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Abstract:

The proposed paper aims to develop a modular L-band CW radar for studying precipitation and processes in the
Atmospheric Boundary Layer (ABL). The system can be operated either in vertical or off-vertical modes,
enabling us to derive winds. The range resolved scattering coefficient Cn? will be obtained from the signals
received. The system makes use of 1024-bit linear maximal length code or complementary code pairs
modulating the carrier of 1.4 GHz with a baud time of 250 ns or 100 ns to get a range resolution of 37.5 m or
15 meters. The linear maximal length code is repeated after 1024 clock cycles and the Radar operates almost in
CW mode. In the case of complementary code velocity vectors. The radar transmitter and receiver are co-
located. The radar makes use of independent antennas for transmitter and receiver with enough separation for
isolation. Radar probes the ABL and the data is obtained from layers that are 84 m above ground level. Pairs,
the PRF is up to 4000. Doppler shifts will be obtained by the FFT technique as well as by the maximum entropy
method for computing radar makes use of independent antennas for transmitter and receiver with enough
separation for isolation. Radar probes the ABL and the data is obtained from layers that are 84 m above ground
level. Pairs, the PRF is up to 4000. Doppler shifts will be obtained by the FFT technique as well as by the
maximum entropy method for computing
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1.0 Introduction:

Lower troposphere region of the Earth’s atmosphere including Atmospheric Boundary Layer (ABL) is not static
single temperature environment. It is a swirling mass of gases at different pressures and temperatures. In
addition to this there is also varying amounts of water vapour in ABL and with varying refractive index.
Normally temperature in troposphere decreases with altitude but under certain conditions inversion in
temperature can occur with corresponding change in Radio refractive index. The study of water vapour and
precipitation

will be useful for understanding the cloud physics which in turn helps in understanding weather. Construction
of Pulsed Doppler Digital Receiver is explained in [1].effect of Doppler extraction from SODAR using complex
covariance technique is explained in [2]. Refraction and Partial Reflection Radar for the measurement of
Mesospheric in free space is studied in [3].

High Frequency Backscatter Radar at the magnetic equator is compared with existing methods [4]. Studies on
tropospheric aerosol layers at a tropical coastal station was referred in [5]. Light detection and ranging (Lidar)
observations of cirrus clouds at low latitude tropical station is referred [[6]. High-Resolution Imaging Laser
Altimeter for Interplanetary Missions are referred in [7]. How Temperature varied or depends on stratospheric
aerosol extinction observed at a low latitude station [8]. Cirrus clouds observed near the low latitude tropical
tropopause using the ground-based Lidar technique is in [9].
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The minimum altitude from which we get the signals depends on parallax error and far-field distance. Parallax
is due to the separation of the transmitting antenna and the receiving antenna and beam overlap even though
d2

they are co-located. Beam overlap factor Cp(R) = e~ > ?367r% Where R is the range 86 is beam width and d is

2
the separation between the two antennae. Far-field distance = % Where D is the diameter of the dish antenna

and A is the wavelength for the dish size of 3 meters and for carrier frequency of 1.4 GHz, the far field distance
is 84 m. These two factors have to be accounted for in the received signals from the near field. Explained about
microwave refractometry [21], studied about radiosondes and rocketsondes [22], glance look about GPS and
Lidar measurements [23], [24],and the refractivity from clutter technique studied [25]-[28]. Some
meteorological models such as the Coupled Ocean/Atmospheric Mesoscale Prediction System (COAMPS) [29]
and models based on Monin—-Obukhov similarity theory (MOST) [10] such as the Navy Atmospheric Vertical
Surface Layer Model (NAVSLaM) [11], [12].

2.0 Properties of Atmospheric Layer: Refractive index always present in free space and it is variable and it is
given by

M =N +h/ax 106 =N + 0.157h
Where earth is in circular in shape and has radius a and h is the refractive index value from earth boundary.

