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100 Years RADAR History :
UK Patent N° 13,170
A.D. 1904 - Christian Hulsmeyer (GE)

COMPLETE SPECIFICATICN.
e Projecting and Receivi ppar dapted to Indicate o
letallic Body, such Ship or a Train, in the

-The receiver (top) and transmitter (middle)
are mounted to a compass box "¢ to allow
the action of gravity to maintain a vertical
orientation when the ship rolls and pitches
(Figure 2)

-The Hertzian dipeole "h" radiates from a
funnel-shaped projector "I" backed by a

concave reflector "m"(Figure 3)

-The receiving antenna "o" backed by a semi-
circular reflector "n" (Figure 4).

-A matal nartitinn "t" icnlatas tha raraiving

100 Years RADAR History -
UK Patent N° 13,170
AID. 1804 - Christian Hulsmeyer (GE}
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Origins of Commercial Marine Radar

Kelvin Hughes New Marine Radar 1948

. Type 1
e First UK Type Approved Marine
Radar

— 11th August 1948
e Specification
— Upmast Transmitter/Receiver
— Antenna Rotation: 30RPM
— Peak Power:- 30kW

- RF Frequency:- 9.434GHz -
9.524GHz

—  PRF:- 1kHz

— Pulse Width: 0.2 us

- Azimuth Beamwidth:- 1.5°
— Elevation Beamwidth:- 27°
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Sensor Improvements

nology

o S Dt Cust@mérs want 3
- systems e
Tl e e - Pressure from ITU to res’trrct
radar bandwidth and out of
— ... band emissions
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SharpEye Introduction

» First ‘New Technology’ Marine Navigation Radar for 60 years
» Conforms to requirements of IMO & IEC

e ‘Family’ of Products
— Built-in Flexibility through design and part selection
— Considered future enhancements during concept/design phase
— 100% PV Funded Development

» Performance/Cost Trade-Off

— Minimum performance IEC 62388 (new radar standard - July 2008)
» More performance expected but not at expense of production cost/quality
» Achieve performance through innovation

— Economies of scale : e
« Re-use of components/sub assembhe&thmg@mﬂ‘t produ s e
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SharpEye

World’s 1st Solid State
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What sets Sharpeye apart

e Incorporates advantages in semi-conductor based
radars but at a cost that competes with conventional
magnetron systems

o Sharpeye incorporates low power RF architecture.

« Sharpeye outputs a clever frame of transmission pulses
In a specified sequence

Utilises Doppler processing tect

e
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New Technologies - Solid State Transmitter

e Solid State Transmitter

Uses transistors instead of a
magnetron

>200W peak power @ 13% duty

Coherent
 RF transmissions have consistent

phase & timing relationship

Controlled RF Spectrum
* |TU Compliance
Selectlon of 12 RF frequencies
= re : ""-'ea. ﬁlators
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Traditional Magnetron Radar

acmds B
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Revolutionary Performance

Long Pulse
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Since...
Energy = power X time

..by significantly increasing the length
of the pulse, the total energy leaving the
aerial Is more than equivalent to the
energy leaving a 30kw system desplte
the peak pulse belndeC@ct m re |

¢ e e 1’“

than 99%. o
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Revolutionary Performance

Coherent Signal
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SharpEye

Long Pulse with Pulse Compression
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Solid State Transmitter - Transmission Frame

Short Pulse Medium Pulse Long Pulse

] l
ﬂ

3 Pulse Transmission Frame
— Short Pulse enables 30m Minimum Range
— Medium and Long Pulses provide Detection Performance
— Range Cell Size recovered via Pulse Compressmn —
— Provides protection from multiple time @F@mm
— Composite Video Formed from Received D: e —
Multiple Frames on Target per Eglamwﬂﬁ —

Block of Frames DOpple brocessed to € a CEAT
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Frequency Diversity - Transmission Frame

Short Pulse Medium Pulse Long Pulse

] l
|

Diversity Transmission Frame
— Additional Pulses inserted into frame
— Second receiver channel and signal processor added
— 30m Minimum Range maintained .
— Channels processed independently: & @ned*
— Improved detection & clutter perform -.

