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http://www.youtube.com/watch?v=1OlqditIsoM
http://www.youtube.com/watch?v=rBN5CWMcOnE
http://www.youtube.com/watch?v=rBN5CWMcOnE
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GPS2| 324 Space, Control, User

Three Segments of the GPS

Space Segment

. L] Ground
I_I Antennas
Master Station Monitor Stations
=X gps.gov
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Control Segment
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History of GPS Global Positioning System
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GPS 9|40 wH

| 1978-1985 | |

1997- 2004

| 2014 - 2024

1989 — 1997
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Rockwell Boeing 3 Lockheed Lockheed Lockheed
(Rockwell) Martin Martin Martin
Block | Block HH/IIA Block IIR Block IIR-M Block IIF Block Il
11 (10) Satellites 28 Satellites 13 (12) Satellites 8 Satellites 12 Satellites 32 Satellites
Demonstration Basic GPS IIA/IIR Capabilities IIR -M Capabilities IIF Capabilities
system Provides Initial Navigation Capabilities “Plus” “Plus” “Plus”
« L1 (CA) Navigation * Std Service * 2 Civil Signal L2 + 37 Civil Signal L5 A
signal * Single Frequency (L1) (L2C) * Reprogrammable * Increased accuracy
* L1 & L2 (P Code) * C/A code navigation + Earth Coverage Nav Processer * Increased Earth
Navigation signal * Precise Service M-Code on L1/L2 * Increased Accuracy Coverage power
« 5 Year Design Life * Two frequencies (L1 & L2) * L5 Demo requirement * 15 Year Design Life
* P (Y) -Code navigation + Anti-Jam Flex * 12 Year Design Life * 4™ Civil Signal (L1C)
* 7.5 Year Design Life Power e
* 7.5 Year Design
Life * Real-time
Communications
Hc
* Navigation Integrity
* Spot Beam for AJ

Increasing Space System Capabilities —~ Increasing Military/Civil User Benefits

=X : Lockheed Martin
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GPS? GNSS? Global Navigation Satellite System

“ 0| =. 317 2{4. 944 e+
2{A|of. 2471 21'd 28 5. 95
EU. 307} S . 2020E 2 5. $t= %o
==, 197). 2020E71X| 307 = &
m olE. 771. 2XFHSL| 20m
U, 37 HX|$|S. 200214 £ E] A|E}

A 2hyd

[ -

™ o1EEE £ G s

NNNNNNNNNNNNNN



Global Navigation Satellite System
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GPS 2%} =%

X" H’d GPS (Local Area Differential GPS, LAD GPS

S EH GPS (Wide Area Differential GPS, WAD GPS
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http://www.youtube.com/watch?v=rBN5CWMcOnE
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New tech info. for GPS
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http://www.youtube.com/watch?v=rBN5CWMcOnE
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Figure 1: Flexible Honeywell GPS front end ASIC architecture for two or more (e.g. L5)
frequency channels can be extended from handheld commercial to military applications (LPF-Low
Pass Filter, AGC Automatic Gain Control, ADC-Analog to Digital Converter, IP3-3rd order
Intercept Point, VCO Voltage Controlled Oscillator, Mix-Mixer, PLL-Phase Locked Loop, LNA-low
noise amplifier, Syn-synthesizer)
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The power spectrum of the tracking jitter introduced by
the jammer is denoted as G(w), and is given by

10

G(w)=H ()| (w)/4P?

where J(w) is the power spectrum of the jamming signal.
This noise PSD is approximately flat over the relatively
small loop bandwidth; therefore, the tracking sleaze intro-
duced by the jammer can be written as:

, 1= JO)
o= o Gylw)dw = 7—P28L
o0 2

Where B, is the tracking loop bandwidth in Hz. The
above equation becomes the basis of the jamming effect
simulation of the present invention.

