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ABSTRACT

In this thesis, the Neural Network (NN) is applied to recognize, identify and predict basic
Printed Circuit Boards (PCB) configurations using its near-field and far-field radiated
Electromagnetic Interference (EMI). The leamning process is accomplished by giving the NN
different radiated emission spectra of several basic PCB configuration. The statistical calculation
is applied to reduce the NN input data to reduce the learning time of the NN. The NN are trained
jand tested using the differe;lt training and checking set of input and output patterns. The NN
!successful in identify type of PCBs configuration by using measured magnetic near-field spectra
.and electric far-filed spectra. In addition, the artificially impulse noise are generated to the
imeasured near-field spectra and far-field spectra, and then the NN is applied for identifying the
PCB configuration. The trained NN can recognize and identify the PCB configuration included
. artificial noise.

In addition, the NN used for predicting far-field emission spectra from the near-field
measurement is presented. For the experimental results, the NN can predict the electric far-field

from the magnetic near-field radiated. Then the predicted results from the NN are compared

with the populars algorithm (MOM, CEM) and actual far-field measurements for evaluation.
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o o L4 @ o ¢ 4 o o - (4'3 o
finfuvyanany uaz dnduuunnnes Fuduflsddunadamand Avudunszue
fmuald P andudszy U, anudunszua ¢ USumenans

o o o a o 4
Fndnmes A uaaaldlu auns admlisuFoadedl



}
b

anuduRutues E,H,A uaz ¢ fo

oA
E=-Vg-2L2
¢ ot
1
H=—VxA
H
op
V.A = —ug —
O vt
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(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

5 LY & 1 o A
auns (2.26) wag (2.27) gaisduld o ganintuermevesunasthidianseua J,

o (4 1 3 d a awv
ﬁ"lﬂizllﬂ J ﬁ'm'liﬂllﬁﬂQ‘lﬁlHUTIﬂﬂUﬁ']ll'lﬁﬂﬂizi]'lUﬂU'Nﬂﬂlﬁﬂﬂﬂ?ﬂTﬂUﬂTiﬂu'ﬂiﬂﬁ

man‘umﬂizq HALNINISIWIYBNNISUY

¢ =LI_dP;t v !

47

LJ’ ‘]rel ;{v
4 R

s R Aeszoznanndisuilanssue fagadana

A a
ret F19 ﬂ'lililaUuu‘l.]aﬂ‘\lf)\illizﬂ‘llﬁzﬂizuﬁﬁﬂaﬂﬁ'lﬂnﬂ'l t —C

) = o
C A9 A1UL3 ’)uﬁﬂumﬂmd

(2.26)

(2.27)

R

X

1 2.5 uamsmsmidndaun dfhifiszos «
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d v
2.5 aumsuunaralulamunnu (Maxwell’ s Equations in Frequency

Domain )

o P ° a '
aumsuungialugduuuvesmsulasuulasunmees E uaz H  dmsuumag
o o d'd d' d'l 1 Vo 1) [ = 9
. fufleffimsaldounas gluuuvesniuduegiuglsiuazdinsetuiela  Tasaums
o 1 { é [y
| undn HATUARIDY UINBUYDIADIUEAIN (steady-stady) ¥BITEVUFNTeyaaiguvy
¢ 4 4 a % a o a %
31 Sin(wt) W o Ao AMMDUDY vRATIANDS lAUNGANI SUVDIIDDI AT UE
v @ dJdo o a . . 4 .
AUNUFAUIIAIZITUDUN (time-harmonic) ns lawunnud (frequency-domain) @INIIOUNU
18 Taoaruns(2.28)

E(t,x,y,z)=ﬁ,(x,y,z)cos w(t) (2.28)
Taunis 14 matia awes ve1d
~ o ot
E(t,x,y,z)=E(x,y,z)cos( wt) =R, {E(x',y ,z)e'? } (2.29)
B o) %)
H(,x,y,z)=H(x,y,z)cos( ot) =R, {H(x ,y ,z)e!? } (2.30)
AUNS VOWUNFIID 1R TaY

VxH=jwE+J 2.31)

—~ ~

VxE=—jouH (2.32)

L4 a a . . !
aumEueiindann (time-harmonic)  Hlszlemiluasud luilymmaniménvith
' o = ¢ 3 o o
Wy meemirdeeddiameianuitey  luvmzmuifugluuuvesdygiaanisold
nouySes Iugdvesnnild
A a a o s a . . o o o 4
(o915 NS AATIZN 1I01815U0NN (time-harmonic) ANAAT ¢ uasfndiannes

v
A v ldqunis (2.33) (2.34) uaz (2.35) Asil

~

V2A + usw’A = —ul, (3.33)
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auy E mldvinaums

E="LVVA)-joA

A,

~

dauvosay E mminm"lﬁ'mnmsﬁﬁu NINAVDIAUMINTLUA

E,

WUE

J,
47: ,,I

]IZ

e —jkR

—dv’

R

e/ 2

o e /MR

47rv

R

322

R

dv'
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(3.34)

(3.35)

