Bai 5: Truyén thong
khong day va di dong



* Nhu cau vé loai bo day cap trong truyén thong.
* Sdng dién tur va truyén thong khong day.

» Ang-ten, thanh phan quan trong cla bo thu/phat
khéng day.

* Ngay dau cua truyén thong khong day.

* Mang truyén théng di dong (Mobile networks).

* Mang truyén dir liéu khéng day (WiFi, Bluetooth).
* Truyén théng vé tinh (Satellite communication).




Khé&i dau vai truyén thong co day (truyén tin hiéu qua cap)

.
o

[ - “'f - o
2

f'\

RPTTTLUNGIL LTS

... dén nhu cdu vé
mot hé thong

truyén théng moi luc,
moi noi...
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Wire Network

« Kha nang di dong cua ngudi dung trong khi sir dung;

* Phu hop & nhirng noi khé khan thiét lap mang co day;

* Vung bao phu rong, kha nang phuc vu sO luong I6n nguoi sir dung, va
dé dang ho tro m& rong s6 lvong ngudi dung;

» Chia sé d liéu (file) dé dang hon (WiFi, Bluetooth...);

 Pon gian hon trong cai dat va duy tri dich vu.

* Nhuoc diém:
» Thudng bang théng va téc d6 truyén dir liéu thap hon, va do tré
truyén lan cao hon;
« Nhay cam hon v&i cac van dé vé an toan thong tin;

* Bj anh huéng bai cac yéu té ngoai canh: vat can; diéu kién thoi thiét
thay dé&i; can nhiéu chu dich (pha séng, gia mao tin hiéu), hoac khéng
chu dich (bao tLr hoat ddng bat thudng tang dién ly...)
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Song dién tur (Electromagnetic waves - EM waves)

« Song dién tur (blrc xa dién tir - EM radiation) 1a su két
hop cua dao dong dién trudng va tu trudng vuodng
gdc voi nhau, lan truyén trong khong gian.

. James Clerk Maxwell
Qua phan tich ly thuyet Maxwell chirng minh su tén vy 1879)

tai cia séng nay do moi lién hé khang khit gitra dién
va tur. Song dién tir co thé truyén vai van toc anh
sang, va anh sang cing la moét loai song dién tu.

« 1888: Hertz da dung dién phat ra cac song co tinh
chat giong nhu anh sang va do dé da xac nhan
nhirng y twdng cua Faraday va Maxwell. P

I." | SO U cons e TowG v T T Heinrich Rudolf Hertz
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Thi nghiém cua Hertz

« 1888: Hertz da chirng minh séng dién tir ton tai nhu
du doan ly thuyét cua Maxwell.
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Song dién tir dwoc sinh ra thé nao?
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Ang-ten - thanh phan quan trong tao ra song dién tur

« Ang-ten “dipole”
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Dong dién xoay chiéu Dién truéng thay doi Song dién tir lan truyén
tao ra dién trwdng tao ra tir trwdng thay doi trong khong gian
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Ang-ten tiéu biéu: luéng cuc (dipole) nira budc séng
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* M0Oi quan hé gilra chiéu dai ang-ten va budc song
cua song dién tu buirc xa.

VARYING VOLTAGE SIGNAL




Vi du ang-ten trong thuc té

Magnetjc vibration

P
Electrical vibration L
- P
.
Direction of
———— wave travel
AN - AM ferrite loop antenna

wvm.explai@uﬁ.com

FM radio

% rod A5
/ antenna
AM radio

« FM 100 MHz, buéc song 3 m, do vay ang-ten dai 1,5m.

