
c12) United States Patent 
Wang et al. 

(54) NAVIGATION SIGNAL RECEIVER 
TRAJECTORY DETERMINATION 

(75) Inventors: Chi-Shin Wang, Half Moon Bay, CA 
(US); David Wang, Belmont, CA (US); 
Wentao Zhang, Mountain View, CA 
(US); Jun Mo, San Jose, CA (US); Lei 
Dong, Cupertino, CA (US) 

(73) Assignee: SIRF Technology Holdihgs, Inc., San 
Jose, CA (US) 

( *) Notice: Subject to any disclaimer, the term ofthis 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 38 days. 

(21) Appl. No.: 11/561,758 

Nov. 20, 2006 (22) Filed: 

(65) Prior Publication Data 

US 2008/0117100Al May 22, 2008 

(51) Int. Cl. 
GOJS 3/14 (2006.01) 

(52) U.S. Cl. ............................. 342/357.02; 342/357.13 
(58) Field of Classification Search ............ 342/357.02, 

342/357.06, 357.13 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

6,225,945 Bl 5/2001 Loomis 

Signal Strength 
Detector 

127 

107 

\.... r Correlator 

I IIIII IIIIIIII Ill lllll lllll lllll lllll lllll lllll lllll lllll 111111111111111111 
US007439907B2 

(10) Patent No.: 
(45) Date of Patent: 

US 7,439,907 B2 
Oct. 21, 2008 

6,429,809 Bl 8/2002 Vayanos 
6,559,793 Bl * 5/2003 Eschenbach ........... 342/357.03 
6,570,530 B2 5/2003 Gaal 
6,707,420 B2 3/2004 Vayanos 
6,727,848 B2 4/2004 Eschenbach 
6,930,635 B2 8/2005 Vayanos 

2007/0152878 Al * 7/2007 Wang eta!. ............ 

* cited by examiner 

Primary Examiner-Thomas H. Tarcza 
Assistant Examiner-Fred H. Mull 

342/357.06 

(74) Attorney, Agent, or Firm-Orrick, Herrington & 
Sutcliffe, LLP 

(57) ABSTRACT 

The present invention provides methods and systems that 
enable a mobile navigation receiver to accurately determine 
its trajectory with non-current ephemeris in stand-alone 
mode. In an embodiment, the receiver computes the position 
for the same location using non-current ephemeris and cur­
rent ephemeris at different time instances. The receiver then 
determines a position correction by finding the difference 
between these two computed positions, and applies this cor­
rection to the trajectory generated with non-current ephem­
eris to obtain a more accurate trajectory. In another embodi­
ment, the receiver computes an initial position of the receiver 
using non-current ephemeris and finds the difference between 
the computed initial position and an accurate approximation 
of the initial position. The receiver then shifts the subsequent 
receiver trajectory computed using non-current ephemeris by 
the difference to obtain a more accurate trajectory. 

18 Claims, 5 Drawing Sheets 

RF Front End 
100 

1------ 109 e----1---------, 

108 e-compass User interface 

\_ Q ill 125 
Correlator 

llQ 

103 
Carrier NCO Processor Computational 

module Memory 
105 ill. lli ill Code NCO 

ill .. 
SYS Clock 

104 

Motion Sensor GPS start 

llil. module 
123 

GPS Receiver 

IPR2020-01192 
Apple EX1029 Page 1

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


R
F 

Fr
on

t 
E

nd
 

10
0 

10
1 

I 

S
ig

na
l 

S
tr

en
gt

h 
D

et
ec

to
r 

12
7 10

7 \..
 I

 
C

or
re

la
to

r 
L-

-l-
--

--
--

--
-,

 
\_

_ 
__

_ 
...

;;
._

-t
o!

 
10

9 

D
D

FS
 

l+
-

10
6 

--
--

--
1 

PN
 G

en
er

at
or

 
11

1 

10
3 

SY
S 

C
lo

ck
 

10
4 

10
8 \..
 

Q
 

C
or

re
la

to
r 

L
-1

--
+-

--
+-

-
1 

)-
--

--
--

11
--

--
--

--
, 

11
0 

.-
-1

 

C
ar

ri
er

 N
C

O
 
--

--
, 

10
5 

C
od

e 
N

C
O

 
11

2 

--
--

--
--

--
-

F
IG

. 
1A

 G
P

S
 R

ec
ei

ve
r 

'--
--

I 
Pr

oc
es

so
r 

11
3 

--
--

--
-1

 

e-
co

m
pa

ss
 

11
7 • 

C
om

pu
ta

tio
na

l 
m

od
ul

e 
11

5 • 

M
ot

io
n 

S
en

so
r 

11
9 

.. U
se

r 
in

te
rf

ac
e 

12
5 

M
em

or
y 

12
1 

G
P

S
 s

ta
rt

 
m

od
ul

e 
12

3 

~
 

00
 

• ~
 

~
 
~
 

~
 =
 

~
 

0 (')
 :-
+

-
N

 ...
. 

~
 N

 
0 0 Q

O
 

rJ
J =
­

('
D

 
('

D
 ...
.. ...
. 

0 ...
. 

U
l d r.
,;

_ 
-.

...
l 

~
 

w
 

\C
 

\C
 =
 

-.
...

l =
 

N
 

IPR2020-01192 
Apple EX1029 Page 2

f  

F
in

d
 a

u
th

e
n
ti
c
a
te

d
 c

o
u
rt

 d
o
c
u
m

e
n
ts

 w
it
h
o
u
t 

w
a
te

rm
a
rk

s
 a

t 
d
o
c
k
e
ta

la
rm

.c
o
m

. 

https://www.docketalarm.com/


U.S. Patent Oct. 21, 2008 Sheet 2 of 5 US 7,439,907 B2 

\ 
\ 
\ 
\ 
\ \ 

\ \ 
\ 

(\ \ 

\\ CD ..-
I 

\ CV) ~ co 
\ ~ ~ 

. 
I (9 

\ u. 
I 

I I 
I I ('t') 

I I I lO 
I.!) I r-

N I I 
lO I lO 
'r"' 

I 
~ 

I 
LO 
LO ..- I..O ('I) 

1.0 I 
C") ...- lO 

C\J~ 
I 

I'- ('t') 

LO ..- l.O 
..- I ..-

('t') 
(") l.O 
LO ..-
~ 

IPR2020-01192 
Apple EX1029 Page 3

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Oct. 21, 2008 Sheet 3 of 5 US 7,439,907 B2 

205~t (Exit (203) 
Indoor Area (201) 

e-compass direction (204)-----"t ~ Entrance (202) 

FIG. 2 USE OF E-COMP ASS IN LARGE INDOOR AREA 
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FIG 3 USE OF MOTION SENSORS FOR INITIAL POSI1ION 
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