(3.36)

(3.37)

(3.38)
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mi%mmmiuwmmmmmammzaum"lﬂﬁ]

Tagnslyldsunsa

8.1 mnuimaniWihsyazlnduazszezlng

msAnymgAnssumsunsaauudinan i awsoutsnsdidnyiennida

poyazveaumasiuiadyga Taomllezlingu] vesmeermsalalnauazaoerins

huugy

1] [12]  USMIBUY Yeemiue 1A n3e undssuiladug gouriseendlu 3

uFufie ez lngd (reactive  near — field Yumsunsaunszozlng (radiating

near — field) uaz tuaumszoslna (far - field)

uSnamnuszerlng ( reactive near — field )

- AUINDAAIATNAT EaLn waz Ha—lm— o n,m >1
= r r

- $MUUBNYDY reactive near— field 154 » =zi de A4 Wuarweadu
/3

v3naEusceslng (radiating near — field)
o dy ] ° 9 ] 1 d'
- msvineauylussesil lamnsamld  msizauivszunlay luaen

] 2
Taofivoudunensyi %muﬁumwm Adams

¥
- szuzﬁﬂgizwm reactive near—field QY far - field
v ' 3
- vinuflvehifusser D << 2 die b dluswniigavesdia veamasduila

vSnamnuszesing (far - field)

1 d \’l‘ v a 1 ¥ c’:
ﬁU']Uvlﬂﬁ'lllﬁzﬁu']nuulﬂaﬂﬂ\?ﬂ‘lﬂﬂ'ﬂﬂﬂ‘n']Qﬂ'lillwsﬂizinﬂﬂﬁu LIS AININ

AeRuMUTZUILAAY

1 g
ﬁum"lﬂﬁmammmmmanaﬂmmmzuz l
r

] ) |3 ar
ﬁu’HJﬂ'liu‘Wiﬂiz‘U'lUHNQIJ%J“U‘Nﬂ‘UizU$1’I'N

. 2
n15111Ua991n8Y radiating tag far— field aw1son1laen - =%—

. ' . D? 2D? 4 .o -
UATSUSNNBTBYTENIN 5T uag - YUDYAUMS deviation 910 —
;

o o P 1 v A ] < P 4 a P
AouNARBs luglH 3.1 mmsuwsaduwiman ihfleenvininsesnouiunein

o a d o o o L o
f =15 MHA, NITMBIANTIIDITYANDY ‘llm’JEJUN UTINU reactive near —
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Aaaan

=] '
field TliuUuiJ']ﬂﬂ'J'] VI radiating near — field ‘1']“9]9\11111@1 VOILUNAINNUAYY ﬂi)\'imﬂﬂ'ﬂ

& D?
ANYINANAY [—,1_ =1.25mm ]

F=1.5 MHz Reactive near-field Far-Field
D =0.5m
A=200 m

o /
,, — =1:25m Radiating near-field

4 ° a 4
71 3.1 msfmuaauuszos lnauazszezlndvesnounames

3.2 duNUAUTAAY (WAVE IMPEDANCE)

sufiuaudnau gasmualdifusasndauvosaun v & Mmnfuaumman

E;
zZ, = 3.1
i G
a a ¢ & A A L o o 9y
duiuaunnay szut wie aduuiman ihawyns gasmualiily
Z, = Y. (3.2)
£
o 4 uaz £ A0 permeability LAY permittivility YDIANANMUTIAY DUN

s A ° 9 s
uanvinau seunugadmualiidlu. z, uasiinuily

7z = [Ho =120z +371a (3.3)

€

T 10k
T
ik 3K
] Both Eg and Hg = k/»r 1l
= 1t m ittt
- » 1." 1 h: R e Irl ! ! llLII._I! L RS
o {'unllln AT L | _i" - zZ, = 3779 dtH
S Near Field or tpat -
3 30 Induction Field M 300
[lllll_lu""l LTy
'y ar Field or "
_§' & % Hle g% ~ A Radiation Fi.‘ld:!:l
@ 1 3 =2 A e it 00|
; et < o
30 % ! 30
UL
: - 2y 10
10.‘ vl -3 .4 D o 1 2 3
Distance from Source in Units of r = A/2w

§ =) o [ =4 Y
JUN 32 uaasBuRuaudmaiman Iiiiussezna



3.3 uivanszozlna(Near-Field)

' ’ v 4 I
wmanni e laonssusndounuuaIodnue A vusnhuuRunsine

i ldnnauns3.4),3.5) [3 119 1 [281[29]1[30][31][32]
Z

A A o o o a P ' P
e 4, 9 ANUINIADIAIUNG X UVDINTLUTUADUNUUAWAULASATLUAIANDU

= i) 22 )y )

x
x1 o T'x2

ag

it =\/(x —x')2 +y2 +( --h)2

reo =\/(x —x')z +y? +(z +h)2

[

A

z

i

z

SN

T Tz rz2

Ltag

7, =\/x2 +y2+(z —z')2

A o 4 a A A A L)
AD ANYINNDIATUNANINNY Z IUDNISUNAADUNVUTIUAIU

4 =Io {’jI(o)exP(—jkr“)dz'—,}l(x)exP(—jerZ)dz'
—h —h
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(3.4)