« AM buéc séng I&n hon FM 100 [an, 3ng-ten dai 300m dé bat
song?
Khéng, AM st dung ang-ten cam rng vai tu truong voi 16i
% nam cham ferrite.
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* Dién thoai di dong sir dung ang-ten
trong thay vi ngoai (“patch antenna”):
» Ang-ten vi dai (microstrip): day dan thay
bang mach in.
« Ang-ten PIFA: kich thuéc nho gon,
phu hop véi thiét bi di dong

__PATCH ANTENNA
7 [PLANAR INVERTED
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Smartbhone
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Hé thong ang-ten trong dién thoai di dong

Wi-Fi antenna

5G antenna

Diversity
antennas

Near-field
communication
(NFC) antenna

5G antenna

Three antennas
(low to midband,
midband, carrier
aggregation)

n
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Song dién tir duwoc dung dé truyén dir liéu thé nao?

* Diéu ché bién do (Amplitude Modulation - AM), diéu
ché tan so (Frequency Modulation - FM), diéu ché
gdc pha (Phase Modulation - PM)

X E: Electric field component

4 Amplitude \
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e Piéu ché FM

Tin hiéu (biéu dién di liéu) \ %
| \/ \_/ : Data Signal Song dlen tu
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Séng mang

16



Song dién tir duwoc dung dé truyén dir liéu thé nao?

* Clip minh hoa

TRUONG CONG NGHE THONG TIN VA TRUYEN THON
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Truyen théng khdong day

» Marconi cha dé cla truyén dan vé tuyén
khoang cach xa.
» Marconi tdng hop clia cac thanh twu cua:

Tesla, Hertz, Maxwell, Faraday... de xay dwng
hé thdng truyén théng khdng day dau tién.

* Nobel Vat ly 1909 cung voi K. F. Braun ghi
nhan sw dong gop cho sw phat trién cda dién

tin khong day. Guglielmo Marconi
(1874-1937)

» 1896: phat minh ra hé thong truyén dan
dién tin khong day.

* 1901: phat thanh cong
tin hiéu qua Dai Tay Duwong &
(Atlantic, Anh -> My)

oooooooooooooooooooooooooooooooooooooooooooo
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* 1897 thanh lap Wireless Trading Signal Company
(WTSC) dé thwong mai héa hé thong.

* WTSC trang bi hé thong radio cho tau Titanic, gop
phan quan trong trong ctru hd thdm hoa Titanic.




Mang truyén thong di dong
(Mobile networks)



Thé hé mang 1G (1970-1980)

« G la viét tat cua Generation (thé hé);

1G |3 thé hé dau tién ctia cong nghé dién thoai khong day;
Toc do toi da 1én tai 2.4kbps;

1G cung cap dich vu thoai trong 1 quoc gia;

« Mang 1G si&r dung tin hiéu tuvong tu (analog).

7 TRUONG DAI HOC BACH KHOA HA NOI
: HAMCH UNMIVERSITY OF SCIEMCE ANMD TECHNOLOGY
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Han ché cta thé mang 1G

« Chat lvong cubc goi thap;
« Vong doi pin thap;

« Kich thudc dién thoai 16n;
 Khéng c6 bao mat;

« Gidi han vé thong lwong;

« D6 tin cay chuyén giao” (thay d&i |
tram két n6i co' s& khi ngudi dung ke

di chuyén - di déng - gilra cac \
vung bao phu khac nhau) kém.

Vidu vé dién thoai 1G
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Thé hé mang 2G (1990 - 2000)

e 2G |3 thé hé mang dua trén hé thong toan cau cho théng tin di
dong (GSM - Global System for Mobile Communications). 2G
ra mat & Phan Lan vao ndm 1991.

« Mang 2G st dung tin hiéu ky thuat so.
e Toc do dir liéu 1én t&i 64kbps.
Cac tinh nang cia mang 2G:

» Cung cap dich vu nhu tin nhan van ban, hinh anh
va tin nhan da phuong tién.

- On dinh, tin cay, chi phi hop Iy bao gém ca dau cuéi.

