
US 20070230545A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0230545 A1 

Lennen (43) Pub. Date: Oct. 4, 2007 

(54) METHOD AND APPARATUS FOR (60) Provisional application No. 60/157,298, ?led on Oct. 
IMPROVED L2 PERFORMANCE IN DUAL 1, 1999_ 
FREQUENCY SEMI-CODELESS GPS 
RECEIVERS 

Publication Classi?cation 
(76) Inventor: Gary Lennen, Cupertino, CA (US) 

Correspondence Address: (51) Int. Cl. 
William E. Pelton H04B 1/00 (2006.01) 
Cooper & Dunham LLP (52) US. Cl. ............................................................ .. 375/149 
1185 Avenue of the Americas 
New York, NY 10036 (US) 

(57) ABSTRACT 
(21) Appl. No.: 11/237,837 

(22) Filed; sep_ 27, 2005 This invention relates to improving the signal-to-noise ratio 
of semi-codeless tracking by presenting a method and appa 

Related US, Application Data ratus Which employs an optimal W-code timing pattern, 
and/or provides signal-to-noise gain by adding L1 and L2 

(63) Continuation of application No. 09/439,608, ?led on W-code bit timing estimate signals before combining the L1 
Nov. 12, 1999, noW Pat. No. 6,954,488. W-code estimate signal With the L2 W-code estimate signal. 

310 

Lock to L] C/A Code ' 

-. _ , 320 

Set up Ll P Code Generator to be aligned with Ll CIA Code Tracking 

. + . ,. 330 

Set up L2 Carrier NCO from Ll carrier tracking loop I 

+ _ 340 f. 
p I Set up L2 P Code and CIA Code Generators to be aligned with Ll Code Trackin?’ 

_ l - r350 

Set up MUX 2 to use signal W|_|_NB as its output 

' + ' 360 

L Shift L2 Code NCO by 0.S_P Chips 1 ‘ Search for Power in L2 Correlators I 
J 

365 L No Power Found 

Power Found 

L'Close L2 Code and Carrier Tracking Loops 3% 

A 

No 

_.—-ils L2 carrier tracking loop phase lockecFkv ‘380 

l Switch MUX_2 to enable WW2 NB as output 390 





Patent Application Publication Oct. 4, 2007 Sheet 2 0f 16 US 2007/0230545 A1 

6830i 35:20 5&5 S24 - N 25E 





Patent Application Publication Oct. 4, 2007 Sheet 4 0f 16 US 2007/0230545 A1 

6mg mzw =5; R E Q E- R- 8-. . 9w . 

.u u n .u. u 8 

........ 5% 
- - n. - - O 

n. u "r n u m 

....... -------:@m-m, 
. _ . u n S 

n u n u u N 

....... l-HI---:1“-11-11-1111--- 1111------ mm.H. 
" - j . _ n _ ,n u _" n W 

....... u u u . . 1W 

. . _ u, .n M 

I l I l I I l l lhllllllllhllllllllhlll |||||_||llllll|.|||||ll|| l1 
" u i ,u n u 9 8v 

" u . . _ N 

. . . u n d ||||||| IJIIIIIJIIII 4.--:llinlliidlliil 07m, 
n n - . - 8 

.. _ .u u u ,6 

....... in n n n n o 
w 050E 



Patent Application Publication Oct. 4, 2007 Sheet 5 0f 16 US 2007/0230545 A1 

_ BE - cocmcumuu wotum I - mm uSmE 

Q2. 

320-; So 

22 m2 \ \ GQNQECEQEQQSo?awwowv?m_zgawwomvmw_ 320i NN azua 8 uotom cocoa # . 35¢ N8 7 i A “26¢ SN Iv 

A 85“. E 

@0 



Patent Application Publication Oct. 4, 2007 Sheet 6 0f 16 US 2007/0230545 Al 

N .tmm - cczatumow wotom I - pm 2=mE 

$0. \ 

ABE... : V IV 320... Na. 

EEQ?IQQ w. h o m w m N_ 

» . . 

i All 35 <0 |I||v 
m9 . 



CD 
m 

cm , E a 

US 2007/0230545 A1 

-__- l----- 

8mg 5252mm NIEQF E E76 59: 

N: 

o 059m 

Patent Application Publication Oct. 4, 2007 Sheet 7 0f 16 

m 
l 

N 
l m. 

