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Abstract

This thesis is about the use of microwave to detect breast cancer using a
frequency in the Ultra-Wideband range of 2-4 GHz with Network analyzer model HP-
8720A. The analyzation of a constant value of signal reflection was performed
(reflection coefficient: S11) and later calculated into-complex permittivity by comparing
with the phantom medel, which is similar to cancerous and normal tissues. Then, the
signal was transmitted and received by a pulse generator with our design of the antenna
with time delay. The processing of the signals was complete with the help from MATLAB
Simulink.  The “methods commenly use for the detection of breast cancer are
mammography, (X-rays), ultra-sound and magnetic resonance imaging (MRI). However,
those techmologies still have some drawbacks, such as the pain caused by the
compression-from mammography, a radiation caused ionizing accumulation, or even
the fitting of the size for average Thai women with small breasts, which make it difficult
to detect with squeezing press method. In-addition to that is. a highly cost and
complexity of the process. Hence, using microwave in the Ultra-Wideband method is
on a lower budget. It can.be adapted to suit the characteristics of Thai women and
also avoided the charge and radiation injury due to the compression of the breast as

well.
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G'haé‘h%’UﬂﬁuﬁEﬂamw%’mwaw’huﬂumqnﬁuﬁuﬂﬁuﬁgnazﬁauﬂé’uﬁﬁlxﬁwm'i%’ml,azﬂ'uﬁn

AmeTiaeeaInIafids afufvzasIuuwdrasiuieiousiasifounmandinig

o oyw

Idwmszadiuinnisnszareyilindsnudulng Asuldasudiuandlugun 2.9 2

a

aunsananaduninlganndanuniiunalianndisu sesldedados 2 35 Feaunsoadng

ameglulasnnls SusnAenisds-asviau LazisNassfanisasviou (Radar)
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Microwave imaging

o _r"'ffo - transmission-reflection
Ekaaﬁu o)
Tmnqmitt{}'\"\.w

Q Receivers

o]
A 0 Reflection(radar
‘*_“{:{,mr o | )
Trarismltt\/\\"b;%_o

b} O Heceivers

$Ul 2.10 Augrurasmissenmigbilaaanlnensdseaultasamdlulud s
I uTids U Ao und U ANzIS A usS U isuiuiusUng
(Elise C. Fear, 2003)

Ui 211 1funsuanenisunsvesedulilasivlusnasiiialedidnns afidei
Tnai tissue 1 fiAnlnBidnn3ntiasnda tissue 2 §eguaziandlfiiuitndudifiunisiiu
fanansed 1 idemnsznuthiuinanedl 2 udaduasiAnnisdsadlusagiinisasiiou
sandstuagiurnlnBidnainuazemamdmslvivesianansiedudilunszmudatunts
Ansziuuuiieumsnisninsuaesanausdadulfdosainmuseiuegann
vesrnuaniinuladidnninsenisunsussdadsilimsiinsginneduiiagou
ganvionsgadundsnuvialadne

demiauladnedrvssmailalasanunlilunisasmusdasuuionilugu
fosliifinavesanizdosu (ionizing radiation) mmuaawaummmnmammauwmwswv
oiliieide Wanisiauni Snvemnuilugudannsoifansgadundsnuauludy
wdanumufeuldafumnauiiaziudinssinasAnuius ey uidegldaingud
2.14 TngangUazuanavilavastiannudlunsuns uvasdisnruiuasnansenuyosusas

1 dl
BIIAIUD



TISSUE1
Incident
‘("\.‘ - \\ 7 "‘\.' /‘ ‘\.\
\\._‘__ 3 . ___,;"" \\..,_,.o ; 9
Reflected
Ei. g,

- v o ‘o < Y a da
UM 2.11 jUnuumsagvieunautasni e urednaululasnlufionasaosudniien

Iadidnansinaniy
non-ionizing ionizing |
extremely
low
frequency
gamma rays
D _Ld & —= I ¥ ..}
non-thermal oken bonds
induces low damages
currents DNA
727
slalic powes AN FRL s milarowaves higat i-;sl';'n"n;; medical
freld ling 1ad Ve oven lamp o béoth ReF s

17
as

d‘ = 1 ﬂl 1 1 ﬁ.
‘E‘U‘W 2.12 BUAYDILIUAIUDAN 9 LRZNANTENUUYDILUAIIUNUY

2.3.2 ) YalIpuiisussuinenisidaaundmanindlinumalulagwuudulunisnsiam
=3 8
UL WAIUY
wmalulagnisnsialsausisastuuslelulasunidedvalteusenisimiieni
walulagnisasrnzisasuunuuduliinasdunsiuanuutdudilunismsia fdunussuud
ssuuiinnududaulduinysansiusanulasnsiaannisnsia deldlddumaluladuuuduay

as

Lifudindadidadonguisdsemsiviadlavieuivusadunmansaalsaussasinuue el

o ol

nd (3U7 2.13) FeddadlunisyiliiueToizarslulalagludosinisiidalasldsad
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- = = | Vo o 8 fe=Y o 4 e & & wads
wiwmanlwihaudgauinds 10715 Hz winsldsedidndhidededesedidnddusdnd
wasufigannliefidvudiiuiilalioveteieiwing q iranizdesufedidnaseunes
avmauluIzugreaenly annsdoauasyibiviisonadlusnefinunigeenainnisnats

wudrangadnaaiugaduniald Asjunisanesididndles q Jwenaduduasiesasiane

E‘Uﬁ 2.13 f9819n15R529928598L8n4 (Mammography x-ray screening test) wagnIwi

A3IIA LA

JUN 2.14 fReg1en1InTamedan3i1end (Ultrasound) waznmiinsaiala
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nMnsanisiedaniiend (Uil 2.14) Wunsnmalaglivdnnisvesnduidesds

Wedwaudsadluudrnzlaadudasasiounduunnneiuizan  Ansenuudiussuiana

<

A Aw 2 = @ o ' ) Pow
npauAsulaludunaiioudeanunsasiuniwaeznielule lmffjuaumwmaqﬂ'swaa

= e

an3dasad maenviiie nadilidudeusasannsansialdifeunneluzuafiivadeie
liannsansiseimzifiauldidu aauaznssimzonns suinvesinieiinadeainugniied
vonm Alldieguasiadeiiddyiigafodumeluladfifiussavinmlunmannaosian

n1snsaaseadustimaniuiivie MR Jun1sasadisatesadenindae
guruuswaniuih (;S‘Uif”i 2.15) Mvdnvasmnuduwiminuasezeeylalasiou (H)3slelasiau
\udiuusznaundnuessninisuysdegudadeidet (H:0) Taaguasasidluasld

s

Vo e o o 1A a v P ¢ o = =
awwimaninihuazinissegyimisdirauingdnlUdiewadgnnsyduasiinisaoussiv

L4

nasunTaislawuug (Resonance) wasndadinnganszaulalasiauazmewdanuasnunds

o s

zfigunsaldmiviudygraldulandunwdnd ludewesnuninaisnsiaunuaslud
Tounnseuagiilaaninianuutiugigunnuazainsansislavnaiuressiane uinideide
lusesanuauinlumsnrauazailydeAegevzresnaumelalussosuasdosagia q

& | a v od  ga ot = o =l
Wunawnn dudesmldieegnusvinumiaivumisegluszauiunasnn

JUM 2.15 segrnmsasialsaussasuusmsaiuuividnlui (MR) uaz nwiasiatals

]
=l 1

Nndounwiasdn q dennanundsiuinliinalulagadululasiwlagniiun

b

[y 3

Anvniduiitearthuimaununisnsialsaussudunaieisduiiasrieainuaiunsalunis

1 |
= =

nganzaniguiiawsuiiguiunisdaniwmaniiauianainAeutnandslagduingld

u

walulagdaniliduuuddseglugasanuuadlulasan sanshduuudlilaldnaudeo
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' '
= =i

mudgenlaianusaisvzgnluluiameld dansldwuudlivading (RF pulse) uwawd

u
o s & I

WuuARIUANTIN Fanuneainudtganithinkuunduiad (UWBImpulse) Tunn 9 gnasdl

o

awlnafuanuduandrseuuldnudy 9 Gawsaesuiglaitaimisniaisnsgingld i

Wdanihinuuuaddnenmunntunisussenaldivaulssinmnsaaming

v
= 1

AauTRdurasdanihduuudfeiauuiudigelussiveuiiunsdaiueg fuanu
niweaiad mnuwiudfigunainaNaIsaIInuatedun1e (Multi-pathlaaiiluyes
waansdeansiiaevsldniudeiiie (Continuous wave) waviitaaniia(Standing time)
wninadduusanduni Sandlduuuitadduiienuueuinndafudaiauansolu
MsuonuozsErintasiadn q Wdannzaudmiunisssydiumiuasldnmnadmiunig
MW

audnvuriidinvesdandiliduuudfednisuinszatontsuiidnlai
(Electromagnetic radiation) fisiiiaeainridwesiadnendd -41.3 d8 luaninuinday
Ualindoor) n15Ain1surinszateidialilddsvinalunissuniumaluladsu q lu
anwndensavinduminganiasiluldouatelulsmeruia venaniudiiagu
Uaenadedmivinmenyudgnesgudinagldlaluszeslndundaniilnuuusiaiun sa
Uszgndlditiuaiasilanile

puantRnteremsUssanalaalindinuiich Wasnnmaluladsanhilduuud
Tnrsdadygraiadafidnumzuauiin q nassanwutluniadedeildiouasinasld
wiuien Jeaninsdrclutasnstsmdamdsnureiguniallitesadretugnaniives
sruuduigesliang (Wireless Sensor Network) 3aviuneliideulvvesnalnmunuid
uarliiuszansnmgs dnvaiznisieuesssuusanialisuuudesmideudaginsuniu
vldululdednagsasusuldfudumesmansimeidonesaniladuuuddunniaz
arndunarlignsuniuandyaindu feandnvasiviliSanilhduuudinue funs
lulglu WBANS (Wireless Body Area Networks)

v

2.4) NITUIUNMTIATIBA YU IUIIBTTA 9 waznguiugIudmiunis
< v v = -
AsRlsAuzITuAUNAfgAauIImAanTWHY
Tun1sufgmnTediasiendgnidie q lidresdunisdunisiearsuienis
Uszandldaulududu nssuiunmsuazudnnisiiugiunisedamansiaduesivsznoundn
dmiunisuidam nisesalsausisudiuuseaiululasinidndusesgnannimig

atiaransugislunsniiasieiguuuunmsuninseatsvesnduguiy esnnindunis
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2
a s aly v

damelulasinuardinsizilulawuaud lunuddeidldinnesineaseamiuntves
szfeensivsannnamagandundaniuiaibe
2.4.1 ) Maxwell’s equation

aun1suungiaanis Maxwell’s equation 1Juaunisvesaduildluniseduienis
Wisuuwlamesauiuarawuudwdnilauuseiaaduiiednsivuadeuluveuiun
fanysalasly agannsoedurewgnssuvasaumivanuazaunliiluinansldodne
auysel

TngaumsaldesurefmgAnssuvesauundmanuagaunilnia Siefu 4 aunis
Feaumsusnveauundinafenguesnisiad (Faraday’s law) Wuaunisauduiugsening