(3.5)

(3.6)

(3.7

(3.8)

(3.9)

(3.10)
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2 2

rep =\x2 4+ -4+l -2) (3.11)

smualdnszumsuduiige x W
14

1(x')= %{cos B-x")+j 57» sin ,B(K—x')} (3.12)
A
iilo

A=R, +Ry)eos pr+j(z, + R;RAI Z, )sin A (3.13)
iilo v, o ussuERNANATeNMIRILIMY R,

] o

9 ounuausvellulasansy

'
' Iy

A
a
A @ 9
R,  fp @dumulnan
A
f
fio mnsiaveslulnsansy

4 v A S | ' a  Ja ' " @ 4
3N 3.4 D9 3.11 UAAIMSUNIAAUININANDBNIINIALNISAUNNATFUT AN 1Y 9

s ldonms 1Faunmsn (3.4) 83 (3.5) Manud 90 MHz

(v) PCB jUda"U”

135, 45.

() PCB 31a7 “1” (1) PCB 317" T” uunsduwau

4 ' ' o 1 a J
3UN 3.4 uaasmsunsauuuimanszoz Indninuruls N

47669
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(1) PCB 31J@7 “1” () t=1ns

() t= 3ns ) Q) t=5ns

{ y o o
51 3.5 uansnNuduYEIAIUIIIMENYBY PCB 67 T

(n) PCB 3173 «T” (V) t=1ns

‘

(M) t=3ns (9) t=15ns

4 ' =3 @
JUN 3.6 uAAINIIUITUVBIAUINLNIMANYBIPCB ¢ T
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d
(1) PCB ¢ “U” (¥) t=1ns

(@) t= 3ns ) (9) t =5ns

g 3.7 uamsnnuduvesaumimanyes PCB # U

o)
2

(V) t=1ns

9
%1
2
L)
;! &
=

3

(M) t= 3ns (9) t=5ns

4 ] =] o
7138 uaasnnuduvesauinanYes PCB 77 X
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|Eg|[dB]
p}near

() PCB 31¢0 “1”

M) o i ludhse Uz1ﬂa(mctmgular coordinate) (3) Polar Plot

317 3.9 uamamamsiaauuniiszoz Inaveauduasasiuigld «

T

‘\\\\\\Q‘\\\\\\\\\\\‘\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\&\&\

N

........ W N
\

NN
N\

....... \........

........ RAY + = 0 o eoee e

AN

i

o o

M) o i Inhs $U$1ﬂﬁ(rectmgular coordinate) (9) Polar Plot

510 3.10 uamananisSaauuszes Inavearud s Ui “T7
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NN

N

A

(1) PCB 31én “T”

Max E(r)

Max H(r)

@) awalvivhawlalwa (£, ) @) s lwvhoingy (7))

4 [ ' a L4 @
g1 3.1 uamswamsIaaun lifhszez Tnaveariuasesiuizdds “u” wozavemn

laTwauaz gy
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3.4 msunsawnynvhversesvinadn

msunsvesau Ihimmqununman/douiaswesnszuamuna - szozmail
NILUAAUNI gﬂa"nﬁnymzmmLf’f'umuﬁuﬂszuﬁmmﬁ wazuemlagavesdyanaanent
(11][20](27]

29USUVY  rectangular M50 quutAnluudazduszsEAoUAIL AW L LAz

) & ' ' P ul " a 1 £ g " a oy v
ANUNIN W BURADSTIUUAIINYI LUINU TE(C /f) FINHUUIUANUIULIATUIDUNUDY

' A Y 1 A =] [ ~
ANUTBINIAY I(c /7)) dunulueavedrnsnszuanioqunAniaaeaiglin 3.12

M To observation point

4/ &

aER N —

FL+W/Q2Vp :
i(t+L+W/(2Vp)

H ¥
U0 3.12 uaae dauilsznouvesiudiunszud ¥99eTYNAKIN

a4 A a
fnszuaininmvesiudiunszualunuiuouns (),  nssuandIudnuiiove

; L+W : g a o &
nslugilil 3.12 i i(l + 2: ] Wev, e AnuiTuwa ludmioniia L+ W
P 2VP

' 4 o o n& a o] a ‘é
ﬁanawmmmwsaﬁu mmmﬂfmmﬂszuﬁmmumqmmmmmmﬂﬁamﬂa1wmuu’mau

ad = s
(horizontal)2993N3%4Le (current element ) HAZAIZHANNINANNUDINTIAIUVIIVEY FUAIY
L+W

v
YDINTLUAUUING (vertical current element)  vzadu [, _L+W | wsigh
2Vp p
4 a 4 a
Ao NaUNFVDINTLUAFUAUNIININNINANFUAIUNTLUAUUIUD U (horizontal current
2 - o ;
element) 09NINANAIUVIIVOITUAIUNTSUAUUIAG (vertical current element) (o d