‘T 
F 

I 
L0 
0' 

(San) uollel?elw polled H 01 GNIBIQJ awslndlno 





Patent Application Publication Oct. 4, 2007 Sheet 9 0f 16 US 2007/0230545 A1 

@555. 53550 uocum E - a 955% 0%.\ ........................................................ igt t ....................... tr 
m .,_u...Z~ am?zu? 

. g \_ P 

2.; \ EEO.“- wwv 320i 0mm 

\ F t = # 

3233mm 
M 3:6-.18 . 

l 85;: 
4 

P: cm 2 ouz 











(Sap) Z‘I PUB n ?umpv won was 

5 ‘ .Awmt .3 - ?g 5,31. E56 25% v ‘ 

s . 

m 0 m- E- E} ‘ om- . mm. mm. mm. 8. 

m u n u u n u _ __ m 

m - . - - - _ _ - 

m u u 4 n u u n 

S _ _ _ . _ . 

U n .... 1.1 .... --“-.----l_----- d .... .... 1.1 .... I" ..... :N 
m .u m m u m m m m 

,m .... .... I": . .... -J .... 1., .... 1.1 .... I" .... T 
A1. . u n u n n 

. ..... .... .... .... ..... g 

m u H n u m u n u u 

4., .... -4 .... -4 ..... In‘ ..... I" ..... l. 
m ‘ Yu H u n 

13. n u n n 
.m ‘ .fi4 .... 1.? .... --.r .... l. ..... {w m u u n m 

w - _ _ . 

um I | ' I I!" I . I I ‘1.? | l | I |._r “ L 

n NMN . _ _ I | | | ll. l | | I l... m 

.m - _ - _ 

m U n u n W . I | I 1 I I | | I ' 1 I L||||JL I I . | I |_| I | I I | L | | I I I .iw, 

m 2 2:5 

m .. 

P 





Patent Application Publication Oct. 4, 2007 Sheet 16 0f 16 US 2007/0230545 A1 

H3933. Bum $95 6:30. om . E 8 cm 9. mm. 8 E Q 

3 o 
‘T 

(sap) Z1 PUB n ?umpv won “me 



US 2007/0230545 A1 

METHOD AND APPARATUS FOR IMPROVED L2 
PERFORMANCE IN DUAL FREQUENCY 
SEMI-CODELESS GPS RECEIVERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/157,298 ?led Oct. 1, 1999. 

FIELD OF THE INVENTION 

[0002] This invention relates to the acquisition and track 
ing of signals transmitted in accordance With the Global 
Positioning System (“GPS”), and in particular, using infor 
mation from the GPS signal transmitted in the frequency 
band about 1575.42 MegahertZ (MHZ) (“L1”) to improve 
the signal-to-noise ratio (“SNR”) for acquiring and tracking 
the GPS signal transmitted in the frequency band about 
1227.6 MHZ (“L2”). 

BACKGROUND OF THE INVENTION 

[0003] Tracking the GPS L2 signal plays a signi?cant role 
in high-end GPS receivers and especially for civilian appli 
cations such as machine control and survey equipment. The 
GPS L2 signal, like the GPS L1 signal, contains-three or 
more separate components: (1) a carrier signal (such as a 
1227.6 MHZ sinusoidal Waveform); (2) a code signal; and 
(3) a data signal. The code signal is combined (modulated) 
With the carrier signal so that each GPS signal source, for 
example a satellite, can be distinguished from each other 
according to the particular code employed by that GPS 
source. The data signal contains the information Which 
alloWs a GPS receiver to calculate its location, for example, 
the location of the transmitting GPS source. 

[0004] The GPS L1 signal can include both a coarse/ 
acquisition (“C/A-code”) code and a precision (“P-code”) 
code. HoWever, since the early 1990s, the GPS satellites 
have been transmitting both the C/A-code and an encrypted 
form of the P-code called the “Y-code”. The Y-code is 
generated by encrypting the P-code With another code called 
the “W-code”. The W-code is secret and is not available for 
civilian use. Unlike the GPS L1 signal, the GPS L2 signal 
only includes one code, Which since the early 1990s has 
been the Y-code. Because the W-code is unknown, the 
Y-code cannot be tracked by conventional procedures in a 
civilian GPS receiver. HoWever, because the Y-code is 
formed from the P-code, in combination With the W-code, 
su?icient information about the Y-code can be ascertained 
by a GPS receiver to augment the GPS receiver’s ability to 
track GPS signals. This type of tracking is termed “semi 
codeless” because at least the contribution of the P-code to 
the Y-code signal is knoWn even if the W-code contribution 
is unknoWn. 

