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Iranian radars
Radar (stands for Radio Detection and Ranging) has been the main factor in
detecting and identifying air threats in the air defenses of world armies during the
decades following World War II. Designing, manufacturing, deploying,
maintaining and upgrading radars requires high knowledge and skills in various
fields of science including telecommunications, electronics, software, mechanics
and manufacturing. Iran's rapid progress in designing and manufacturing a variety
of radars required demonstrates the creation and application of appropriate
scientific and technical capability in this field. These radars range from small,
lightweight, man portable ground surveillance, and very large ones with a range
of several thousand kilometers, samples capable of tracking ballistic missiles and
even low-orbit satellites.
The range of domestic production radars is very wide, but in this report, we will
present some examples of Iranian-made radars.
Melli radar
The first domestic radar designed and built in Iran is the Melli radar
(meaning “National”), whose project was defined with the goal of achieving
digital radar and domestic radar. For this purpose, a sample of foreign radar with
optimum operational performance was considered as a base line. The reverse
engineering is a common practice in developing countries for technology
acquisition and product development due to the lack of any background design in
the country.
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This effort eventually led to the development of a national radar with a range
of 450 kilometers in 1998, which was totally completed by the Iranian engineers.
Before this great success, transmitters, receivers and some of the components of
radar systems available were repaired by Iranian experts. If the required parts and
modules were not available in Iran because of the sanctions, engineers would
design and build them themselves and install them on existing foreign radars.
The most important advantage of the Melli radar is the ease of work for the
technical team and the repair process, as the radar is rapidly troubleshooting and
fixed due to the use of new technologies. Another advantage is the comfort of the
operational team, since the radar has very clear scopes and its user can easily find
the desired targets. Another advantage of the Melli radar is the automation of
many of its functions so that it can be easily connected to the country's
mechanized and integrated air defense network. Melli radar restrictions,
especially on launch restrictions, are lower than previous radars .It is estimated
that the radar is operational in many parts of the country, such as east, north and
west of the country, and is used as part of the long-distance and early warning air
surveillance system.

Melli Radar
Kashef-1 Radar
After the Melli radar, the Kashef-1 radar (meaning “Discoverer”) was one
of the first radar achievements in the country to resemble a famous foreign radar.
This radar was first observed in the 2000s. The Kashef-1 radar is a fully movable,
mid-range radar, in the S-band with a maximum range of 150 km and the
maximum altitude of 14 km. It has a 2-dimensional performance. The radar also
provides a map of the clutter (reflection of surface effects) and it can display
sensitive areas on its multipurpose displays in amplified form. Kashef has the
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ability to initially discover over 100 targets and track while searching for 20
targets.
This radar, also known as TM-ASR-1, has an output power of 800 kW and
is used in the process of target detection due to its range as a secondary warning
radar. Depending on the frequency used, the Kashef-1 radar has the ability to
detect low-level targets such as small drones and cruise missiles. The Kashef-1
radar also has the electronic counter-countermeasures (ECCM), to ensure its
performance in the electronic warfare. This parabolic radar antenna is capable of
rotating 360 degrees at rotational speeds of 3, 6 or 12 rpm depending on the
tactical position and presence of threats in the area. All radar subsystems,
including power generators, crew rooms, processing and control systems, and
communications and mechanical components of radar opening and moving, are
deployed in a truck. This design is one of the factors behind the high mobility of
this collection. This radar is very capable of being on standby or out of work to
move to another area. It will standby in less than 30 minutes.

Kashef-1 Radar
Kashef-2 Radar
The Kashef-2 radar has been updated with various improvements on The
Kashef-1 radar, with the final range of 200 kilometers, which represents a 33%
increase over the previous generation. The transmitter and receiver use solid state
technology, which enhances the operational capability and reliability of the
related subsystems. The Kashef-2 radar has the capability to record information
of thousands of targets and it, like its previous generation, has the capability to
connect to the air defense command and control network.
The Kashef-2 antenna has less mass due to being gridded, and therefore
requires less electrical power to rotate, and the durability of its moving
components is increased and its wind resistance is improved. The Kashef-2, like
the previous generation, is stationed on a truck, and thus has high mobility. The
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radar antenna is also made in three pieces and is automatically opened and
positioned behind the carrier truck for ease of movement.

