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1. THE PRINCIPLE OF IMAGING MIMO RADAR

MIMO1 radar is a quite new but constantly growing research field which offers some essential advantages compared to usual

imaging techniques like SAR. Unlike SAR systems which need for imaging always a motion between the sensor and the scene

to be observed, MIMO radars can be used also stationary to provide a continuous monitoring (24/7) of the scene of interest.

Although radars with phased arrays can be used for stationary applications, they need a large number of antenna elements to

achieve a reasonable image quality and resolution. These drawbacks can be smartly bypassed by using MIMO radars.

MIMO radar can be divided into two parts, namely statistical MIMO radar with widely spread transmit and receive antennas

and collocated MIMO radar for imaging and GMTI2 [1] [2] [3]. This paper addresses coherent imaging MIMO radar with

collocated antennas. 𝑁𝑇𝑋 transmit antennas and 𝑀𝑅𝑋 receive antennas are arranged in a special way that all 𝑁𝑇𝑋 /𝑀𝑅𝑋

pairs form a fully distributed virtual antenna array of 𝐼𝑣𝑖𝑟𝑡 = 𝑁𝑇𝑋𝑀𝑅𝑋 virtual elements [4] . Each virtual antenna element

is located at the center of gravity of one 𝑁𝑇𝑋 /𝑀𝑅𝑋 pair. One essential advantage compared to phased array systems is the

strongly reduced number of real antenna elements. For example, instead of using 256 antennas in a classical manner, a MIMO

radar with the same array length needs only 32 antennas. Consequently, the costs could be strongly reduced and the weight

reduction enables an easier transportation in difficult environmental areas. The weight reduction makes it even possible to

integrate a 3D imaging MIMO radar in small UAVs3 [5] [6] [7]. If the arrangement of the MIMO antennas is done in a suitable

manner, one can even almost double the azimuth resolution compared to a phased array system of the same size.

The assignment of each TX antenna to each RX antenna can be done in different ways. One possibility is to use a time

multiplexing schema by exciting one TX antenna after the other, resulting in an effective pulse repetition frequency 𝑃𝑅𝐹𝑒𝑓𝑓 =
𝑃𝑅𝐹/𝑁𝑇𝑋 . Other possibilities are to use multiple orthogonal waveforms occupying the same frequency band or disjunct

frequency bands [8] [9] [10]. Both increase the effective 𝑃𝑅𝐹 and the SNR4.

2. APPLICATIONS

Plenty of applications in the field of geoscience and remote sensing can benefit from MIMO radars. For example, stationary

operated MIMO radars are able to continuously observe rock glaciers, glacier tongues, and especially the temporal variations of

crevasses wich are often covered for airborne and spaceborne sensors. For wide area monitoring of glaciers, such sensors could

help to fill temporal gaps which naturally exist for spaceborne monitoring programs. A constantly growing importance arises

with the forecast of hillside slides, snow avalanches, debris avalanches, and rock drops due to the worldwide rising temperatures

resulting in more extreme weather phenomenons and melting of the permafrost in mountainous areas. MIMO radars can provide

real time 2D/3D images during day and night (24/7) at any weather in combination with change detection to image smallest

changes in the range of millimeters. Also ground motions in mine areas which may result in catastrophic landslides could be

monitored to support early warning systems for the citizens.

1Multiple-Input Multiple-Output
2Ground Moving Target Indication
3Unmanned Aerial Vehicles
4Signal-to-Noise Ratio



3. THE EXPERIMENTAL SYSTEMS MIRA-CLE AND MIRA-CLE X

To cover a wide range of applications, two complementary MIMO radar systems are currently developed at Fraunhofer FHR.

The Ka-Band system MIRA-CLE is a fully configurable and expandable MIMO radar working at a center frequency of 36 GHz

with a bandwidth of 500 MHz. Due to the chosen frequency band, MIRA-CLE is a compact and mobile system with an antenna

length of just 50 cm consisting of 16 TX and 16 RX vivaldi antennas. Through adapted antenna excitation, 256 virtual antenna

elements can be synthesized. Depending on the application, both the number of the antenna elements and the bandwidth can be

adapted. In order to increase the SNR and the effective 𝑃𝑅𝐹 , waveform diversity and frequency diversity techniques can be

applied.

Fig. 1. Antenna configuration of the Ka-Band MIMO radar MIRA-CLE. The transmit antennas are packed at both sides of the

thinned receive array.

Fig. 2. Antenna configuration of the X-Band MIMO radar MIRA-CLE X

The X-Band system MIRA-CLE X works at a center frequency of 9.45 GHz with a bandwidth of 1 GHz. It uses 16 TX

sector horn antennas and 14 RX patch antenna columns which result in 224 virtual antenna elements and a real antenna size

of about 2 m. The radiated pulse power amounts to 33 dBm in the basic stage of extension and can be further increased by

integrating more powerful amplifiers for larger range applications.



4. SIGNAL MODEL

Let’s consider the geometry presented in Figure 3. With the distance 𝑅 =
√
𝑥2
𝑝 + 𝑦2𝑝 + 𝑧2𝑝 between the point scatterer P and

the array center, the vector components of the unity vector u(𝜑, 𝜃) = (𝑢, 𝑣, 𝑤)𝑇 are given by:

𝑢 = cos𝜑 cos 𝜃 =
𝑥𝑝

𝑅

𝑣 = sin𝜑 cos 𝜃 =
𝑦𝑝
𝑅

(1)

𝑤 = sin 𝜃 =
𝑧𝑝
𝑅

Fig. 3. Geometry of the MIRA-CLE antenna setup

Assuming far field condition, the signal which was transmitted by the radar, reflected by the point scatterer P, and finally

received by the radar can be expressed after range compression by:

S(𝑅,u) = 𝑒−𝑗 4𝜋
𝜆 𝑅D2(u)dTX(u)⊗ dRX(u) (2)

with the DOA5 vector for transmit

dTX(u) =
(
𝑒−𝑗 2𝜋

𝜆 𝑦TX
𝑛 𝑣

)
𝑛=1...𝑁𝑇𝑋

(3)

and the DOA vector for receive

dRX(u) =
(
𝑒−𝑗 2𝜋

𝜆 𝑦RX
𝑚 𝑣

)
𝑚=1...𝑀𝑅𝑋

(4)

D2(u) denotes the two-way antenna characteristics of a single TX/RX element and ⊗ is the Kronecker product. One can resolve

the data in angle by using digital beamforming with the vector g∗ focused to the direction defined by 𝑣0:

𝑠(𝑅, 𝑣0) = g∗(𝑣0) ⋅ S(𝑅,u)

=

𝐼𝑣𝑖𝑟𝑡∑
𝑖=1

𝑒𝑗
4𝜋
𝜆 𝑦𝑣𝑖𝑟𝑡

𝑖 𝑣0 ⋅ 𝑆𝑖(𝑅,u)

= 𝑒−𝑗 4𝜋
𝜆 𝑅 ⋅ D2(u) ⋅

𝐼𝑣𝑖𝑟𝑡∑
𝑖=1

𝑒𝑗
4𝜋
𝜆 𝑦𝑣𝑖𝑟𝑡

𝑖 (𝑣0−𝑣) (5)

5. EXPERIMENTAL RESULTS

This section will be filled in the final paper. We will present and analyze results of different experiments performed at hilly

locations (e. g. vineyards). The potential of the presented systems regarding to change detection will be investigated too.

5Direction Of Arrival
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