« GSM hién duoc sir dung & 219 quoc gia va
vung lanh thé phuc vu hon 5 ty nguoi

- Nokia 1100 --Dién thoai
HISTO I 2 I OF GSM ban chay nhat moi'thoi dai:

255 triéuchiec

BIRTH OF THEIM@BIEE REVOLEUTION



Thé hé mang 2.5G

« 2.5G |3 céng nghé nam gilra 2G va 3G cula dién
thoai di déng

¢ 2.5GIla su két hgp cia 2G va GPRS (General
packet radio service)

« Daic diém cua 2G:
= Ung dung: goi thoai, glti nhan email,
duyét Web
= Toc do: 64-144kbps
= Dién thoai c6 camera
= Mat khoang 6-9 phut dé tai
mot bai hat mp3 dai 3 phut
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Thé hé mang 3G (2000 - 2010)

3G radoivao nhirng nam 2000;

e Toc do truyén dir liéu tang tir 144kbps t&i 2Mpbs;

« Pap rng yéu cau cua dién thoai théng minh:
« Can tang bang thong;
e Can tang toc do truyén di liéu;
« Dé phu hop vé&i cadc &ng dung dua trén nén web va

multimedia.




Thé hé mang 4G (2010 - 2020)

« Thé hé mang 4G ra doi vao cudi thap nién 2000;
« C6 kha nang cung cap toc do tdi 100Mps - 1Gbps;
« Cung cap bat ky loai dich vu nao vao bat ky Itc nao theo yéu cau
cla nguoi dung & bat cr noi nao;
« Cac tinh nang bao gém:
 Bao mat hon,
e Toc do cao,
« Cong suat cao,
« Chi phi thap trén mai bit.
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Thé hé mang 5G (2020 - 2030)

* HO tro kha nang di dong cao: 1én t&i 500km/h;

 Toc dd truyén di liéu 1&n: 1&n téi 10 Gbps;

* Tré truyén lan nhd: ¢c& 1 ms (so v&i 50 ms cla 4G);

« Dung lwong két ndi Ién: hd tro lwong IGn thiét bi loT;

« Tang dé bao phu dich vu: nadng cao dé tin cay ca & khu
vwc dong duc, cling nhuw vung sau, vung xa;

- Gidi thiéu khai niém “network slicing”: cho phép tao nhiéu
mang o dwa trén mot mang vat ly duy nhat, hé tro tot
hon cac nhom nguwoi dung khac nhau;

* Nang cao hiéu qua st dung nang lwong: giam tiéu thu NL;

* HO tro cac cong nghé moi phat trién: AR/VR, thanh pho
thong minh, tw dong hoa, y té tr Xa, do: toc do truyén div
lieu cao, tre thap, kha nang két noi nhleu thiét bi.

l“ TRUGNG BAI HOC BACH KHOA HA NOI
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Tong quan phat trién mang 1G t&i 5G

1G

:

2.4 Kb/s

Q £

64 Kb/s | 2 Mbls

100 Mb/s

More than
1 Gb/s
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Cubc chién mang

Laws require all
persons to assist
with state
intelligence

S

HUAWEI

World's leading
telecommunications
manufacturer

Promote use of
Huawei's 5G
technology

Executive Order &
Commerce Dept.
blacklist Huawei

US diplomatic
pressure on allies
to ban Huawei
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America does not want China | china is winning the 56 race and the US is
to dominate 5G mobile |
networks

It is going about it the wrong way

SO screwed: CTIA

How real is China's 5G gap?

China has deployed 1.4 million 5G basestations, which it says accounts for more than 60% of the world's total. The US has

around 50,000.