. dN/dz=-79
Sub-Refraction Standard -
. Refraction dM/dZ=78
. Super Refraction
. dN/dz=-157
Radar ¢  Dncting dM/dZ=0
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Fig 1. Shows the standard refractive index variations. When rays / signals are transmitted from the transmitter
horizontally. Above figure shows the height of duct from earth, super refraction, standard refraction and sub
refraction.
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Fig. 2. In the figure variation of the refractive index in free space with some distance from earth is shown as a
duct. Ducting is again classified into three types as shown.

3.0 Proposed Work

Our proposed radar system will be located in a semi-urban area of Hyderabad which experiences a very dry
climate during summer and winds blowing and carrying a lot of dust and pollutants are not uncommon. Also,
the place experiences high humidity conditions before and during monsoon and receives rainfall during both
SW and NE monsoons.
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The proposed transmitter and receiver systems are transportable which provides flexibility in positioning them.
This enables us to study turbulence in the medium at any given location. The receiver system receives signals
from clear air atmosphere (which are very weak) precipitation and biota (like insects and birds) which give
strong signals. To cater to the wide dynamic range of received signals more than 80 dB dynamic range will be
provided in the receiver system. The receiver system makes use of a properly matched filter for getting the
maximum signal-to-noise ratio. The medium (ABL) covered is from almost ground level to 3 km depending on
the separation of the transmitter and the receiver antennas.

Precipitation can be studied during these monsoon periods. As the system can be operated continuously it
is possible to study diurnal and seasonal variations. Hyderabad is at an altitude of 500 m above the mean sea
level and at a distance of 300 km from both sea coasts. Also, it is one of the most polluted cities in the country.

e The radar works at a carrier frequency of 1.4 GHz by using linear maximal length pseudo random code or
complementary code pairs with baud time of 250 ns or 100 ns and providing a range resolution of 37.5 m
or 15 m.

e The radar works at a PRF of 4000 providing adequate number of samples for averaging for SNR
improvement in a given time.

e The peak power of the transmitter is 20 Watts.

The sensitivity of the receiver is -100dBm

1. For 0 dBz the minimum expected signal level is -34 dBm and for -20dBz minimum expected signal level
is -54 dBm

2. The system specifications are adequate for studying precipitation and clear air atmosphere with C,? above
10

3.1 Radar (Transmitter) Specifications

Radar operating frequency: 1.4 GHz

Radar Type: Pulsed capable of in working in continuous mode,

Type of transmitter pulse: Phase coded (complementary codes or linear maximal length codes)

PRF: 1000 to 4000 [25% duty ratio to 100% duty ratio]

Peak Power: 20 Watts

Average power: 5 W to 20 W depending on the duty ratio [25% to 100%]

The Radar operates in Bistatic mode using independent Antennas for transmission and reception.
Sufficient isolation is provided between the two antennas to avoid leakages. Reception is possible while
the transmission is going on. The target will be hit by the transmitted pulse and the received echo signal
from the target will be on a continuous basis. The maximum length of the pseudorandom code is 1024 bits.
There will not be any problem of unambiguous range. This radar works like FMCW radar with the only
difference of instead of using a Linear FM signal for transmission linear max length code modulated RF is
used. The duty ratio can be high like in Linear FM Radar systems.

Transmitter type: solid-state

Transmitting antenna: 3m diameter parabolic dish with a gain of 848.25 or 29.2 dB

Antenna Beam width: 5.7°[1/10" radian]

Baud Time of code: 250ns or 100 ns.

Range resolution: 37.5m or 15 m. [ Range accuracy can be improved to 6 m by using sliding correlators
if SNR permits]

e Maximum code length: 1024 bits

3.2 Radar Receiver Specifications:

e  Operating frequency: 1.4 GHz
e Receiver Type: Digital Receiver, phase-coherent, digitizing at IF and Digital Down conversion to video
signals
e Receiver Sensitivity: -100 dBm
. Receiver Dynamic range: 90dB
e  Receiver Antenna: 3m diameter parabolic dish with a gain of 848 or 29.2 dB
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e  Receiver Beam width: 5.7°[1/10'" radian]
o  Receiver Bandwidth (2 way) : 8 MHz /20 MHz
e | & Q imbalance: Less than 0.1% in amplitude and less than 0.25° in phase angle.

