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CDMA (Code Division Multiple Access)

ROSLR IO,

ORI AN,
§ue 1% ﬁ&'(":,
s o
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UMTS (Universal o Jailiwl .owl 899 4 Sglite slo,gi5 j0  alisee sla (5,9l ol ot ol g Juus
oleslw Jawgi YooVl ,o aSMobile Telecommunications System)

Oezed L35 plu 5l 5,518 (ol 3,20 3GPP (3rd Generation Partnership Project)
WCDMA (Wideband Code Division Multiple Access
2 CalBo V.Y ey yiSTas wilgs o 45 Cowl HSPA (High-Speed Downlink Packet Access) (s ,qlid &Y,0 Jus
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3ga> g 4l p Ceolfo Vo0 Bgam CS > > 104G Al e S Tas Lol 3,08 YA+ il L Telstra
b asl oo Ve 5l a8 @ sl e ¥o v g0 5B alST bl Jeus il ol 24100 ol 1Gbps
Dy gs 4y FieS S
Lo S0 & 0300 aiiler Wb 5 (Fgo 4ellie oS Sol (pl ol jon (5 3D 0o i oo sl (S
D¢ g0 45 VOLTE (Voice on LTE) L VoIP ] & aS 55 Lo

(Jad ol 5o 550 sl jlastiul 1 .cul ool 451, 3GPP lawgs a5 el LTE (Long Term Evolution)

WIMAX (Worldwide Interoperability for Microwave Access) ¢ UBM (Ultra Mobile Broadband)
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In GSM network, the packet transmission from MS to BTS is known as uplink where as from BTS to MS is
known as downlink. In GSM frequency range from 890 MHz to 915 MHz is used as uplink frequency where

as 935 MHz to 960 MHz is used as downlink frequency.

For 3G networks, the uplink frequency commonly ranges from 1710-1785 MHz, and the downlink
frequency ranges from 1805-1880 MHz.

For 4G networks, the uplink frequency often falls within the range of 1710-1785 MHz, while the downlink
frequency is typically in the range of 2110-2170 MHz

Cellular Technology in US Frequency bands in

US
2 CDMA (2G, 3G) 800 MHz, 1900 MHz
3 WCDMA (3G) 850 MHz, 1900 MHz, 2100 MHz
4 4G LTE 600 MHz (B71)
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Drive 4G-X uplink and downlink power output:

Power output for single call 700 MHz T00 MHz 800 MHz 1700 MHz 1900 MHz
phone (Uplink) dBm Band 1217 Band13 Band 5 Band 4 Band 2
24.84 2435 234 213 2443
Power output for single cell 700 MHz 700 MHz 800 MHz 2100 MHz 1900 MH=z
phone (Downlink) dBm Band 1217 Band13 Band & Band 4 Band 2
287 279 28 20 1.92
Maximum .
Theoretical Maximum
Generation Standards Theoretical
Download Upload Speed
Speed p P
Up to 5.76
3G HSPA Upggoloﬁgi)bps Mbps
i (800MHz)
Uptoll.d
3G HSPA+ U(fitgo“é@’[{';‘;s Mbps
(1900MHz)
Up to 100 Mbps
4G LTE (1.8GHz) Up to 50 Mbps
4G LTE-A Up to 1 Gbps Up to 500 Mbps
WiIMAX Up to 30-40
4G Rel 1 Mbps Up to 17 Mbps
WiMAX
4G Rel. 2 Up to 1 Gbps Up to 376 Mbps
P68 of93 Amin.Sedighi@gmail.com



Sl sl o]

BTS & T

4 b)) Il (nl 3585 o po oS g Bond Jiod ol e (bl dhowy (n Soguoms 0 099 5l am (oS ol e (435
! O y Juo 4O 80

Sgdcn cuas o d 50 1S Slows Cas 4 a5 Canl layiSl 5,5 0 o e yals 5l eolasl

w ) Ssue Gble jo Jlge 5T slo olKiiws! Jlais Ltal38l sl sl Jlo ;o ol o (pils S i Kot ial58
la 1,55 i oo @bl b (5T opl a5 (2 lsel 4 azgi b ol ol Lol szl 0057 o )bzl 5 p 3l olizz] (65l
ol 03,51 Wy Zlgal oyl oy sl e G