[0005] A number of semi-codeless tracking techniques 
have been developed, see for example, US. Pat. No. 4,972, 
431 to Keegan et al., US. Pat. No. 5,293,170 to LorenZ et 
al., US. Pat. No. 5,541,606 to Lennen, US. Pat. No. 
5,621,416 to Lennen, US. Pat. No. 5,663,733 to Lennen, 
and US. Pat. No. 5,610,984 to Lennen. Each ofthese patents 
and any other documents referred to in this speci?cation are 
hereby incorporated into this application by the respective 
reference. 
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[0006] HoWever, none of these references apply knoWn 
information about the timing pattern of the W-code. 

BRIEF SUMMARY OF THE INVENTION 

[0007] One aspect of this invention is to improve the 
performance of semi-codeless L2 tracking in GPS receivers 
by using exact knoWledge of the W-code timing information. 

[0008] Another aspect of this invention is to combine 
estimates of the W-code component signals from the GPS L1 
signal and the GPS L2 signal, and in particular, by adding 
the W-code estimate signals together before multiplying the 
result by the W-code estimate signal(s) for the GPS L2 
signal. 
[0009] These novel techniques improve signal-to-noise 
ratio When tracking the GPS L2 signal, Which in turn leads 
to improved code and carrier measurement capability, as 
con?rmed by experiments observing GPS satellites With a 
high gain antenna in addition to analysis and simulation of 
GPS receiver designs. 

[0010] One object of this invention is to provide an 
apparatus for tracking signals having: (1) a ?rst tracker for 
tracking a ?rst component of a ?rst signal and for generating 
a ?rst estimate signal from a second component of the ?rst 
signal; and (2) a second tracker for tracking a ?rst compo 
nent of a second signal according to the ?rst estimate signal; 
such that the second component of the ?rst signal has the 
same pattern as the ?rst component of the second signal. 
This invention further provides for: (a) the pattern to be a 
knoWn pattern combined With an unknoWn pattern; and/or 
(b) the timing information about the unknoWn pattern to be 
knoWn. 

[0011] Another object of the invention is for the ?rst 
tracker to generate: (1) a timing signal in accordance With 
the timing information for improving the accuracy of the 
?rst estimate signal; and/or (2) a ?rst local component signal 
in accordance With the knoWn pattern and to combine the 
local component signal With a version of the ?rst signal to 
generate the ?rst estimate signal. 

[0012] An additional object of this invention is to have the 
second tracker: (1) generate a second local component signal 
in accordance With the knoWn pattern and combine the 
second local component signal With at least one version of 
the second signal to generate at least one second estimate 
signal; (2) generate a timing signal in accordance With the 
timing information for improving the accuracy of the at least 
one second estimate signal; (3) combine the ?rst estimate 
signal With the at least one second estimate signal to provide 
a tracking signal for tracking the ?rst component of the 
second signal; (4) combine the ?rst estimate signal With at 
least one second estimate signal to generate a combined 
estimate signal; (5) combine the ?rst estimate signal With the 
at least one second estimate signal When the second tracker 
has not locked to the ?rst component of the second signal; 
and/or (6) combine the combined estimate signal With the at 
least one second estimate signal When the second tracker has 
locked to the ?rst component of the second signal. 

[0013] Another object of this invention provides for: (1) 
the ?rst signal to be a GPS L1 signal; (2) the second signal 
to be a GPS L2 signal; (3) the ?rst component of the GPS 
L1 signal to be a C/A-code component; (4) the second 
component of the GPS L1 signal to be a Y-code component; 
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(5) the ?rst component of the GPS L2 signal to be a Y-code 
component; (6) the known pattern to be a GPS P-code; 
and/or (7) the unknown pattern to be a GPS W-code. 