The carrier-to-noise ratio C/N,, impacts the GPS tracking
loops and thus dominates the accuracy of the measured
pseudorange and pseudorange rate values. That the posi-
tioning errors are a function of the carrier to noise ratio,
C/N,, ensues. The power density, i.e. watts per unit
frequency, is often used to characterize the bandlimited
white noise. Thus the carrier to noise ratio, C/N, can be
defined as the ratio of the power of the signal to the power
density of the noise. A new ratio, the signal-to-noise ratio, is

defined to account for the frequency spread of the noise
power. The signal-to-noise ratio is the ratio of the power of
the signal to the total power contributed by the noise i.e
S/MN,=C/(N,*B) where B is the bandwidth.

The carrier to noise ratio and the signal to noise ratio are :

used in the present invention to characterize a receiver’s
performance under jamming conditions. If the jamming
power and its frequency content are known, then their effect
can be translated to an equivalent noise degradation of the
C/Ny ratio which, in turn, directly impacts a receiver’s
performance characterization.

The carrier to noise power ratio (C/Ny) will be deterio-
rated due to the introduction of the in-band radio frequency

Filt N
| "i
: e
6-DOF
Trajectory
Generator
|

interference on a GPS receiver channel. The carrier tracking

I bee——threshold is a carrier to noise ratio level, at which the GPS

receiver channel loses tracking of signals due to radio
jamming noise. The better anti-jamming performance a GPS
receiver has, the lower carrier tracking threshold is. The

ing threshold is used as a measure of the anti-jamming
performance of a GPS receiver in the present invention.

The effective signal-to-noise density S/NO, when consid-
ering jamming, is given by

| 50\dislance between the unjammed C/N and the carrier track-
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noise including jamming signal bandlimited at intermediate

frequency (IF). The spectral density of wide- and narrow-
band jamming noise at IF can be represented as:

P

Si(f)= Tj:

= hisfsh

where f, and f; are the upper and lower frequency limits,
respectively; and P, is the total jamming noise power. After
the correlation processing in a GPS receiver, the spectral

density of the jamming noise is

P, puiBind
Nuip = [ Self)df

max[-8y/2.f-ff)

where B, is the IF bandwidth. CW interference has a spectral
density of the following form:

S(N=P (1)

I/0

Interface

where f; is the frequency of the jammer. Thus, the post
correlation noise density is

No/=PsS(-12)

The jammer-to-signal (J/S) ratio can be computed using
the following formula om

%

/IMU Integrated

Py

_ 4nR?

J AG;(azy, ely)Gslazy, ely)
S

P.Gslaz. ely)

where,

Ul ~

= Jammer-to-signal power ratio;

P,=Jammer power (watts); A=Effective GPS antenna aper-
ture arca
'"2}

fis L1 or L2; R=Range to jammer (m); Pe=GPS signal

42

power at antenna (watts); G,(az,, el)=Jammer gain in the
GPS receiver direction; Gg(az;, €,)=GPS antenna gain in the
jammer direction; Gg(azs, ¢l5)=GPS antenna gain in satellite
direction.

The carrier-to-noise power ratio in the absence of jam-
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Figure 8. (cont.) Comparison of commercial software and smartphone
Level Crossing counting: (a) nCode GlyphWorks (Non-Real time); (b)
Smartphone (Real time)

Analyzing GPS Data

The raw data measured from the GPS is depicted in Figure. 9.
Using the Glyphworks and python software, the distance,
cornering acceleration, road gradient, and yaw rate can be
calculated (Figure. 10(a)). Vehicle speed, braking power, enbine
power, and steering angle distribution can also be calculated

(Eigure. 10(b)).
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Figure 10. Post data processed form the GPS raw data

Conclusions

Through this research, data from a variety of sensors attached
to a smartphone were collected, and a new concept of
integrated system that can analyze data was developed to
examine customer vehicle usage.

Based on comparison with the existing method to measure
customer vehicle usage, the integrated system to examine
customer vehicle usage using a smartphone was validated,
and the reliability of data measured through accelerometer,
gyroscope, and GPS sensors was secured.

A Bluetooth dongle was manufactured that could receive CAN
information directly from a vehicle so that it could exchange
data with a smartphone. As a result, engineering data can be
analyzed through Rainflow counting and Level Cross counting
by processing signals of data on a real-time basis collected
from an accelerometer, gyroscope, and GPS.
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