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goooboooonn
TITLE OF INVENTION

Method and apparatus for calculating position with GNSS satellites

FIELD OF THE INVENTION

The present invention relates generally to the field of global navigation satellite
systems (GNSS), specifically as an alternative to Assisted GNSS (AGNSS), or Assisted
GPS (AGPS) technology.

BACKGROUND OF THE INVENTION

GNSS receiver determines its position using signals from plurality of GNSS
satellites. It is required to make code and frequency measurements and read navigation
message, which provides satellite ephemeris and time of transmission. Based on this
information the GNSS receiver can calculate a position of its antenna. It is very
important for many applications to be able to provide an instant positioning. To make
an instant positioning means to avoid a necessity of tracking a satellite signal and
reading a navigation message. It takes about 30 seconds to read a complete navigation
message for GPS (Global Positioning System) L1 signal to ensure a decoding of all
necessary for positioning data. If navigation message data are available through some
other data link, it is still necessary to decode a time mark from the navigation message,
which may require up to six seconds. It is very important for many applications to be
able to make a positioning instantly, using just a snapshot of data. It is often
impossible to track the satellite signal indoors and therefore impossible to decode the
navigation message, even partially. Moving indoors will change multipath and tracking
most likely will be interrupted, even if it was possible in the first place.
In case of using the GPS function in cellular phone applications, the cellular phone
cannot be used at the same time as GPS because of interference. It means that a user

has to wait until all the data from the navigation message are acquired.

The US Patent 5,945,944 Krasner Norman F., Method and apparatus for determining
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time for GPS receivers, Issued on 08/31/1999, describes method of supplying time
information through a network {1]. The present invention makes it is possible to make
a positioning without reading a navigation message and without getting assistance data

from a network.

The paper of J.Syrjarinne titled “Time Recovery through Fusion of Inaccurate
Network Timing Assistance with GPS Measurements”, which was presented on July
2000 on 3rd International Conference of Information Fusion, FUSION 2000, describes a
method of finding position, using specific cost function, which is based on code
measurement residuals [3].

Later same year an application for US Patent, titled Method and apparatus for
time-free processing of GPS signals, had been filed [2]. It describes a method and
apparatus for computing GPS receiver position without using absolute time information
transmitted by the satellite or by an alternative source of timing available at the GPS
receiver. The GPS receiver is contained in an integrated receiver that also includes a
wireless communication transceiver, but does not have access to an accurate source of
absolute time information. The wireless transceiver communicates through a wireless

network to a server.

The present invention is different from above systems and methods, which are
described in [1] , [2] and [3] in numerous respects. Present invention is using time
source available from the receiver and does not includes a wireless communication
transceiver or any other data link to supply an assistance data. Its distinguished
feature is that the receiver does not require data link to a network at the time of
positioning. The proposed system does not rely on any network at all. Therefore the
present invention can be used outside of AGPS networks for much wider range of
applications.

Such application as GPS enhanced camera, would require an instant position fix
without network assistance. It is unlikely that camera always used in places where a

network is available. Another application is an aircraft, which is maneuvering in the
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skies. An ability to use any snapshots of data will benecost its navigation in two
respects, Firstly, no data are lost to a navigation system even if a satellite was in view
only for a millisecond. Secondly, such data have much smaller latency, which is
extremely important in case of high dynamic vehicles such as aircrafts. A network

assgistance most likely will also be impossible for such application.

It is also desirable to be able to make instant positioning without network because
network can be malfunctioning or even destroyed during natural disasters such as
earthquakes. It is still very important in such cases to be able to make instant and

snapshot positioning.

Reference [2] requires to know receiver approximate position with an accuracy of a few
kilometers in order to make a positioning. The present invention does not require
having an a-priori position from the server. Initial approximation can obtained either
from introducing country name into the receiver, or from the PRN (Pseudo-Random
Noise) numbers of visible satellites. Such approach will give an initial position within a
few thousands of kilometers, which is encugh for the present invention. The present
invention allows to resolve pseudorange ambiguities in the receiver without knowing
it’s a-priori position. The reference [2] method and apparatus do not present a way to
calculate position without assistance information and a-priory position in practical

applications.