Kashef-2 Radar

Kashef 2 radar antenna system
Matla-ul-fajr-1 Radar
The Matla-ul-fajr-1 radar has been one of the first examples of domestic
radars with the ability to detect stealth targets. It operates in the VHF band. The
Matla-ul-fajr-1 Radar has 12 Yagi antennas, similar to the conventional TV-wave
antennas, which are assembled on the top of a container holding processing and
control equipment, and then deployed in the target area. This set is mounted on a
telescoping base. When the base is opened, the center of the antennae will be
approximately 8 m high.
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Matla-ul-fajr-1 in the standby mode
It has a range of 300 km and the max altitude of 20,000 m, which is more
than that of many conventional military aircraft and offers tactical altitude targets.
The Matla-ul-fajr-1 is capable of tracking up to 100 targets simultaneously and
keeping track of targets. Radar along with deployment mechanisms, processing
and control systems, user displays, telecommunications equipment and power
generation systems are all carried by a trailer to achieve a very good mobility.
This radar has ECCM to survive in an electronic warfare. It will have good
stability in modern combat.
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Packed Matla-ul-Fajr radar
Ability to code pulses based on native patterns with low probability of
detection, automatic troubleshooting network, jump Frequency of both random
selection and algorithm function up to 100 steps. Alongside modular design are
other notable features of the Matla-ul-Fajr-1 system. It can work round the clock.
In addition, it can be used as a training simulator. It's easy to use and maintain.
Matla-ul-fajr-2 Radar
The Matla-ul-fajr-2 radar is a VHF 3D radar, with good mobility and long
rang. It is suitable for air surveillance and early warning. It can operate either
independently or as part of a defensive system, or as part of an integrated air
defense network. This radar can be used in all weather conditions and is a modern,
coherent processing radar and has all the semiconductor components that can
detect and track aerial targets up to 480 kilometers as well as low-level targets.
The Matla-ul-fajr-2 radar, like all previous generations, all components of
the system are portable by a trailer, and the radar feed can be carried out by two
diesel generators installed on it or by city electricity. In the coherent processing
method used in the Matla-ul-fajr-2 radar, all transmitted signals having same
phase and their random effects are prevented, while in the non-coherent there is
a phase difference between signals. From the results of such a method, the ability
to detect the smallest speed difference of the targets is due to the difference of the
recursive signals that had no difference (actually phase difference) when sending.
There is also less interference and better signal advantages in this method than
the non-coherent method.
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The use of advanced electronic equipment such as semiconductors has
increased operational time and reduced the likelihood of damage to the radar and
reduced time needed to replace and repair.
The Matla-ul-fajr-2 radar has 32 antennas in 2 lines with a distance of about
2 to 4 meters and two rows in each line and 8 antennas were symmetrically
positioned around the retaining cylinder. Therefore, the final height of the
antennas from the ground should be about 12 to 14 meters, which is effective in
increasing the coverage of low altitude near the surface.
The 32 antennas available in the Matla-ul-fajr-2 radar have formed two
separate channels that enhance radar performance stability and high reliability in
identifying and tracking aerial targets. Another advantage of using two separate
channels is that if one of them fails or if any problems occur, the other will
continue to operate. According to the related authorities, in the Matla-ul-fajr-2
radar which has a 3D function, also has the ability to measure the angle, direction,
speed and altitude of flight targets by comparing the signal between two
independent channels on the radar.

Matla-ul-fajr-2 Radar
Matla-ul-fajr-3 Radar
In 2016, a long wave radar of Matla-ul-fajr family was unveiled. The Matlaul-fajr radar has air surveillance capabilities to discover and detect targets in two
dimension and a range of 500 kilometers. The Matla-ul-fajr-3 radar antenna
differs from its previous generation in the number of channels and the number of
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antennas per row. This radar has 10 antennas instead of 8 antennas, i.e. 40
antennas in overall. These antennas are arranged in 8 channels instead of 2
channels. The identify Friend/Foe system is also installed between the two line
of antenna, similar to the Matla-ul-fajr-3 radar. The latest generation of the Matlaul-fajr radar systems employ more than 10 different techniques in the field of
electronic warfare. The Matla-ul-fajr-3 can track 100 targets simultaneously.

Matla-ul-fajr-3 Radar
Airborne bi-static radar
The solid state digital bi-static radar, which works on the VHF band, is built
to detect aerial targets by measuring their distance, angle and speed with the
ability to transmit information immediately to the air defense network.
The radar's special mission is to detect low radar cross-section (RCS) targets
such as fifth-generation fighters, drones and missiles. The radar uses a broadband
receiver and the frequency jump technique is performed in two smart automatic
modes using JATS and Random mode. Jamming Analysis Transmission
Selection (JATS) performs the analysis of enemy jamming and identifies the
frequencies affected by the electronic warfare and reacts to change it.
The system is a 2D radar and the transmitter and receiver are a few
kilometers apart. This feature is an advantage for the system because it protects
passive parts from enemy attack. However, the system has high mobility, and the
transmitter and receiver are each in a separate protected location and are easily
transportable, resulting in a standby time or outing of work of less than 45
minutes. Another advantage of the system is the maximum radiation power of
4,000 W and covering 120 km. The system is capable of tracking up to 100 targets
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using the ability to track while searching and fully communicating with control
and command units.
The radar has a variety of continuous solid-state signal transducers and a
fully solid transmitter. In addition to the JATS capability to counter jamming, it
also employs a jump frequency technique.

Airborne bi-static radar
Alim Radar
This radar is one of the examples of passive radars made in Iran. Passive
radars detect and track objects by processing reflections from other transmitters,
instead of transmitting waves. These transmitters include a variety of types,
including radio and television transmitters. These types of radars have significant
advantages, including the high ability to detect low radar cross-section, lowaltitude and low speed targets. In bi-static and multi-static radars, one of the ways
to detect stealth aircrafts is receiving waves diverted to direction other than the
transmitter by such aircrafts. Passive radars are in fact a special type of multistatic radar, and thus successful in detecting these targets.

