed of the target user based on the readings

Process 1: calculating the direction of the target user based on the readings from

the 3-axis gyroscope and the readings from the 3-axis accelerometer.

Process 2: calculating the distance travelled of the target user based on the readings
20 from the 3-axis accelerometer. Then the latitude and longitude data of the target user can
be determined according to the direction obtained in Process 1 and the Distance travelled

obtained in Process 2.

Process 3: calculating the Altitude of the target user based on the readings from the

25 barometer.

Through the processes illustrated above, the Latitude, Longitude and Altitude
information of the target user in real time can be obtained based on the readings from the
sensor suit when satellite signals are not available, or the dilution of precision (DOP) is

30 not good enough. If the satellite signals are available and the DOP is good enough, the
computed position of the target user, e.g. Latitude, Longitude, Altitude of the target user,

based on the readings from the sensor suit, can be compared with the position data of the



20 fromthe 3-axis accel eroneter. Then the latitude and |ongitude data of
the target user can be determ ned according to the direction obtained in
Process 1 and the Distance travelled obtained in Process 2.

Process 3: calculating the Altitude of the target user based on the

readi ngs fromthe 25baroneter. Through the processes illustrated
above, the Latitude, Longitude and Altitude information of the target user
inreal time can be obtai ned based on the readings fromthe sensor suit
when satellite si,gnal re n i.l abl e, . i QN recl Sion
(oo s WehaBeSoaaRRn TS of Rle QA aft Rl gnhet PRl rREERLING ¢ ne
DOP i s gasrE-€FI00NNASStibe: e npuétetnine sioré auaie pbritidradget.cub&itudes. 9.
Latitude, Longitude, Altitude of the target user, based on the readi ngs
from t he Loaaiege andjAltitydgof ghe targgpases by RipdateranipesksstingHop giodebe & he - 6 -
t ar get “%@ﬂm&@%ﬁk??ﬂg??ﬁ%d on the satellite signals received through
GPS-only recei ver or

S+GLONASS receiver to determ ne nore accurate
posigion data, i.e. Latitude, Longitude and Altitude of the target user, by
a predetermn estimation nodel, . e.g. Kalman Filter Algorithm 5 The
details of eaﬁﬂleﬁlﬁ@éégﬁe%hmm%és w}eabf‘awéﬁn%@?f‘éw- Fig. 5A (1) shows
the detailed steps of process 1 for calculating the direction of the target
user according to one enbodi ment of the present invention, which includes

t he 10f ol | owi Mg $tte(ds shows the dStadpd SOPEsI9f prosepui iforgcatdubntiagghd directieh ofihey 3D

vector and the acceleration 3 ector.pased on the readi pgs.fromthe 3-axis
e eton g e Sl B ey il b O S kehGon SRR et Bt e ai
t heid ar ggdlidaiag sepeording to the conputed vectors by using an Adaptive

Kalman Filter, to obtain the best possible heading. In this step, as shown
in Fig. 5 A(2), the conputed angular velocity 3D vector is fed to an adder

et er 1 B S BLRGL 4  SHl SETLIRS By bl g Kol e,
and accelvestongdsed os tgatidiagdrinalse BakiQlgyrod0pe Hdties Bars aacdlénsedteAngul ar
vel ocity. Then the fixed Angul ar velocity and the conputed
15 Step 5002, estimating heading of the target user according to the computed vectors
by using an Adaptive Kalman Filter, to obtain the best possible heading. In this step, as
shown in Fig. 5 A(2), the computed angular velocity 3D vector is fed to an adder together
with a Angular velocity error determined by the Adaptive Kalman filter, based on the pre-
calibrated data (known state) of the gyroscope’s and accelerometer’s gain and bias error,
20 to determine a fixed Angular velocity. Then the fixed Angular velocity and the computed
acceleration 3D vector are used to determine the best possible heading of the target user by

the Adaptive Kalman filter.

Step 5003, determining the Direction of the target user based on the estimated
25 heading and the initial heading from manual input or a digital compass. In this step, both
the estimated heading and the initial heading are fed to an adder to calculate the direction

of the target user.