The method that presents a way to calculate position without assistance information
and a-priory position is described in recent publication [4]. However, the method which
is described in [4] does not allow any practical application. It describes that it takes 14
minutes to calculate the position. It is about 30 times longer, than it is required by
conventional GPS algorithms, which is 30 seconds. The present invention describes
method, which allows to calculate a position about 30 times gquicker than by
conventional GPS algorithms and methods. The present invention allows to calculate

position within one or two seconds, instead of 30 seconds of conventional GPS
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algorithms. The present invention describes the methods, which allow to achieve

positioning 1n real-time, which is essential for real life applications.

The present invention and [2] have different application areas. The present invention is
not limited to mobile receivers connected to a network. The reference [2] is applicable

only for a receiver connected to a network.

The present invention describes a novel method of deriving positioning with code and
Doppler measurements. The novelty of this method includes an application of genetic
algorithms {5] or simulated annealing methods [6] for finding a global minima of
multiple-minima functions, a narrowing initial search area with Doppler measurements,
and mitigating clock errors for predicted ephemeris. These items can be mostly used
only in combination, forming together a new method of GNSS positioning. It is not
useful to use Doppler measurements for positioning on its own, especially without
tracking loops, because the accuracy of such positioning will be very poor. However, it is
good enough to put constrains on initial search area for finding a global minima of
multiple-minima functions. The present invention proposes to use predicted
ephemerides. The predicted orbit data can be used for very long without update and still
provide good positioning accuracy. Satellite clock error prediction data degrade much
quicker. It is important for such method to able to use only orbit data, because it
increases validity period for predicted ephemerides, thus mitigating clock errors for

predicted ephemeris is important component of the present invention.

This invention describes a new GNSS receiver system, which is using the proposed
method of positioning. The GNSS receiver system can be used as a conventional receiver,
a tracking system or an asset monitoring (fleet management system). The tracking
gystem is different from the existing tracking systems in that on the rover side only
front end and memory are needed. The asset monitoring (fleet management) system is
different from the existing asset monitoring (fleet management) systems in that on the

rover side only front end and communication device is needed. The conventional
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tracking and asset monitoring systems require to have a complete receiver on the rover
side, which includes, besides front end, baseband processor and navigation processor.
The present invention therefore allows to create tracking systems with rover side,
which can be by definition smaller, lighter, cheaper and with lower power consumption
than in case of conventional systems. This is possible because present invention allows
to calculate a position based on only very short snapshot of GNSS data, as small as one
code period, which is for example equal to one millisecond for GPS L1 signal. This data
can be kept in memory or send to a control center for processing. The control center can
calculate a rover position using only one millisecond of data. The size of this data can be
as mall as a few hundred bytes. The conventional GNSS or GPS processing will require
30,000 times more data. It is impractical to make a tracking system, which will require
such amount of data to be transmitted or kept in memory for each waypoint. Therefore
it 18 necessary in a prior art to process all data on the rover side. It implies that rover
side must include complete receiver. The present invention allows to use only front end

instead of the complete receiver.

Therefore, a need exists in the art for a method and apparatus that processes GNSS
signals and immediately calculates position without reading navigation message,

without network presence and without a-priory position.

SUMMARY OF THE INVENTION

The invention applies to positioning with GPS or in general with any GNSS satellite
signals, including GLONASS and Galileo. It is normally required to track GPS signal
after an acquisition stage for about 30 seconds to read navigation message and retrieve
satellite orbit data and satellite clock errors. If these data are supplied through external
data link or from memory, it is still required to track GPS signal after an acquisition
stage for about six seconds to read navigation message and retrieve a time of

transmission. The present invention allows to find antenna position using
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measurements from the acquisition unit, system clock and ephemerides information

either predicted or immediate.

FIG.1 shows a flowchart of the present invention GNSS receiver system. GNSS radio
frequency signal from the plurality of GPS satellites (101) goes through GNSS antenna
(102) to a front end module (103). The front end module (103) provides signal
down-conversion from GNSS frequency to intermediate frequency and digitizes the
signal. The digitized intermediate frequency signal (104) can be used in three different
ways within the present invention depending on the embodiment. If the invented GNSS
system used as GNSS sensor for systems such as asset monitoring system (fleet
management, child or pet monitoring system), then the digitized intermediate

frequency signal (104) is transferred to communication transmitter module (105).