MILITARY STUDIES AND ANALYSIS INSTITUTE | M.S.A.I. ALL RIGHTS RESERVED

9

Passive Alim radar
Another advantage of passive radars is the low cost of production and
operating costs due to the lack of transmitter and moving mechanical
components. However, these types of radars require high processing ability due
to the variety of received waves. At least six steps of processing the received data
must be performed to accomplish the target tracking task. So the construction of
the Alim radar demonstrates the high capability of the country's computer experts.
Passive radars are also not detected by enemy systems because they do not
emit radio waves and thus remain immune from enemy attack to suppress air
defenses. The fewer components needed to operate the system also help to better
protect and keep these radars hidden, so they can be deployed in areas close to
the enemy.
This Iranian-made radar has a range of 250 to 300 km. This radar is a
valuable tool for discovering and helping to hunt for valuable targets that
typically fly less than 20 m above ground, such as fighter aircrafts and attack
aircrafts as well as stealth cruise missiles.
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Kavosh, Jooya, and Hadi radars
The Kavosh (meaning “exploration”), Jooya (meaning “seeker”), and Hadi
(meaning “Guide”) radars are components of the Mersad (meaning “Ambush”)
missile defense system. In this system, the Kavosh radar searches and discovers
the target. The detected targets are categorized and evaluated and the information
is sent to the command and control unit. The low-altitude search radar, the Jooya
radar, also plays a role in detecting and tracking low-flying targets. With this
radar, Mersad is also capable of destroying low-altitude flying targets. The task
of tracking and locking on targets that the Fire Control Center detects are more
dangerous is assigned to the Hadi radar that is an interceptor radar. The radar with
the electro-optical systems mounted on, providing the information needed to
guide the missile until it hits the target.

Kavosh radar
The Mersad system is capable of detecting a target at a distance of 150 km
by the Kavosh radar, locking the target at a distance of 80 km and hit it at a
maximum range of 45 km.
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Hadi radar
Due to the today's threats of low radar cross section (RCS) targets, much
effort has been put into designing this system to effectively deal with these
threats, leading to the ability to detect very low RCS around 0.5 m2 within 110
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km. With this feature, most advanced missiles, drones and fourth-generation
fighter aircrafts become commonplace targets for Mersad.

Jooya radar
The radars of this system have high capability in ECCM and anti-jamming,
resulting in high stability in the battlefield.
Sepehr Radar
Sepehr (meaning "sky") is an over-the-horizon radar (OTH). One way to
detect and detect surface targets at a distance is through the use of OTH radars
(sometimes called beyond the horizon, or BTH).

Performance of OTH Radars
Cosmic radars deliver HF waves to the atmosphere's ionosphere layer, which
is 85 to 600 km high. Widespread and wide ranges can be covered by waves
impacting this layer, causing them to break and return to the earth. These radars
are suitable for monitoring distant areas from 500 to 4,000 km or more in very
vast zones. These radars have a network of transmitter and receiver antennas and,
due to the network nature and expansion of their systems, they are not capable of
being transported and they are deployed in a fixed location. The civilian use of
these radars is in matters such as oceanography and maritime traffic control and
their military use in the early warning section of ballistic and cruise missile
defense systems. Cosmic radars are typically less complex in hardware than
higher frequency radars, but they are very sophisticated in software and
processing. The accuracy of these radars is not as accurate as that of other radars
and is only used in the early warning section. A country using a cosmic radar can
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actually monitor every instantaneous movement of the countries around it on their
own soil.
The Sepehr radar, also known as the country's longest-range radar, is a
type of OTH radar, according to defense officials. According to defense
officials, the usual range is 2,500 km, which can change from 800 to 3,000 km.
Sepehr has been designed and built in recent years. Now, after passing
operational tests, it is ready to perform its responsibilities and is expected to
deploy sufficient numbers in various parts of the country
Alvand radar
Alvand is the name of the radar system, which, according to officials, was
made in three categories: short, medium and long range. At least two of them
have entered the Khatam Al-Anbia air defense units after completing all tests.
The radar is equipped with new anti-jamming systems designed to meet the
needs of today.
Tariq radar
This radar was designed and built to create a short-range, ground-based,
portable radar. The detection range of this radar for humans is 4.5 km, for cars 8
km and for helicopters 6 to 8 km.
It has micro strip array antenna and has a maximum transmitter power of only
10 watts. This radar operates in the X-band and has a trackable object speed
range of 3 to 200 km / h, equivalent to 83 cm / s (close to human walking speed)
to 55.6 m / s.
Tariq can be connected to the country's radar network and can be controlled
remotely. Tariq can also be used in fire control systems. The total mass of the
radar set consists of antenna, tripod and processor system of less than 30 kg,
which makes it possible for one to two people to carry it.
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Tariq radar
Basir 110 radar
This radar is also designed for use in ground surveillance and border
surveillance missions. With the help of data of this radar, the management of
the covered area is facilitated as well as system monitoring and even the type of
targets is detected. The radar has several types including B, D, P and PS. The
Basir-110 radar is also equipped with a Global Positioning System (GPS) and
capable of detecting targets speed. Networking and remote control,
semiconductor transmitter and the receiver, using console and computer
processing systems and X-band operation are other Basir radar capabilities.
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Basir 110 radar
The X-band has a wavelength of 2.5 to 4 cm and a frequency of 8 to 12 GHz
and is capable of detecting small targets due to its electromagnetic properties.
This kind of radars is usually light and small. For this reason, Basir is also capable
of being carried by man and vehicle. Lots of Basir radars are being used by the
Law Enforcement Force to monitor the borders. Samples of Basir are also
mounted on light and medium-sized tactical vehicles and are therefore highly
mobile. Basir detection range is 6 km for pedestrians, 12 for light vehicles, 20 for
heavy vehicles and 25 km for helicopters.
GSR-110 Radar
The 25kg radar is a short-range radar with a major ground-based mission.
Its detection range for light and small cars is up to 5 km and for heavy vehicles
up to 6.4 km. The radar antenna has the ability to rotate 360 degrees horizontally
and have a detectable target speed of between 3 and 100 km / h. The total mass
of the radar with accessories is 30 kg.
Other features include high electronic warfare capability, low tracking
capability, pulse Doppler processing filter, high mobility, fast readiness, solid
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state transmitter, micro strip array antenna, manual and automatic target
detection and tracking, digitally-generated pulse-compression waveforms, full
remote control, ability to monitor different parts of the covered zone with
selectable axis and width, and power consumption of less than 30 watts.