3.3 Radar Controller and Processor Specifications:

Radar Controller Type: PC-based.

Radar Signal Processing: Demodulation of the received signals to baseband | & Q information using
FPGA-based digital correlators followed by coherent integrators.

Extracting the Doppler information from coherently integrated | & Q information’s.

Signal to Noise Ratio enhancement after getting power spectra from 1& Q information.

Doppler information extraction either by FFT technique if sufficient data is available otherwise by
Maximum Entropy Method. Velocity vectors will be computed from the spectral data.

e  Total Processing: * ON ’ line

4.0 Different Modes of Operations of the RADAR: 4.1. Colocation Mode of Transmitter and
Receiver Antennae: a). Vertical Beam: Sounding the
boundary layer in vertical mode : Problem in this mode: Non overlapped Transmitted beam and receiver field
of view in the near field (up to 84m for 3m dish antenna and 1.4GHz frequency). In the near field the transmitted
wave has to be considered as a planar wave rather than a wave getting emitted from a point source.

° In this mode only velocity vector in the zenith direction only will be obtained.

e  The following plot shows the transmitter beam and receiver beam with respect to horizontal range and
altitude coverage.

I
I

B Recerer Beom width = 5.7

Fig 3. Vertical Beam transmission in Colocation Mode of Transmitter and Receiver Antennae
b) Slant Beam:

¢ Sounding the boundary layer using Slant Beam.

¢ Inthis mode, the radar transmits in a slant direction, and the receiving antenna looks at the same illuminated
volume of the transmitted beam.

e The separation between the two antennas has to be properly adjusted correction factors have to be applied
for parallax error and near field up to an altitude of 84 m.

e The following plot shows the transmitter beam and receiver beam with respect to horizontal range and
altitude coverage.
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Fig 4. Slant Beam transmission in Colocation Mode of Transmitter and Receiver Antennae
4.2. Bistatic mode of operation

e A particular volume of the boundary layer can be studied as shown in the diagram.
e  Phase coherence has to be maintained between transmitter and receiver.
e  The transmitter and receiver are separated by distance of up to 1km.
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Fig 5. The graph shows the Bistatic Mode of operation

e The RF wave has to be carried to the receiver through cables which is expensive or the RF wave has to be
derived from the receiver signals by a carrier recovery circuit by removing the modulation effect. Otherwise
initially carrier has to be transmitted without any modulation for synchronization.

e The following plot shows the transmitter beam and receiver beam with respect to horizontal range and
altitude coverage for two values of slant angle of receiver beam.
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Fig. 6. The figure shows the phase-locked loop which is tuning the frequency and is suitable for PLL
frequency board with continuous-wave transmitter with higher gain.
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Fig 7. High-gain CW Receiver

5.0 TYPES OF ATMOSPHERIC CONDITIONS TO DEAL WITH BY THE RADAR.
a). Clear Air Conditions:

Power aperture product is the main design parameter to be computed using system parameters and
atmospheric reflectivity. The block diagram shown below is referred to in the following signal to Noise Ratio
computations for both clear Air condition and cloudy condition.

Transmitting Antenna

Transmitter Feed Network re—

Receiving Antenna

Receiver Feed Network — |

Fig 8. General Block diagram of RADAR
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The effective transmitter power gets reduced by a factor Lt called Loss Factor. In the receiver path, the feed
network with attenuation Lr precedes the receiver front end. As a result, the effective noise figure of the receiver
(Noise Factor) gets enhanced by Lr Fr where Fr is the Noise figure of the receiver system. Therefore the
effective Noise Temperature of the receive path will be (LrFr -1) to the received signal power

-1
P, = R A . (2) 0.38C,2 13
L2Log,247R?\ 2

P, =K[T.+F (L, —1)T, |B

For 250 ns baud time the following computations are made. For 100 ns baud time, the noise floor goes up by a
factor of 2.5. Received signal power comes down by factor of 2.5. Net SNR loss factor is 2.5 * 2.5 = 6.25 (8dB).