[0014] A further object of this invention is to provide a 
method for tracking signals having the steps of: (1) locking 
to a ?rst component of a ?rst signal; (2) aligning a local 
version of a second component of the ?rst signal With the 
?rst component of the ?rst signal; (3) aligning a local 
version of a ?rst component of a second signal With the ?rst 
component of the ?rst signal; (4) generating a ?rst estimate 
signal from a version of the ?rst signal and the local version 
of the second component; and/or (5) applying the ?rst 
estimate signal for locking to a ?rst component of the second 
signal; Wherein the second component of the ?rst signal and 
the ?rst component of the second signal have the same 
pattern. 

[0015] An additional object of this invention is to provide 
a method for tracking signals having the steps of: (1) locking 
to a ?rst component of a ?rst signal; (2) aligning a local 
version of a second component of the ?rst signal With the 
?rst component of the ?rst signal; (3) aligning a local 
version of a ?rst component of a second signal With the ?rst 
component of the ?rst signal; (4) generating a ?rst estimate 
signal from a version of the ?rst signal and the local version 
of the second component; (5) generating a second estimate 
signal from a version of the second signal and a local version 
of the ?rst component of the second signal; (6) combining 
the second estimate signal and the ?rst estimate signal to 
generate a combined estimate signal; and/or (7) selectively 
applying either the ?rst estimate signal or the combined 
estimate signal for locking to a ?rst component of the second 
signal; Wherein the second component of the ?rst signal and 
the ?rst component of the second signal have the same 
pattern. Further, this invention provides that the step of 
selectively applying further includes the steps of: (1) select 
ing the ?rst estimate signal for application if the local 
version of the ?rst component of the second component has 
not been locked; and/or (2) selecting the combined estimate 
signal for application if the local version of the ?rst com 
ponent of the second component has been locked. 

[0016] A further object of this invention is to provide a 
method of semi-codeless tracking for a GPS receiver having 
the steps of: (1) receiving a GPS Ll signal and generating at 
least a quadrature baseband version of the GPS Ll signal; 
(2) receiving a GPS L2 signal and generating baseband 
versions of the GPS L2 signal; (3) multiplying the quadra 
ture baseband version of the GPS Ll signal With a locally 
generated version of a P-code used to generate the Y-code 
component of both the GPS L1 and L2 signals to generate 
a ?rst estimate signal related to the W-code used With the 
P-code to generate the Y-code component; (4) multiplying 
the in-phase baseband version of the GPS L2 signal With a 
locally generated version of the P-code to generate a second 
estimate signal related to the W-code used With the P-code 
to generate the Y-code component; (5) adding the ?rst 
W-code estimate signal to the second W-code estimate 
signal to generate a combined W-code estimate signal; (6) 
applying the ?rst W-code estimate signal to generate track 
ing signals for tracking When the GPS receiver has not 
locked to the GPS L2 signal; and/or (7) applying the second 
W-code estimate signal to generate tracking signals for 
tracking When the GPS receiver has locked to the GPS L2 
signal. 
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[0017] Also, an object of this invention is to provide a 
method of semi-codeless tracking for a GPS receiver having 
the steps of: (1) receiving a GPS Ll signal and generating at 
least a quadrature baseband version of the GPS Ll signal; 
(2) receiving a GPS L2 signal and generating baseband 
versions of the GPS L2 signal; (3) multiplying the quadra 
ture baseband version of the GPS Ll signal With a locally 
generated version of a P-code used to generate the Y-code 
component of both the GPS L1 and L2 signals to generate 
a ?rst Wide-band estimate signal related to the W-code used 
With the P-code to generate the Y-code component; (4) 
integrating the ?rst Wide-band estimate signal based on 
knoWn timing information of the Y-code to generate a ?rst 
narroW-band W-code estimate signal; (5) multiplying the 
in-phase baseband version of the GPS L2 signal With a 
locally generated version of the P-code to generate a second 
Wide-band estimate signal related to the W-code used With 
the P-code to generate the Y-code component; (6) integrating 
the second Wide-band estimate signal based on knoWn 
timing information of the Y-code to generate a second 
narroW-band W-code estimate signal; (7) adding the ?rst 
narroW-band W-code estimate signal to the second narroW 
band W-code estimate signal to generate a combined W-code 
estimate signal; (8) applying the ?rst narroW-band W-code 
estimate signal to generate tracking signals for tracking 
When the GPS receiver has not locked to the GPS L2 signal; 
and/or (9) applying the second narroW-band W-code esti 
mate signal to generate tracking signals for tracking When 
the GPS receiver has locked to the GPS L2 signal. 