GSR-110 Radar
Ofogh Radar
The Ofogh (meaning Horizon) radar families have been developed to
maritime monitoring as a coastal radar. The radar has important features such as
capability of networking with radar and defense systems and connecting to
navigation assistance systems such as Speed Log and GPS. It is capable of
tracking 100 marine targets.

Ofogh Radar
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One example of the H-band Ofogh radar works is that some of its functional
features include 25 kW transmission, 24 and 42 rpm antenna rotation speeds of
360 degrees and a nominal range of 96 nautical miles (177.6 km). Examples of
these marine radars are capable of being mounted on vessels, and with their high
ability to detect a large number of targets, have greatly enhanced Iran’s combat
capabilities in awareness of the surrounding situation.
PAR-X30 radar
Precision approach radar (PAR) is a type of radar guidance system designed
to provide lateral and vertical guidance to an aircraft pilot for landing, until the
landing threshold is reached. PAR is an important part of measuring the status of
aircraft in the process. This radar is one of the main airport systems. The radar
built for this purpose is capable of controlling and directing the aircraft within 30
km of the aircraft and directing it to the point of landing and parking the aircraft.

PAR-X30 radar
Arash-1 Radar
This seeker radar detects long-range and low RSC targets. This high
accuracy radar can distinguish between targets that are close to each other in the
range and direction. Arash-1, also capable of detecting micro drone, is a fixed
type with an estimated range of about 400 km.
The commander of the Iranian air defense stated about this radar: Arash
radar complements the country's radar capability in all VHF, UHF and HF
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frequency bands and with this advanced radar the country's integrated defense
network against electronic warfare will be enhanced.

Arash-2 Radar
Arash-2 is a solid-state 2D radar with an angle of 360 degrees and observes
a height of more than 100,000 feet equaling more than 30 kilometers. Arash-2
has been upgraded based on advances in research and electronic warfare and rapid
and timely processing and has achieved better capabilities.
Arash-2 operates in the L-band and has a peak power of 40 kW. Its operating
frequency is 1200 to 1400 MHz and its range reaches 450 km. Its minimum
detectable distance is 5 km. L-band radars have better accuracy than HF / VHF /
UHF frequency bands, while being more capable of detecting stealth targets.
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Arash-2 Radar

Arash Radar Command Control Room
It has the ability to search during tracking and can track up to 200 targets.
In Arash-2, an advanced processor is used to add to the ECCM capabilities and
pulse coding. Taking advantage of these advances, it is very unlikely that the
enemy will intercept Arash-2. It is one of the Low Probability of Intercept
(LPI's) radars

Arash radar observed at Fajr decade 2019 exhibition
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At the 40th anniversary of the Islamic Revolution in the field of defense in
2019 in Imam Khomeini Musalla, Tehran, a radar called Arash was observed with
a phased array antenna and high mobility. The relationship of this radar to the
above Arash radars is unclear and may be from the same family.
Phased array Najm-802 radar
Iran-made Najm-802 is one of the new ones in the Phased array radars,
which is capable of multiple search and tracking of aerial targets and designed
and built for use in medium range air defense systems.
This radar using TWS in seeking mode can detect targets in the medium
range and track them. TWS enables radar to search for other targets when it is
tracking one or more detected targets. In fact, increase the intelligence of the
defensive collection over the zone covered because the system will be aware of
the presence of new targets in the sky.