If the invented GNSS system used as GNSS tracking device, then the digitized
intermediate frequency signal (104) is transferred to memory module (106). The clock
(107) supplies time mark into memory module (106) for each set of digitized
intermediate frequency signal (104) data for each waypoint. The front end unit (109)
comprising GNSS antenna (102), front end module (103), memory module (106), clock
(107) and communication transmitter module (105) can be designed to be in a separated

device and located remotely.

If the front end unit (109) is located remotely and is used for remote rover immediate
positioning as for asset monitoring system, then packed digitized intermediate
frequency data (110) are transmitted to a communication receiver module (111). If the
front end unit (109) is located remotely and is used for tracking system then the time
marked waypoint digitized intermediate frequency data sets (112) are downloaded from
the memory at later time. Time marks (113) from memory module (106) are used in
position calculation along with corresponded time marked waypoint digitized
intermediate frequency data sets (112). If the invented GNSS system used as GNSS

receiver the digitized intermediate frequency signal (104) goes into acquisition module
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(114) directly from the front end module (103).

Acquisition module (114) processing the digitized data and outputs GNSS
measurements (115) including pseudorandom noise (PRN) numbers of acquired
satellites, GNSS Doppler measurements, to position calculation module (116). Time
reference module (117) supplies the position calculation module (116) with approximate
time either from time marks (113) from memory module (106} in case of tracking system,
or from clock (118) in case of asset monitoring or GNSS receiver embodiment. Memory
module (119) provides the position calculation module (116) with ephemerides
information. The ephemerides can be predicted ephemeredes or immediate

ephemerides.

The position calculation module (116) calculates user position (120) using providing
GNSS satellite ephemeredes from memory module (119), GNSS code measurements and
GNSS Doppler measurements (115) from acquisition module (114), and approximate

current time from the time reference module (117).

The position calculation module (116) forms a cost function, comprising of functions of
differences in magnitude of predicted code measurement functions and code

measurement functions.

Fl= Z(W, xg{f(p" =)= (P! - P}

Where

P is code measurement of i-th satellite ,

P! is predicted code of i-th satellite ,

pj." is code measurement of chosen master satellite ,
P! is predicted code of chosen master satellite

w, is weight function formed based on signal-to-noise ratio for the i-th satellite signal.
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The cost function has multiple local minima. The position calculation medule (116) uses
genetic algorithm to provide a realization of search cost function global minima.
Alternatively, the position calculation module (116} uses a simulated annealing method
or & combination of brute force and optimization algorithms to provide a realization of

search cost function global minima.

To put constrains on the search area for said cost function, the position calculation
module (116) finds an approximate position estimate, using another cost function
comprising of functions of differences in magnitude of Doppler measurement functions

and predicted Doppler measurement funetions.

N-L
F2=3 (wx glf(dpl ~dp)~ f(dpf ~dp)})
i=l
dp” is Doppler measurement of i-th satellite ,
dp’ is predicted Doppler of i-th satellite ,
d pf’ is Doppler measurement of chosen master satellite ,

dp? is predicted Doppler of chosen master satellite,

w, is weight function formed based on signal-to-noise ratio for the i-th satellite signal.

In order to mitigate the predicted satellite clock errors and facilitate usage of
ephemerides with longer validity, the position calculation module (116) uses another
cost function, which is constructed based on functions of differences in magnitude of
differences over time of prediction code measurement functions and differences over
time of code measurement functions in order to use omly orbit satellite data for

positioning calculation as follows.

Nl

F3=3 (w,x (g /(O ]~ AT ten D = (P! )= 2] 1t DY - 8L (4] = P71 D ~ £ T ] - P 1 D)

dmel
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Where

O [#.] is code measurement of i-th satellite for epoch £, _,,
2'[t,] is code measurement of i-th satellite for epoch ¢, ,
p2rlt,,,] is predicted code of i-th satellite for epoch ¢,_,,
P[] is predicted code of i-th satellite for epoch ¢,

P; 4] is code measurement of chosen master satellite for epochf,

+1?

pf [#,.1] is predicted code of chosen master satellite for epoch¢, ,,
p;t,.] is code measurement of chosen master satellite for epoch ¢,

pf [¢,] is predicted code of chosen master satellite for epoch f,,

w, is weight function formed based on signal-to-noise ratio for the i-th satellite signal.

Navigation unit (121) thus consists of the acquisition module (114), the position
calculation module (116) , memory module (119) , time reference module (117} , clock

(118) and communication receiver module (111).