Where P; = transmitted power, A . = Effective area of the antenna, ; = pulse width, an = Reflectivity factor

of the atmosphere, Lr = Receiver Noise Figure, T, = Cosmic temperature for the selected frequency of 1.4GHz
(15°K), 4= wavelength of 1.4 GHz = 0.2143 m, Fr = Noise figure of Receiver = 3.0dB (typical Value) and R=
Range (Maximum value 3000 meters).

P
The ratiop—S gives the SNR for a single pulse. Generally the single pulse SNR is not sufficient to derive the
N
atmospheric parameters. Large number of radar pulses is transmitted to obtain echoes from different layers of
the atmospheric boundary layer (ABL).

Parameter | SNR (dB) | R(m) Lr |- C? T: (°K) | FR (dB) | Optimum
Value ! B.W(MHz)
-50 300 1 25ns/10ns | 10%*to 10 | 15 3.0 48112

Both ON line and OFF line processing techniques are used to improve the SNR. A typical SNR improvement

factor of 50 dB is required for an of 10 . Received Signal Power for an = 107",

-+, The following computation is done for 250 ns Baud time. The
P, = B A . [zj[osscnz A?]’ g P
L2Log.247zR 2

signal power Ps comes down by a factor of 2.5 for 100 ns Baud time. Let P ;=20 W, A= =D,? , L= Loss
4

factor= 1 (assumed), K= Boltzmann’s constant = 1.38 X 102® J/Hz, Tc = cosmic temperature = 15 °K (for our
chosen frequency of 1.4GHz). Hence for D, = 3m ¢, = 10, R=3000m the signal power is

o zox% 2 [3><108 Xzsoxmgj{osaxle15x(0.2143)31} This requires an enhancement of 63 dB in SNR to make
1x2x Log,2x 47(3000°) 2
= 2.144 X10 ®Watts
Signal equal to Noise. (Noise power =4 X10* watt). If c,2 = 10 ** an enhancement of 43dB in SNR is sufficient
to make signal power equal to Noise power. Noise Power is calculated as shown below for the above cases.
Py = K[T, + Fu(Le —1)T, | By’ Fr = Noise Figure of Receiver = 3dB =2, T, = Ambient temperature = 300°K,

Br= Receiver band width = 4.8MHz for 250ns baud time, D, = Diameter of dish antenna, C = 3 x 10 8 m/sec

Py =1.38x10[15+2(2-1)300 |4.8x10° =4.07x10 * Watts p : Noise power goes up by a factor of 2.5 for 100 ns

2
Baud time. In our case Power Aperture Product (P; .As) = Pt X =zD? =20 X ”);3 =141.4 watt m> Power
a

aperture product P.. A, is plotted against range ‘R’ for different values of Radar Reflectivity Cn? of clear Air
Atmosphere and SNR (P, ). This factor Pt. Acgoes up by a factor of 6.25 for 100 ns Baud time.
|:’N
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Fig 9. Power Aperture product versus Range for C,2= 102 and SNR = -50dB
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For our radar’s 141.4 watt m? (P:.. Ae), range covered is beyond 5 km for the above case. For 100 ns Baud time
the range covered is also more than 5 km.( Pt. Ae at 5 km =7.312 * 6.25 =45.7)
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Fig 10. . Power Aperture product versus Range for Cy?= 10"** and SNR = -50dB