ALS oo Canilow 055 Fu55 blie o ol jem 4l BTS slo 6T sl 5l o> poye 5l (S

Aad  cdolineg 2SIl lgal adgs Lol mlio 51 SO ol jor (sl yals

Slpbe Gla JSo cunblon Hloe ;0 585 18 omen o bl )l aliwg cpl 3l oolawl a5 wloawie ol p laase
Al andls ludl cwdle (055 Dl ST wslgs oo

Dgdis b ol plp j0 08 (i85 18 ey S 5 Dl 4 a5 LBTS (glail cundolineg 58Ul glsel 136 ol
Ol pbre 5l g e SC31T Co e ol Sl g Jaas (gl 50 (6,10 e ol e sla yali Sl po e eolaiul I e
Og oo ooliinl pn

Lzt SBlas o blse sls 455

O 4 Vb s Ol b glgal ol STI 058 o 05 b 0 (ls5 ad 4y g g piiie upbliseg 2SI Elgel 57 o
o)ls SIS sla aS o )ls 852y (gualed dw

Slpbe sl J5o aaslelu 4 LS

ool JS'o Gl calise (sl o5l pl (JS'o iz (3lasl ol (sl 4 b Wigd 3905 mpe ool 0 by gilpl b " SlSG o0

orercbpll oyl o, peaf 0l e d ) a8l Bl els |,..~. b S5 Sy o BTN sl oy alasld
--F n._.-tl |._.¢ - t_-u..-.llm.:t.l L-t L-..l :, '».-'..-" _.-u.ll Lnt |___. ._l_?.‘l‘a."ll', -;-FIJ;.E'.-': .g.,‘.l.-':'e.'.'-' l;-lL-t‘:,I..-.l "._sJ'L""

A VH' -
a 2 o YL o o | = = , A4 e

g oleays ooy & LS 4 lames coaths 5 0 AJFINT 2 00 0 FIO0-9 s Ll ael 4y a g L

JUTE
prad iyl alold o AL = 25dbm | S s I 3l emaps ol @ttty naul o (S A gl
Susld e w=n B L 5l

e ool Slas Gl sl | go B ] adold g ool glo Sl olad gz 5 sadyy osat o
BIS ey byipe oot odg sltatssonn b lalln o o5 20,5 olg seiiman wlloe iz 5l
Sl 0.05wfm? 5l 2a8 lewy o] ol IR o~ 25dbm 5l a8 L

BTS gl sl alals wltads y _cdobiiing iS008l _Bie 3000 3 0e 0
EWPNTIEE PNCS

_.A.L"- I—"-ILI'-"-I"-'-'-’U"F" ) Qf_‘: 5

L

P69 of93 Amin.Sedighi@gmail.com



Slalse slo ol

SO
A, |"~:|.'I'\} !
T

— v :

el llS 5 et (gl oslials e slas slinl oo, s
oo Juilisl 5 035 ez ol )3 Ale slataghy gdse Gl cadls  (psdly IS slagiali =5 U]
el 00 w3 o] el o ]

@ ol al (B Hled coaiy] Jl glp a5 068 o S iom el 5l > )0 ey @ ol e (ali Sl oolal
S etz Gl 500, YAV Sl iy oy b atldS Jlo B (b olyjen (al5 JBL oyl nl 5o a5 o)LL 57A
Wy o0 8 gk YT ) jolS 0 olpen ali I i el pols b o ol ails

olyor il STidlaiz (& p 4l g OTAD (e g gl (sog0e §)led p) (Soao AOTA oo Clusal L an]]
Sl gty g9o9e Ghail bl T G2l 53U (Jdo (ro a3l S ol 51l Vel (aBly (1S 5iie el
Sy 5l 45 0ald by (Mollirn (Slojle g aole Lagi po (daml (slosjlaibial g Coslodgy (e pliaw 50 (SaliSee
ok 4 pdy plpl abea 5l Gl lay0iS 5l (6 ke

