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➢ RIS offers an opportunity for high spatial-resolution imaging

Can imaging assist RIS beam training for communication?

System Model

Problem Formulation

➢ RIS-aided depth estimation

➢ RIS beam selection problem with a predefined codebook

Received signal

AP-RIS channelRIS-UE channel

RIS interaction vector

for communication

Received baseband

digital signal

User detection function Optimal beam index

Sensing codebook Depth estimation function
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➢ To determine the azimuth and zenith angles towards the user

• Find the mean of the user’s pixel coordinates

• Each pixel is estimated by a sensing beam of a predefined

reflected direction

Estimated depth map

Subtraction

Background depth map

(estimated during offline stage)

Removed undesired paths

(set negative values to zero)

Convert to a binary mapRemove detection noise

(use DBSCAN clustering algorithm)

➢ Objective: Find the optimal beam based on user detection

RIS reference
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𝑣th sensing beam (chirp)

Path gain and phase𝑢th ADC sample

Contain range information
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➢ Base Station (BS) Environmental Mapping

➢ UE Location Recovery Algorithm 
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Noise Wall
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Binarize
Convert collected data to binary image

1 – White (Signal)

2 - Black (Background)

Image Filtering
Isolating the object from scattered noise

Morphology
Morph object to perform image registration

➢ User localization

Rotation Matrix Translation Matrix

BS Mapping of the Environment Image Based on UE Signal to Base Station
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(𝒙′, 𝒚′) – Position coordinate of the UE