@ 4
ADILUZNINNYATUNADIYARUINAIIYBIINT  rectangular
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341 msuwsasnuldvhluszuny Xy
a <} A ~ & @ Py
AUYANNIIVNABNNTBQUYNINNPANINANYDITZUIL XY Aduaaslugli 3.13
v Ed
nssud i) =|/|sin@at) auu IihhunseenuinnduuuLazAuaIsvesFudIu

ﬂiSlLﬁﬂ%HTqﬁlﬂ?ﬂ aqumsh 3.14 [20]

E,()+Er0)=E. (¢)cos(27y’(t _ i) - ¢]

-E, (¢)cos(27g’(t - %—J — W ; sin ¢J

= -2E, (¢)sin(z# , sin ¢)sin(27g’ (z = 1JJ (3.14)

_E, (¢)sin(2’”’ : _i)}

c

To observation Point

i(t)

H v
71 313 uamsmsuwsaunihlussuy XY ves Sudauvesnssudunivou

» ¥ '
awy Wi Auns eonmandudonaz A uyNvsITuaUN ISz 18010 aun1IN 3.15

To observation Point
7’
7’

i(+Lew/2v,) A

Y
A

L/2 W/2 v

H td Y
3 314 wamsmsunsawn i luszuny . Xy ves Sudiunszuaumans



4
LY

] 1 4 b
SN INVRINT NI AANIN T FUdInsLaIRe 1Ty
E,(t)=E,l )+E, ()

= E,(¢) cos(Z;gf(t - %J + (L, ;'~L; cos ¢)J
—E,($)cos [274 [: - j_) — (L, W 'L, cos ¢))

= ~2E ,‘(¢)sin(ﬂ(Ll +W 'L, cos ¢) sin(Zﬂ (t - i))
c

= E, (¢ )sin [Zﬂf (r - ‘Z—))

NAUNIIN (3.14) 1AL (3.15) WATIWVYBINISUNT Tayaynl Tuszuuziiu

5, €)=, ()+ £, ()sin 2571 - )

I

7z, 2L
|E-‘9' (¢X= dPV )

' g P 9 P o v Y a4 &£
aU’N‘iﬂﬂ‘lu u.lﬂﬂ'nllﬂ'J'Nlla3ﬂ']‘lﬂﬂ’l')‘\]ﬂ\ignu‘uu')ﬂlaﬂu‘]ﬂ‘] Tﬁﬂﬂ“uﬂﬂﬂqﬂcﬁ\l
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(3.15)

(3.16)

(3.17

L

v L4
annsoidiudie L, uas anleiiqaves w, annsadluldfe w, uazdAnia 2 mnnd 0

Auanansznin |E (@) ues diefnnammidarta (g1, () ) uoz

L=W,L'=L, uaz W '=W, pruaaslugdd .15)

e -,

5

.....

i 3.15 .. @)-)| uez [E, (X )

3.4.2 msunsauinihlusinaeu

auyAliesgnanlussny xz dvdmdheun gliuuvesdyanaunsnsznely

y
° ] a 1 A A as
sz Xz mldnadunusesiudiunssug Falianwenn L, lussuiy fegadunn



To observation Point

(wLrwiev) 2

i(t+L+W/(2VP)

] y
gl 316 uamamsunsauw wihlussuy Xz vesdudiunszua Ao W uas

] Ay 1 b4 ) 2 (XY
dauFudiunszuadmunile Fumsdyanaauyiiih

-1
wasnvednu I Il fi9n9e5  rectangular vuiadnluszuy Xz milden

Eq)=E.0)+E.()

= (2#(: -‘:—)—n(LA cos & -L;-W;)]
= E yp (£)sin (erf [r - ‘:—)]
|E xz (5) = %H&W cos & _(L}L"*'Wi.']

(3.18)

¥y
Ml manumaaandiuan aeiy
Yiue'lann

(3.19)
(L1'+W1') -0

tazgdiuumsunsadumnse
nZ | L
IExz'(<§X=——————°ld'W'1 Jeos ¢} (3.20)
ANUUANANTENIN [E, ) waz  [E L, ' () deo  L=w,L'=L, wuoy
W, =W, gqnuaeegy 3.17
A

. 4
317 |, €) (), wor EguE)(...)

25
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ar Qy [} Vet [} 4 y s d
auyAinaessudunsaitdiuuy wnsaduuimantiuuan  auwihluseu

vz iy

To observation Point
L /v

d+y—v—sin g
2

> v

1 : ¥
U0 3.18 uamamsuwsnaulussuy yz vesvudmnIzu AN L,

E,()+E,0)= IIIL‘ ( (t—g—]+7rWlsm0)
—_—Z%-If—‘—cos (27rf (t - i—)—zz'Wl sin 0)

qa? AIOAE g e (“f (' ) i—))

d
=E , (¢)sin (Zﬂf (r - ‘Z—)J (3.21)

v b4
a1 s auvesFudunssuduuadalussuy yz

Ef(t)+E,(t)= %sin 6 cos (Zfrf(t "'i_]"'”(Ll"*'WA'))
%Jﬂ_sin 6 cos (Zﬂf (t - i—]+ n'(Ll'+le)J.

