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Course Information

 Lecturer: Byungkwan Kim
« Office: Room 416, Engineering Bldg. #2
* E-mail: byungkwan.kKim@cnu.ac.kr
« Website: https://remilab.cnu.ac.kr
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Course Objectives

* In shortly,

— Signals and Systems

Complex Fourier Series

Convolution
Number & Transform

Wireless Embedded Systemss

Digital Signals Software- Analog & Digital Wireless

and Sampling Defined Radio Modulation Communication
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Course Overview

* Tentative Schedule

o# _Topic | lab | Assignment

" Introduction
E Review: Python Basics, Signhal & Systems #1,2 #1
E Digital Signals and Sampling #3
Analog & Digital Modulation #2
E Software-Defined Radio Env. Setup #3
m : S : #4
m Wireless Communication Experiments

o - #5
UKl (Spectrum Monitoring, Communication) s
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Grading Policy

« Summary
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Course Objectives

 What is an “embedded system”

* is a computer system that has a dedicated function within a
larger mechanical or electronic system
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Course Objectives

 What is an “embedded system”

* is a computer system that has a dedicated function within a
larger mechanical or electronic system
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Course Objectives

» Scope of Embedded system

Analog-to-Digital
and - :
Memory Digital-to-Analog Digital Signal
& Interfaces Processing
A
E A
Analog/Digital N RTOS, MCU

Circuit Design programming

Serial Hi-speed
(USB’ CAN' |_|N) € : L > (LVDS, SerDes)
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Course Objectives

« What we will learn from this course
— What is a digital signal? (for wireless communication)

MultiView 22 Spectrum *

Ref Level 0.00 dBm Mod 16QAM SR 450.0 MHz SGL
2 Att 0dB Freq 28.0GHz ReslLen 800 Stat Count 10
YIG Bypass EQUALIZER
1 Const I/Q(Meas&Ref) ¢ IMClrw 2 Result Summary
Current Peak Unit
EVM RMS 0.56 0.6
Peak 1.65
MER RMS 42.36
Peak 33.00
Phase Error RMS 0.43
CELS -2.17
{ Magnitude Error RMS 0.49
bl Peak 1.46
Carrier Frequency Error 1123.73
Symbol Rate Error ---
Rho 0.999 942
I/Q Offset -46.19
I/Q Imbalance -53.53
Gain Imbalance 0.02
Quadrature Error 0.21
Amplitude Droop 0.000 028
21,991 1.994 _Power -7.30
3 Mag(CaptureBuffer) e | Clrwsi&'Symbols (Hexadecimal)
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Course Objectives

* What we will learn from this course
— An example of embedded system: SDR
— Transceiver, Memory, Power circuits

Simplified Block Diagram

Micron DDR3L
MT41K256M16 R
X

t Tx

. i Analog Devices
USB 2.0 Xilinx® Zynq®-7000 AD936x
Host -a—» <&+ All Programmable SoC - RF Agile

PHY
XC72010-1CLG225C4334 Transceiver

i

Micron QSPI Flash
MT25QU256ABA

Analog Devices Power
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Course Objectives

« What we will not learn from this course
— How to control these?
— Bitwise Operations, SPI, Serial Communications
— Programming of Embedded Processor

ENABLE STATE MACHINE (ENSM) REGISTERS (ADDRESS 0x013 THROUGH ADDRESS 0x017)

Table 12. ENSM Registers Summary Map

Register
Address |Name D7 D6 D5 D4 D3 D2 D1 Do Default |R/W
0x013 ENSM mode Open FDD mode | 0xO1 R/W
0x014 ENSM Enable Rx |ForceRx |ForceTx [ENSM pin Level Force Auto To alert 0x13 R/W
Config- dataport |on on control mode alert gain lock
uration 1 state
0x015 ENSM FDD Power Power TXNRX SPI | Synth- Dual Rx Tx synth- 0x08 R/W
Config- external down Rx |downTx |control esizer pin |synth- synth- esizer ready
uration 2 control synth- synth- control esizer esizer mask
enable esizer esizer mode mode ready
mask
0x016 Calibration |Rx base- Tx base- |Mustbe |Tx Rx gain Open DC calib- | DC calib- 0x00 R/W
control band tune |band 0 quadrature |step ration RF |ration
tune calibration |calib- start baseband
ration start
0x017 State Calibration sequence state[3:0] ENSM state[3:0] R
", P
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Course Objectives

« What we will learn from this course
— Transmit & receive wireless signal.
— Simple wireless communication.
— In Python environment

Bypass
AD9081 0dB 6dB
TS QLU S,
Sron 4GSPS
M, wose i 2
N4
RX > H > }g —o><AID | PFIR ¢ | NCO NCo
HMC8411 HMC8411 Tem 7
0dB 6dB
— TV H > Q-1 H >+
> v
o S ~ h ~ ’
MxAF599081 _:ES Coarse DDC Fine DDC
owaa e oac | R
PERRRRRRE https://pysdr.org/

CHUNGNAM NATIONAL UNIVERSITY

REMI LAB 13 gme S =CHOHI



Course Overview

* Programming in Radio Engineering
« UKt =2 T2 T2 SHH HE2|= WS

+ ZREIBT, UBX|S, YMH|A, Hls, TEEAC
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o, Lo

« JS, Swift, Python, C++, C#, ...
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Course Overview

* Programming in Radio Engineering

» Computer : A machine that can be programmed to perform
sequences of operations automatically.

ENTRY

Euclid's algorithm for the
greatest common divisor (gcd)
of two numbers
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Course Overview
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Course Overview

* Programming in Radio Engineering
« ZZ2Y0| BiR7| Z1, H| A £|2 0|R]
2> 0{C|7t, o8 SR=X Ho{ = HHELL

A\ "plt" is not defined Pylance(reportUndefinedVariable) [Ln 1, Col 11]
AN "plt" is not defined Pylance(reportUndefinedVariable) [Ln 4, Col 11]

9 Hl%?: EP”A'X'% QQE? = Daackoverflow Abort  Potucs  rorwems | QL Py e |

Q. Google M E= URL & H

Every has a
tab open to Stack Overflow
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Course Overview

* Programming in Radio Engineering
. FC(Z) &ASH= Al
o AlE3SHOF Et7}?

import
import

def bubble_sort(array):
= len(array)
for i in range(n):
for j in range(@, n - i - 1):
if array[j] > array[]j + 1]:

array[j], array[j + 1] = array[]j + 1], array[j]
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Course Overview

* Programming in Radio Engineering
* Python & MATLAB

@ python’
U e wamas
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Course Overview

* Preview: Python Basics

« =M Z9|: https://kooc.kaist.ac.kr/cs101

- OIOFSt= 7= JHE S

Variable

- A2~ (Int, long, float, ...)
CEA

2= (Abs, angle, rad, deg)

Conditional Statements

- If, else
- While
- Break

Data Structure

- List
- Array
- Set/Tuple/Dictionary

Matrix Calculation

- Element-wise
- Matrix multiplication
- Vector/Matrix Size
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Thank you

Department of Radio & Information Communications Engineering
CHUNGNAM NATIONAL UNIVERSITY
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