[0018] These and other objects and advantages of the 
present invention Will become apparent from the detailed 
description accompanying the claims and attached ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 illustrates at a high-level, a GPS receiver 
according to one embodiment of the invention; 

[0020] FIG. 2 illustrates a channel processor according to 
an embodiment of the invention; 

[0021] FIG. 3 illustrates a tracker for components of a 
GPS Ll signal according to one embodiment of the inven 
tion; 
[0022] FIG. 4 illustrates the amount of signal-to-noise 
ratio gain or loss as a?‘ected by bandWidth according to one 
embodiment of the invention; 

[0023] FIG. 5a illustrates the W-code timing pattern as 
employed according to one embodiment of the invention; 

[0024] FIG. 5b illustrates the relationship betWeen the 
W-code timing pattern and the C/A-code timing pattern 
according to one embodiment of the invention; 

[0025] FIG. 6 illustrates the amount of signal-to-noise 
ratio gain or loss by comparing di?cerent W-code integration 
periods; 
[0026] FIG. 7 illustrates an H period generator according 
to one embodiment of the invention; 

[0027] FIG. 8 illustrates the relative timing of various 
signals employed according to one embodiment of the 
invention; 
[0028] FIG. 9 illustrates a tracker for components of a 
GPS L2 signal according to one embodiment of the inven 
tion; 
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[0029] FIG. 10 illustrates a P-code mixer according to one 
embodiment of the invention; 

[0030] FIG. 11 illustrates W-code estimate integrators 
according to one embodiment of the invention; 

[0031] FIG. 12 illustrates W-code estimate multipliers 
according to one embodiment of the invention; 

[0032] FIG. 13 illustrates the amount of signal-to-noise 
ratio gain or loss relative to different selection of W-code 
estimate signals according to one embodiment of the inven 
tion; 

[0033] FIG. 14 illustrates a procedure for operating a GPS 
receiver according to one embodiment of the invention; and 

[0034] FIG. 15 illustrates a relationship betWeen a carrier 
phase error and the selection of a particular W-code estimate 
signal according to one embodiment of the invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0035] FIG. 1 is a high-level illustration of a GPS receiver 
10 in accordance With one embodiment of the invention. 
Key aspects of the invention are provided primarily in the 
Ll/L2 digital channel processors (channel processors) 12. 
Although other portions of this GPS receiver 10 can be 
similar to conventional receivers, see for example, U.S. Pat. 
No. 5,541,606 to Lennen, aspects of this invention can be 
incorporated elsewhere, for example, the software Which 
runs on the microprocessor system 14. 

[0036] In operation, the antenna 16 receives the GPS L1 
and L2 signals transmitted from GPS satellites and other 
GPS sources. The antenna 16 outputs a corresponding 
antenna signal 18 Which is ?ltered and ampli?ed by ?lter/ 
loW-noise-ampli?er (LNA) 20. The resulting ?ltered signal 
22 is then translated (doWnconver‘ted and digitized) by a 
radio frequency (RF) module 24 to generate intermediate 
frequency signals 26. Thus, for example, the GPS Ll signal 
is frequency translated to 420 kiloher‘tZ (kHZ) and the GPS 
L2 signal is translated to 2.6 MHZ. These intermediate 
frequency signals 26 are multi-bit, doWnconverted, digitiZed 
and sampled versions of the GPS signals, and include: (1) an 
in-phase version of the GPS Ll signal (ILl) 27; (2) a 90 
degree out-of-phase (quadrature) version of the GPS Ll 
signal (QLl) 29; (3) an in-phase version of the GPS L2 signal 
(IL2) 31; and (4) a 90 degree out-of-phase (quadrature) 
version of the GPS L2 signal (QL2) 33. 