The memory module (106), clock (107) , communication transmitter module (105), time
reference module (117), and communication receiver module (111) may not be required

if the front end unit (109) is designed to be in one device with navigation unit (121).

OBJECTS OF THE INVENTION

Hence, it 1s a primary object of the instant invention to provide GNSS positioning
gystem, which makes a positioning without using network assistance and without

reading navigation message.

It is a further primary object of the present invention to provide GNSS positioning
receiver system, which makes a positioning within one or two seconds from the moment

the GNSS positioning receiver system is switched on.
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It is a further primary object of the present invention to provide GNSS positioning
system, which can make a positioning using only one code period of GNSS satellite

signal.

1t is a further primary object of the present invention to provide GNSS positioning
system, which uses GNSS front ends as remote sensors. The remote sensors send
digitized intermediate frequency data through communication modules to one or several

navigation units,

It is a further primary object of the present invention to provide GNSS positioning
system, which uses GNSS front end as tracking device. The tracking device keeps
digitized intermediate frequency data for each waypoint in memory module for later

processing in remotely located navigation unit.

EMBODIMENT

The preferred embodiment is shown in Fig.2. The plurality of GPS satellites (201)
transmit radio frequency signal (202) comprising carrier, spreading pseudo-random
code and navigation message. The signal (202) is received by antenna (203) and
transferred to front end module {(204) through antenna cable (205). Front end module
(204) provides signal down-conversion from GPS L1 frequency to 4 MHz intermediate
frequency and digitizes the signal with 16 MHz sampling rate. The digitized
intermediate frequency signal (206) is transferred to acquisition module (207). This
embodiment is for the case when the front end unit and navigation unit are located in
one device. In this particular embodiment the navigation unit resides on a personal

computer.

Prior the positioning, predicted satellite ephemerides are downloaded into memory

module (208). For example, the ephemerides in ASCII SP3 format can be downloaded
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from CODE fitp site ftp/ftip.unibe.ch/aiub/CODE. CODE is a part of International
Geomatic Service organization, which provide some services, including predicted

satellite ephemerides, to community free of charge [7].

Acquisition module (207) after acquiring signals outputs pseudorandom noise (PRN)
numbers of acquired satellites (209), GPS Doppler measurements (210) and GPS code

measurements (211).

Region area finding Module (212) using predicted satellite ephemerides (208) and
system clock (213) finds a region from where satellites with the same PRN numbers as
PRN numbers of acquired satellites (209) are visible for given time and satellite orbits.
Given time is a computer system time in the present embodiment. The region defines
initial search area, which is supplied to Downhill Search module (214). Downhill Search
module (214) uses Downhill Simplex method [6] and finds a minimum of cost function.
The cost function is formed by Doppler based cost function forming module (215), using
GPS Doppler measurements (210) and predicted Doppler measurements. Predicted
Doppler measurements are calculated using predicted satellites (201) position in time
search area and antenna (202) position in coordinate search area. The time of
reception and antenna position forms four-dimensional search area in initialization
module (212). Receiver clock error is excluded from measurements by forming single

differences between satellites and chosen master satellite with highest elevation angle.

The Doppler based cost function forming module (215) forms the cost function as

follows:
'S 2 2
Fl=Y (wi(dp ~dpp) ~(dp? —dp!)'})
i=l

Where

dp” is Doppler measurement of i-th satellite ,
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dp! is predicted Doppler of i-th satellite ,
d ,o;." is Doppler measurement of chosen master satellite ,

dp] is predicted Doppler of chosen master satellite ,

w, is weight function formed based on signal-to-noise ratio for the i-th satellite signal

from Acquisition module (207) . The weight function coefficient are set all to 1 in this

embodiment.