Fig. 5B shows the detailed steps of process 2 for calculating the Distance Travelled
30 of the target user according to one embodiment of the present invention, which includes

the following steps.



accel eration 3D vector are used to determ ne the best possible heading of
the target user by the Adaptive Kalnman filter. Step 5003, determning the
Direction of the target user based on the estinmated 25 headi ng and the
initial heading frommanual input or a digital conpass. In this step, both
t he estimated heading and the initial Hgading are fed to an adder to
calculate the direction of the target "user. Fig. 5B shows the
detail ed steps of process 2 for calculating the Distance Travell ed 300f t he

areL U5er SO 19 B RIRRLIRDS I8 LY KNTRHIE i

acceleragkgnwggaﬁg@kgr based on the readi ngs fronlthe 3- ax s

accel eronet er. Step 5012, estimating the stride distance and
frequency based on t he conputed 5vector obtained from Step 5011 by using a
Kal man filter u t

i ntegration. %&?mn q@?%@?ﬁ%*%ﬁ%%%%% %ggghﬁxgléfﬁhQ%Fgrget user

inte a precet &Etmne@&omlﬁeﬁﬁdel by agie@r Kangard fltérhe estinated stride di stance
and frequency. The novenent profile may include the forward, backward, side
novenent, crawling or clinbing novenents of the target user. In Step 5015,

the stride di %pﬁﬂ f 184 t profiles 15can
be calibrated%% coralﬁgnﬁﬂﬁgd% %@gﬁcég%rgvg$Pﬁ% H%%a?ﬁgd based on the
satellite signals from GPS-only or GPS+GLONASS receiver and the
categori zatio tep 5014. and t he novenen rofile determ ned h he
3-axis gyr oscg&é’ S@f}c% %gsor‘fzg}g\/%?@meﬁ‘éeﬁﬁléq Hgthgfaﬂ%etﬂﬂﬁ?féﬂ@rﬂpre%?t%mlﬁ?fg and
cli4i ng.;motREe a6&iREa ad egfurnlafé@ st BtANER %H&' fﬁetfﬁ‘en%?r TRS RRAEIBS preNRNMENt
profile may be storéd in an EEPROM devi ce.

may include the forward, backward side movement, crawhng or climbing movements of

the target user.

In Step 5015, the stride distance for each of the predetermined movement profiles
15 can be calibrated according to the Distance Travelled obtained based on the satellite
signals from GPS-only or GPS+GLONASS receiver and the categorization in Step 5014
and the movement profile determined by the 3-axis gyroscope, such as forward, backward,
side movement, crawling, and climbing. The calibrated stride distance and the
corresponding movement profile may be stored in an EEPROM device.
20
In Step 5016, when satellite signals are available and the dilution of precision
(DOP) is good enough, comparing the computed Distance Travelled in Step 5013 with the
Distance Travelled obtained based on the satellite signals from GPS-only or
GPS+GLONASS receiver to determine more accurate Distance Travelled of the target

25 user by using a Kalman filter.

According to one embodiment of the present invention, the stride distance for each
of the predetermined movement profiles can also be calibrated according to the accurate
Distance Travelled obtained in Step 5015 and the movement profile determined by the 3-

30 axis gyroscope, such as forward, backward, side movement, crawling, and climbing. The
calibrated stride distance and the corresponding movement profile are stored in an

EEPROM.



In Step 5016, when satellite signals are available and the dilution of
preci sion (DOP) is good enough, conparing the conputed Di stance Travell ed
in Step 5013 with the D stance Travel |l ed obtai ned based on the satellite
signals from UPS-only or GPS+GLONASS receiver to determ ne nore accurate
D stance Travelled of the target 25user by using a Kalman filter.
According to one enbodi nent of the présge‘nt i nvention, the stride distance
for each of the predeterm ned novenent profiles can also be calibrated
according to U c accurate Distance Travel |l ed obtained in Step 5015 and the
novenent profile determ ned by the 3- 30axis gyroscope, such as forward,

backward, si deismB(eREas the dawkibd GepLeithréddsBifaiGalciheing dhd Altabdtbihé i de
di stance and the correspondi ng novenent profile are stored in an EEPROM -