[0037] The frequency synthesiZer 28 generates at least tWo 
signals 30, 32 from one or more local oscillators. In par 
ticular, the frequency synthesiZer 28 outputs tWo local 
oscillator signals (LOl) 30 at 1400 MHZ and (LO2) 32 at 175 
MHZ Which are input to the radio frequency module 24 and 
are used for the frequency translation. In addition, the 
frequency synthesiZer 28 outputs tWo clock signals, sclk 34 
and msec 36. Sample clock signal 34 operates at 25 MHZ 
and is used, in addition to the channel processors 12, 
internally by the radio frequency module 24 to digitally 
sample the ?ltered signal 22, after the ?ltered signal is 
doWnconver‘ted, to generate the intermediate frequency sig 
nals 26. The millisecond clock signal 36 operates at l kHZ 
and is used to time measurements in the channel processors 
12. The frequency synthesiZer 28 is driven by a master 
oscillator signal 38 of 10 MHZ Which is generated by a 
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master oscillator 40. Thus, all the frequency signals and 
clocks employed by the GPS receiver 10 for frequency 
translation and measurements are derived from the same 
fundamental source, master oscillator 40. 

[0038] Because a single channel processor 12 is typically 
assigned to operate on GPS signals emanating from a single 
GPS source, as shoWn in FIG. 1, multiple channel processors 
12 are typically employed to alloW the GPS signals from 
multiple GPS sources to be observed simultaneously. 

[0039] Each channel processor 12 interacts With a micro 
processor system 14 such that the microprocessor system 14 
can control operation of each channel processor including 
such functions, among others, as closing the code and carrier 
tracking loops, reading correlator values, and updating code 
and carrier numerically controlled oscillators (NCOs). From 
information obtained from the channel processors 12, the 
microprocessor system 14 outputs position, velocity and 
time solutions to a user, or alternatively, provides raW code 
and carrier phase measurements. While a user Will generally 
receive the outputs from the microprocessor system 14 on a 
display, the outputs of the microprocessor system can also be 
received by another microprocessor system or other device 
for additional processing or to perform other functions, such 
as, for example, controlling an automated vehicle. 

[0040] FIG. 2 is a more detailed illustration of a channel 
processor 12 according to an embodiment of this invention. 
Channel processor 12 includes tWo tracker modules, an L1 
tracker 52 and an L2 tracker 54. The L1 tracker 52 observes 
the L1 intermediate frequency signals ILl and OM. Simi 
larly, the L2 tracker 54 observes the L2 intermediate fre 
quency signals IL2 and QL2. HoWever, in addition to tracking 
the C/A-code component in the GPS Ll signal, the L1 
tracker 52 provides a W-code estimate signal (WLLNB) 56 
Which is a narroW-band (noise-reduced) signal Which esti 
mates the W-code used by the GPS source to generate the 
Y-code for the GPS Ll signal. This W-code estimate signal 
56 is employed by the L2 tracker 54 to facilitate the 
semi-codeless tracking of one embodiment of the invention. 

[0041] Because both the L1 tracker 52 and L2 tracker 54 
are clocked synchronously from the sample clock signal 34, 
the digital trackers 52, 54 are fully synchronous With each 
other. This, synchronicity alloWs the microprocessor system 
14 to place the L1 tracker 52 and L2 tracker 54 into an exact 
knoWn state using control signals 58 relative to the sample 
clock signal 34 and the millisecond clock signal 36. 

[0042] FIG. 3 is a detailed illustration of an L1 tracker 52 
in accordance With one embodiment of the invention. As 
shoWn in FIG. 3, the L1 intermediate frequency signals, ILl 
and QLl at the intermediate frequency of 420 kHZ are 
received by a complex mixer 62. The complex mixer 62 
translates (doWnconver‘ts) the L1 intermediate frequency 
signals, ILl and OM, to baseband, that is, the intermediate 
carrier frequency is removed (or nearly removed) to gener 
ate in-phase and quadrature baseband signals (IBB and QBB) 
63, 65. This translation employs in-phase and quadrature 
local oscillator signals 67, 69 Which are generated by a 
carrier numerically controlled oscillator (carrier NCO) 64. 

[0043] The baseband signals, IBB and QBB, Which still 
retain the C/A-code and Y-code information, are then pro 
cessed in a code mixer 66. The code mixer 66 mixes each of 
the baseband signals, IBB and QBB With a locally generated 