Sl Jlade ax S0l HuilS 8 Oleianis Cpeol ol )

Sl el S T b agzlso a5 wilos S aseiie |, (clailiwT zlaws ICNIRP IEEE « NCRP clo iylojles clo o] 5o
(W/Kg) o ,S5LS 5 Sl ¥ oy S slys (SAR) o339 i ¢ 5 dilbio] prbans bl azls bl gl g e Sa5s0sms
Lol Sglite alize Sl U )3 (am3l; Sl B 6551 lp Gl e S @i 25 Oliee (Jlonll e

P70 of93 Amin.Sedighi@gmail.com



Sl sl o]

sk Gl oy ples Gl 5o a5 Cunl 35,00 Yo e LY GulS 2 (gosguome )0 (o pled axlge (sl (e (n Foguee
ale 0,5 0 52 33 1y o 3 (s s ol s 5 ol sl S o i |y (aasedly 0S5 b 5551 550
i GlaSs sl mlaw cal sl eusgase (ol Ll tasloads jasein alise slacusgas ol pan slooyals
&5 (SAR) o535 i 5 lake Ll 4y (FCC) J1ad Slbls )| ygemneS Jawgs a5 slacosgase o il Sisew

IR 2ol Gl B L azlse ;o s ples a5 ol oy sl oS Ve B 5 alS Ve e (sla S 8 cilons
Bl (oaizin 3 5T SG L oljen ali Gl Glaieas) mlio g9 a4 (S ool Jlasl slacusgase 0,5
S ol iz Jo BB lopali 5 ol jen slayils. ¥

o (59, (@30l Slo s, 5l iU gae Dl (pgaz 0 oS ol pl Sl 5 bgialeS Gl sla L 4o
Lol .0 5 sl Waoliws pl Jleixl &l pan gy p lp BlSw ci2gh ool p ol Coge jud et 9 Clld 092
SIFTL by a4y i Wilg oo paw 2 Sl 5l oolatnl (S Coll oS sdls cuws 4y cole oleds g (ST
gl aladl> oly Cawd 1L AseS s 00 5w dlex 51008 Sl (55, ;00 gllasls

Sl 31 3 28Ty (Sla S 3 b e (51t (FOC) U108 AL | (ppmmmaS (sl a5 i 45 oo loc
Col oy lacdl hwg ogoly slo (ulS ;8 Od> polde a5 0ab oo (5,5 03l0l (SAR) 0539 i 5 & jgods of oo
Slg Vo7 (SAR) o9 @iz &35 wolyen Al 25 S sl (ol (Go0997e 098 (o0 s F 03Il TS Dy e g
e Gl I b sl (g,8 51 8 eaoeie YL 1o ol jer sl ali el oy <L 510 )5 Y Gl 0 S 6lS o slsla
gy a5 conl o 28l 5l 8,5 Ve 6l 0,5 elS o glila Sl ¥l LS5 S slacodgase Lasil alils cillae
ol 00l astine ;550 sl eSS4 Lyl 0 (ICNIRP) g yue axdl j cbla> Mol aieS

ole Ll joaS conl ools (Lis «yludl jw sloJoe 10 (SAR) g iz #5559, o ulow g 350 g g 5ol
2 sl Slg 1of 5l axlge e a5 Cawl dumy (PCS) pazeds (bl )| slaailolus g ol o ol slo &g 5l ool
glyel 51 LL3)1 (6,185 ln a5 035 oo 3o w2 SR 3590 55 (e WIS j5ue 00i) Bl p SlS

