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1 Introduction

1.1 Background and overview

Communication system is closely related to our life. We measure communication systems primarily
by their effectiveness and reliability. But in fact, validity and reliability are a pair of contradictory
indicators, and they need a certain compromise. We hope to improve the efficiency of communication
system on the basis of guaranteeing the accuracy of communication.

1.2 Basic Solution

The project is to design and implement a kind of communication system for the next generation
technology which is much more simplified compared to the systems that existed. The final version of
the system should be expected to be able to transmit data like images and videos. Our basic idea is
that the information can be send in digital signal form to metasurface, EM waves will be sent to the
metasurface and be scattered to space. The information we want to transit will be carried on scattered
EM waves. And once the receiver receives the signal it will be decoded into the original information.

Basically, our project is a kind of innovation or re-creation of an existing communication system.
The biggest difference between our design and other systems could be the method to process the
information. There is a significant component in our future design called metasurface, which could be
used to adjust the phase, magnitude, and polarization along with other significant properties of EM
waves which can send multi-digit signal at same time.[1]

As for the functionality of our project, we think it could be an interesting trial and we have faith
to finish it since everything we need in the project we could find plenty of research materials and
reports to look into. Even if the project is not applicable in the end, we believe the application of the
metasurface material could be still powerful in communication system.

1.3 Programmable Metasurface and DDM System

Figure 1: The implement of Metasurface

Metasurface could be used to adjust the phase, magnitude, and polarization along with other signif-
icant properties of EM waves.Basicially, it is a board with integration of individual units. These units
are setting aline on the board. The structural units, referred to as artificial ’atoms’ and ’molecules’,
can be customized in terms of shape, size, and lattice constant, while interactions between them can
be engineered. By manipulating these ”atoms” in a certain way, we could let them send out signal
with coded information. For example, a group of 5 atoms could be used to represent binary code
”00001” since the EM wave coming from the diode in each atom of conducting and cutoff state is
different. The figure above is one of our proposed implementation of the metasurface. To program the
metasurface we design, we have to attach it with the FPGA board. The FPGA is controlled under the
instructions of MCU(Micro Control Unit) and adjusts the digital states of the controllable column of
the metasurface.

The second part of our project is the DDM system which is short for the Direct Digital Modulated
System. Direct digital modulation is a unique modulation method that eliminates many previously
required components from a radio transmitter to create a simple, flexible, cost effective alternative.It
contains receiver, where information will be received and decoded, transmitting control unit mainly
comprises of a microcontroller unit and an FPGA board,a receiving unit, a feeding antenna and a
receiving antenna.The basic working flow of our suggested version is shown below.
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Figure 2: The flow of DDM system

1.4 High-level Requirements

1.Accuracy:The information data we collected in the receiving end should be accurate. For example,
there should not be any misplacement of any pixel for the image we have from the emitting end.
2.Resolution:The picture we get at the receiving end should be at appropriate resolution rate, there
shouldn’t be too much loss on the colored pixels on the receiving end.
3.Speed: The time spent on the information transmission as well as figure regeneration shouldn’t be
too long.
4.Safety: All of the equipment involved in the project should be working under their requirements,
and radiation should be limited.
5.Low Energy Consumption: The major power source of the system is DC voltage source, the current
and voltage should be limited under a threshold.
6.Operability: The human-computer interaction should be enhanced to make sure we don’t have to do
too much work.
7.Stability: The system should demonstrate ability to gte rid of disturbance of outside noise.
8.Adaptiveness: The system should be able to function normally under different environmental condi-
tions.
9.Information Security: The information transmitting in the system should be difficult to encrypt.
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2 Design

2.1 Block Diagram

Figure 3: Block Diagram of the System Combined

2.2 Subsystem Overview

2.2.1 Transmitting Control Unit

The transmitting control unit is responsible for controlling the programmable metamaterial through
the Raspberry Pi and transmitting the data to the receiver through a wireless transceiver module.
It includes an STM32F767IGT6 MCU and an NRF24L01 wireless transceiver module, which com-
municate through the SPI protocol. The transmitting control unit adjusts the digital states of each
controllable column on the programmable metamaterial, and interacts with the receiver to determine
the available digital states for reliable transmission at a given noise threshold.

Connection with other subsystems:
Connection to emitting end: adjust the digital state.

2.2.2 Emitting End

The emitting end includes a feeding antenna and a programmable metamaterial, and is responsible
for transmitting data to the receiving end. The feeding antenna operates from 9.84 to 15 GHz with a
gain of 20 dBi, and the programmable metamaterial generates 32 digital states from 0 to 31 by biasing
its corresponding voltages. The emitting end transmits multiple n-bit-long symbols into free space
through the programmable metamaterial.

Connection with other subsystems:
Connection with receiving end through RF wave to transmit information.