= _—Z"dVisin 6 sin (z (L, '+W ,"))sin (an (r + g—n
= E, (6 )sin (274 (z - ‘Z—J] (3.22)

(Y e’: a 4 o a Qy ) o
dufununigavesau s wdsgnduiialasgudaunssue sy
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|Eyz (¢1 = \/5.92(‘9)+Eh2(9)

::ﬂZalIPVA

; @ W ' cos 20+ L% sin 6 (3.23)

L d 1 d 4
furauanas vesBudunszua gadanald dutu L >0 sazunmidisudlu
Z WL
e, '|(6)= f—"lgmkin 9| (3.24)

sUluBveINISUNTAAUYBITNMTA (61) LAz (62) wansluguh 3.19

Y

Y
Wi 310 [E,. (0)C) uae £, @) ).

3.5 MSUNITYANUATUIINTIYTI (RADIATION FROM TRANSMISSION
LINE)

1 -] o ° v o @
'dmmmmaﬂ"lvlﬁwmmuuanmmmmummﬂszuﬁuu'dwmm IﬂUVI'J"hJ
v
nszuﬁuuTnuﬂ differential {l0% common - mode WINITOUNWTDONIINAWAIMIDAIZNG 2
A @ o = @ o ¥ o A 4 14
Lﬁ’uﬂiﬂllUUﬁTUﬂ’Ju'ﬁ')H [41] Gluﬂsfu‘ummummmummmuani'nmwau ﬂzleUﬂizllﬁ

' Qr J L
common - mode msuwsﬁnm;1munnmmm‘lu differential - mode

3.5.1 M1861331 2 1§U(TWO - CONDUCTOR LINE)
NSN3 ATEOIYBIAUININNSZI I differential - mode UMEIWANTIIFY 2 18y
Feilgtuvumeusumoomes uuuguvinain Fwaaslugl 28
S v’fuﬁwamuﬁa (1), S = bs m?

s ADANULIIVBIAY
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b ABTZUZHNUDIAWANN
] ' o = i P
Iy, #o aszuavumodnihnnerasiuis vulaedmladuniisvesais uazeuse
vuvldnnquiaiods assualu differential mode aNsndaldlasmslsinsnszua

o L 4 ] 4 ]
msdailsziuilarsduladuniisvesinan Wenszualy  common - mode Wugudey

anigdadees 1o (SI <« l)uamlﬁgﬂ waz aveanszualy differential mode 9EANN

fAOATY

=0 Al S=b(s)  Z=S

71111 3.20 LARIIUNINISUNWSIN differential mode VINENEANT1 218U

4 é U 14 A ! L
die r Ao sTozvIvIANMANYBI LG gadunn FalinannhneTIveIny (- >>s)

FAR FIELDS auw'luihszeslnamuvie midnn (3.25)

_ 3015 S8% s

E, X Vim (3.25)
-
n3o
2
E, =1.316 x107 TouSu_ st Vim (3.26)
r
] < 9
aumsimanaueszos lna mldnn
IpSB*
Hy = —%;ﬂ—a P Alm (3.27)
-~
nIo
IonSH® -
H, ~3.5x107 Lo m - Alm (3.28)

r

RECTIVE NEAR - FIELDS 111490 nizualu differential mode 910aums (3.29 )04
(3.31)
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IppS —jpr
E, =-jo.6s foudu o, (3.29)
r

— IDMS 8—jﬂr

Hy = Alm (3.30)
o 4ar’
Hay
IpyS -
2nr

ﬂ‘lilleﬂﬁlﬂHCommon—Mode uﬁﬂﬂugﬂﬁ 3.21

—> w2

11 3.21 uaasaunly common mode UuEBAN 2 U

t 4
msunsaseiauulalnadu Arsianlumenyeenseud  common — mode vziilu

ot LY ) A = @ o ﬂ ICM 1Y Ak
ﬁuUﬂﬂﬂ’]Uﬂ’lUﬁ'Ju‘l ATTHANIAMINANVDIAIUIISILY T AIWITAIANTSUANAINAN

i 4

£ ]
voee1o Tnoms 19 Insdnssuanseunganenanvesaednime 2 lugdi 3.21

FAR - FIELDS ﬁmu"l'nl% AMYsTee lna 91naNNTS (70) Ao

I sinfd _;
E(6)=j0.3125 CM—sff-———s By m (3.32)
auudimanauvieseezlna 9naums (71) fe
Hy = j8.35x10* T sin€ o 4, (3.33)

r

RECATIVE NEAR FIELDS au'in#hlu Reactive near- field wldsinnszua

common mode VINAUNIT (3.34)5\1 (3.36)



I,,,5sin@ _;
M 8//}

Eg=—jT16 .