' | = o e
awmiwanuazaudlwimaeuntadlunuial Feawisouandugvaumseyiusiane

v><E=_a_B (2.13)
ot

aunisdesaesnundiia Ao nQuostanuys (Ampere’s law) Fuduaunis
ANNFUTUS SErINgmIANUaN LkWaN (Magnetic field strength) AUAIIMUILLLYDY

N3z (Total current density) Bsanunsauanslugatniseyiusiane

fo[=5+a—D (2.14)
ot

waztiaauduysallunsianeiauiminuazawinliin Falaldngueanid
(Gauss’s law) FaaBurglaimanduainin (Magnetic flux) fisenanveuiuawifiugudiaz
Wandlniin (Electric flux) fivenIannvavimsziimauduiusivauiuiuwesyaniely

o as

fiamiu Feazasuislansaunis

V-D=gq (2.15)

V:-B=0 (2.16)
lad g1 fumnunuiniuvesyszgluila (Charge density) e £fanuLTuYDs
auulWin #AsmuTuYAUINWILYEN JABAUNUILUNYeInTEkalWia (Current

density) 8 AaATURUILUUYBINGNFULLUAN (Magnetic flux density) TaavTanuail

ANUELNUSAUAS
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J=ckF 2.17)
D=¢cE (2.18)
B=uH (2.19)

waz o AoA1A2 1Y INILNAY (Electric conductivity) @7U p wag € ApAN
Permeability Wag Permittivity auandu %W’lﬂﬁﬂfi’l'm’lﬁgﬁwu@mm‘SGL%UNEULLUUE{NMS
ayWudrasaunsuundialagldmuduiussenitauulniiuasauuwivin Use quas
nszuaiiildruierdestuaduusimanliinld Gsaniinsuduinaunseyiusvosuundiog
dufifeuldiuegrenirvaslunsliéuitammeniuwivdniniiiiteulvvauasia q

Tnegunuvaunisayiusuamandiagiuisaifouluguaruduiusseninauwlniuas

aunuuivanldne
" oH
VXxE=+f—— 2.20
H a5 (2.20)
VxH = O'E—i-é'ég (2.21)
ot
VxE =¥ (2.22)
g
VxEH =0 (2.23)

2.4.2 9RTINIYANAUNEIUANIE (Specific absorption rate : SAR)

SAR ¥398R5IN13QANTUNGIUTINE ﬁaé’mﬁmiﬂﬂnﬁuwé’omuiﬂaﬁalﬁawm
$me fmbadudy wig sasimsgandundanuimizumiensinuiinadildiuied
%ﬂ%’ﬁuiﬂUﬁ":l‘lﬂe?'mi“ui’mmﬂéf%’mﬁlmmmﬁn“LWﬁ'fluEJmﬂﬂuﬁ'@qﬁu'mﬂ'i'l100 kHz
1o911nv848nIIMIPANTUNTNTUIT 130 SAR yaemslasunduuimdniniiannaud 100
kHz - 10 GHz wanslemamns197l 2.1 was ms1ad 2.2

AdingegaveInmusEimanivi @ miungudlasuaauusimaniuiiienn
msvhaunazdildsuniuwimantwiiinluluusiagdisanud uandddmned 2.3 uas

15790 2.4
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3199 2.1 fngegavad SAR dwmTugilasulunsaduwsimdnlvilunisvieu

aunds sar luudazaay SAR (Wkg)
Fasme (whole-body) 0.4
A5Uziaza 107 (head & trunk) 10
HUIaz Y7 (limbs) 20

< i o aw var 1 &
M3197 2.2 Agagaveds SAR dmduglasunauutmanlviiall

Aundy SAR luuaazaiy Wikg

Waieng (whole-body) 0.08
3 uztaza1d (head & trunk) 2
vauaz 1 (lmbs) 4

A U Q’:" 1 A 1
- Tnefify SAR v duAadsludasnan 6 uidila 9
U ‘J o s n:' ] 3 o a q‘j aJ e v
- ANaRered SAR dawsuvnInmeldannntsnasvesMamuangnaanaudn
Tulussmaastnaniviinuessienig (total power/total mass)
i i ' | ) XA = o ala '
- i1 SAR lawsdnidudiaderenda 10 niu veadeledufeanuniigusiadu
o & ¢
dwdeugnunan

< ' 1 o ot Vas - [l a
M3 2.3 Argeanvpsauwivaniidmsudliiuatuindninihannmsvihanu

AMuh B field (Vinl) H-field (A/m)
9 kHz— 65 kHz 610 2.4
65 kHz~ 1 MHz 610 1.6/f
1 MHz~ 10 MHz 610/t 1.6/
10 MHz — 400 MHz 61 0.16
400 MHz — 2 GHz f < i 0.008£"
2 GHz - 300 GHz 137 0.36




1397 2.4 Ageanvesawdmaniiihdmiudlafumauudmantwivialy
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ﬂ'ﬂité E-field (V/m) H-field (A/m)
9 kHz - 65 kHz 87 5
65 kHz — 1 MHz 87 0.73/f
1 MHz ~ 10 MHz i 0.73/f
10 MHz — 400 MHz 28 0.073
400 MHz - 2 GHz 13758 0.0037£"
2 GHz - 300 GHz 61 0.16

- f flo ANA (MH2)

- dw¥uAulisening 100 kHz way 10 GHz an E uas HfuAindsludies wiiilaq

- dwSuarnudinnnda 10 GHz /1 E wag H Juduadelutiada 68/froswiiils 9
e f fmiedu GHz

/1 SAR gnrimunlneATeyRLS 1A BN ST (energy) Tt (dW)Fagngn
Fulnguna (mass) Tl (dm) Aessddsznauysunamesuuans (dv) vesanumuuty

289178 (p) FILAAIAIAUNNGA 2.20

d(dw\ _ d{daw
AR — A b ) L S 2.24
dt[a’m) dt(pdV) o)

- N a o - v o o & '
UDATNUAT SAR @1 sadeanyisawbaatnautu Wi anmeadinnudunussening

awlihAuiiawd Tussmesdauaunisn 2.25

2
sar=Z1EL NNAR (2.25)
P Af

< & o & A a 1 & 4
Tnefl O Farruiivendeide (S/m) p Asrrumuiniuvewiaiioda (kg/mes)
£ Aoanuduaudlni rms (W/m) cAoAiaugnisninuiou (J/ke/°C) waz AT/ At v

sndvasgungiisenian (°C/s) 3nA1 SAR ivanlel LsatnsadnmAmENLTIgn

'
Y

) & o ' & W & A {
andu (P Jluilaida lAa1nA1 SAR ivuagasosavasilolie auaun1s 2.26

B

abs

=SAR

e X 11ASS {2.26)
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2.5) ngufjAramantinisladianasnuazaiadiudivaasinuy

wannsiugiueasnsasalsanzssuiuuislulasonAsmauandfvesdadién

2
at

asndAuLeNeeusE e fnazllaSeidnaranduninuddnviluidadovasinanie

Tuudagdudadialadidnainiunndiuluddaedulngszinedivesdusznovasii

13 '
<= < 1 at

meluwadidotodunazaladidnnindadudiudrdyedrmindnnied1uluauided

o’ i

P e v =i ] i a - [ ot = o
WesInn1InsalsansisimeanudlugiululasivaladidneinaslududsidAgyse
nansenuvasmauninailioe tu q ludrulissiluniseSuisuazinauenisinailadidn
asnvaeunlugdsmudlulasian

o Yol o ' VN o @ w = a ' s

e lstinsAnwARuaudRvdihdsviumuununfvazia e danialii

< v o o i o e " . LM Yo
yazissmuuneduaudlalasavuinuie Laza1nauidbves Takumi Sugitani laving
naaeinAnuauiEmMsliiveaiuukazuziiudimusas LU ARIIRdinANER T two-
pole Cole-Cole Tun1sm1A loss factor #3e € muaun1sy (2.27) Iaefiainisiinesniu

=
F1T1N 2.5

’ . Em _Sm 5: "‘Em G 2 ;
£ (@) (PR W= < A 2.27)
1+ (jor,) L+ jor, | (w84

= a0 % - a ek al ' a -
Tneil € (W) AeArpsitladianm3nfiAnTumum s - €7 (W) Aorrladidnmsn loss
ol ol £ = & Al a i & M ad a < =l
factor MARTUANNAND €0 ADANLADLANASNUBIDINIAING s ABAIAINLADENASNNIAIIUD
o = ] P! a a a = < | = a & a = = =4 ' %
A1 € fAarasilndlanasniiniiudinas € = ArasiladiangsnnAudgs O s ApAT static
conductivity W ABFA1ATIUALTINN B ABAIN1INTEA8 VBN TUNT T ~AB relaxation
= o = 5 =
constant U984AIUNMAN Lay To Aa relaxation constant YDIAIUOE
< - @ ' oM a - | ° =l
UM 2.16 waggun 2.17 uamssansinveseaailadidnadauasainnuimialing
- P ) o a a o el - ' - =
AU 0.5- 20 GHz FeasiuiepsnladiannsnazsuinisiUasunlasagauinianug
Ussan 3 GHz wagzarnudmidnsaesiisuiniswasundasedsunnlseuiuainuda 3
GHz wiuRaiu 3nnsanIa1AIiladidnasnuazatnuimslnihagaiuisanialad

\ana3n loss factor aun1sil 2.16 Fagui2.13 AemAiladidna3nidedauiniainaunis two-

pole Cole-Cole TngldAmisdimasanasiad 2.5 Tunisauanu
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+« tumor(measured]

70 & glandular ([measured) |

B adipose (medsured)

m——tumor (fitted}

—— glan dular (fitted }

-~ adiposa (fitted)

-

60

50

L i |

Dielectric constant

Frequency (GHz)

o ' P a G T s < 2 =
5UN 2.16 anluansrnsiladidnainvesluduuagusiFumuunuanuicia q

(Takumi Sugitani, 2014)

30 vy - e e ——
* tumor (measued)

4 glandular (measured)

¢ adipoge (meosured)

~tumor (fitted)

20 [ —=glandular (fitted)

~adipose (fitted)

| Conductivity (5/m)

Frequency (GHz)

=i ' o o v a
UM 2.17 nsmikaasainnuimsiiiheesluiusasus S aiuumunnudeng 9

(Takumi Sugitani, 2014)



80 L] ' ] l L] ‘ 1 1 ‘
®  cancer (measured)
70F & stroma (measured)

60 0O adipose (measured)

Real part

710 ~J0\30| /40 B0

60

=
8 - 3 cancer (fitted) d
E-. stroma (fitted) y
k= 40+ adipose (fitted) ;
&n ; :
o} “
P i “
20 ]
10 |- :
0 = ‘ :

70

Ul 2.18 namiuassArlndidnainidstauvetludulazuzifasimg

(Takumni Sueitani, 2014)

=l ' o ¢ LY o
M1979N 2.5 ﬂ'IW’l‘S’nJLG\E)‘iWN‘Iwﬂ'I‘Uad 1‘U§Ju LLa%ﬁEJSL?\ﬂLGi'mu
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Parameter Fat Tumor
& 1.7 72.14
0 6.95 59.43
4 35 2.23
Tp{15) 0.15 0.3
To (ns) 18 0.2
yo) 0 0.18
O (s/m) 0.11 0.71
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ad
2.6) N WUZIUYRIEEBINTA