For our radar’s 141.4 watt m? (P.. A¢), range covered is beyond 5 km for the above case. For 100 ns Baud time
the range covered is up to 2.5 km.
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Fig 11. Power Aperture product versus Range for C,?= 104 and SNR = -50dB for our radar’s 141.4 watt m?
(Pt. Ae), the range covered is up to 2.5 km for the above case. For 100 ns Baud time the range covered is up to
1 km.
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Fig 12. Power Aperture product versus Range for Cy>= 10"*°® and SNR = -50dB for our radar’s 141.4 watt m?
(P:. Ac), range covered is 500 meters. For 100 ns Baud time the range covered is much below 500 meters.
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Fig 13. Power Aperture product versus Range for Cy>= 10"*2 and SNR = -60dB for our radar’s 141.4 watt m?
(Pt. Ae), range covered is up to more than 5 km for the above case. For 100 ns Baud time also the range covered
is more than 5km. (P.. Ac at 5 kmis 0.7312*6.25 =4.57).
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Fig 14. Power Aperture product versus Range for C,?= 10"® and SNR = -60dB. For our radar’s 141.4 watt m2
(Pt. Ae), range covered is up to more than 5 km for the above case. For 100 ns Baud time also the range covered
is more than 5km. ( P:. A¢ at 5 km =7.312*6.25 =45.7).
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Fig 15. Power Aperture product versus Range for C,?= 10" and SNR = -60dB For our radar’s 141.4 watt m2
(Pt. Ae), range covered is up to more than 5 km for the above case. For 100 ns Baud time, the range covered is
more than 2.5 km and less than 3 km.
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Fig 16. Power Aperture product versus Range for C.?= 10° and SNR = -60dB  For our radar’s 141.4 watt m?
(P:. Ae), range covered is up to 2.5 km for the above case. For 100 ns Baud time also the range covered is less
than 1km.

B L g0 apana €3 ~10-12
B,

»
®

———tp""0.002923

Km 2Km Km K SKm

Km

Fig 17. Power Aperture product versus Range for Cn2= 10"%2and SNR = -70dB. For our radar’s 141.4 watt m?
(P:. Ae), range covered is above 5km for the above case. For 100 ns Baud time also the range covered is more
than 5 km. ( P.. Ac at 5 km =0.07312*6.25 =0.457).
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Fig 18. Power Aperture product versus Range for C.?= 1022 and SNR = -70dB. For our radar’s 141.4 watt m?
(P:. A¢), the range covered is above 5km for the above case. For 100 ns Baud time also the range covered is
more than 5 km. (P:. Ae at 5 km =0.7312*6.25 =4.57).
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Fig 19. Power Aperture product versus Range for Cq?= 104 and SNR = -70dB. For our radar’s 141.4 watt m?
(Pt. A¢), range covered is above 5 km for the above case. For 100 ns Baud time also the range covered is more
than 5 km. ( Pe. Ac at 5 km =7.312*6.25 =45.7).
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Fig 20. Power Aperture product versus Range for C.?= 10"*> and SNR = -70dB. For our radar’s 141.4 watt m?
(Pt. A¢), range covered is above 5 km for the above case. For 100 ns Baud time also the range covered is more
than 2.5 km and less than 3 km.

e In clear Air conditions, received signals will be very weak in the absence of clouds and precipitation.
¢ In this mode there are two possible scattering mechanisms.

e 1. Scattering from refractive index gradients on scale of% . This is often referred to as “Bragg scattering”.

-1
I = Reflectivity is proportional to A 2 in case of Bragg Scattering.

e 2. Particulate scattering from insects and birds.
b). Cloudy condition with precipitation

e  Radar equation for distributed target like clouds or precipitation is given below.
e Inthis case, the beam is filled with targets as shown in the figure given below. ,, _Cz
2

— T

e E=

cr
AR =— =Resolution
Pl 2 n
- »

= Resolution

Fig 21. Radar equation for distributed target like cloudsorp _ nbelow.
e Inthis case total average power is equal to the sum of powers scattered by individual scatters. Equation for
average received power

PG, G, 502257 |K|?
=2

D,.°
1024 Log.® R? A% Z b

(S T

also equal to

Cz
PG, G, 12 507 73 == ;
1 t 't r 7T > 77

s~ 2Log.? 512 ~2R?2

where n= Zai = radar reflectivity = sum of all back scattering cross sections per unit volume. Back scattering
i