The Downhill Search module (214) defines a new narrower region in module (216) for
the further search, which is supplied to main search module (217). The main search
module (217) uses genetic algorithm [5] and finds a minimum of cost function, which is
formed in module (218). Cost function is formed using GPS code measurements (211)
and predicted code measurements. Predicted code measurements are calculated using
predicted satellites (201) position in time search area and antenna (202) position in
coordinate search area. The time of reception and antenna position forms
four-dimensional search area in initialization module (216). Receiver clock error is
excluded from measurements by forming single differences between satellites and
chosen master satellite with highest elevation angle. The cost function forming module

(218) forms the cost function as follows:
N-l , i

F2=3 (wx{(p" -]V = (o - P!V}
pa

Where

P, is code measurement of i-th satellite ,

Pl is predicted code of i-th satellite ,

p}" is code measurement of chosen master satellite ,

pf is predicted code of chosen master satellite ,

w; is weight function formed based on signal-to-noise ratio for the i-th satellite signal

from Acquisition module (207) .
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The code ambiguities are restored in module (219). The Downhill Search module {(214)
defines a new narrower region for the further search. The Main search module (217)
finds a good approximation of the position. This first user position approximate
estimation (220) is transferred to search area initialization module (216). The search
area initialization module (216} redefines search area and sends it to search module

(214) to use Downhill Simplex method for quick find the precise position.

The calculated position (221) can be output to user through display (222) and used to

refine and adjust the system time in system time adjustment module (223).

If ephemerides are intended to be used for a time longer than one week, then predicted
satellite clock errors can significantly decrease accuracy of positioning. In order to
mitigate their affect, the system instead of cost function F2, formed by module (218)

uses the following function, formed by module (224).

F3= Z(W.- xWOT e 1= £ 11 D’ = (O (80} = P2 111 ) = (27181~ 2T 10D + (O] 161 - 271617

=l

Where

P t..] is code measurement of i-th satellite for epoch ¢, ,,

P2 [t,] is code measurement of i-th satellite for epoch ¢,

Pt is predicted code of i-th satellite for epoch ¢,,,,

PPt ] is predicted code of i-th satellite for epoch ¢,

P} [.1] is code measurement of chosen master satellite for epochz, ,,
P/ [t,.1] is predicted code of chosen master satellite for epoch?,,,

p; 4] is code measurement of chosen master satellite for epoch £, ,

p/lt,] is predicted code of chosen master satellite for epoch £,

w, is weight function formed based on signal-to-noise ratio for the i-th satellite signal
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from Acquisition module (207) .

Also in the forgoing detailed description the present invention has been described by

reference to various specific embodiments, it is to be understood that modifications and

alterations in the structure and arrangement of those embodiments other than those

specifically set forth herein may be achieved by those skilled in the art and that such

modifications and alterations are to be considered as within the overall scope of this

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a block diagram representation of GNSS receiver system, which calculates

position using GNSS code and frequency measurements and predicted ephemerides

without reading navigation message and without connection to a network.

(101
(102)
(103)
(104)
(105)
(108)
(107
(108)
(109)

The plurality of GPS satellites

GNSS Antenna

Front end module

Digitized intermediate frequency signal
Communication transmitter module
Memory module

Clock

Time mark

Front end unit

(110) Packed digitized intermediate frequency data

(111) Communication receiver module

(112) Time marked waypoint digitized intermediate frequency data sets

(113) Time marks

(114) Acquisition module

(115) GNSS measurements

(118) Position calculation module
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(117) Time reference module
(118) Clock

(119) Memory module

(120) Navigation unit

(121) Calculated user position
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FiIG.2 is a block diagram representation of the invented GNSS receiver system

according to a preferred embodiment.

(201) The plurality of GPS satellites

(202) GPS radio frequency signal

(203) GPS antenna

(204) Front end module

(205) Antenna cable

(206) Digitized intermediate frequency signal
(207) Acquisition module

(208) Memory module

(209) PRN numbers of acquired satellites

(210) GPS Doppler measurements

(211) GPS code measurements

(212) Region area finding module

(213) System clock

(214) Downhill Search module

(215) Doppler based cost function forming module
{216) Search Initialization module

(217) Main search module

(218) Main cost function forming module

(219) Code ambiguities restoration module

(220) First user position approximate estimation

(221) User position
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(222) Display
(223) System time adjustment module.

(224) Double Differenced based cost function forming module.
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Claims

What is claimed is:

1. A method of calculating the position of a Global Navigation Satellite System (GNSS)
receiver antenna and time of GNSS signal reception,

providing GNSS satellite ephemeredes;

providing GNSS code measurements;

providing GNSS Doppler measurements;

providing approximate current time;

computing the position of a GNSS receiver antenna and time of signal reception, using

said ephemerides, code measurements, Doppler measurements and approximate time.

2. The method for determining GNSS receiver antenna position and time of GNSS
signal reception according to claim 1, wherein the position is calculated in absence of

network connection at the time of positioning.