2
=

Tunsldeuszuulsanglidnasniesunisdearsuienisussynauuangainiedl

'
o e =

anudrAyee1awn tesanludunsnszaedyaratanduiiudygia danisiuas

Lrg

£
v w

o v = a a w = g 1 =
ﬁmvfUu"Ifu‘U'ﬂﬂixuu‘liaqUﬂﬁﬂﬂi:ﬁﬁﬂﬁﬂﬁﬁwuqﬂuaﬂLWUQIﬂuuuaﬂqqﬂﬂgaHW'ixUULLﬁ'JEN‘U‘ua

] o3

]
cal v A

funsesnuuuatgeInIAdnde uazansaimaldiumaluladsanirhduuudidesiivay
anuiinde falasunfudransamadignialiiduaseiniauaunineduasdoiinnuni
wauIAN1 10% Bl FamseSuewginssuvesansanmadaladuilniusdudemsiud
fommamnyiliedane q vesasemeadsiou tufemveinsgydadomnnsdoundu
(retun loss) Bufiunuduuuaing (impedance bandwidth) WUUFUNITUHNTEINENFITY
(radiation pattern) 8n51uu18 (gain) vesarvanid Fuduiladsiivivonaudnuusuaz
Aun e sldnuvasenenia fadmiunsesnuuuasanmisanisidenldaseinia
Tnzaufunisvasgndldanu Tapiluudadsumnnisidutiadenugesnisiansan
aeema Ae Ansgadeiiieaninnisisundu Sufiuauduuudiny wuugUnnsuinszang

PN LazEnTIvE78

= ) o
2.6.1 ) msgeudaiiesainnisdounau
all a v ol 4 o) 1 at o, e -l -
nisgadeiiasainnisfeunduiudiusivienivandyyiungydeodensinnis
aunautilataundsnulvnuataannid dnviagaustitisuuumnnamsuldauYesdanuaIna

= v o a s ' 1 ' = o ) | d a
YIYDUTUAUNEINTT =10 dB 'ﬁ"?ﬂJV]\ﬂL{‘Juﬂ']'iU\?UE]anﬂ']ﬂfuaﬂﬂm:ﬁ‘u@ﬂaﬁi’]a?u‘ﬂauu'ﬂ

s (3

(Standing Wave Radio, SWR) MifuusfiuAnisgayidaiilosanmisdounaunasngiuniinud

d %)

7iaula IneAn SWR wazAnsdadetiiadninnisd

LY

a

PUNTUIL UL A1
a

Qs

yUsEansnsavviou
(N Fadunisimuasnsidiuszuisraunasisunau ( V-) nuaduinnnsevu ( Vo) Alvan

YadanedsEINsafuIMlanIENNISh (2.28)

Fhas V_O; - Zime = Zivud (2.28)
I/O Zh‘nt + Zlm:f

10871 Z.. 1aY 7w WWudufuaudvasavdaazduiuauduadlvan Inenadulszans
msazviou [ azdiaviAunisdiwes S.veuuaingnsnizdnnszane (scattering matrix)
Walvaalulusdiuanadandlaziinnisaziaunduainlnanludumastedainu

adudlsluangds lnan1sian SWR dulusnindiuveuauniyngegauesniuilaiuwaund
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yanngavanauil lnadfisausuldvesdnidrunduis fe darteundmiawiiiu 2.0 lay

ABERSEILARULAILSaATWIlAIINALNST (2.29)

AL (2.29)

SWR = ==
v, 1-T]

| a ' o W o v Y =t

soluilumsiasandnmsgadedoudionninnistounduvasasenmeadadunis
InAuANErYRIMTRIAsBRRLAuddnuLUUREa Taediauduiudmiouduaves I wien
YaansIEIuAaull tnua

=l dl v at o 2 q'
qmuLaaLuaw’mmsaauﬂau"ummammﬁﬂmmlﬂﬁ]'maum‘m (2.30)

Return| Loss = —10log|S,,|” = ~20log(|T)) (2.30)

' I
=l

\lpsanmsuimdBuiuauduesargoiniaiiaiudunisvsvenieranisgads
foundudioaiasndt 10 dB fufuitannsaasUldiranaenediius udasiidusy
aviinisagviewiesnds 03162 fiddnsidunduisiesnds 2 uaslimamsgyidiodieinms
doundusiinda -10 d8
2.6.2) 9AT1L"Y

dngusnefiolndudanddydiunisvesdieainiaiandumvenyssinsnnues
agenIAL  MeiasasettetdEeMATuATLAUSBLAUTUNS AN e
719 naeRINYSEENTAINNITRANTZNBWANIUTIE BN ALAEIENTTREN 1981893
vasmeomadalvgjalivdnnisues Fris formula Saudunisdniasndnsveneainnis

| o w [ ) < o o
3\3ﬂ']a@ﬂ"lu‘u@&a']ﬂET]ﬂ']ﬂaaﬂmu&]'TLIC‘]'Jﬂaq\W]U‘juaﬁlﬂ']ﬁﬁ'lu’]?ﬂl;l.ﬂﬂ@lﬂﬂ@allﬂ"ﬁw (2.31)

=GiG.L, (2.31)

So v

il . fia dssuds
P, AiB ALY
G: A BNTIVBINIAFS
G. AB BRTIVYIWAIATU
Iﬂaﬁl’ﬁﬂﬁw‘l&ij’awmmﬁﬁl‘ﬁmummﬁﬁmﬁuﬂaaé’u%aﬁmi’é’mwmwaama 21017

neunilenuuazyinNssudsindanuEuaInans a1zl uasaniAslafefuaausun

lowafiagldanvanianiiensivenenivuiamiiiu Felumsdemasauanuluainimziie
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2

msaanaulueinefiiunin free space loss ( ) Ing@t L5 = ( A2D ] fauelanaaunig

it (2.32)

2

£ =GG. [_’1‘ )_ (2.32)
F o 4xD

2.6.3 ) A21UNTNLAY

A1UNIAUYBIEI801NA (bandwidth) Ao Ej'luma@mmﬁﬁé’qagﬂuﬂnnzﬁ
amweniadiamsavieuld Tnsaunianuasfinnsanantuseninanuiisiniuas
gandinufinans Fsaniagnasirenitesanseimaneoniulstussdesanunsariield
naeagunudtulunsdiiduaisainimuouniig AnunInsaviinazuansluglves
§nsrdusTuIemmigaadunwidaaiiasernadiamnsninanld uadlunsdidy
awonALaULAy AunTanausinegiandlusdveaesidudvesnasan i delsuiu
AuBnaweInuniey uaziiosnngudnenzussageinas ignldlunisiansan
anunfraavlisudufeatdountamisiinadernuiimdoudu Selifinsdnue
audnvusamsitelflunisnanuniaueureaige inid dsuisnsdmunauning
uavu Fainvsuimnunguvesnndnuaesng 4 Adlunsiansan As arunfunuanuuy
sUmswind s Fadumnundrauouiiansanatnssiuedlavsaudne mauninednau
mMsundandu Lasfirvnessiady daunnuninuounaauiiaud \uaruniauaud

#3150413970 ABUYMBNALAUS UALAIUSEENTAINVBINTUNNTEIIYNEGY

= 3 C‘ =3 [
27) wqwgwug'mwmLﬂ'sammﬁmﬂﬂsww(Vector Network Analyzer,VNA)
2.7.1 ) S-Parameters

L

Ium‘iﬁmﬁéﬁﬁﬁﬂﬂmﬂamSWIFiT Scattering parareters ¥38 S-Parameters %38
dulszavsnisavieutuies S-Parameter toa-wasailines Wudsnisiuvsdlevulunis
LLﬁmmiﬁNmﬂmNiﬁﬁnﬁnmaﬁna'ﬁﬁguLLUUﬂadanaawaaawa (Box Circuit)@slunaed
wvsansaulavateoss 1wy fmumuninaewieni fufvlseg viseeesiu
1amun1eq Tngazavlauaifiesoyauivt (input) uagnaiuvesvayaiivnasn (Output)

windu Tegluaulanveslunassaziduisaswuule
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Box Circuit

Port 1 Pori 2

g‘d 1 2.19 Box Circuit

napeRIuseIndna 1 uaise (Network) axiinasaiilyideunofudya
aeuenlngfl 1 wadsaanansafivatenasn 91n3U7 1 uanadies1anannIRsATiies 2
WoIR (UnarwasnaLl 1 Aany)  S-Parameter lWWIBN1sTnUszAnSnmnsvinnu laeesdny
granissmuiienyivluundsaenmiuagnTeseunsneudua N aR UA LY U BILA
avwesn lnefinnszua ﬁﬁé‘qﬁ’ﬂamalww”m::ﬁaﬁmﬂugﬂLLUUwam?{uﬁlﬁumﬂﬂﬁ"’aammq
(Wasm 1 uaz wasm 2)

aunflvnassesuiigsasa g usssuandeddumvanyilnnas99asi
wosm 1 (Fuene) sxdidygnunsanuiidsnotundusaniniivesa 1 uasidyaaiiannsoas

o
uulunesn 2 (Uargans)
xr“ /’\
ATAAY .
Transmittion line Port 2
\ T /VV\/

g‘d‘w 2.20 waAnssuvas g aadiovmsddanaluunise

ngURdamIn1sngRnTsuvesdnn Inaliatloudyunnesa 1 ievinnisds
Tyaaluiivesn 2 wildgauaunsdndinluinese 2 wasuisdrunssiounduaenin
Inganusnebuteguuuutes S-Parameter lagiail

1. 5(11) Andyyanazvisundu lasawnsaniAlavindudnsidiuvesdyyiun

v al ¢ W oy v P ¢
AsaurneIn 1 ¢e fgfU;?mWﬁﬁL“ﬂ'ﬂmULUﬁ]niﬂmwaﬁﬁ 1

Tuanndwsnfisuiudyiundudt lasaimisaniatlamidu

@

2. 5(21) Aady

dmarduesdyniidieaniinesa 2 dedygiadduiluluuadsainesn 1 Tuna

d L3

ndufusledadrdyanaiinesn 2 aunsneduieguuures S-Parameter 16l

<
'
at =

3. 5(22) Aadygruaziaundu lngaiuisaniailaminiusniiauvesdyyiui

o ou

o P ¢ | A v as A ¢
ANDUNNDIG 2 G\'ﬂﬂfyfyﬂmmﬁﬂL‘U']l“lﬂul,umniﬂwwaﬁﬁ 2
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'
o 1 o s =l

4. 5(12) Aedgauamdsesniiisuiudyyiundandn lnaaiuisaniailawindu

oo

' 2/

Samrdmvesdynuiideeniinesn 1 seduyraidudiluluuaddaiivess 2 andinanly
Whannsauansnisimnanlddaunisaeld [1]

S(11) = P1 out /Pl in

S(21) = P2 out / P1 in

S(22) = P2 out / P2 in

S(12) = P1 out / P2 in

nauInsaziulein S-Parameter 1WumsiSauifisuszning Output way Input

lulraenasnNnaIN1ITInA

i @

A199989 S-Parameter avduiuiuaisa Tnedadesidrdniivhlddanagues s -
Parameter WAtuABdNwaIzIaN ¥ Impedance Tu Source wa¥ Load srufisprtuiives
dynnaiidsuunisatiug lsainsonvsaivauesnisildsunUasos S-Parameterldiail

Lilamaisanasuluan S-Parameter auanushoie ieilvarowndiaisia
fup1 S-Parameter laidrasiu S(11), 5(21), $(22) uaz S(12waadaziunidsaazaranuly
¢