Vim
Mt

Icps cos @ R

E, =-j1432 By m

Mmr

Troys sin@ _;
M gjﬂr

r2

Hy =0.0393

v g ' v o o A ¢
35.2 immuuman'ivlﬁ1nmmmmzlmmmuawuﬂsnﬂmau

Alm

30

(3.34)

(3.35)

(3.36)

[} 1 [ 4 1 @ o 4 3
mududuRvINegmiionsAman tazgnasda Aadunuiidaionis 2 vesre

ueraelugui 3.22

I Ground Plane Z3
h * *

Z=0 S aer

lDM

] 14
U7 3.22 urasmunnmednivduRvamilofunsamau

Wwe S D ANUBIVBIE LA
h Ao ﬂamqwmﬂwmﬁansnﬁmau
I, A9 AsTuauumeanil uag nssualinIsnsseundn

Ceuyan Whudnihitihdu q)

4

szegnnsennemodniuezduwaiiy  2h  uaslijduuundiogyl  auwmsunson

e

o

. - Q -] :” A 1 %3
differential — mode UUMIYAIUT NN 2 FIIWHNWAU b A3

M35 (3.37) 83 (3.38) lasnisunum

1 (3.22) musomldnnay

(3.37)

(3.38)



3.6 JuuDve s ILBUANUGIM (BASIC VOLTAGE WAVEFORMS)

suvesdygnama thaunsoudseen1diilu 4 uwy faaaslugiin 3.23

v,(t) vi(®
tg2t,
ty +tp ST
Vp Vp ; d T
i
L § | »t
0 t t t
* ¢ T ¢ tg#t, T
vy(r)
v,(t)
tg 2t Vp ta +‘f <T
Vp !
i
> ot i | I, t
0 t; ty 0 t ttt, T

< & ” a
JUN 323 uaasgluuunug eI gIUDUNA

ar 3 P Pa <
suunvesdyapany 4y munsossdvuduilinduvesnn Tumy «= o 8 ¢
14
V,(t):t—pt for  0st<t,
r
Vit)=v, for t, St <ty
vit)=0 for  t @ <T
V2(1)=vp(1—e'2"“’) for  0<t<t,
Vz(t)=vp for t, <t <t,
Vo(t)=0 for td <t £T
V3(t)=0 for 05t <ty
v
V3(t)=#-(td +t,=t)  for ty St Sty +t,

vilt)=0 for ty +t; <t <T



v4(t)=0 Sor 0<t <ty
-2e[’—“’]

v4(t)=vpe s Jor ty St Sty +tg

velt)=0 for ty +t; St <T

1 o

a o 4 [y 3 a
AdulsednsyiSos voe g v () nie naunuuFudu (linear rises ) fio

T sin? (d"t,)

a, = +-VLsin(a),,td)

nl n2”2 t, nr
1oy
¢ V
b, = V;,T sm(??f,,l,)cos(ﬂn‘tr)__P_cos(a),,t,,)

n’n? t, nw
JurlseansiSosveadyana v, ) uuy @nldivudea

VoI _sin’(a, )

ny = —n2ﬂ2 tr n
g
V,T si V
bpy = 3 ;’”2 sm(a,,t);:os(a,, )—-n—p;cos(w,,td )
A
tUo

a, = arctan (7;7‘",,1,,)

sin(a,,)=—72f'ik——
1 +(7fntR)2
1
cos(a,,)=——
1 +(7gf,,tR)2

[ a = J a
duilszandyiSusves v, () uuy namnduduall time)

_rT sin(zy’,,tf)sin(w,,fd +7an‘/)_£/_!'_

ap3 = PE 3 g sin(a)"td)
wag b,y =- Vsz sinleutJoos ot +7¢"1L)+~VLCOS(GJ,.14)
n‘r Ly nw

32

(3.39)

(3.40)

(3.41)

(3.42)

(3.43)

(3.44)

(3.45)

(3.46)

(347
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MmdudszansyiSosves v, () nomauuy BnTluwdea

— VPT Sin(ﬁn )Sin((ontd +/Bn) KE_ :
A,y R . —n”sm(w,,td) (3.48)
V,T si 14
b,y =~ - zpﬂz sin(4, )cost((o,,td +fy) + ﬁcos(a),,td ) (3.49)
F
-
s
B, = arctan (7;7”,,1,:) (3.50)
sin(g, ) = ——if”"—z- (3.51)
1+ (ﬂfntF)
o
cos(, ) = —1—18-\% (3.52)
1+ (dntF )2

’

' P w g o E a W
ﬂ'lm’ﬁﬂ‘l!mgﬂlm‘uuﬂﬂu‘wuj"m ﬁﬂﬁvl’mﬂlul‘lﬂlﬁu

=

i) =2 -t,) (3.53)
vV,
v3@) =2 tg ~tn) , (3.:54)