Cross section o can be written as o7 |IK|” D, Where Dy = diameter of i""target, 1 = wave length, K =
14

complex dielectric factor, it indicates how good a material is at back scattering radiation, For water |K|* =0.93,
For ice [K[? =0.197, P; = transmitted power, G = Transmitting antenna gain, G, = Receiving antenna Gain, 66
= Beam width of antenna, = Baud time (sub pulse width), R =range and Finally Received power is equal to

P G, G, 56° 7[3%|K|2

= 1024L0g? R A2 Z
computations are made for Baud time of 250 ns. For 100 ns Baud time Noise power goes up by a factor of 2.5
and Signal power comes down by factor of 2.5 and Net Loss factor in SNR is equal to 6.25 (8dB).

D6 [After substituting for O ]The following Signal and Noise power
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Let us consider a case of single Imm diameter water droplet in a volume of 1 m3. In this case the average power
received from a range of R= 3000 m and .= 250 nS. Py =20 Watts, G; = 29.2 dB / 848.25 = gain of the

transmitting antenna, G, = 29.2 dB / 848.25 = gain of the receiving antenna, d6 = 5.7°= Beam width of antenna=

1/10" radian. 1 = wave length _ 3x10° R = Range = 3000 m, , = Baud time (sub pulse width)
1.4=<10°

= 250 ns, |K|? = for water = 0.93, Z Dti6 = for Imm diameter droplet of water = p 6= ;5 2=
i

=0.2143m

Ln2 = Log 2 = 0.69315

20x(848.25) x(%) =(3.142)° x37.5x0.93x107"° _ 155671994.9 <10 '®

P = s 293368875.2

1024 =< 0.69315 = (3000)” x (0.2143)°

=5.30635X10 "
Pn = noise power = 4x10 ** watts [already computed earlier]

SNR will be = 5. 30635 <101°
4> 10

to 1.3265. (in case of 100 ns Baud time, SNR = 0.212)

e If there are 10 droplets in 1 m® volume another 10dB improvement will be there in SNR. Then SNR will
be 13.265. (In case of 100 ns Baud time, SNR = 2.12).

e Averaging for one second with a Radar PRF of 4000 and 1024 Baud code 66 dB (30dB due to 1024 Baud
Code and 36 dB due to averaging data of 4000 transmitter pulses) processing Gain in SNR can be obtained.

e Total improvement will be (10dB + 66dB) = 76dB, in case 10 droplets are there in 1 m?® volume. In this
case SNR will be 530.6 (in case of 100 ns Baud time, SNR = 84.89).

e Averaging will be done as permitted by Doppler shift. In case of averaging for 100 pulses with 1024 bit
code, SNR will be 53.06 (in case of 100 ns Baud time, SNR = 8.489). In case we make use of 32 bit code
(Duty ratio of 3%) and average for 100 pulses, SNR will be 1.65. In case of 100 ns Baud time, SNR =0.264.
Hence we have to average for more than 500 pulses to get SNR more than 1.

With processing gain of 50dB, SNR will be equal

=1.3265%<10"°"

As per P.. Ae(Power Aperture Product) graphs, we get signals up to 5 km range for a reflectivity factor of 104
for a peak power of 20 Watts and 3m diameter dish Antenna. For the reflectivity factors of 102 and 1023, we
are much more comfortable with the received signals. These signal computations are applicable for clear air
atmosphere. For precipitation studies, we get much better signals.