In tracking mode with radar resource management and using digital beam
forming process Najm radar is able to simultaneously track targets from a
medium distance. The digital beamforming process can amplify or weaken the
waves in the desired direction to determine the best path for the transmitted
signals and their phase and adjust phase characteristics according to the
conditions. The first sample of the Najm 802 radar, which also won an award at
the Kharazmi International Festival, has been deployed in the Sayyad Air Defense
Missile System alongside Sayyad-2 missiles. This prototype was first visited by
the Iranian Leader in the Exhibition of Defense Achievements in Iran in 2011.The
overall structure of Najm 802 is similar to the Russian Advanced GAMMA DE
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Radar, which consists of two rectangular sections. In the Najm 802 radar, these
two parts altogether have 5120 small radar elements.

Najm 802 b Radar
In Sayyad missile defense system, the Najm 802b radar, which is very
different from its prototype, was observed at the 40th Eqtedar Exhibition 2019 in
Imam Khomeini Musalla. According to the radar's synchronization with Sayyad2 missiles with a range of 75 km, Najm 802's radar range is estimated at least 150
km.

Najm 804 Radar
Najm 804 radar was unveiled in the spring of 2019 as part of the Khordad
15 system. This advanced phased array radar, which serves as both target
detection and target tracking radar, is capable of detecting targets at range 150
and tracking at range 120 km. It also has the ability to detect stealth targets within
85 kilometers. The Khordad 15 system will be able to engage with stealth targets
within 45 kilometers of the radar.
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Radar Najm 804 used in Khordad 15 system
The Najm 804 radar, manufactured by the Ministry of Defense Electronic
Industries in Shiraz provides the ability to simultaneously engage with 6
different targets for the Khordad 15 system. The flat panel antenna of this radar
mounts horizontally behind the truck and on the crew compartment.
Qadir radar
For the first time on the sidelines of the Great Prophet IX exercise in July
2011, the long-range radar was reported with a maximum range of 1100 km and
the maximum altitude of 300 km. In the above exercise, the Qadir radar was put
into operational testing after completing the research and development of the
prototype that was carried out by Aerospace Force Army of IRGC. The official
unveiling and introduction of this 3D radar took place in June 2019.
Qadir Radar which is a fixed and stationary type uses phased array
technology. The radar consists of a set of antennas mounted on a high-altitude
metal rig and four peripheral components around it that form the sides of a
square. The central mast antennas of this radar are of the type of Yagi used in
long wavelength radars.
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Qadir radar

Antennas mounted on the Qadir radar
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Each side of the Qadir radar, which is made of a perpendicular plane, has a
90-degree cover on the side and is 20 meters high and 44 meters long. Each of
these sections has 128 antennas with a matrix of 16 columns and 8 rows, which
have a total of 512 antennas of this type. All of these antennas, with their array
performance, provide the superior features of phased array radars.
In the field of Qadir radar frequency band, it should be noted that HF, VHF
and UHF frequencies are used to detect targets over long distances. Due to the
nature of their long wavelength operation, these frequency bands are less accurate
than shorter wavelengths but achieve a very high range, performing well the role
of early warning for air defense collections. In addition, these frequency bands
have a high ability to detect low RCS aircrafts due to the inability of materials
used in these airplanes to absorb long wavelengths.
Asr radar
The Asr project operates in the S band, and in addition to deploying coastal
bases, addresses the major needs of the floating units in the cruiser and higher
classes in the airborne early warning field.
The S-band is very suitable for work in marine environments and in different
weather conditions, with a wavelength of between 8 and 15 cm. In addition, due
to the wavelength of this band, the Asr radar has the ability to detect stealth air
targets. This radar uses a flat antenna, which is better in terms of performance
characteristics, and most advanced radars today use such antennas.

Asr radar
The Asr radar can track targets in 3D, which determine their distance, side
angle, and altitude. The radar is capable of tracking 100 targets simultaneously
and has a range of 200km for targets with an RCS of 4 m2. Due to the appearance
of the Asr radar, it is only possible to change the direction of the wave in the
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vertical direction based on the phase change because it has the ability to rotate on
a horizontal plane, which is used for scanning in this direction.
Due to the use of state-of-the-art technologies and digital processors, the
radar subsystems are small in size and have the advantage of being highly
valuable in combat vessels where optimal use of available space is paramount. In
addition, the radar has low power consumption and is said to be capable of
tracking surface targets.
Mesbah system’s Radar
The Mesbah Airborne Defense System uses a short-range 3-D radar system
to target and control fire. The radar, with an antenna consisting of 9 linear
elements, has the task of searching for and discovering targets. While using
Friend/Foe identifier system, it can provide data related to the angle, altitude and
distance-to-target for the fire unit.

Mesbah system’s Radar
The radar, designed and manufactured indigenously by domestic
professionals, has a low size and high processing speed and high fire control
precision. The ability to 360-degree rotation of the antenna and track targets at
low altitude are the advantages of this radar.
Samen Radar
Samen is named after two Iranian radars. One samen is a weather radar and
the other a military radar in the VHF band. As mentioned above, the VHF band
is a long-wavelength band that is very capable of detecting low RSC that are
considered as a stealth target.
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Samen Radar
This radar is capable of detecting targets that has minimum RSC. This
radar is one of the mid-range tactical radar and capable of detecting stealth
targets and micro drones.