[ 5 a Y

3.6.1 UINUVIVY HASVIDIMVUITUTN
o o’a‘ cg a ¥ 4 b4 A o
gUuuUHs NN tazvas numdadudlseneudngiunvenaus

a o A v LY 5 [ @ o o
uaasluzdf 323 gluvuvessunuanAanduIudUANNTURNTYeY £, <1, UDZ
(] -3 9 A A o A ] o 1
ty +t; <7 ognlsian udijtivuvesgladuiivsznoududuntuinasgiussieiu ud
o ] :isl a [~ - @ A o Pr
Funlsang  HResinsanfmilounufe 1, ,r,,¢,,7 uaz v, uuuvvewsiulugn
’ ] 14 ‘g a
324 awnsaouldidiu vy =nl)+rt) de vie) AegtuuuaiuiuguuuyNTE
y y

U wog v,e)  AegtuuunduiugumuuvIaaBudu NN v@) =K E)+vsE) i

.Y ’J .- = ﬂa 4 A £
dudsednd WiSes ve) A0 a, =a, +a,; UAE b, =b,, +b,,

-V, T | sin(af,t,) sin(af,e, )sin(w,t, +#fnt,)
—_2 nir) _ n’f n’d nf 3.55
an nzﬂ_z [ tr tf ( )
o
b, = V-;:z [sin(zj,,t,?cos(z_zf,,t,.)_,sin(;;f,,tf)cost(a),,td +7¢,,tf )] (3.56)
n r S

P
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o V| =a, +b,° (3.57)
VT
Vo|=~5—D» (3.58)
n
Linsar Riss snd Linesr Fan Linear Rise and Linsar Fall

15 3

2.8

10 2

ospIf
° ° 1 onn PANCIA ZC LI
[.] 058 1 1.5 2 2.8 3 35 4 4.8 s 0 1 2 3 4 5 1 ] T 10
Times % w—O Frequency x 10
(M) UL (V) BAUANND
< L >
W/2
source
W mny Eoad
w/2
—>
-i(t)

() LIAA9995 Rectangular

1]4’ 3 a 9/ Py
3 Nn3.24 nawwuuazmmuuummuua:‘luununamazuﬂumma

D, = ISinz(dn’r) _ZSin(ﬂntr)Sin(dntf)cos [ﬂfn (th ~t, +tF)]+ Sinz(dntl“)

1,2 1ty 2

(3.59)

J LR R ..
D Ao M unmaesaaN Y (transition factor )

n
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3.6.2 nuuusunTURzvRuuE Il satea
o 1 g a 2 449 4
sluuuussuvewmtutaz e Ihnudva satluniialufizluouves
{ 1Y) Yy ¥ Qs a d (4
510 323 grlupuvesssduiiudasiite v ()=v,(¢)+v, () duilssaniySosvesgiuvy
] 14
AAUNIAD a, =a,, +a,, WAZ b, =b,, +b,,

n

. 4 T ‘ smz( ) - sin(ﬁ’,, )sin(a),,t + ﬂ,,)
T . -
) I‘; . [sm(a,,t)cos(a,, ) - sm‘ﬂ,, )COtS (a’nfd + ﬂn )] (3.61)

& 1 9y
Weunum 1, Wa¥ 1, AW r, WUAY 1, UAE @,=  arctan (of,ty) WA

- 4
B, =arctan (of,,t ) UNUAW  of,t, UAT af ¢,

Vul = ya,? +5,2 (3.62)

V.T
V.|=——=D, (3.63)
nr

I sin? (a - 2sin(e sm(ﬂ ) ) sin? (EB,, )

3 cos (@4 —a, +B,)+ (3.64)
V It t

3.7 msunsaananausiman hvessesnszua

& P [l o
au WA 1v892993  rectangular iionsTuEUMIOUATOUMIN FTUMNAINANNLT
£ 4
'ummummmuanwmﬁq"lﬁ'ﬁflu NI rectangularlluuﬁ"u LD rectangularllBUAIINY
» 4
nane ienssueniiu i) = [Isin(e) SeiuennyIfhurnszaugaga (4] fe

Zo[¥  sin[zL +7 )]

cd c

max |E| =

= Z°Bw -sinfaf (2L +W4)] (3.65)

UAZYT rectangular KUV AN zeI0gegaie

Zo W
cd

max lE| =
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Zojiwa

d
Yy v A 1 a o o '
INTUMIVNAY Zy =1202Q2 ﬂamﬂuwuﬂuﬂu 9INIAIN

(3.66)

I fouonildgavesnszua 1)

f foanudvesnssue i)

L uaz w e anundeuaza2Ing1Ivednesg rectangular

d fio szusneninesgadauna
mMssmunireesrialadunuuy rectangular nuudu nane wies1n aldanuoves

y
mwomatiundndmivaesuuuduawes L, s% tae —;—<L < %—W L s

2

rectangular  UUUNAN  HOE Ll>(%—w ,1] AIMIVNIT rectangular  UUVEIINIT
2

1 4
rectangular HilierAdaagyl 3.24 ()

3.7.1 msun3an Ivhved2995 Rectangular

{ ' A %
au hiunsoenaniaes sesndugilaiod

E, ()= |E,,|cos{27gf,, (t —-‘j—)] (3.67)
TumsYavzRonsanis
- upwuildga [E,| fignialudazanud
- mmaudgagaves [E,| Tunniigm
- manmunadenvesnisia Sediaunamunmmsunsafunnd
gavesnesnszua luidazamdaunson idon

meas IE,, | = 2(max |E,, |)