Robert Clark

® 3 Min Read

ETWORK &



Twong lai: Thé hé mang 6G (2030 - 2040)

New spectrum

SCity technologies

and trust

Six key
Cognitive, technologies

automated &

specialized for 6G Ali:tzt:;’:c:"
architectures

Network as
connectivity ot

Extreme
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Mang truyén dir liéu khong.day:
WiFi
Bluetooth
Vé tinh



Mang cuc bo khong day — WLAN (WiFi)

1990:

Ra doi nhom lam viéc IEEE 802.11 v&i nhiém vu dinh nghia

chuan cho cac mang cuc bd khéng day (Wireless Local Area
Networks - WLANS)

1997
1999:
1999:
2003:
2009:
2014
2020:
2024

IEEE 802.11, ho tro 1-2Mbps tai bdng 2.4 GHz.

|IEEE 802.11b, ho tror 1-11Mbps tai bang 2.4 GHz.

|IEEE 802.11a, ho trgr 1-54Mbps tai bang 5 GHz.

IEEE 802.11g, ho tror 1-54Mbps tai bang 2.4 GHz.

|IEEE 802.11n, ho tror 150Mbps tai cac bang 2.4 va 5 GHz.
IEEE 802.11ac, ho tro 433 t¢i 6933 Mbps tai cac 5 GHz.
IEEE 802.11ax, ho tro 574 t¢i 9608 Mbps tai 2.4/5/6 GHz.

IEEE 802.11be, ho trg 1376 t¢i 46120 Mbps tai 2.4/5/6 GHz.

w La thwong hiéu cua Wi-Fi Alliance, té Chl:'I’C hé tro s
phat trién cua IEEE 802.11. Cac san pham tuan theo
chuén IEEE 802.11 duoc goi la cac thiét bi WiFi

School of Information and Communication Technology
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Bluetooth

* 1994: Bluetooth duogc dé xuat boi Ericsson, phuc vu
viéc truyén di liéu trong khoang cach ngan.

« 2016: Bluetooth phién ban 5, toc dd I&n té&i 50 Mbps.
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Truyén théng vé tinh

* V& tinh nhan tao (Artificial Satellite) la vat thé dwoc dat
vao quy dao thdng qua suw can thiép cua con nguoi.
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Kh&i dau ctia ky nguyén vé tinh nhan tao

* 4/10/1957: Lién X0 phong thanh cong vé tinh nhan
tao SPUTNIK bat dau ky nguyén théng tin vé tinh.

11/1958: Vé tinh SPUTNIK 2 dwgc dwa vao quy dao
mang theo Laika — sinh vat dau tién I&n v{ tru

Efljz sz ﬁnrk Times. [

SOl IET HRES F ARTH SATELLITE | INTO SPACE
IT IS CIRCLING THE GLOBE AT 18,000 M. P. H.;
SPHERE TRACKED IN 4 CROSSINGS OVER U. S.

=n|CT TRUONG CONG NGHE THONG TIN VA TRUYEN THONG
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Thong diép dau tién tir vi tru

* 12/1958: My phong vé tinh
SCORE. V& tinh vién thdong dau
tién trén thé gioi.

* 19/12/1958: SCORE phat thong
diép cta Tdng thong Hoa Ky
Dwight D. Eisenhower

“This is the President of the United States
speaking. Through the marvels of scientific
advance, my voice is coming to you via a satellite
circling in outer space. My message is a simple

one: Through this unique means | convey to you
and all mankind, America's wish for peace on
Earth and goodwill toward men everywhere. ”




Vé tinh dong quy dao v&i Trai dat (Geosync.Orbit Satellite - GSO):
¢ 1963: 2 vé tinh GSO SYNCOM-1 va SYNCOM-2 duoc phong
|én quy dao

¢ 1964: SYNCOM-3 vé tinh dia tinh (Geostationary Satellites) dau
tién duoc phong 1én quy dao phuc vu Olympic Tokyo.
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Tram vii tru quoc té

Cac tram v tru phuc vu muc dich tao noi lam viéc dai ngay
trong khéng gian cho cac nha du hanh vi tru. Cac linh vuc
nghién clru trén tram vi tru bao gom: sinh hoc, vat ly, thién van,
khi twvong :

e 1971: Tram vi tru dau tién duoc phong 1én quy dao: Salyut 1.
« 1986-2001: Tram vi tru MIR (vé tinh nhan tao I&n nhat TG).
e 1998: Tram v tru quoc té ISS duoc tién hanh xay dung.