Aseman weather Radar
Aseman (meaning “Sky”) radar is the first weather radar in Iran developed
with the supervision and participation of the Cloud Fertility Center. This radar is
used to monitor changes in cloud conditions, motion, density and some of their
other features over a significant range. The radar works in the X-band and has a
range of 200 km, estimating their density from the clouds and assessing their
probability of precipitation. Researchers have made the radar for over a year,
which is more accurate than some similar foreign samples. This technology has
eliminated Iran's dependence on other countries on the field
Shahab Radar
It is a medium-range, tactical and undetectable radar system with high
operational capability under electronic warfare environments that has been
manufactured under the sanctioned conditions of Army air defense experts. This
radar is capable of detecting targets with a very low RSC and is very difficult to
detect by enemy electronic systems.
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A sample of the Shahab radar in the parade of the armed forces
Broadband Long Range air surveillance Radar
This radar was introduced in late 2014 in Shiraz, the radar was built by the
Ministry of Defense. This advanced radar is one of the long range search and air
surveillance systems. With its production as an early warning radar in the Air
Defense Network, Iran's air defense capability will be further enhanced.

An example of this radar is fixed to the ground and its base rotated 360
degrees to cover the surrounding space in the horizontal plane and possibly in the
vertical plane using the electronic rotation of the waves. The 64 elements, each
with a 6-sided shape, are mounted on the antenna of the radar in 4 rows and 16
columns, depending on their dimensions, it can be said that radar generally
operates in either VHF or UHF frequencies. The identify Friend/Foe system is
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also observed above the radar like the latest examples of Matla-ul-fajr-1 and
Kashef-2 radars.
Alam-al-hoda Radar
Alam-al-hoda Radar was observed on the sidelines of Exhibition of
Aerospace Force of IRIGC achievements in May 2014. This radar operates in the
VHF band and has high capability to detect and track stealth radar targets.

The radar consists of two main horizontal and vertical sections that, despite
being long for transport, can be mounted on a trailer, making their handling
capabilities better and faster. The high height of the vertical section of the radar
enhances its ability to detect targets at low altitude and increases its effective
range relative to the flight altitude of the targets.
Kavosh radar
In fact, Kavosh radar is similar to the Russian radar Costa-2E2, which has
been observed over the past few years in the country's air defense equipment
which is one of the most important components capable of detecting stealth
targets in today's advanced Russian air defense systems, including the S-300.
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Kavosh radar
The Costa-2E2 is a low-altitude, 3D tracking and surveillance radar
designed to control the sky and automatically detect range, altitude, angle and
target flight directions and works on the UHF band.
The Russian radar also has the ability to detect small and slow targets at
different distances. The radar wavelength is in the range of decimeters and can
cover ranges of 5 to 150 kilometers. Elevation angles of up to 25 degrees, 360degree sideways coverage, and target flight altitude of up to 6,000 meters are
other performance features.
Regardless of the overall similarity of the Kavosh radar to the Costa-2E2,
including the use of two vehicles (one carrying antenna and radar power source
and the other for auxiliary hardware and crew compartment), similarity to the
physical design of the radar antenna and the collectors waves, there are some
differences in some of the mechanical parts and structures. In addition to previous
experience in designing and manufacturing radars in this class, the Kavosh radar
has advantages over Costa, including the relative amplification of the board, the
ability to detect more targets, more work continuity and less power consumption.
Bashir radar
In fact, in the Bashir radar, surrounding scanning is performed on the
horizon by mechanical rotation of the antenna, which is a common structure in
many radars. Also, similar to other advanced radars, scanning is performed at
altitudes by changing the angle of the waves, which is basically the same method
used in the Bashir radar.
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It is clear from the images that the Bashir radar is mounted on a turret about
7 m high. The antenna shape also shows that the radar uses smaller wavelengths
like L and S bands, which are more accurate in target positioning than HF / VHF
/ UHF bands. They are used to search and track conventional and stealth targets
in medium to long range.
The Bashir radar is similar to the foreign radars in terms of design, antenna
and its base, as well as the location and shape of the antenna and identify
Friend/Foe system, but there is considerable difference in lateral components and
some parts. The integrated antenna, the difference between the number of IFF
system antenna elements, and the 3 components mounted on the back and sides
of the antenna are differences between Bashir and foreign radars which indicate
Bashir is a native designed radar with the modeling of famous foreign radars
This advanced and phased array radar performs the task of detecting,
tracking, and identifying air targets such as aircraft, helicopters, cruise missiles
and drones, low-altitude target detection for air defense systems capable of
operating in electronic warfare. The Bashir radar is used as a three-dimensional
target-tracking radar, along with AA missiles from Khordad 3rd (Similar to what
happened during the hunting of American MQ-4 UAV operation in the Strait of
Hormuz. The radar range is 350 km.
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1700-element Radar in the Khordad 3rd system
According to information released by the Khordad 3rd Air Defense System,
the system is capable of simultaneously engaging up to 4 targets and directing up
to 2 missiles at each of them. A 1700-element phased array radar plays the main
role of the radar system for tracking targets and directing missiles towards them.
Also, because of the nature of the radar's performance and the lack of producing
of a specific pattern of radiation, the probability of its location and being detected
by enemy systems is very low.