2.fleanuiudsuluan S-Parameter auiasudefe Wen wivesdygradadl
wWasuluamdu d1 S-Parameter lalanasfiu S(11), 5(21),5(22) war S(12) azwdsuluay
AMIMBUEUBIRE A BTSRRI SA

3. fleAArud ULt Load Wasuludl S-Parameter 9sidsudisfie 1iioa
AUATUMILYEY Load Wapuluanidu fn S-Parameter liimzdy S(11), 5(21),5(22) uas
S(12) axAgulumansdnvalziowzsuptsa

a.ilommudiuniutas Source WaellUAT S-Parameter aldsusasfia Wioa

AIUEIUMIUTDY Source WasulUannifiy A1 S-Parameter laidnazidiu S(11), 5(21) ,5(22)

way S(12) azdsulusmunsdnearianisasunisa

Zs

Port 1 Port 2

‘E‘Uﬁ 2.21 Impedance 9849 Source Wag Load lwumiida[2]
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U 2.21 wansdqydnwel Impedance 984 Source uag Load luumiisanieglu
audaduavdioan Tag Zs Wuanuduniufiogluwvasiiiadeyg e (Source) uay Zi
Wumnwsiumiuves Load lneryagiuiilenlddmivnseanuuy RF Amplifier Ao Zi =

50 Ohm

2.7.2 ) Vector Network Analyzer
Network Analyzer wiseanilu 2 Ussian fe

1. Vector Network Analyzer awnsainlavianuinvasdeysyin amplitude) wazyu (phase)

<@

1%
o

2. Scalar Network Analyzer @unsadnlaamzvuinvesdyain (amplitude) winduy

oW

= at U ar = ﬂ( U {
IneunfanunsainAidunlss@nsiaznsazyiaudn S-parameterlaanniaing Network

13 i [ 1
Analyzer uanantilaTes Network Analyzer ﬂd’i“ﬁ?ﬂﬂ’iﬂwauﬂ (constant value) va3Afu

£ '

da | m SO ) a | A
arudInguaglulasiawliiy Suiunud §udssans nasdedau (transmission

coefficient),Insert Loss, Return-Loss (S11) uaziu (phase) vusy

LEVEL
VARIABLE e | ADJUSTMENT
FREQUENCY @ TAL A
CW SOURCE P

SPLITTER1 A 2 SPLITTER2
De1 Al A2 DC2

] PC1 e e s o ¥ FC2 == '

REFERENCE
@ OSCILLATOR
= 3
RX RX
| TESTH TEST? [©
Y RN - 7|
RX 1 RX
el PROCESSOR ates
PHASE
AMPLITUDE
DISPLAY

' i 4
JUN 2.22 aeAUsENaUNugIuues Vector network analyzer

wnunansdruUsznaundiAgylnenaluuas 2-port vector network analyzer
(VNA) lnganawainvesgunsalnielinisvagau (DUT) na1dfe wasn 1 (P1) uaznwesn 2 (

P2 ) wasanageuieusialily VNA aguafinnuududn Gunfavdesdasaaiaudiiliouss
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fu P1 wag P2 leeldaneniainuwdudt PC1 way PC2 @uaau warvinn1silisunaaskay

WASTMALNEEN Al Wag A2 A1UaIRU

o
s

mmﬁ'ﬁé}'mm'ﬁwmaauaxgﬂﬁ%ﬁé%uimaiﬂ?’LLwﬁaﬁqLmsmmﬁ CW LaTAITEAUNGIVDY
sy Tneld attenuator . suntawesedng swi fafirmanvesdygadidenisnaaeusuly
&1 DUT. Suusnlidndn swi ae‘jﬁﬁumﬁa 1 ffudygraiinedeu arluannszmu DUT i
P1 fianunsadnen 11 wax s21 lidyguiinaaeugnieulns swi ludmesailuves
splitter 1, one arm( the reference channel ) Wis5ud1e8sdmdu P1 ( RX refl ) wazdu
q ( the test channel ) tioudafiu P1 #u directional coupler DC1, PC1 uay Al wasad
#1uv89 DC1 couples off the power reflected 910 P1 ey Al uagz PC1 udatlouiiie
nneaufIu P1 ( RX REF1 ) Ingdenioonain P2 wau A2, PC2 uay DC2 TU RX TEST2.
RX REF1, RX TEST1, RX-REF2 way RXTESTZ fil§aniudn coherent receivers fildooadia
wes sradaisaiuuasiiaaauainasalunisiaa amplitude way phase veedeyey1oudi
wﬂaaummmmﬁﬁuﬂ ﬁq%’uﬁ’cyammﬁgwmﬂzfiaLmﬁw‘wlﬂﬂizmamas’?wzﬂszmamamq
AlAAIART AT LARING WIS TLRasTIRaInTT lugdnuuiauarupundgn uanann
instantaneous 984 phase 323187 temporal g spatial wisliuuiinvzieeanineode
1514 2 dos dosuaniliu reference wardndudiniunisia e swi daiidruniad 2,
é’zgfymﬁwmaaugniﬁﬁ’u P2 reference Talats1uIu RX REF2 dqyaaifiasiiousan P2 Ay
coupled off Tng DC2 uaggniadie RX TEST2 wasdayqmiionnaanain P1 9¢ coupled

U

off Tnel del uawgningae RX TESTL. enuvisiivingdmiuniain S22 uaz 512

2.8) du
dmiunisenniuussuunsaFausinduuiglulasnafid Ayfeuuudiasas
Wi Aruanuas NNl wuilouveedi fAlnsEnn3niilndlAesiuiiotdeas e
LLuumaaaLmumazmL%@Ls’f’luu%’qﬁaaﬁmiﬁnmLLazﬁm'J'mL‘El"fLaJﬁ"ué’ﬂwmzmﬂw%‘uaq
\awdesne q Aeulagvhnisnaaes [lesandndawagynanmen s aduamioudinae e
anaudimsliihveaiuuudasaudulimioutuiovuaiianaunndrafulunuog
ANTNUIAADY UTOANINS AL %’qﬁaaﬁmsﬁmm%’aa&a‘mus\'axama:’lﬁamé‘mﬁﬁwﬁauﬁ%
udesgiiiuuusiass Snamaiaiddldlunsamausdaduudenisma S
parameter 9InMsldilA3as Vector Network Analyzer Lilensiaaaudinnidnuaznislalii
mauﬁmﬁasﬁm ABAT Permittivity ag Conductivity Lﬁ@@mwmmﬂ@iwﬁmad wonani
svuudifesfidiuvasansanefidududdyindaunds Insflasarnefildsuimalulad

Tawuussaaduarsainianiuauaudldnuiinitaiesessunsidaulundazainuila
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e Favilidesdinsfinwaseimeuaunineie waziiten1suszgndldiunisnsiausie

' ]
=

wunnAenisarAlidnenge anuazain waglinuie meemanlidanduaigainie
! =3 s

LUUANINALVUIALANNENASA 9BALUVIIBLASUIMMTNIUIENAIY LAA18D1IN1ARDI]

%]

Audnwuzataimunved FCC lngldndnnisnugudmiunisiinsiananyusees
a180INIAAD AINTEULEnLTBIINNTERUNAY AMUNTNUAY BRTINTTVEY WasWUUFUNIS
WHNTZIIENANIY Fandnnisuasnguiiugiuaie q Alana1ild wasluviegadie

amé’nwmsmﬂﬂﬁwﬁﬂﬂﬂismamauaz%’umw 2 1f (2D) uuLad
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A5ALHIUN1578

n3l9LAT83 Vector Network Analyzer iievnean Dielectric property wagnnslaian

) o ¢ v o v ¢

eMAdIRAUdYIuNad (Pulse Generator) waviudaanaiadiegiogunainfiadiuves

walulagddansilinwuun

3.1) na17un

o

= a A A o v W = o
INNITANHINIUD EWTN']u@i']LLaEW‘{]U{}V]LﬂU??JQQﬂULWﬁIuIaﬂﬂ'ﬁﬁ]'ﬁ?‘i\ﬂl%ﬁ@lﬂqu&f

1 - a @ =

Fepaululasn wuitwaluladnisasiangsasunsmenaulilasnvidiulsenaundni

o e ° v e a a =y &4 al e & oo w g
dfy A wuushasudunniialadidnasawmilouilatiedie dadevnididgluuniay

o

= as i) o

nate nannsuatledildnsasniafiazlaviatuiaWauiwasyssaiananin uRnauduty

TtudesgndnnsitAiasiladidnmsntuniegndladeneu dsaainladidanintuazain
INNTHAIUIATIVBIVUIARAZNEINNLATBINASITR AT ISRV UIINABS (Vector Network

) & < a = af ) A '
Analyzer) @sluuniiazilunseduioismuinasnann1svednisiiag oains1eslaseteiuy

s as

5, X - ' :
LINAa35 (Vector Network Analyzer) Tnglecoaxial probe 1eudtygy1auana reflection

e

coefficient(S11) waz Msldflusinss Labview lunasierrdnyprnainiadasiiafild inllg
n1suiA1nenladidnnin (Dielectric property) wadanduaziinisdednaa (Pulse

Generator) tmaemaAluluiuudasudmy (Phantom) uazfudygyrunduin Liteg

nanfimadly (Time Delay)” IngUszanananmilusunsy MATLAB Simulink
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3.2 ) A5 MIATEIASIZHIATIUIBUUULINABS (Vector Network Analyzer)

Tnowa3oefildiu Ju HP-8720A Microwave Network Analyzer 1A3893LAT18M

s e

Tasanauuunmeasil (Vector Network Analyzer,VNA ) Tagunfianuisninidudssans

o - ¥ o
Wazn1SazYiauA S-parameter 1991nLAT0 Network Analyzer usnainilin3as Network

s v s 1 dll#I d‘ Aﬂ 14 1
Analyzer §3l4TnA1A9ABUY (constant value) vesaaua D IngLaslulasianla 1y
dufiuaud duUseans nasdaru (transmission coefficient),Insert Loss, Return Loss Wag

1 (phase) usiu TngtunsnAasinmsaauiisudimsesdioinneu ( Coxial Probe)

SUT 3.1 3u HP-8720A Microwave Network Analyzer



3.2.1 ) Wevihnaidaniesdunds Ul Calibration

< v < P '
U 3.2 nnaavaamsalianayy CAL

3.2.2) Tnglufita CALIBRATE MENU

3Ul 3.3 Juna CALIBRATE MENU
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3.2.3) \d@an CALIBRATE S11 1-PORT

-‘-\-'

1i=7.2383 o8 -1‘ "tﬂ

‘r"?_na— 100 _gjjiiontt =

QIM! 2. .ll 080 980 Cus sTOR 4, IDI lll "9 GH;

sU#l 3.4 YJunm 511 1-PORT

3.2.4 ) MAIINUUARIINNNSAEAATBEIEM taumsnanilnsu ( Coxial Probe ) annau

windailusiany adaptor Yiniareniu guninlgauisy open , short

IR T lw '“G 18 ""' e ALS
Tii o 2

- m - *
'r n  THE mT KEY[T0 A : o

i 7
I=

SRR TP

f—

\ﬁ,,;_____ - e

== -- e
1-PORT CAL

START  2.000 G40 BOO Gﬂl 4,088 000 080 GHa

gﬂ‘ﬁ 3.5 wﬁmmﬁanmﬁwmy Calibrate S11 1-PORT



e .« L i
. "Mmmnm o

U7 3.7 vihnseerfuddauliisutes OPEN
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‘J o 1 s ot 1
U7 3.8 yhnarenusidouiieutes SHORT
' o v | waal ' o A . ' L
3.2.5) lumsse Load uusisssenudsimsuamnisiilavy (conductivity) 1ty dnnau el
arlnalAeagud Feluduneuiifavintsdelnsy (Coaxial Probe) naufiuuailuiuluin

naU FefeTasadunITasuEULAS RYiialn

JUN 3.9 dwaneaimesnseaiuiilngy ( Coaxial probe )
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U7t 3.10 Uil Load fivmuamwnslwit @hndu)