0I5 25T Sl osliial Ll 5 penn 5t (iowd (slapl5 el e ot (sl S 3 b bl 2SI
Ll p )3 i Slapals jloslaiial jtic 1n S oo ol 3 1) (6 5t (ol 4l (nlnly 09d oo plonl Slilee
s (6 S T

e llas 355 ol o A5 (SAR) 0335 o &5 3l elgioe s ¥

oy @ a5 Sl (pazd b3 I slaailele g ol pon (53l Sl (a1 o0laial 590 JLxe (SAR) o9 i & 5
cnet.com aiile (T sl )55 s (S 0,05 oo 5,8 eoliiul 8,50 osl GlaCudgame lsieds il slaylejles
Cawd ol Cledbsl il s o d51)) 1) ol jan sloyali alire slo Jow 059 i 750 dlbgypo Sledol a5 i jlo g2
33 oo syl GEN L 5l 6 ks (b ond 53 el 418,515 abgy e saglesle 9l 3590 5920 laculucy
53 o 093 (S 4 aie (nl o (GFObL 355 Coluy o b DY same sleal) loaz 18

Q)L?bo ‘LQJS-) SS9y Yw ‘“‘*’9’“’5“ oolai! ‘s.w .bLo.s)‘ 6“&.3}"*’ 9 u.s‘fbbo quLu)‘ LgLa:dSu.w 6‘).3 LY G’LQU""—‘
Sl g gl 5l (onS 5 g ge cea atl slapleizle BLbIL by alex 5wl slaojle Soo b
£l 1 ozl ce (oo SALLS | o jind bl b (BTS) o 18 oiin b aoly oSl S 1, o 0 Lo yo oSaig i

P71 of93 Amin.Sedighi@gmail.com



Sl sl o]

o i 3l (s 4l oyl Sy ] 0 B0 61D e ol sla S b el csloolfinyl (sl Jgons
€5 ol az S0 ls Jsb e O U Y o Yoore g diiiad G £l slo,ud aile ) Yoo a5 0iS ooliiwl ad,b aen
WNgyse S 4 1eS (s ed Bblie o Loyl

wl ol @ln Jhesw ol j1 ¥gone cazd Dbl )l 5 olen i Sleas G amsdl)los 4t bl 5o
YV 3 g0V B Y sgam a5 058 oo 8 (IS Jubaies slaJio S50 o o o] cpl S e ooltul 045
oy 5 S 5, Lol g5 al s oo cuad laplais b oo b pl ity (55, Ygane 5 23,1 ol e il
g o el 5 3

St S5 sl (15 )0 G (F8pS Sl (Fs8

i 4y iy 353 e Uil s Wlgicsm o sesly olS 3 b e 05 e ISl olSil ;0

+ 730 Ol (b sleellw! Slles Glg 2STas 5l U1 £45 5 00iin,d 1o 508 wodd cual o920, slaoaiin,
BB zlsel lg ol ply sl Dlg 0+ 5l 1S Ygons UPS) alaiio ,ue a0ds8 mlio gy + Sdg uSIl ol jloe s lgs
o8 8l (b e o Cnl Dlg Ve g0 W sl s o g Dlg A B e pgo fud o bolSs! cpl JLs )]

2 809 5 B jeme 10 0l aud dlael g el ool ools Hlas 3 IS jo LAl jo Sl s Sy (sogo8 gwai
ol 3n y SSr Siy oged o] Sy Skl g e n e

s 1 M o b S s 5 0305l 3,50 ise sl 5 3, i sl 45l sl il 0
5 Soll s0ly ;o FM g AM Ld 51 SJUT oy (sl g p oy S oo pite Sl pbre slagil & o
ooliiwl 0,50 958w damio sl il g oo Yeluw idu p5ulSe 15 « DVB-T2 Jlizus slo g 50 g VHF/ UHF
bl (nl oS aw oo S ay jebinl ol oSS )0 az STl j2 4y el 05 Sl 55 Lol (g5 5 00,5 0 158

o3l i) By (nl slodS's Vb (s el )] apargily Lol carisly assls (0 (55, 1,81 (6l (6 s o,
s )18 abbgy re slas lasbiw mlaw ;o 55 b gy opl 5 (5L gl il (e

oS oo o)l p3¥ (sl Cudgaze p laplejle az Glnl 0. 7

w0dd e Mallops 5 o slalojle Goum 3l &S ol Jesdlygiws (59, 5I(INSO) (ol o laslin! Lo oylojl o1yl 5o
P SERSF R 099> S o0 e | (EMF) (i blisag 51 laploge b axlge 1o poye 5 (Jod (62555 S0

ool 008 12995 (ICNIRP) 03059 yus axil | cblas  Modl iy aieS Jawgs  cmndolineg iSI gloloe

slaglas ()l e 9 Sl SISl G (oole laaidl jo o5 bt Glas K5k 5 e plosle ]