5.1 Improvement of Range Accuracy: The basic resolution provided by the sub pulse width of pseudorandom
code of 250nS is 37.5m. For 100 ns Baud time the resolution is 15 m. The range accuracy of discrete targets
can be improved further by using sliding correlates [using vernier principle] in which the receiver has got dual
correlators one working at transmitter clock frequency and another one working at a slightly different frequency
to get the required range accuracy improvement factor. However range accuracy improvement is limited by the

Signal to Noise Ratio given by the formula ) , Example if S =10 dB,
AR—C At —+C Sub PulseWidth N
S
2 |=
N
AR~ +C Sub PulseWidth
2x /10
=~ +C Sub PulseWidtth Sub PulseWidth
2x 3.16 6

Thus an improvement factor of 6 can be obtained. The first correlator works at a clock frequency of 4.0 MHz
corresponding to 250 nS Baud time. The second one works at a clock frequency of 4.4MHz. In case of 100 ns
Baud time, the clock frequencies are 10 MHz and 11 MHz
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7.0 Experiment Results:
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Fig 22. The figure shows the duct variation is drawn for different values of EDH is 6m, 8m, 10m, 12mand 14m.
Above plots are drawn duct graphs with respect to height versus propagation loss.
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Fig 23 the figure shows the duct variation is drawn for different values of EDH is 6m, 8m, 10m, 12m and 14m.
Above plots are drawn duct graphs with respect to height versus propagation loss with different timings.
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Fig. 23 shows root mean square error versus EDH and shows the 2 dBs RMSE error with height of 6 to 8meters.
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Fig. 24 shows the time versus EDH of propagation of rays from ship to ship communications during fourteenth

October 2015.
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Fig. 25 shows rays are transmitted from ship to ship and ship to shore communications and plots are drawn

between year and percentage of error present.
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Fig. 26 shows the EDH at different heights with respect to year of data collected and variations of refractive
index from ship to ship and ship to shore communications of electromagnetic wave representation.
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Fig. 27. Power received in dB from different antennas with different heights from free space on October
month with two different weather conditions one is fixed EDH and other one is duct variation with different

10 20 30 40 50 60 70

Range (Km) ———»

heights and transmitted signal frequency is 11.25GHz.

8. CONCLUSION

This paper clearly gives the information about x band frequency is used for transmission and array of signals
are received from free space and analyzed from that Duct variation from season to season and time to time
variation which is called Marine Duct environment. Four different antennas are placed at different places and
with different heights and observed the received signals from that we can conclude that how the Duct
environment in free space we can observe variations with existing ducting environment. Evaporation duct height
is precisely estimated with long range of height and lower range of height from the earth’s atmosphere out of

which EDH values are predicted correctly for single range.
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In this paper, for our designed radar of 141.4 watt m? (P.. A.) and 100 ns Baud Time we obtain the following

distance with respect to C.2 and SNR.

Case-1 | Ci>=10" | SNR=-50dB | beyond 5 km 100 ns Baud time | up to 2.5 km.
Case -2 Cn>=10" | SNR=-50dB | Upto 2.5 km. 100 ns Baud time | up to 1 km
Case -3 Cn>=10" | SNR=-50dB | unto 500 meters | 500 meters
Case -4 Cn?= 10712 SNR=-60dB | » 5km « » 5km
Case -5 C>=10% | SNR=-60dB | » 5km « > 5km
Case -6 Cn?= 10 SNR=-60dB | » 5km « » 2.5km
Case -7 Cn2=10"% SNR =-60dB | Upto 2.5 km. « <1lkm

Case -8 C>=10'? | SNR=-70dB | » 5km « > 5km
Case -9 Cn?= 107" SNR=-70dB | » 5km « » 5km
Case -10 | C,2=10 SNR=-70dB | » 5km « » 5km
Case-11 | Cy>=10"® |SNR=-70dB | » 5km « Upto 2.5 km

And also observed the time versus EDH of propagation of rays from ship to ship communications during the
fourteenth of October 2015. And when the rays are transmitted from ship to ship and ship to shore
communications and plots are drawn between year and percentage of error present. And also EDH at different
height to the year of data collected and variations of refractive index from ship to ship and ship to shore
communications of electromagnetic wave representation. And also Power received in dB from different
antennas with different heights from free space on October month with two different weather conditions one is
fixed EDH and another one is duct variation with different heights and transmitted signal frequency is
11.25GHz.
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