1700-element Radar in the Khordad 3 system
Thanks to the technological features of the phased array mentioned earlier,
the Khordad 3 Air Defense System has achieved high capability compared to
other air defense systems in service in the country, the most important of which
is the ability to engage multiple targets at the same time at different ranges and
altitudes. In addition, by firing two missiles at each target, the missiles are in fact
much more likely to be hit. On Khordad 3 system, it is possible for all missiles to
be simultaneously guided to 4 targets (at least in the early stages), which is the
task of the 1700-element Radar in the Khordad 3 system
Radar of Tabas Missile System
Tabas missile defense system is designed to track and destroy targets at
medium range and medium to high altitude. The radar of this system is flat plate
type and seems to have the ability to change the mechanical angle in two
horizontal and vertical directions.
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Radar of Tabas Missile System
Tabas is designed to achieve a lower-cost missile system than the Khordad
3 missile system and has the potential to engage with fewer targets.

Radar of Ya-Zahra System
The Ya-Zahra short range Air Defense System and its moving sample, called
the Herz-9, use a radar with a curved antenna to lock onto the target with missile
launchers mounted on either side.
Target tracking radar on Ya-zrahra system
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The radar tracks both the target and the missile, and the processing unit uses
the received information from the radar to deliver the missile to the target. The
foreign type of this radar operates in the J band, with a range of about 15
kilometers.
Hafez Radar
The Hafez radar is a 3D phased array radar with medium range. The radar
can detect a variety of attacking aircrafts, including fighter aircrafts and drones
and cruise missiles at low and medium altitude and provide accurate positioning
in three dimensions, including range, side angle and altitude angle for the
weapon's fire control radar.

The Hafez radar is to the right of the image and above the Sayyad-3 missile

Hafez is also able to electronically alter the radar beam in 2 dimensions in
a very short time, detect targets from a distance of 250 kilometers, and track 100
targets simultaneously while searching for targets (TWS capability) and update
their position information every few seconds for the weapon system.
Given its high resolution range, angle, and speed, the Hafez radar can work
well against the threats of a group flying in close proximity. This radar is capable
of changing the angle of the waves in the horizontal direction and rotating
horizontally in 360 degree mechanical rotation and utilizes electronic scanning
capability to search vertically. The radar antenna shifts from the horizontal
position (when the car is moving) to the operating position by two hydraulic jacks
located on either side.
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Hafez radar and carrying car
The Hafez radar is capable of working around the clock and is highly mobile
due to its deployment on the truck and can be expanded and ready for operation
in a very short time. This radar is equipped with advanced and up-to-date
electronic warfare techniques and is able to play an effective role in disordered
environments and electronic warfare as well as in different weather.
Over-the-horizon Keyhan radar
The Keyhan (meaning Cosmic) radar is a 2-dimensional radar capable of
detecting distances, angles, direction, and radial velocity of targets, according to
defense officials. Detecting and tracking aerial targets at different altitudes,
including conventional airplanes, stealth targets, micro drones and cruise missiles
are among its other capabilities. In fact, this tactical radar is designed to detect
large numbers of targets and deal with massive enemy attacks.
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Deployment of OTH Keyhan radar in Assaluyeh Operational Area
The Keyhan Radar operates as a long range radar with composite
frequencies, and is a mobile radar. While Shahab and Samen are fixed and midrange. According to published information, the operating mobile radars in the
HF frequency range are unique in the world, and the Keyhan radar is the first of
these radars which is mobile and there is no similar foreign sample. The radar
antennas, which operate radially, are mounted behind the carrier truck while
moving.

The Keyhan radar mounted on the carrier truck
Other technologies in the design and fabrication of the Keyhan radar are
designing broadband array antennas, designing and manufacturing highbandwidth and solid-state transmitters, high-speed array processors for high
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precision, optimization of different processing algorithms for analysis with
existing operating conditions, creation of network capabilities to reduce system
maintenance concerns, and ability to perform network operations and remote
control, and designing and manufacturing highly dynamic range array receivers
which is resistant to interference,

Space Object Observation Radar
Imam Sadegh Space Station's Observatory which is responsible for the
detection and Radar, electro-optical and radio tracking of space objects uses a
phased array radar. The radar has three faces, but released images show radar
elements on only one face and 64 in number.

Space Object Observation Radar
This radar designed to track objects at high altitudes, due to the fixed
antennas, the electronic rotation of the waves is typically used to scan the space
in the horizontal and vertical directions. If the other two sides of the radar are also
equipped with antenna arrays, it will be possible to cover 360 degrees of
surroundings.
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Fath-2 Radar
This long-range radar is designed for air control and surveillance, which is
very useful for identifying targets with a very small SCR. Fatah-2 was first shown
at the Armed Forces Parade 2019. Components of this mobile radar, like the
Matla-ul-fajr radar, are mounted on a truck.