Ol azel aS (anl 00ls 18 Cugal 8 50 9 Sl bbasee |y ba fedljgiws pl canl ools pladil s (59, (smdolineg ;i
Lol dnll gl o cblas 53l az e o ailinl g oduw; Ol 4 KABFY 0S (paes (515 53y SguP e S

ailg s g (Oloas) HI5 4y sl ailg . Seild axly sl el 0¥ (e (9 jlow Slbls )l Sleas saiasdll )l sla il ol
Szl S8 Jein wnll ply o cblax jgal m80— lul sedl (65,50 lojlu .aisS 8l o ( o g0y Sligas Slolg
20 5 e sl ol 55 amsl, Olbls)l s O, jie mdas lojle 5 005 (68

P72 of93 Amin.Sedighi@gmail.com



Sl sl o]

P73 of93 Amin.Sedighi@gmail.com



Sl sl o]

(Avionic = Aviation Electronics) (o3 bowd! g & yngxd 30 L ilS )3 ¢ W34

115 V_AC_3P_400 Hz s,

24 V_DC s,

HF Radio

VHF Radio

UHF Radio

Automatic Direction Finder

ADF

200 - 1800 Khz

Very High Frequency Omni Range VOR () gm0 4 3lg, Cooww ools jLis 108 — 118 Mhz
ey olKws!

Microwave Landing System MLS (o5 a0 50 i) 5031 - 5090

Mhz

Distance Measuring Equipment DME e olfias] G 511, Lo lgn alols 960 — 1215 Mhz

Weather Radar 3-30Ghz

Glide Slope

Locolizer

Instrument Landing System

ILS (VHF/UHF)

INS

Traffic Collision Avoidance System

non-directional (radio) beacon

NDB
(VHF/TACAN/ADF/LL/VOR/GS

LORAN
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(900Mhz, 2.4Ghz, 3.6-6Ghz 45 W5 ) WIFI & &l9

sBsly Dbl )l jo eolawl glp |y calisee og0ly sl (WilS 8 802.11 o lailiwl b sly calises slo uilS 3
o5, sl Wb GHz £+ g GHz # GHz 0,8 (GHz & GHz ¥,4 GHz ¥,7 (5 2K V,F (55,086 Av 0 aiS o (el
Ayl gy Gliogs el slaciglas aS s salise

Sgd oo yo gl £ QT Bai a5 il e Zilw VYL0 090> 0 >ge Job S o 5 FY LS8 o a5 Wifi zlsal
.on board antenna & ls 1y 5, 59, Ak bl Sol) 4

WiFi Antenna 2.4GHz 5dBi

On-board Antenna
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(100Khz , 13.5Mhz, 860Mhz 4 wilS $8) RFID

7

N

RFID Tag

Chip

Antenna

HF RFID Ante=.

[ Analog IC Tips

How do RFID tags and reader ant...

- =
o_

g5 ol loass 1y Lol ol coybiel a5 5 b bolds b o Ylais] a5 st ooyl jl 6,500 slodiges
Lo