8 - targgti uger coxiegs anhembetimdné af e pescfinngieaswhigh fngludesrhey] at i ng
the Alti tgﬁle of %ehe target user according to one enbodi nent of the present
i nventi orf, WHPER™Pticl udes the fol | owi ng steps. 5 Step 5021,

obtagning the Altitude of the target user according to the reading fromthe

bar onet er by usgg a Kalman filter. Step 5022, when satel]lite signals are
avai | abl e and e} obtpigedhe pligre phhe (es)Iseincsodied O droiFgfing dar i ng

the baro I ] . itude of the target user obtained based
on the sgl?ete‘ﬁr??‘étte@gﬁgf]é\ﬁawéﬁﬁ%%%nI y or GPS+CGLONASS receiver to determ ne
a nore accurate altitude of the target user using a Kalman filter.

Step 5023, if needed, calibratin he baropeter, according to.the arison
result 15in SO&P %8@2‘.”%“ SatelﬁWSE a.’Srﬁr%@‘aé]laFﬁé‘n@Jg?+ %NB\. pF‘fébsé?I\/gfél%So a
NONg£ONDAS S4 NBGBELIO WBHShri AS fHe Paffndidtelifitudd wRBIEONAtuIB Y t@ahigenusey st em for

personal ttacking; the en-or of distance travelled in any direction of any
nmovenent optagfadltasedeorgthe watkKite jigapls HawkGPS-aok Akl PESt@NASRaesLivardo| ess t han

0 X . 3 ; : .
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Step 5023, if needed, calibrating the barometer according to the comparison result

15 in Step 5022.

With integrating GPS+GLONASS receiver to a non-compass/magnetometer
assisted inertial personal navigation system for personal tracking, the error of distance
travelled in any direction of any movement profile, e.g. walk, jog, back track and

20 stationary, is less than 2%; the error of heading direction in any direction of any
movement profile is less than 2°; the error of altitude is less than 1.5 m with 0.28 m

resolution.

Although embodiments of the present invention have been illustrated in
25 conjunction with the accompanying drawings and described in the foregoing detailed
description, it should be appreciated that the present invention is not limited to the
embodiments disclosed. Therefore, the present invention should be understood to be
capable of numerous rearrangements, modifications, alternatives and substitutions without
departing from the spirit of the invention as set forth and recited by the following claims.

30



novenent profile is less than 2'; the error of altitude is less than 1.5 in
with 0.28 in resolution. Al though enbodi nents of the present invention have
been illustrated in 25conjunction with the acconpanyi ng draw ngs and
described in the foregoing detail ed description, it should be appreciated
that the present invention is not limted to the enbodi nents di scl osed.
Therefore, the present invention shourd be understood to be capabl e of
nuner ous rearrangenents, nodifications, alternatives and substitutions
wi t hout gﬁﬁg&hsng fromthe spirit of the invention as set forth and recited
by the f g clains. CLAIMS A personal navigation systemconprising: a
digital signal processor; 5a satellite signal receiver coupled to the
digital processor to receive satellite signals; an inertial sensor suit
coupl ed tlo t hé\ pérspriahhavigajivalsypeocesyoisinghi ch i ncl udes an accel eroneter and
a gyroscope; ,Twpere'n the digital signal processor estimtes a user's
direction based %ﬂgfﬁéﬂ%ﬁ%3¥§e$P%nlthe accel eroneter and the gyroscope,
computing the usggardllifdisséranfReivevdtripleado bRsdgit0prédessod &t @ctivorattiie:
accel eroneter.
signals;
an inertial sensor suit coupled to the digital signal processor which includes an

accelerometer and a gyroscope;
wherein the digital signal processor estimates a user’s direction based on the
10 data from the accelerometer and the gyroscope, computing the user’s

distance travelled based on the data from the accelerometer.