Fatah-2 radar images in the parade of the armed forces
Due to the dimensions of the antennas, the radar appears to operate in wide
frequency bands, giving it a high ability to detect stealth targets at high
frequencies. Deploying this set on the truck has given it high mobility power
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Meraj-4 Radar
The Merag-4 (meaning “Ascension”) radar was first revealed in the Iranian
media in 2014. Although no specifics were announced, viewing of it at official
exhibitions prompted media attention. This phased array radar was displayed at
the Defense Industry Day event on August 21, 2016, along with some other
components of the Bavar 373 (meaning “belief”) system, and was referred to as
a long range fighter control radar.
One of the features of this 3D radar is the simultaneous tracking of 200
targets. Due to the constant angle of the flat antenna of this radar in the vertical
direction, the electronic scanning of the environment is also possible on this
radar. Meraj-4 is an active phased array that reduces the probability of detecting
its location by detecting the source of the transmitted waves and also has a
higher resistance to enemy electronic interference. This radar contains 10,000
elements and operates in the S band.
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The radar uses a variety of advanced techniques to defeat enemy’s
disturbers, including the ability to jump frequency, the ability to compress waves,
focusing of radar power over an area, and the low side radiation. The Meraj-4
radar range is 450 km.
Cheshm-e Oqab Marine Radar Project
Cheshm-e Oqab (meaning “Eagle Eye”) radar, as the second most important
radar product introduced by the Army Navy Self-Sufficiency Jihad, has a much
more advanced design than the Asr radar. The radar consists of four flat-panel
antennas; each has 1,000 small radar elements. These four antennas are angled 90
degrees to cover the entire surrounding of the vessel. Cheshm-e Oqab can detect
more than 100 surface and air targets simultaneously.

Cheshm-e Oqab Radar Conceptual Design
The range of this S-band radar is about 200 km and each side of it has the
ability to intercept 3 targets simultaneously and using the four sides has the
ability to intercept 12 targets simultaneously. The radar is more durable due to
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its stationary antenna. This radar has many advanced features including ECCM
using specific techniques such as random transmitter pulse transmission, fast
frequency shifting and switching, jamming analysis, timing sensitivity control,
rapid changes of pulse repetition frequency and pulse compression.
Fath-14 Radar
This advanced radar, introduced in 2014 in Shiraz, was developed by the
Ministry of Defense. Fath-14 is one of the long-range search and air surveillance
systems that has been further enhanced by its production as an early warning radar
in the air defense network. An example of this radar is fixed to the ground and its
base rotation at 360 degrees make enables it cover the surrounding space in the
horizontal plane and possibly in the vertical plane using the electronic rotation of
the waves. The 64 elements, each with a 6-sided shape, are mounted on the
antenna of the radar in 4 rows and 16 columns, which according to their
dimensions can be said it operates in the VHF frequencies. A Kharchenko antenna
is used in this radar.

Fath-14 Radar
The identify Friend/Foe system is in this radar like the latest Matla-ul-fajr
and Kasehf-2 samples. At least five specific ECCM techniques have been used
on this radar. The Fath-14 radar is a solid state radar with a peak power of 24 kW.
The Fath-14 radar is capable of tracking more than 40 targets while searching,
with a final range of 600 kilometers.
Iranian Nebo radar sample
The family of the famous Nebo radars is one of the most noticeable Russian
air defense radars, the first of which was introduced in the 1980s and its advanced
ones over the next two decades. Due to its design and frequency band
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characteristics, the radar has high capability to detect low RSC radar targets and
can be connected to Russian air defense systems such as the S-300 as an early
warning radar. At least one generation of Nebo radars has been purchased and
operated by Iran. In the Ministry of Defense's product list, there is a radar called
L-ASR4, which has a high similarity to the Nebo radar samples. The radar
consists of 120 Yagi elements in 6 rows and 20 columns. The frequency band of
this radar is VHF and its final range is between 600 and 1,200 km depending on
the radar operating mode and its target type and maximum cover height for
aerodynamic purposes, 35 km. The radar detects aerodynamic targets such as
aircraft and drones with an RCS of 2 m2 at 600 km and ballistic targets at 1,200
km away.

Graphical image of Iranian Nabo radar sample
Nebo's Iranian radar sample detects aerodynamic targets at speeds of 30 to
1000 m / s (3 Mach at medium altitude), ballistic targets up to 12 Mach, and even
low-orbit satellites up to 23 Mach. This radar antenna is phased array type and
can be used in winds up to 90 km / h. It takes 8 minutes to set up the radar and 30
minutes to troubleshoot and repair it. The radar is also equipped with the identify
Friend/Foe system.
OTH Nazir Radar
The Nazir Radar System, first introduced in September 2015 and announced
on the eve of Air Defense Day in September 2016, is an advanced radar with a
range of more than 800 km capable of detecting targets up to 30 km in height.
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Nazir Radar
Due to the special features of this radar, it is possible to detect a variety of
targets with low RCS such as drones and American cruise missiles. From the
published images it seems that Nazir’s antennas have a special structure and
Nazir is located on the highlands of the country. Another important feature of
the Nazir radar is the ability to detect and track ballistic missiles. It has also
high resolution and is as resistant as anti-radar missiles.
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