2.2.3 Receiving End

The receiving end includes a receiving antenna, a Demodulating Logarithmic Amplifier Chip, an
STM32 MCU, and an Raspberry Pi. It is responsible for receiving and processing the data transmitted
by the emitting end. The receiving antenna aims at the programmable metamaterial to maximize the
intensity of the received RF signal. The Demodulating Logarithmic Amplifier Chip and the receiving
processing unit work together to process and optimize the received signals. The receiving processing
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unit supports a maximum of 8 channels, recovers the original data based on the look-up table, and
displays the complete data on the screen.

Connection with other subsystems:
Connection with Transmitting Control Unit: control communication of 2 unit.

2.3 Subsystem Requirements

2.3.1 Transmitting Control Unit

The transmitting control unit must be able to communicate with the receiver through the NRF24L01
wireless transceiver module and control the programmable metamaterial through the Raspberry Pi
under the instructions of the STM32F767IGT6 MCU. It must adjust the digital states of each con-
trollable column on the programmable metamaterial and interact with the receiver to determine the
available digital states for reliable transmission at a given noise threshold. The requirements for the
transmitting control unit include:

The MCU must be an STM32F767IGT6. The wireless transceiver module must be an NRF24L01
from Nordic. Both cores must communicate through the SPI protocol. The transmitting control unit
must be able to adjust the digital states of each controllable column on the programmable metamaterial.
The transmitting control unit must be able to interact with the receiver to determine the available
digital states that can be used for reliable transmission at a given noise threshold.

2.3.2 Emitting End

The emitting end must include a feeding antenna and a programmable metamaterial, and be able to
transmit multiple n-bit-long symbols into free space through the programmable metamaterial. The
feeding antenna must operate from 9.84 to 15 GHz with a gain of 20 dBi. The programmable meta-
material must generate 32 digital states from 0 to 31 by biasing its corresponding voltages. The
requirements for the emitting end include:

The feeding antenna must work from 9.84 to 15 GHz with a gain of 20 dBi. The programmable
metamaterial must be able to bias its corresponding voltages to generate 32 digital states from 0 to
31. The emitting end must be able to transmit multiple n-bit-long symbols into free space through
the programmable metamaterial.

2.3.3 Receiving End

The Receiving End subsystem is responsible for receiving and processing the signals transmitted by
the Emitting End subsystem. It includes a Receiving Antenna, a Demodulating Logarithmic Amplifier
Chip, an STM32 MCU, and Raspberry Pi.

Receiving Antenna: The Receiving Antenna should be able to aim at the Programmable Metama-
terial to maximize the intensity of the received RF signal. It should have a gain of at least 20 dBi and
work from 9.84 to 15 GHz. Any degradation in the gain or frequency range would result in a weaker
signal being received, which could lead to erroneous data processing.

Demodulating Logarithmic Amplifier Chip: The Demodulating Logarithmic Amplifier Chip should
be able to process the received signals and convert them into voltage signals with logarithmic amplifi-
cation. The chip should have a wide dynamic range, at least 70 dB. Any degradation in the dynamic
range would result in the chip being unable to process signals outside its range, leading to erroneous
data processing.

STM32 MCU: The STM32 MCU should be able to work with the Raspberry Pi to process and
optimize the received signals. It should be an STM32F767IGT6 and should communicate with the
FPGA through the SPI protocol. Any failure in the communication or processing capability of the
MCU would result in erroneous data processing. Processing Unit: The Receiving End subsystem
should be able to support a maximum of 8 channels. The processing unit should be able to recover
the original data based on the look-up table and display the complete data on the screen by repeating
Steps 1 and 2 at a certain rate. The processing unit should have a processing delay of no more than
10ms. Any failure in the processing capability or delay would result in erroneous data processing.
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2.4 Tolerance Analysis

The metasurface in the system did not reach 180 degrees of phase at the time of design or fabrication,
resulting in too much distortion of the transmitted signal to restore the original image. In this case, it
is difficult to compensate algorithmically and may require to redesign or remake the metasurface. The
quality of the algorithm is also very important for this project. In the case that the algorithm is not
good enough, in order to avoid electromagnetic noise interference in the environment, the signal that
the system can transmit at the same time needs to be significantly reduced, which may not reflect the
superiority of this wireless communication mode.
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3 Ethics and Safety

When designing our project, safety is our top priority for there is no other ethic problem involved
in our project. Firstly, most of components in our system are electrical components like FPGA or
mincrocontroller unit. So there is a potential risk of electrical shock. It is important to make sure
only touch insulation part when connecting wires. The IEEE and ACM Code of Ethics emphasizes
the importance of protecting human safety, and this applies to the design of such systems[2]

Another problem is avoid RF signal damage human health. The magnitude of RF signal in the
system need to be smaller than 10 µW/cm² and people should avoid long-term exposure to RF signal.
By taking appropriate precautions, we can minimize the risk of accidents or injuries and conduct our
tests in a safe and responsible manner.
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