3.3 ) MswlUsuwnsy Labview
Tunisth 11 ( S-Parameter ) Reflection Coefficient sanu1a1AA3ailanautiy
sodld Labview Tunnsiisualuguves unu X (du Al (GHZ) wnw Y 1 Log magnitude

dB) laeldgunaens v uaz import doyaldadlulusunau Excel nannasvienululusunsy

&
a a -:’ll
igiail
33.1) naitiausiegunsal VNA fu Computer Ingld Software nei
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a3

Fle Edu  View Toak  Help
4 K3 My System | b s £ Refresn
5 & Devices and Intesfaces e - - e e A i 0 - .
+ &1 Sottware | A L
. B3 Remote Systems { System Settings | #1
|| National
Hostname PC-PC | & Instuments
| |t Measurement &
NS Name PC-PC . Automation
- Expl
Vendor System manufacturer | i
‘ i Roromation Explorer
u
! Model System Product Name § {AX) provides scceas te |
| . . yeur National 1
i Seral Number System Serial Number {l lr::hum-nl! products. |
I Fimware Versica 1806 i What do you wantto |
i
| Operating System Wicrosoft Windows 7 Ulmate {Service Pack 1) - W |
Poi |, Hanage mvdevicesand |
b L System Star Time 11/7/2016 11:09:20 AM ! interfacas |
P Manaqe my installed {5
I Descrption Eﬂ Hatienal Instruments |
|| software i
System Configuration Web | laepl _— i i
e i AT TS | Manage vietual channely
Aocass | ertasks for my devices !
|| Crastescatesfocmy |
|| vitvalinstrumsats i
System Resources || Confiqurs my [VI |
| | |
| |
{| 1 Total Physical Memory 769 GB 1 u {
| | i
11§ Free Physical Memary s6168 j o |
i 14! Hote Scme |
|| 1 TotatVimual Memory 15468 14 & categorias are i 1
i § davice specific, 1
W Freevirtual Memory 13168 \ For axamale, i
| VI category
{7 Primary Disk Capacity 23468 | smpasn anly i
i 1 you have
:‘ Primary Disk Fres Space 720GB | installed.
N " 1 Fe infe i
CPU TolabLoad o | ok A4 aand onl 2% [om | 0% ] BNl about uring ek celect
| 1 i | i || available help categories
I\ | CPUlnterrupt Load o% 6% i 12% | o% | 12% | 0% {0% | 0% || from the Help menu. 1f
! || ¥ou nead further
| & " - Y ;i | assistance or want to
I, X ow mare n:nu! your i
lavice, visit the National
PXI System Settings .|| Instruments Technical
Support webs te,
: Fer more information =
j g et Kk —

gﬂﬁ 3.11 WUsunsu Measurement & Automation Explorer %39 (NI MAX)
3.3.1.1 ) {WalUsunss Measurement & Automation Explorer #5a (NI MAX) Fusuda pdn

1UT Devices and Interfaces

Fie (de View Tools 4 Ry e T e 1 2
g P et g - W o k4 s o ek | ddod e AL AR -
# W hagpyigen (il 3o K Refreih | oy Reset B Sef-Test ", Scan for bntruments” 43 ive Contrel
+ &F Desiers and intarlac | o A N0 VL AR S s LS T SN Ve 1 S = =
W APLLIISTR COMI W B il ) 8 ;
4 . GORUTBH ORI Settings ] . -
B804 G 16R G T terface
W betrument] TGORO-12.20TR | ) Wnstrument wan comgleted noemalty . Basics
o Heterank Devices ons & i P:;::fu”c‘;T-::"
) Seftasey 1 {50 bemat bt ehange tha
&3 Femcte Systami Vendor | sru‘t;:: .:::;'L
Madel GB-USE- M5 ! m't: ;::’:-"?:’l'«o
s iacris i Pravinus pethns
Sutus Fretert I
LH
Premacy Address bufors the settmgs are
apaiad to ruw hander
Secondacy Aodven
Settings Nelp
VO Temeowt Settmgs
Sratem Cotrober LT E I
Eratie Autopatang o
Termination Settings
Send O at End of Wrte v
St EOL weth EO% on Wirde
Tormmyte Tapd wn U017
Use §-b1 EOS Companien
1S Byte J . Py
{ v
i L5 2’z
Advanced Settinas ]
S
. - o T Semop 8 Th -

U7 3.12 Devices and Interfaces muiignes
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3.3.1.2 ) 13onlUT GPIB-USB-HS+ u&3vn15 Refresh aiflaisivinnisaeans GPIB Ay
Computer W&1AA Scan for Instruments 3zdn158ulidon GPIB a4 Vetor Network

Analyzer $1 HP-8720A 8331ntu 1ion Communicate with Instrument #43y

GPREIETE

Fle EdR View Tosh Help

4 QR by Syztem b er QY Refresh | 2l Open VISA Test Panel - 123 C kA
4 & Devces and Interfaces & s . faiis “ G i
o ASFLL-INSTR "COML
4 - GPEUSES ORI Settings
] §720A " GPEO-16RETR”
0 Instrvment 1 GPTOD: 17-.93\ Hame
4 Network Devcer X —
& Seftmare Verdor HEWLETT PACKARD
B3 Rrmcte Syterma Model XA
Senal Humber 0
Famware Yermen 101
Status Prese~t
Premacy Address H
ViS4 Resource Mame GPBO-15INSTR
|
|
! L3R 1 4T Semings (B Velk Boperia

5Ul 3.13 GPIB-USB-HS+ %1a3 Vetor Network Analyzer i HP-8720A

wag Communicate with Instrument audiiuresignes
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3.3.1.3 ) lutusauannie na1eniden LATe HP-8720A ual L@en Communicate with

Instrument 1a3auda wallunisifensesening Vetor Network Analyzer $u HP-8720A

way lWswnsy Labview

S o

wgnes

iR 3He

GPIBO::16 m

U7 3.14 Tsunsu NIFMAX Faiden Input i

33.1.4) angivhnisden Port Aldwsiraumtdlulusunsu NI MAX Fuden Input T

GPIBO: 16 Faazifumsidenvesdoyator VNA hunlulusunsy Labview

3.3.2 ) nM3ilsuBlock diagram Tagldlusunsy Labview
w§19ndiaunsoninnisilauiasainies Vector Network Analyzer ldda 15132

mminﬁasrﬁuu‘lﬂiun‘iu%}wuﬂumsﬁaﬂ’fm‘ga=uaaﬂiwWﬁﬁ%ﬁuﬁwm’lum?m Vector

Network Analyzer 111 plot {udayaadlu Microsoft Excel I lngfidrudrdnlunisidieu

Block diagram mu’gﬂﬁdﬁialﬂ‘j
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data type (B formatted data)

L T T T S e TR T T

e ] »
i

JCUTPRAWT; A
JOUTPRAVYZ
JCUTPRAW:

-‘E dats vatues
_F::_T_:yg.apum display

[enter the name
fite name (readof the file where
O Y he data is ta ke

save to file [TT8+

| VES - SN o am = s

U7 3.15 Block diagram TulUsunTss Labview yiausaludiuvasmunulazn1seua1ves

Vector Network Analyzer

#aluaruues Block diagram Wy seilidaumanglaen1sarussiessingdialue Gy
o [ - =i|
veudunisiu Loop Tagiaui
3.3.2.1 ) Formatted data fia nasuiArvesdgaraly YNA Ld1eieiin1suuasfAnues
o v v = ' ' - =l - 1 o oo ' [
dyaudla TneiinsgwmAintain UNA wsiinsidenardunalaenisnigsuneglaain
TUsunsa (NI MAX) %q"u’mﬁlamdqﬁwgnmmaaué}"su Algorithm aA1 Error 6179 ¢ d1l4fiAn
i ' . | ' o v o v W '
Error Azanunsos1uldludiu Block diagram ludnsiellla Inetayanidiunaviiuteyaeg
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/books/microwave-materials-characterization /relevance-of-dielectric-properties-

microwave-assisted-processes
[5] Characterization of the Complex Permittivity of Glucose/Water Solutions for
Noninvasive RF/Microwave Blood Glucose Sensing, wingalaann : http://ieeex-
plore
Jeee.org /stamp/stamp.jsprarnumber=7520546
[6] Measurement of Dielectric Material Properties, 118416370 : https://cdn.rohde-
schwarz.com/pws/dl_downloads/dl_application/00aps_undefined/RAC-0607-
0019_1 5&.pdf
[7] Network Analyzer, 197lA&997n : http://www.tpa.or.th/tpanews/ upload/mag_Con-
tent
/22/ContentFile258.pdf
[8] PERMITTIVITY PROBE MODELLING, 101fi¢laan :
http://www.dtic.mil/dtic/tr/fulltext
/u2/a243236.pdf
[9] S-Parameter , LWlATNAIN - http://antenna-km.blogspot.com/2011/03/s-Parame-
ter-

511.htmlZYLOWRmMdKzYM9I8yv1iq7gBjwSLtpSkRnr2u
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NETWORK ANALYZERS

Microwave Network Analyzer, 130 MHz to 20 GHz

¢ 130 MHz to 20 GHz frequency range
e Integrated swept synthesized source
e Integrated switching s-parameter test set

Models B720A, 85162A

» Direct save/recall to an external disc drive
e« >85 dB dynamic range
e Built-in vector accuracy enhancement

HP 8720A

l DE SIGHED rOA l
SYSTEMS.

Description

The HP 8720A provides simple and complete vector network mea-
surements in a compact and fully integrated microwave network ana-
lyzer. Characterize your microwave components and networks
accurately, yet economically with the HP 8720A microwave network
analyzer. Integration of the 130 MHz to 20 GHz swept synthesized
source, test set, and receiver results in a compact, low cost network
analyzer which is ideal for incoming inspection, production, and final
test measurements.

With two independent display channels available, you can simulta-
neously measure the reflection and transmissions characteristics of
the device under test. The easy-to-use softkey selection of measure-
ment functions allows you to quickly measure the magnitude, phase,
or group delay characteristics of your device under test. Directly mea-
sure the electrical length of a single device or phase match multiple
devices. Data can be displayed in log magnitude, linear magnitude,
SWR, phase, group delay, polar, real, or Smith Chart formats,

The HP 8720A's integrated synthesized source provides 100 kHz
frequency resolution standard or, with the addition of option 001, it
will provide 1 Hz frequency resolution for testing narrowband, fre-
quency selective or clectrically long devices. The integrated synthe-
sized source also provides a measurement port power level of —10 to
—65 dBm which is settable in 5 dB steps.

Time Domain Analysis

The HP 8720A with option 010 has the capability of displaying the
time domain response of a network, obtained by computing the In-
verse Fourier Transform of the frequency domain response. The time
domain response displays the reflection coefficient versus time, yield-
ing the magnitude and location of each individual discontinuity of the
network. It can also display the transmission coefficient versus time,
yielding simulated transient response analysis of the network.