Cac hé théng vé tinh vién théng hién dai

e 2019: Starlink 1a mot chum vé tinh duoc xay
dung va diéu hanh bdi Space X, cung cap pham
vi phtul séng cho hon 60 quoéc gia, v&i du dinh
cung cap dich vu dién thoai di dong toan cau
sau nam 2023.

« 8/2023: hon 5.000 vé tinh nho dugc san xuat
va phéng hang loat trén quy dao Trai dat thap
(LEO, ~550km so v&i bé mat).

« 09/2023: 2 triéu nguoi
dung.

 Starlink déng vai tro quan
trong trong Chién tranh
Nga-Ukraina.

‘4! SATELLITES




LEO - Low Earth Orbit

e 160 - 2000km

e Used by Iridium, Globalstar,
Swarm, Starlink, Orbcomm

e 10s to 1000s of satellites

Geostationary Orbit ~ @ 3 " ;
o 35 786km & - MEO - Medium Earth Orbit

-~ -
e Used by Inmarsat, Eutelsat, —— : Ll)?(.(ﬁ?\}ogggrhoru;\ss SES
Intelsat, SES Galileo (GNSS)

e Inmarsat have only 15 satellites in orbit
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E VnExpress

Internet vé tinh ctia Musk mudn phu
song tai Viét Nam - VnExpress SO hda

Truy cap
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Satellites

Léonie Chao-
Fong in
Washington

Amazon launches first two satellites in
planned orbital internet service

Test satellites for Project Kuiper network, which will compete with
Elon Musk's Starlink, launched on Friday afternoon

00:01:26

: &
iz
-
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@<« Amazon launches first two prototype satellites into space - vi
Amazon launched its first twgg e e on Friday, as
& to compete with Elon Musk’s SpaceX i building a
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¢ 6/2023: 11.330 vé tinh (theo United Nations Office
for Outer Space Affairs - UNOQOSA), tang 37.94% so

vOoi 1/2022
e Hién tai: (Viét Nam co6 3 vé tinh: VINASAT1,2, VNRedSat)

United States 5.798
SO i 6
People's Republic of China
United Kingdom
o = Communications: 4 823 satellites — increase of 53.84% since January 2022.
= Earth observation: 1 167 satellites — increase of 13.30% since January 2022.
e = Technology development/demonstration: 414 satellites — increase of 7.53%
HIPCR R oy g since January 2022.
e g9 = Navigation/positioning: 155 satellites — increase of 0.64% since January 2022.
o chteiue Oxgancaation. [| %6 = Space science/observation: 109 satellites— increase of 0.93% since January
Globatstar [ 84 2022.
S| =< = Earth science: 25 satellites — an increase of 13.64% since January 2022.
I = Other purposes — 25 satellites.
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Truyén thong khong day va SolCT

* Sinh vién duoc trang bi cac kién thirc bé tro kién thirc dai
cuwong: Dai so, Gidi tich, Xac suat thong ké, Vat ly...

e Kién thirc co s& nganh: Toan rdi rac, Mang may tinh...

e Kién thirc chuyén nganh: Xt ly tin hiéu, Ky thuat truyén théng,
Lap trinh mang, Mang truyén thong thé hé mdi, Bdo mat...

Loi thé cua sinh vién SolCT: Mém hda hé
thong truyén thong khong day
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Tong két

Hé thong truyén théong khong day cap nhat cong nghé khoang
10 nam 1 [an (m6t thé hé md&i ra doi)

Hién tai dang trién khai 5G va nghién cru dang huéng téi 6G
v&i muc tiéu ra mat vao nam 2030.

Xu hudng ctia thé gidi la mém hoa hé thong truyén thong =
Sinh vién cong nghé thoéng tin cé lgi thé trong viéc hoc tap,
nghién ctru, va viéc lam.
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