=

Ny s

=

v
\/'-f e

UHF RFId Antenna -

- —

RFID

RFID IN THE ELECTROMAGNETIC SPECTRUM

= Less absorption by moisiure
* Better amni-directional capability

*Longer reading range
*Higher speed

Low Frequency 120-140 KHZ 10-20 cm
* Less impact from the presence of metal *More interference from metal
(LEF) RFID « Sherter signal range and slower reading
High Frequency 13.56 MHz 10-20 cm
HE)
. 125-131kHz 6.8 MHz 13.56 MHz 433 MHz 815 MHz UHF 245 GHz 6-8GHz
Ultra High 868-928 MHz 3 meters DF HE Active ActivelPassive Wi-Fi RTLS UWBRTLS
Frequency
(UHEF) i OTHER: ULTRASONIC, INFRARED ,
S, e g
Microwave 245 & 5.8 GHz 3 meters LF: LOW FREQUENCY ¥
: NE: NLIAL FRECLIENCY DEIn el HITIgN
RFID operating frequency
frequency (Hz) 10M

wavelength (m)

L) | L)
common RFID 125/124 1355 850-980 2.4
bands KHz MHz MHz GHz
less-frequent 57 433 5258
RFID bands MHz MHz GHz
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EPC = Electronic Product Code
RFID Tag b ez 5Ly 43855 59> 4 RFID Reader
Sgdinn eals ez 50 35250 (] Langh 4355 1 Jladyd Gl
Sgdie (ol ez 33 (S oS (55bl Ly 4055 Jlad il dond Lz
Sga (yoli (651 g S danogh 4,355 ¢ Jlad (slopnz 5

RFID Reader

Industry-leading RFID Performance

Andiaid 11 {I:j} Corax-A53 Octa-core 2.3GHz

[Optional)

8000mah Powerful Battery

Q‘::j RAMSROM: 3+3266/4+04GB EI 52" IP5 1020F Screen

[

:)') UHF RFID impin| E7$0/RZ000 H.“H Barcode Scanning (Optional)
s
Chip) b

m NFC {Optional)
-2 Accurate GPS
-

UHF

TMP Autofiocus Camera

Dual-band WIFI

-

RFID Tag

FPassive RFID
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Passive UHF RFID Tags Passive RFID Tags

Electromagnetic field

RFID Reader
Transponder/Tag
= . ;"[PJHF D
'§ 'Y E
- Power g
——— pa—— | 11011
r Data Data i
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!
|
' Magnetic field
| distorted by tag
Powerand data
“nt'lo.tg'glj-_._ 1

RFID tag

BN

<

Tag antenna

RFID reader

:'-__Rag_i:_ler antg_nnﬁ_.-':

Alturnaﬂng/'< >i I >

magnetic field Near-fleld region Far-field region
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(2.4Ghz-2.48Ghz 4§ U5 $8) Bluetooth &gight
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100m Usb Bluetooth 5.3 Adapter YYY @ ‘_{,,.;)_. S as ‘.5)‘.5 I) 4_:_,L, 4o u_,l,,l_i‘, &,, ._\JL, 6[,‘_@_. 6)-5-;
Usb Bluetooth Transmitter Receive..

O osls Jl gl bol s YU LS e ol sl 4l o CouolS
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Frequency
Band
C 3,700-4,200 5,925-6,425
MHz MHz
Ku 11.7-12.2 GHz 14.0-14.5 GHz
Ka 17.7-21.2 GHz 27.5-31.0 GHz

The frequency used for all uplink transmissions is known as uplink frequency.

In GSM cellular networks the 890-915 MHz band is used as uplink frequency.

In satellite C-Band communications 5925 MHz to 6425 MHz is the uplink band.

Satellite networks also use 14.0-14.5 GHz (Ku-Band) and 27.5-31.0 GHz (Ka-band) for uplink

Ku-Band. The range of frequencies attributed to satellite communication systems, around 14 GHz or 18
GHz for the uplink, and 11 to 12 GHz for the downlink.( 11.7 - 12.5 GHz)

L-band (1-2 GHz)

Global Positioning System (GPS) carriers and also satellite mobile phones, such as Iridium; Inmarsat
providing communications at sea, land and air; WorldSpace satellite radio.
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S-band (2-4 GHz)

Weather radar, surface ship radar, and some communications satellites, especially those of NASA for
communication with ISS and Space Shuttle. In May 2009, Inmarsat and Solaris mobile (a joint venture
between Eutelsat and Astra) were awarded each a 2x15 MHz portion of the S-band by the European

Commission.