— Small improvement in multlpath_ =
- -zti = T
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SharpEye™ - Solid State Transmitter

Pulse Energy Comparison *Transmissions
— Pulse Energy
* Energy in pulse limits detection range,

0.03 - SharpEye™ NOT peak power

— Minimum range
- Magnetron Radar _ _
» For monostatic radar pulse duration

defines minimum range
— |EC 60936 states 50m (333ns)

— Complex pattern of 3 pulses/frame

» Provides energy for detection and meets
minimum range constraint

« Allows detectlon of targets close to clutter

0.035

o

o

N

&)
|

0.02

0.015

Pulse Energy (mJ)

0.01

SP  24nm MP  48nm LP  96nm
Pulse Type -
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Digital Signal Processor -

Range Measurement

= I :

Pulse Compression converts long pulses into narrow range cells

— Range Cell Size maintained over entire instrumented range

—  Short range performance in clutter and long range detection performance
Pulse Frame characteristics determined by Range Mode/Rotation Rate

—  Appropriate pulse length automatically selected

— Reduced operator loading
Instrumented Range is independent of Range Display Setting

—  Enables Tracking of target out to rnstmmented rang(e‘;‘g(e___ )
display setting _ e :

Linear receiver

,4nm) regardless of

__u-—"'
R, - -
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Digital Signal Processor

Velocity Measurement

SharpEye™ determines Target Velocity via Doppler Processing

Conventional Radar
Targets must have an amplitude larger than the clutter to be detected
» Clutter controlled by raising threshold - small targets disappear

Sharpeye Monostatic Pulse Radar
Targets and clutter are separated by measuring the radial velocity of target

» Frequency shifts in the returned signal helps to distinguish between target
and clutter

FFT or MTD Doppler Processing mechanisms avallabnlae__‘
e~
- MTD enables variation in filter characi st ':-

‘ e

KELVIN
HUSKHES



Performance: In Clutter

&

Power (db)
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Doppler Map

— Echoes from 1 burst (32 pulses)

» Data obtained from Hainault area in
September 2005

— X axis (Horizontal)
» Radial Velocity

tmap — Y axis (Out of Page)

» Range

— Z axis (Vertical)
» Signal Amplitude

— Central Ridge
» Ground CIqtteL (gtei._qvelocity)

= ., - TR = -
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Solid State Transceiver - Physical Implementation

KELVIN HUGHES
DTX-A101 RADAR TRANSCEIVER

FMS030-5600
SERIAL No. 74

MoD.- [112[3[4[6(6) Smeiska Receiver

AMPLIFIER

Signal Generator

-
— - =
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Solid State Transceiver - Physical

Implementation

Internally 4 Layers

— RF Front End
* Power Amplifier
» Circulator
* Low Noise Amplifier

— Signal Generator
« Coherent Oscillators
 DDS Waveform Generator
* Up Converter

| > ° ° AID [—* — Receiver

« Down Converter
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Product Description

« Solid State Radar for Naval & Coastal Applications

= S Band (2.9-3.1 GHz) and X Band (9.0-9.7 GHz)
= Upmast Systems
» Unstabilised Antenna
= Electronics Housing
» Transceiver
= Conduction cooled
= Functionally equivalent
» Frequency Dependent variations
= Multi-Mode
= Digital Signal Processor
» Doppler Processing enables Velocity Measurement
» High Reliability
» Flexible Design for Future Growth
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Examples of SharpEkEye BITE

TX POWER
Will show up when
tran I

PO\

wwwwww

S b

..:I—"—

go fau i 2

AVASY AV

Will show up . ST R e

when the NO H/L. Will showupif  NO -

transmitter antenna not turning or if -W'” ShOW‘u VLT =

output detects the Heading Line circuits transmitter is mﬂ?ru:nnlng

a poor VSWR are faulty. or when there is a fault in
the receiver circuits
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Standard System Modes and Sub-functions

«Surface Picture Modes
— Primary System Modes
— Defined by Instrumented Range (24nm & 48nm)
— Operator Selection via Display

*Rotation Rate
— Supports 12rpm, 24rpm, 46rpm Nominal Rates
— Custom Waveform Design for Rotation Rate/Range Mode

*Sub-functions
— Reduced Power
» 7dB Reduction in Peak Power
— Reverse Sweep =T
+ Reversed Pulse Modulation in Transmit

o= s :
T g e O L
e e ;
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System Modes - Incremental

Capability Growth

*Flexible Design enables Incremental Capability Growth

— Helicopter Tracking Mode
* Higher Maximum Unambiguous Velocities (Up to 300 Knots)
* Reduced Instrumented Range (10 nm)

— Short Range Mode
* Low Power Mode
* Modified Transmission Waveform
* Reduced Instrumented Range (3-4 nm) ==
» Designed for Close In/Harbour Operation

— Frequency Diversity = _
- Provision made for Auxiliary RF Channel.in Re eive
 Custom Transmission Waveform andlijg_-' 2

..._
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Reliability, Maintainability, Availability

— Reliability
* Transceiver >50,000 hours
— >b5 years continuous use (24/7)
— Maintainability
* Continuous Monitoring
— Peak Power, VSWR and Receiver Sensitivity
— Automatically alarms when outside specified limits -
— Graceful degradation ; | '
* Repair Philosophy
— Replacement of Major Unit =
— Mean Time To Repair<1hour —— - §
— Availability :
» Transceiver
— 99.995%
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SharpEye™ S Band (NATO F Band) Radar