Features Designed for Manufacturing

The HP 8720A”s productivity features allow increased throughput
on your production floor. The arbitrary frequency list mode allows
selection of only those frequencies you wish to test, resulting in re-
duced test time, In this mode, you can define up to 30 CW frequencies
or swept frequency segments, calibrate once, and then measure all of
the segments or “zoom-in" on just one segment and still remain cali-
brated. The HP 8720A’s limit test capability allows your technicians
to make pass/fail decisions easily and systematically. Based on the
specifications for the device under test, define up to 22 test limits on
cach channel so your technicians can align and objectively verify the
device's response. Utilize the HP 8720A's save/recall capability to
reduce set up time and enable all your technicians to repeatedly use
the same test configuration, This feature allows your engineer or
skilled specialist to define the test configuration once, store it to an
external CS80 compatible disc drive, and then have it recalled by
each member of your production test line without the use of an exter-
nal computer. This feature provides confidence that each technician is
aligning and evaluating your devices under the same conditions. For a
permanent record of your measurement results, the HP 8720As copy
feature allows the entire CRT display to be directly output to a com-
patible HP-GL plotter or printer.

All of the functions of the HP 8720A are completely program-
mable from an external computer through the Hewlett-Packard In-
terface Bus. For fully automated, guided measurements, use the HP
85162A Measurement Automation Software. To completely and effi-
ciently characterize crystals, SAWSs, and other resonant devices, use
the HP 85165A Resonator Measurement Software.
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Microwave Network Analyzer, 130 MHz to 20 GHz

Models 87204, 85162A (cont’d)

HP 8720A System Performance

Dynamic Range (for transmission measurements)’'

Frequency Rangs
01310 05GHr | 0.5t020GH: | 2t0B8GHz | 8to 20 GHz
Pynamie
Range 70dB 80 dB 85 dB 85 dB

Measurement Port Characteristics?

The following specifications show the residual system uncertainties
(including switch repeatability) after accuracy enhancement using a
full 2-port measurement calibration (including isolation) with an IF
bandwidth of 10 Hz, and the specified calibration kit. Environmental
temperature is 23:3°C.

Callbration Kit: HP 85052B (3.5 mm, male and female lowband and
sliding loads)

Frequency Range
01310 0.5t0 210 8to
0.5 GHz 2 GHz 8 GHz 20 GHz
Directlvity 40 dB 40 dB 40 dB 40 d8
Source Match 30 dB 30 dB 30 dB 3048
Load Match 35d8 35 dB 30 dB 30dB
Reflection Tracking +0,10dB | 20.10dB | 20.10d8B | 20.20dB
Transmisslon Tracking | 20.10dB | 20.10d8 | £0.12dB | =0.15dB
Calibration Kit: HP 85052D (3.5 mm, male and female broadband
recision fixed load)
Frequency Range
0.13 to 05¢t0 2to 3to
0.5 GHz 2 GHz B8 GHz 20 GHz
Directivity 40 dB 40 dB 38 dB 36 dB
Source Match 3048 30 dB 30d8B 30 dB
Load Match 3548 35dB 30 dB 30d8
Reflection Tracking +0,1008 | 20.10dB +0.10d8 | £0.20 dB
Transmisslon Tracking | +010dB | «0.10dB | +0.12d8 | +0.15dB
System Accessories
3.5 mm 7 mm* Type N*
Test port cables
SemHiexible HP 85131C/D HP 85132C/D HP 85132C/D*
Superdflexibie’ HP 85131E/F HP 85132E/F HP 85132E/F*
Adapler sats HP 85130D HP 851308 HP 85130C
Callbration kits
Standard HP 850528 HP 850508 HP 850548
(shiding loads)
Economy HP 850520 HP 850500
(fixed Ioads)
Varification kits HP 850518 HP 850538 HP B5055A

"Limted by maximum output power and system nolse floor, Srnc!ﬂ-d for an IF bandwidth of 10
Hz, using a full 2-port messurement {inciuding an calbration performed with
a5 averaging factor of 16),

“Croastalk, afier n lscistion calbration, is beiow the system nolse floor and can ba ignored.
'BPH1MBICMM&MWMHWW 7 mm or Type N connoectors are to be
connected directly to tha HP B720A’s test ports,

“Use the cables recommended for 7 mm dervicos. Precision 7 mm to Type N adaptecs ace Included
i the HP 85054B Type N calibration ki,

YSemi-flexible cable are warranted for 90 days. Super-flexible cables carry & standard one-yoar

warranty.

General Characteristics

Source Frequency Characteristics

Range: 130 MHz to 20.0 GHz

Resolutlon: 100 kHz (I Hz with Option 001)

Stability: typically =7.5 ppm @ 0° to 55°C
typically =3 ppm/year

Accuracy: 10 ppm @ 25°+3°C

OQutput characteristics (at test ports, 25°£3°C)
Power range: —10 to —65 dBm in 5 dB steps
Power level: —10 dBm = 3 dB

Harmonics: <—15 dBc @ —10 dBm (typical)

Test ports

Connector type: 3.5 mm (male)
Impedance: 50 ohms nominal

Switch type: Mechanical

Switch lifetime: >3 million cycles (typical)
Maximum input level: +20 dBm

DC bias; 500 mA, 40 VDC maximum

Rear Panel Connectors
External reference frequency Input:
Frequency: 1, 2, 5, and 10 MHz; €200 Hz at 10 MHz
Level: —10 dBm to +20 dBm, typical
Impedance: 50 ohms
External trigger: Triggers start of sweep on a negative TTL transi-
tion or contact closure 1o ground.
External AM auxiliary inpul: 0 to 10 volts (1 dB/volt) intoa 10 kehm
resistor, 5 kHz max.
Auxiliary voltage input: —10to +10V
10 interconnect:
Type: DB-25
Output: Standard LS TTL output (active high logic) on pin 17 in-
dicative of PASS/FAIL status during limit testing. Output voltage
remains at +5 Vdc (nominal) until a FAIL condition occurs. Re-
mains at 0 Vdc until a PASS condition occurs.

HP 85162A Measurement Automation Software

The HP 85162A Measurement Automation software is designed
specifically to operate on an HP 9000 series 200 or 300 computer with
BASIC 3.0 or higher. The software complements the HP 8720A mi-
crowave network analyzer, providing calibration, measurement, and
data output capabilities with a minimum of operator interaction.

Ordering Information Price
HP 8720A Microwave Network Analyzer $55,000
Option 001 1 Hz frequency resolution 9,500
Option 010 Time Domain Capability 9,000
Option 802 add HP 9122C Dual Disc Drive, HP 1,495
10833A cable
Option 830 add HP 85052D Cal Kit, HP 85131E ca- 5,800

ble
Option 913 Rack Mount Kit 40
HP 85162A Measurement Automation Software

Requires BASIC 3.0 or above and 2 Mbytes of RAM 1,500
Must select media option {no charge):
Option 630 for 3.5 in, disc media N/C
Option 655 for 5.25 in. disc media N/C
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_/\ Picosecond s

' * ' Pulse Labs

» Turbo Option
*50V

« 250 ps Risetime

» 1 - 100 ns Duration

The Model 2600C Pulse Generator produces high amplitude 45 V, fast < 500 ps risetime pulses.
With the “Turbo” option, 50'V, 250 ps risetime pulses are available. The pulse duration can be adjusted
with a front panel, ten-turn control from < 1 ns to 100 ns. Either a positive or negative polarity pulse is
selectable by a front panel switch. The amplitude may be adjusted over a 70 dB range in 1 dB steps.
Applications for the 2600C include testing the switching time of semiconductors and driving high current
laser diodes to obtain fast risetime optical pulses. Aprogrammable GPIB version of the 2600C is also
available; see the speca!’ ications for the PSPL Model 10,300B.
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Waveforms were measured using an HP-54121A, 20 GHz digital sampling oscilloscope.

Ordering Information

Model Number Description o o
2600C Pulse Generalor; + 45 V, < 500 ps risetime, 1 — 100 ns adj. duration
2600C-300NS Pulse Generator: + 45 V, = 500 ps risetime. 2 — 300 ns adj. duration
2600C-TURBO Pulse Generator: £ 50 V, 250 ps risetime, 1 — 100 ns adj. duration
2600C-TURBO300NS | Pulse Generator: £ 50 V, 250 ps risetime, 2 — 300 ns adj. duration

Picoseconn Puise Lass P.O. Box 44 Boulper, CO 80306, USA TEL: 1.303.443.1245 FAX: 1.303.447.2236

WWW.PICOSECOND.
SPEG-4040008, Revision 2, 3/01 TERERORREE Page 1 of 2
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Pulse Generator

{ Model 2600C

Output Pulse Parameters [1]

General Specifications

50 V typical, 45 V min,

Power, Rep, Rale Range., Rep,

Fixed Trig. Delay Jitter

12 ps rm3 typical

Repetition Rate

1 Hzto 100 kHz

Ext. Trigger Input Level

| TTL pulse raguired, lavel
> 18V, +slope > 10 na

|_Ext, Trigger impedance

420 0

Trigger In/Out Delay

{ 200 ns

Notes

| ({urbo optlon) Controls Rate Vemier, Delay, Duration,
Amplitude into 50 2(2,3] | ?s; ;ur"é%al, 40V min, Polarity and Atlenuation
) a SMA for 50 V pulse oulput,
Attenuation ] op 070 dB_ 108 :Vteps Connectors BNC for lnqg" or In andm?ger output.
Polarity | Posltive or negative 100, 115 or -
seline oV : S Fratar Sapply {malns) svdtch selectable, 50 or 60 Hz,

[ Duration (50%) [4] <1 n$ to 100 ns adjustable Power Consumption | 42 VA (60 Hz,) 63 VA (50 Hz) _
Risetime (10% - 90%) fﬁ“mg‘c‘yﬁni" 350psmax 1 1 Operating Indoors, 0 C ta 50 C, < 80% th
(leading edge) [2,3] P Environment o

<ggg m’iypl - 1r1 r Contorbns to EN-061010-1 {CE y
<800 ps typical, 1ns max mark) UL-1244 and IEC-348, Safe
Falltime (30% - 10%) (turbo option) Safety Certitications | crags | For lab use only by qualified
(frailing edge) 1 ns typical, 1.8 ns max, parsonnel
_(standard) Conforms to EU Directive
Baseline Pracursor < ﬁﬁ{t T EMI Certifications 89/336/EEC ENSS011 and
¥ < urbo option), L ENS0082-1, CE mark
Topiina Overshoot 2% (standard) Calibration report wilh vaveforms
Topline Perfurbations t_'ég P | calibration  fumished, NPUNIST-raceable, valid
+ r.<20ns  at+23C 430
Spurious Pulse @ 116,08 | 3054 (gur, = 100 ng) | O year Ses Terms and
Source Impedance 50 0 nominal Warranty | Condli for ‘
| -30% during pulse +50% afler] 6t Power cord,'from' ha’nd[es, rack
Reflection Coefficient | puise. Improves vath Accessories mount kit, instruction manual and
increasing attenuation. Included vidao,
Dimensions 17 %13 x3.25' (43 x 33 x 8.3 ¢cm)
Trigger and Timin Weight 15 Ibs (6.8 kg), 20 Ibs (9.1 Kg)
Trigger Output Puise 0.8V Into 50 (0 shipping
Adjustable Delay Qo 100 ns
| Adjustable Delay Jitter 35 ps rmis typical
[ Fixed Trigg Trigger Delay 116 ns

[1] The performance parameters listed here are typical values as measured using an HP-64121A, 20 GHz oscilloscope and
46 dB, PSPL Model 5510, 18 GHz altenuators Parameters are guaranteed at 23 C when max. andfor min, limits are given.
[2] Parameters lisled are for posilive polarily pulse. Negative polarity pulse amplitude is typically 1 dB less and the risetimes
and falltimes are typically 75 ps slower,
[3] Turbo Option; This extra cost option enhances the generator's performance with premium, rare, sefected semiconduc-
tors. The positive polarity pulse amplitude is increased from 45 V1o 50 V and the risetime is improved from < 500 ps to 250
ps. The negalive polarity pulse has an additional B ns of delay relative to the positive pulse,
[4] 300 ns Option: This extra cost oplion increases the maximum pulse duration from 100 ns to 300 ns. The following
specifications change for this 300 ns oplion: maximum pulse duration = 300 ns, minimum pulse duration = 2 ns typical, 3
ns max., positive polarity pulse trailing edge falllime = 2 ns typical, 3 ns max., max rep. rate = 20 kHz, ext, trigger input
to fixed trigger output delay = 270 ns and welght = 17 bs, Tngger output delay jitter = 35 ps rms typical. Fixed trigger output
delay jitter = 15 ps rms typical.