C-band (4-8 GHz)

Primarily used for satellite communications, for full-time satellite TV networks or raw satellite feeds.
Commonly used in areas that are subject to tropical rainfall, since it is less susceptible to rainfade than Ku
band (the original Telstar satellite had a transponder operating in this band, used to relay the first live
transatlantic TV signal in 1962).

X-band (8-12 GHz)

Primarily used by the military. Used in radar applications including continuous-wave, pulsed, single-
polarisation, dual- polarisation, synthetic aperture radar and phased arrays. X-band radar frequency sub-
bands are used in civil, military and government institutions for weather monitoring, air traffic control,
maritime vessel traffic control, defence tracking and vehicle speed detection for law enforcement.
Ku-band (12-18 GHz)

Used for satellite communications. In Europe, Ku-band downlink is used from 10.7 GHz to 12.75 GHz for
direct broadcast satellite services, such as Astra.

Ka-band (26—40 GHz)

Communications satellites, uplink in either the 27.5 GHz and 31 GHz bands, and high-resolution, close-
range targeting radars on military aircraft.

Source Destination
Ground Station Ground Station

clECiromics Les

LNB &3 of JI
LO=Universal LNB 9.75 and 10.60 GHz
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Maritime Navigation AM Shortwave VHF TV UHF TV Satellite/ Radio astronomy,
navigation aids maritime radio, FM radio, cell phones, microwave radar landing
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Global Positioning System (GPS)

All GPS satellites broadcast on at least two carrier frequencies:
L1, at 1575.42 MHz, and

L2, at 1227.6 MHz

(newer satellites also broadcast on L5 at 1176 MHz)

A constellation of satellites controlled and operated by the United States Department of Defense (USDOD).
The constellation includes at least 24 satellites that orbit the Earth at a height of 20,200 km in six fixed
planes inclined 55° from the equator. The orbital period is 11 h 58 m, which means that a satellite will orbit
the earth twice per day. By processing signals received from the satellites, a GPS receiver can determine its
own position with an uncertainty of less than 10 m.
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The Global Positioning System (GPS) is a satellite-based navigation system made up of over 24 satellites.
GPS works in any weather conditions, anywhere in the world, 24 hours a day, with no subscription fees or
setup charges. The U.S. Department of Defense (USDOD) originally put the satellites into orbit for military
use, but they were made available for civilian use in the 1980s.

GPS Technology operates in the following frequency bands:
GPS L1 Band: 1575.42 MHz with a bandwidth of 15.345 MHz

GPS L2 Band: 1227.6 MHz with a bandwidth of 11 MHz
GPS L5 Band: 1176.45 MHz with a bandwidth of 12.5 MHz

< UpperL-Band =3

Lower L-Band

A
v

ARNS ARNS
RNSS | RNss RNSS . RNSS
i ' ; . SAR P

[ epseands [ clonasssands [ GauLeo Bands GALILED SAR Downlink

ARNS : Aviation Radio Navigation Service RNSS : Radio Navigation Satellite Service
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dB, dBi, dBc, dBm, dBd

dB is used to measure the loudness of the sound.

dBc represents the ratio of the measured power at a specific frequency point and the power at the
center frequency.

dBi represents the ratio of radiation power in a certain direction (the direction with the strongest

radiation power) and the imaginary isotropic radiation power., dBi is used to measure the forward
gain of the antenna.

dBm is used to measure signal strength in cables and wires.

The units dBi and dBd are used to express antenna gains.

dBi (decibel relative to isotropic)

The gain of an antenna can be measured relative to an isotropic antenna and is expressed in dBi. An
isotropic antenna is a hypothetical antenna that radiates power uniformly in all directions. The gain of an
isotropic antenna is 0 dB which means it has no gain or loss.

dBd (decibel relative to dipole)
The gain of an antenna can be measured relative to a reference dipole antenna and is expressed in dBd. A
reference dipole antenna offers a fixed 2.15 dB of gain over an isotropic antenna.

The following equation represents the relationship between dBi and dBd:
dBi=dBd +2.15dB
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