
• The total received electric field

• Non-linear function of 

• Rytov approximation

• The power equation (in dB)

• The power model – linear in

• Linearity of power model allows for clutter 

removal  
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Conventional TR-MUSIC (cont’d)

• Important problem of 
considerable interest

• Applications

− Search and rescue

− Archaeology

− Mine detection Through wall imaging

Archaeological exploration
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Subspace-Based Imaging

• Subspace-based imaging methods 

− Low computational complexity

− High resolution capability

• Conventional subspace-based methods require 
phase (e.g., Time-Reversal (TR) MUSIC)

− Not available in many wireless devices

− Needs synchronization across antennas

• Requires large number of antennas: square 
of number of objects (Marengo et. al, 2007)

• Requires control of phase of transmitted 
signals (Novikov et. al, 2015)

• Objective: Power-only subspace-based 
imaging algorithm with much less number 
of antennas (𝟐𝑴+ 𝟏 vs. 𝑴𝟐 + 𝟏)

• The scattered electric field:

− Assuming first order scattering (Born 
approximation) (Devaney, 2000)

− Assuming 𝑀 point-like objects
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• 𝑁𝑟 × 𝑁𝑡 measurement matrix

where

• Rank{𝐾} = 𝑀 (sum of 𝑀 rank-1 matrices)

• Using SVD 

• Bases of signal subspaces are

• Pseudospectrum 𝐼(𝐱𝑝) peaks at objects 
locations 

• Our approach for power-only TR-MUSIC with 

few antennas has two main components:

− Rytov approximation for the total received 

electric field

− Smart antenna placement scheme

Incident field

• Place the antennas such that

• Power model then becomes

• New power equation 

1

TR-MUSIC Using Power Measurements

• The new measurement matrix

• Rank{𝑃} = 2𝑀

• Using SVD,                     where

• Requires only 𝟐𝑴+ 𝟏 antennas

• Bases of signal subspaces are 

• Pseudospectrum 𝐼(𝐱𝑝) peaks at objects 

locations 

• New framework for power-only high-resolution 

TR-MUSIC imaging

− Rytov approximation for wave modeling 

− Smart antenna placement scheme

− Requires only 𝟐𝑴+ 𝟏 antennas, as 

compared to state of the art of 𝑴𝟐 + 𝟏
• Simulations demonstrate ability of proposed

framework to resolve closely-spaced targets
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• Noise-free, single Tx/Rx array

• 𝑁𝑟 = 𝑁𝑡 = 11, 𝑀 = 4
• Noisy, single Tx/Rx array

• 𝑁𝑟 = 𝑁𝑡 = 11, 𝑀 = 4
• Noisy, double array

• 𝑁𝑟 = 𝑁𝑡 = 16, 𝑀 = 6
Simulation settings

• Point objects in 4 m x 4 m area

• Noise-free cases: 

− Rytov forward model

− No AWGN

• Noisy cases:

− Exact forward model

− AWGN (SNR of 40 dB)

Point-like objects
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