Picoseconn Puise Lans P.O. Box 44 Bouiper, CO 80306, USA TEL: 1.303,443.1249 FAX: 1.303.447.2236

VAT EIGOBEEONIIECM SPEC-4040008, Revision 2, 3101
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clear all

close all

cle

al=-load('airwithphantomtxt'); wtext file of free space
a2=load(' fat.txt"; wtext file of fat

a3=load(' fatwithmeat3cmtxt'); wtext file of fat:meat

ad=load(' fatwithmeatdcmtxt'); =text file of fatsmeat
ab=load(' fatwithmeaté6cmtxt'); =text file of fat:meat

ab=load(' fatwithball3.txt");

tranair=alc, 2);
tranfat=a2¢, 2);
tranmeat3=a3c, 2);
tranmeatd4=adc, 2);
tranmeat6=a5¢, 2);
tranball3=a6g, 2);
receiveair=alc, 3);
receivefat=a2¢, 3);
receivemeat3=a3(, 3);
receivemeatd=-a4(, 3);
receivemeatb6=a5¢, 3);
receiveball3=aé(, 3);

/n,
S

timeair=al(,1);
timefat=azc¢, 1);
timemeat3=a3¢, 1);
timemeatd=ade, 1);
timemeat6=a5¢;,1);
timeball3=a6(, 1);

uy s

wtransmitted air
wtransmitted fat

wtext file of fat-meat

wtransmitted
wtransmitted
wtransmitted

meat 3 cm
meat 4 cm
meat 6 cm

wtransmitted ball=3

wrecelved
nreceived
wreceived
wreceived
mwreceived
wrecelved

wtime of air
wtime of fat

Gy ™

fat

meat 3. cm
meat 4 cm
meat 6 cm
ball#s3

wtime of meat 3. .cm
wtime of meat 4 cm
wtime of meat 6 cm
% bime <of tball+3

dtls[timeair(lengthtimeair)-timeairdwlengthitimeain);
dt2-[timefat(lengthitimefat)-timefatdlengthtimefat);

dt3=[timemeat3(length(timemeat3)-timemeat3(l)ylengthit imemeat 3);
dtd=timemeatd(length(timemeatd)-timemeatd(l)ylength(timemeatd);
dtS=[timemeat6(length(timemeatéy-timemeat6(l)ylength(timemeat6);
dté=timeball3(length(timeball3)-timeball3(llength(timeball3);

s, Transmitted signal of air

figure(l); subplot3,1, 1), plotitimeair, tranair);
legend('Transmitted signal of air'")

ylabel('TIti', 'Fontname’', 'Times New Roman', 'FontSize',16)

77

xlabel('Time domain(S)', 'Fontname’, 'Times New Roman’', 'FontSize',16)
set(gca, 'Fontname', 'Times New Roman', 'FontSize',16);

title(' Transmitted signal of air’', 'Fontname', 'Times New Roman', 'Font-
Size',16)

grid on
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s Received signal of air
figure(); subplot(3,1, 2), plot(timeair, receiveair, 'cr');
legend('Received signal of air")

ylabel('Tit)', 'Fontname', 'Times New Roman', 'FontSize',16)
xlabel('Time domain(Si', 'Fontname', 'Times New Roman', 'FontSize',16)
set(gca, 'Fontname', 'Times New Roman', 'FontSize',6 16);

title('Received signal of air', 'Fontname', 'Times New Roman', 'Font-
Size',16)

grid on

wwalr

format shortg

[c,lags]=xcorr(receiveair, tranair); wcompute cross correlation; keep
lags vector

positive=find(lags>0); wplot pesitive time

cl =c(positive); s, show positive value

lagsl =lags(positivepdtl; s time. domain of time shift

[Peak, PeakIdx]=findpeaks(cl, "MINPEAKHEIGHT',0.6); = find peak value
Shift Time AIR = lagsl(PeakIdx) wFind Time Shift

figure(l); subplot(313),
plotilagsl,/cly;hold onjigrid on

for ii =l:length(Shift Time AIR)

plotShift Time AIR@E i), Peak(ii), 'or'y;

strmax =['Shift Time =';num2str©Shift Time ATR(iin;

text(Shift Time AIRi), Peakdi), strmax, 'HorizontalAlignment'y, 'left’,..
'Fontname', 'Times New Roman','FontSize',6 16);

hold on;

end

title('Cross-Correlation of air'!, 'Fontname', 'Times New Roman', 'Font-

Size',16)

legend('shift Time')

ylabel('w(t]', 'Fontname', 'Times New Roman', 'FontSize',6 16)

xlabel('Time shift demain(S)', 'Fontname', 'Times New Roman','Font-

Size',16)

set(gca, 'Fontname','Times-New Roman', 'FontSize', 16);

v Transmitted signal of.fat
figure); subplot(3, 1, 1), plottimefatytranfat);
legend('Transmitted signal cf fat')

ylabel('Tit}', 'Fontname', 'Times New Roman', 'FontSize',16)
xlabel('Time domain(Sj', 'Fontname', 'Times New Roman', 'FontSize',16)
set(gca, 'Fontname', 'Times New Roman', 'FontSize', 16);

title('Transmitted signal of fat', 'Fontname', 'Times New Roman', 'Font-
Size',16)

grid on

“wwReceived signal of air

figure@); subplot(3, 1, 2), plotitimefat, receivefat, 'r');

legend('Received signal cf fat')

ylabel('Trti', 'Fontname', 'Times New Roman', 'FontSize',16)

xlabel('Time domainiSi', 'Fontname', 'Times New Roman', 'FontSize',16)
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set(gca, 'Fontname', 'Times New Roman', 'FontSize', 16);

title('Received signal of fat', 'Fontname', 'Times New Roman', 'Font-
Sige', 16y

grid on

ww fat

format shortg

c, lagsl-xcorr(receivefat, tranfat); wcompute cross correlation; keep

lags vector

positive =find(lags>0); wplot positive time
cl =c(positive); wshow positive value
lagsl =lags(positiverdtl; s.time domain of time shift

[Peak, PeakIdx]=findpeaks(cl, 'MINPEAKHEIGHT',1); «find peak value
Shift Time_ fat =-lagsl(PeakIdx) =Find Time Shift

figure(2); subplot(313),
plot(lagsl,cl);hold on;grid-on

for ii =l:length@hift Time fat)

plotShift Time_ fatd iy Peak(ii), ‘or');

strmax =('Shift Time - ';num2strShift Time fatain;

text(Shift Time fat(i), Peak(ii), strmax, 'HorizontalAlignment','left’,.
'Fontname', 'Times New Roman', 'FontSize',16);

hold on;

end

title('Cross-Correlation of fat', '"Fontname','Times New Roman', 'Font-

Size',16)

legend(' Shift Time')

ylabel('wit]"', ' Fontname', 'Times New Roman','FontSize',16)

xlabel(' Time shift domain(S)', 'Fontname','Times New Roman', 'Font-

Size',16)

set(gca, 'Fontname', 'Times New Roman', 'FontSize’;16)

=% Transmitted” signal—of, meat3

figure(3); subplot(3, 1, 1), plot(timemeat3, tranmeat3);
legend('Transmitted signal of meat3!h

ylabel('Tit]', 'Fontname', 'Times New Roman', 'FontSize', 16)
%label('Time domain(Si', 'Fontname', 'Times New. Roman';,'FontSize',16)
set(gca, 'Fontname', "Times New Roman'; 'FontSize';16);
title('Transmitted signal of-meat 3 cm','Fontname', 'Times New
Roman', 'FontSize',16)

grid on

. Received signal of meat3

figure(3); subplot(3, 1, 2),plot(timemeat3, receivemeat3, 'r');
legend('Received signal of meat 3 cm')

ylabel('Tit}', 'Fontname', 'Times New Roman', 'FontSize',16)
xlabel('Time domain(S}', 'Fontname', 'Times New Roman', 'FontSize',16)
setigca, 'Fontname', 'Times New Roman', 'FontSize', 16);
title('Received signal of meat 3 cm', 'Fontname', 'Times New
Roman', 'FontSize', 16)

grid on



wsmeat3
format shortg

[c, lagsl=xcorr(receivemeat3, tranmeat3); wcompute cross correlation;
keep lags vector

positive =findldags>0); wplot positive time

cl =c(positive); " show positive value

lagsl =lags(positiveydtl; wtime domain of time shift
[Peak, PeakIdx]-findpeaks(cl, '"MINPEAKHEIGHT',1); «find peak value
Shift Time meat3 =lagsl(PeakIdx) «Find Time Shift

figure(3);subplot(313),
plot(lagsl,cl);hold con;grid on

for ii =1l:length(Shift Time.meat3)
plotShift Time meat3@di), Peakdi), 'or'y
strmax =('Shift Time =',6 numZstr@Shift Time meat3(iipn:
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textﬁhift_Time“meat&iihPeahiipstrmax,'HorizontalAlignment','left',m