3. The method for determining GNSS receiver antenna position and time of GNSS
signal reception according to claim 1, wherein satellite ephemeredes are predicted

ephemeredes.

4, The method for determining GNSS receiver antenna position and time of GNSS
signal recéption according to claim 1, wherein a cost function, comprising of funections of
difference in magnitude between predicted code measurement functions and code

measurement functions, has multiple local minima.

5. The method for determining GNSS receiver antenna position and time of GNSS
signal reception according to claim 1, wherein a genetic algorithm is applied to provide a

realization of cost function global minima search.



(31) JP 2010-71966 A 2010.4.2

6. The method for determining GNSS receiver antenna position and time of GNSS
signal reception according to claim 1, wherein a simulated annealing method is applied

to provide a realization of cost function global minima search.

7. The method for determining GNSS receiver antenna position and time of GNSS
signal reception according to claim 1, wherein a combination of brute force and function
minimization algorithms is applied to provide a realization of cost function global

minima search.

8. The method for determining GNSS receiver antenna position and time of GNSS
signal reception according to claim 1, wherein a cost function comprising of functions of
difference in magnitude of Doppler measurement functions and predicted Doppler

measurement functions is used to limit initial search area.

9. The method for determining GNSS receiver antenna position and time of GNSS
signal reception according to claim 1, wherein cost function is constructed, based on
functions of differences in magnitude of differences over time of predicted code
measurement functions and differences over time of code measurement functions, in

order to use only orbit satellite data for positioning calculation.

10. A GNSS receiver system comprising sensor unit and navigation unit.

11. The GNSS receiver system according to claim 10, further including communication

module to send data from sensor unit to navigation unit.

12. The GNSS receiver system according to claim 10, wherein sensor unit consists of

antenna, front end module, memory module.

13. The GNSS receiver system according to claim 10, wherein navigation unit consists

of acquisition module, clock, memory module and positioning module.
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14. The sensor unit according to claim 12, wherein front end module receives radio
frequency signal from antenna and outputs down-converted and digitized intermediate

frequency signal.

15. The sensor unit according to claim 12, wherein memory module keeps digitized

intermediate frequency signal data for later use.

16. The navigation unit according to claim 13, wherein acquisition processes said
digitized intermediate frequency signal and outputs GNSS code and frequency

measurements.

17. The navigation unit according to claim 13, wherein memory unit keeps predicted

ephemeris and satellite clock errors information.

18. The GNSS receiver system according to claim 10, wherein sensor unit and

navigation unit are located in different places and connected by communication module,

19. The GNSS receiver system according to claim 10, wherein navigation unit is

connected to a plurality of sensor units by communication module.

20. The GNSS receiver system according to claim 10, wherein digitized intermediate
frequency signal is transmitted from remote sensor unit to control center unit for

calculating a position through the data link module.
21. The GNSS receiver system according to claim 10, wherein digitized intermediate
frequency signal is kept in the memory module to be transferred to said navigation unit

for position calculation at a later stage.

22, The navigation unit according to claim 13, wherein positioning module using GNSS
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code and frequency measurements from acquisition module, satellite predicted orbits
and clock errors from memory module, and current time from clock calculates a position

of GNSS front end unit antenna and time of GNSS signal reception according to claim 1.
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1. Abstract

A method and apparatus for calculating position with global navigation satellite
systems is disclosed. The position can be calculated without reading a navigation
message, and without receiving assistance information from a network. The position
calculation is realized using code and frequency measurements and predicted
ephemeris data, which are kept in memory. Cost functions constructed on the basis of
functions of differences in the magnitude of functions of actual and predicted code and
frequency measurements are used for positioning. Positioning can be achieved using
one code period of a global navigation satellite system signal. The apparatus for
calculating position is divided into a front end unit and a navigation unit. The front end
unit and the navigation unit can be separated and located at a distance from each other.
A digitized intermediate frequency data from the front end unit can be transferred to
the navigation unit either immediately or through a data link, or, alternatively, kept in

memory for later processing in the pavigation unit.

2. Representative Drawing

Front end unit Navigation unit
Digitized IF transfer for

/ receiver embodiment

Code and frequency
measurements

Digitized iF transfer for I
asset monitoring embodiment

\ Digitizad IF transfer for
tracking embodiment
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