« Solid State
— Transistor Power Amplifier Replaces
Magnetron
» High Reliability & No ‘Lifed’ Items
» Low Voltages 36v max.
— Low Peak Power 170W min, 200W

typically
» Pulse Compression Recovers Range
Resolution

» Triggers RACONs
» Optional Pulse Doppler variant
— Cohe_q_rent S

-
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SharpEye™ S Band (NATO F Band) Radar

—

08 - Cost vs Performance Comparison
% 0.6
=
~ i Gﬂnu:antiunaI;EE;md. Performance
Foe « Exceeds magnetron radars in almost all
0 | ' conditions
o 1 2 3 4 5 6 7 8 9 10

Range (M.Mile)
10m2 target sea state 5 and heavy clutter conditions

- Cost
i 1 « Acquisition
= s « Comparable with a magnetron system
5 0.6 » Through-life
E 0.4 = = L&ssihan-a.mggnetron sxstem
T2 ‘1'-.'::._‘-'
0.2 i-g.
0 — ' -
0123455?3g10~-_,_

Ranga (N.Mile)

0.5m2 target sea e 5 and he lutte
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S Band SharpEye™ in Gothenburg

— . hl_..
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Comparison: S Band SharpeEye™ with 25kW X Band
Magnetron Radar

., DO BRI | R R e o o L
X2 S 0, i 928 CAIN| [Range1.5 |[HDG 184.6 deg
o & e W lien ~—- ki
______ i ]zq.‘_- . -.:_- _I_:I-“] CDII..II‘SE m ma
E‘.u*rﬁutur : . - - ET“_'ELu-tl 0.0 ﬁg

310, QIS0 |STAB  GPS (GWD)
RMCT) ||SET 348 deg
——|DRIFT 0.0 kt

D60 | HL |'T PAST POSN OFF

\ . |OFF|[T VECTOR 15 min GND
Y oo (ILRAILS 5'ain Hi
E | Mdj | OFF | Cir
E min
“os0 |LAT DGPS S7°41.4IN
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g X;ll]
2 "IED
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l"f'r"lil]:——"_'_ls L o =
14— -
/ CLRSOR | | WPt | Nav | S
s lot | Maps |
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S Band SharpEye™ In Gothenburg
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SharpEye™ X Band (NATO | Band) Radar

— Solid State
» Transistor Power Amplifier
— High Reliability & No ‘Lifed’ Items
— Low Voltages 15v max.
» Peak power 170W min, 200W typ

— Pulse Compression Recovers Range
Resolution

— Triggers RACONSs & SARTs
» Operational frequency
— 9.0 GHz - 9.5 GHz
— IMO compliant over band 9.2 GHz - 9.5GHz

o

adial velocity of targets

Ty
¢

ﬁ!_\i (1€ -

)
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SharpEye™ X Band (NATO | Band) Radar

0.8
Zos ShamEye X Band *Cost vs Performance Comparison
S04 |2 -Performance
0.2 % * Exceptional in its class
o g « Exceeds magnetron radars in
012 3 45 6 7 8 910

Range (N.Mile) almost all conditions

10m2 target sea state 5 and heavy clutter conditions - COSt

« Acquisition

SharpEve X Band — Comparable with a
= a2 an

T magnetron system
Through I1fe*

0
(=]
=
-
@
=
S
B
>
o
]
>
(=4

0.1 2 3 4 5§ 6 788 1ﬂ .
Range (N.Mile) = =
0.5m2 target sea state 5 and heavy clutter conditions ,’_&F"‘
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Conventional X Band

BB HANTADIGITALZ

LUT
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Setup
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L
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Sharpeye X Band

SharpEye X | Master .s:&'p Range 3NM [oro

g Mame
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X-Band 7 Range 1.5NM [ero¢
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[ AANTADIGITAL L
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SharpEye™ - Coastal Survelllance & VTS

*Coastal

— S Band
« High reliability
» Excellent performance in weather
* Frequency diversity
— X Band
« High reliability
» Good performance in weather
* Frequency diversity
* High angular resolution
— Dual Band
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Sharpeye System Summary

e Solid state technical sensor that meets latest
requirements for situational awareness, navigation
safety, small target detection and helicopter tracking
In high clutter

e Technology “borrowed” from military systems but
delivered in a commercial cost effective system

e Designed to meet /exceed IMO performance standards
e Uses latest signhal and graphic processing technology
e Software upgradable - future enhancements planned

e Low maintenance

e Low through life costs
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