'Fontname', 'Times New-Roman', 'FontSize',16);
hold on;
end
title('Cross-Correlation of meat. 3/ em','Fontname';.'Times New
Roman', 'FontSize', 16)
legend('Shift Time"')
ylabel('wit}', 'Fontname', 'Times New Roman','FontSize', 16)
xlabel('Time shift domain(S]', 'Fontname', 'Times New Roman','Font-
Size',16)
set(gca, 'Fontname', 'Times New Roman', 'FontSize',16);

wi Transmitted (signal of meatd

figure); subplot3, 1, 1), plotitimemeatd, tranmeatd);

legend(' Transmitted signal of meat 4 cm')

ylabel('Tit}", "Fontname', 'Times New Roman' ,'FontSize',16)
%label('Time domain(Si's 'Eontname', 'Times New Roman', 'FontSize',16)
set(gca, 'Fontname!', 'Times New Roman', 'FontSize', 16);
title('Transmitted signal of meat 4 em', 'Fontname?’, 'Times New
Roman', 'FontSize', 16)

grid on

w,Received signal of meatd

figuredd); subplot(3, 1, 2),plot(timemeatd;receivemeatd, 'r')y;
legend('Received signal of meat 4 cm'

ylabel('Tit}', 'Fontname', 'Times New Roman', 'FontSize',16)

xlabel('Time domain', 'Fontname', 'Times New Roman', 'FontSize',16)
setigca, 'Fontname', 'Times New Roman', 'FontSize',16);
title('Received signal of meat 4 cm', 'Fontname', 'Times New
Roman', 'FontSize', 16)

grid on

seymeatd

format shortg

¢, lagsi=xcorr(receivemeatd, tranmeatd); -.cocmpute cross correlation;
keep lags vector
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positive =find(lags>0); wplot positive time

cl =c(positive); %, show positive value

lagsl =lagspositiveyrdtl; sstime domain of time shift
[Peak, PeaklIdx]=findpeaks(cl, "MINPEAKHEIGHT',1); % find peak value
Shift Time meatd =lagsl(PeakIdx) «Find Time Shift

figure(d); subplot(313),
plotilagsl,cl);hold on;grid on

for ii =lilengthShift Time meatd)
plotShift Time meat4d(ii), Peak(ii), "or'y;

strmax =['Shift Time =',num2strShift Time meatd(iiny;

text(Shift Time meatd(ii), Peak(ii), strmax, 'HorizontalAlignment',6 'left’',..
'"Fontname', 'Times New Roman', 'FontSize', 16);

hold on;

end

title('Cross-Correlation of meat\ 4 cm!,/'Fontname", 'Times New

Roman', 'FontSize',16)

legend('Shift Time")

ylabel('wit)', '"Fontname', 'Times New Roman', 'FontSize',16)
xlabel('Time shift domainiS)', "Fontname', 'Times New Roman','Font-
Size',16)

set(gca, 'Fontname ', 'Times New Roman','FontSize',16);

%% Transmitted signal of meaté6

figure(5); subplot(3, 1, 1), plotitimemeat 6, tranmeat6);
legend('Transmitted signal of meat 6 cm')

ylabel(' Tity*, 'Fontname', 'Times New Roman', "FontSize', 16)

xlabel(' Time domain([S}', ' 'Fontname', 'Times New Roman', 'FontSize',16)
set(gca, '"Fontname', 'Times New Roman', 'FontSize',16);

title(' Transmitted signal of meat 6 cm';, 'Fontname', '"Times New
Roman', 'FontSize',16)

grid on

wun Received signal of “meatb

figure(5); subplot(3,1l, 2), plotitimemeaté,receivemeatt6,'r');
legend('Received signal of meat 6 cm")

ylabel('T(t]', 'Fontname',” Times New Roman', 'FontSize' 16
xlabel('Time domain(S}., “Eontname!, ! Timés Neéw Reman®, 'FontSize',16)
set(gca, 'Fontname', 'Times New Roman','FontSize', 16);
title('Received signal of meat 6 cm', 'Fentname', 'Times New
Roman', 'FontSize',16)

grid on

wgemeat s

format shortg

[c, lags]l=Xcorr(receivemeat6, tranmeat6); “.compute cross correlation;
keep lags vector

positive =findlags>0); ~pleot positive time

cl =cpositive); “.show positive value

lagsl =lags(positiveprdtl; ~ time domain of time shift

[Peak, PeaklIdx]-findpeaks(cl, 'MINPEAKHEIGHT',1); =« find peak value
Shift Time meat6 =-lagslPeakIdx) ~.Find Time Shift



82

figure(5); subplot(313),
plot(lagsl,cl);hold on;grid on

for ii =1l:lengthShift Time meat®)
plot@©hift Time meaté(ii), Peak(ii), 'or');

strmax =('Shift Time -',num2strShift Time_meat6(iin);

text(Shift Time meaté(ii), Peak(ii), strmax, 'HorizontalAlignment', 'left’,.
'Fontname', 'Times New Roman', 'FontSize',16);

hold on;

end

title('Cross-Correlation of meat 6 cm', 'Fontname', 'Times New

Roman', 'FontSize',16)

legend('Shift Time")

ylabel('wit]', 'Fontname', 'Times New Roman', 'FontSize',16)
xlabel('Time shift domain(S}','"Fontname',"Times New Roman’', 'Font-
Size',16)

set(gca, 'Fontname',;" Times New Roman'/,/'FentSize',1&);

%5
wwtime shift fat and air
format shortg

[c, lags]-xXcorrreceivefat, receiveair); wcompute cross correlation; keep
lags vector

positive =findlags>0); 4 plot pesitive time
cl =c(positive); soshow \positive value
lagsl =lags(ositiverdtl; wtime domain of time shift

[Peak, PeakIdx]-findpeaks(cl, 'MINPEAKHEIGHT',22); wfind peak value
Shift_TimewFATAIR =lagslPeakldx) wFind Time Shift

figure(6);
plot(lagsl, cl)y;hold onj;grid on

for ii =1l:length(shift.Time FATATIR)
plot@©hift Time FATAIRG1), Peak{ii), "or'y;

strmax =('Shift Time &', num2strShift Time FATAIR(EAN:
text(Shift Time FATAIR(id), Peak(ii), strmax, ' HorizontalAlign-
ment', 'left’', .

'Fontname', 'Times New Roman', 'FontSize';16);
hold on;
end
title('Cross-Correlation of both received air and pure fat', 'Font-
name', 'Times New Roman', 'FontSize',16)
legend('shift Time")
ylabel('wit}', "Fontname', 'Times New Roman', 'FontSize',16)
xlabel(' Time shift domainiSi', 'Fontname', 'Times New Roman', 'Font-
Size',16)
set(gca, 'Fontname', 'Times New Roman', 'FontSize',16);

o, time shift meat 3 cm and fat
format shortg



[c,lagsl=xcorr(receivemeat3, receivefat); “compute cross correlation;
keep lags vector

positive =findlags>0); “wplot positive time
cl =cpositive); » show positive wvalue
lagsl =lags(positiveydtl; v, time domain of time shift

[Peak, PeakIdxl=findpeaks(cl, '"MINPEAKHEIGHT',2.2); ~find peak value
Shift Time meat3fat =lagsl(PeakIdx) :uFind Time Shift

figure(?), subplot(311),
plotlagsl, cl);hold on;grid on

for ii =1l:length(Shift Time meat3fat)
plot(Shift Time meat3fat(ii), Peak(ii), 'or'y;
strmax =('Shift Time -',num2str(Shift Time meat3fatdin;
texthift Time meat3fat(iiy Peak(il),strmax,'HorizontalAlign-
HenE" " IeEE" v

'Fontname', 'Times New Roman'; 'FontSize', 16);

hold on;
end
title('Cross-Correlation of both received pure-fat.and fat with meat

cm', 'Fontname', 'Times -New Roman’','FentSize',16)

legend('Shift Time')

ylabel('wt]', 'Fontname', 'Times New Roman','FontSize';16)
xlabel('Time shift domain[S]'; 'Fontname', "Times New Roman', 'Font-
Size',16)

set(gca, 'Fontname', 'Times New Roman', 'FontSize',16);

% time shift meat 4 cm and fat
format shortg

[c, lags]=xcorr(receivemeatd, receivefat); scompute cross correlation;
keep lags vector

positive =find(lags>0); splot positiwve itime

cl =cpositive); s show ‘positive value

lagsl =lags(positivepdtl; wiime domain of tdme shift

[Peak, PeakIdx)j-findpeaks(cl, "MINPEAKHEIGHT",6 2.2); 4« find peak value
Shift Time meatdfat -lagsl(PeakIdx) < Find Time Shift

figure(?), subplot(312),
plotilagsl,cl);hold on;grid on

for ii =l:lengthShift Time meatdfat)
plot(Shift Time meat4fat(ii), Peakii), 'or'y;
strmax =('Shift Time -', num2str(Shift Time meatdfat(iin;
text(Shift Time meatdfat(ii), Peak(ii), strmax, 'HorizontalAlign-
ment', 'left',..

'Fontname', 'Times New Roman', 'FontSize',16);
hold on;

end
title('Cross-Correlation of both received pure fat and fat with meat

cm', 'Fontname', 'Times New Roman', 'FontSize',16)
legend('Shift Time')
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ylabel('witi', 'Fontname', 'Times New Roman', 'FontSize',16)
xlabel('Time shift domain(S)', 'Fontname', 'Times New Roman', 'Font-
Size',16)

set(gca, 'Fontname', 'Times New Roman', 'FontSize',16);

wetime shift meat 6 cm and fat
format shortg

[c, lags]=xcorr(receivemeat6, receivefat); -« compute cross correlation;
keep lags vector

positive =findlags>0); wplot positive time
cl =cositive); wshow positive value
lagsl =lags(positiveprdtl; v, time domain of time shift

(Peak, PeakIdx]=findpeaks(cl, "MINPEAKHEIGHT',2.2); %find peak value
Shift_Time meat6fat -lagsl(PeakTIdx) % Find Time Shift

figure(?), subplot(313),
plot(lagsl, cly;held on;grid.on

for ii =l:length(Shift) Time meat6fat)
plot(Shift Time_meat6fat(ii), Peaki), 'or');
strmax =['Shift Time =',num2striShift Time meat6fatdin;
text(Shift Time meat6fat(ii), Peak(ii), strmax, "HorizontalAlign-
ment', 'left’, ..

'Fontname", 'Times New Roman', 'FontSize',16);

hold on;
end
title('Cross-Correlation of both received pure fat and fat with meat

cm', 'Fontname',"Times New Roman', 'FontSize', 16)

legend('Shift Time"

ylabel('wlti', 'Fontname', 'Times New Roman'; 'FontSize',16)
xlabel('Time shift domain(S)','Fontname', 'Times New Roman', 'Font-
Size',16)

set(gca, 'Fontname’, 'Times New Roman', 'FontSize',16);

awEr fat -10.84084401301095
c=3e8;

s_fat=0.1; «l0cm
v_fat=s_fat/shift Time FATATIR;
Er fat=crv_fat)*2

W Er meat3 -50.7763253601264

c=3e8;

Er meat=50.7763253601264
s_meat3=sqgrtov_fat+-Shift Time meat3fat)"2/Er_meat)
u%wEr meatd - 50.7763253601264

Er meat=50.7763253601264
s_meatd=sqrtyv_fat+Shift Time meatdfat)"2/Er_meat)
%.Er meat6é 50.7763253601264

Er meat=50.7763253601264
s_meaté=sqrtv_fat+Shift Time meatb6fat)"2/Er_ meat)
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dy 1 dl Y o L 24 dl = 1 gj 1 Y o ¥ ¢ Y 1%
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clear all

close all

cle

“4%

Yo=0.02;
Dll=lcad('DISTILLED.txt");
S11_fat=load('VNA_fat.txt";
S11_fat=-S11_ fat

511_meat=load('VNA_meat.txt');
511_meat=-S11_meat

Ewr=load('REAL WATERtxt');

%??? Real complex permit 7222227272777
Ewi=load('IM_WATERtxt'
wwater

s meat
Y meat

dy 1 dl Y o L 24 dl = 1 gj 1 Y o ¥ ¢ Y 1%
wnanstluenashanulidmiunislidnuienisfinewin eugrelnhluldusslovdmunisin

Lidnsdllas visdu Bnnsnudlidaudailen uagsesanedsisdvesenarsynasandnisluly