_ 2Zo[ifu? sinlas, L +W )]

3.68
y cd c ( )
FIMTURNIIAMVYIITU 1aZ NAN(short and medium length circuit)
mean ]E,,I = Z(max IE,, |)
2Z,[1F, W
_ 2z (3.69)
cd
o o a . R 24 a - J Y
FMSURYITAN? (long rectangular circuit) NzHaUINITFRIMIvUarussdum ldnn
F/ V.T D
I,|= 2| _ YT Dy (3.70)
I”I IZ"I n27z2 |znl

1 4
f, =nf uag f = unumasluauns3.70 ) SsSuRsuuuaNNETIdULGS

1
T
naNg
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V
meas IE".I = 220 VpDs -sin[mj(ﬂ‘ +W)] 3.7

‘nrzled lZ,,| c

HAZAINS VT ULV
2ZW V,D,

3.72
nrted |Z,,| (3.72)

meas IE,, | =

¥ Y d ¥ ' A ‘3 '
naunstisun uaasiiiuiinmsaanisuwsadunazmsauguan iwihavey

fusvsenseualulees

3.7.2 HavsuniNe3a9k1Y (Transition Factor)

HAYDY  meas [E, | damvaanimes e

b, - [sinz(;‘i,,) - sin(rq't,)sin(fy’,,tf)[cos [’fn (2fdtr o )]+ sinz(m,,t/) + sinz(zgg,,lf) (.73)
V iy t”f t,-tf tf

4 oy 2\ g
e tp, =t, WAL A4, =af,t, fmsunmvuuuiFady

t s W £
tp =& ung 4, = arctan (zgr,, —’) dmiunmvunuuda ldmudoa
e e

tp =t, WY B, =m,, dwmiunaauuududu

= |arétan ) dvsunarasuuudn ldudea

t
wor 1. =-L uaz B
e e

n

1 d 31 ° J a
mﬂmuﬂﬂmesmmu‘lufmms(3.74)n1nfm1uﬂ‘lﬁ’nmﬂmnmmma\uﬂu 100% lL‘lJ'iJl‘lNl’tg{’N

Aunnesdad i 18l cos(o,t, -4, +B,)=%1 Ao

b <[5l |sin@,) (3.74)
" I ‘L, | | ty
L,
t, ff

a a 4 4 4 s a
1uaﬂﬂimﬂuammﬂ‘nqmlm D, N5 IAsMTINNAIMIUNTBYIAIVEY V(t)
} 4 ) ’ v
nIONM 2 SN 1NAUNIT(3.75) uaz (3.76) mﬂmtwiﬂﬁumnﬂqmm’uﬂilmuﬁ'mla:ﬁ

llUUﬂa1Qﬂ$L'ﬂu
” . .
meas [E, | < 2z -{sin(nf,, (ZL + -W-J- sinfd, ) , sin(B, )H (3.75)

n’nled IZ,, I ¢ t, L,
HATEIMTUTLUVY

22 V, [fsin{4,) |sin(B, )
meas |E,,I < n”ng lz_i[[l . nl + » n (3.76)
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1) ==

< hL
L=5cm \I/
V() @ e 2y | Vm@ :
/]\kw

() —}

) Q)

Vv

1 '
[}

31 3.25 HAA92995 Rectangular LAz NgNUTuSAoU

fmualdunassuidauas Inaavesaesganansaagyl 3.250) minfimswasuulas
1 o L} A Q) { e
nnannuadeveary  PCB7 ) jUsnvesnesdignisunlasuumadsgl 3.25) 10

sUanuninTaomdvvensesignliundeuamison idanauns
7o B (BL)+ 0 —h W

L
=k -1)+1pp : 3.77)
) a K] = ) o Y
sazsnnfigavesau IWfunimueimavessesiignlfundsunundeves PcB m
1#9n
oD 7
meas |E,,|s( 2% ) 2D i ol n oL +7) (3.78)
nrcd ) |Z;] c

st 3.26(n)-(¥) uaasmsdmaumsuwsawin liheenainiesgUTmdou rectangular

. . L] ° ‘1!’01 d’ (Y ar P=y 1 .j’

circuit) 30 g 9nmavesmsianagy1Ade Tl mduilsvesdynuBuymsy AWl

i ) 1 ; l:' o
nAWIAY  uag Duty Cycle iwadenaunsau lWih Anaitunazvasiinnuduinn
sedamaldmsunsaun iihnnalidae  TaoSoemudidufie 50ns 80 ns uazuniiga
; ; 2 . A 2 ;

ot 100 ns WevavesgUlnnaluglumsundadudszanatiuan lidoglf 3.27(0)-
b4

@) saiumsaaszauanuusavesauiihmnsoildlaomsanszauvesdaygudun
4 " :

A nandunazyias uazvwavegl Awaaslugld 3.25 (1)

Msximum Radiated
100

80

A\

1
AN
Y

" CTEN AN
20 I\ 1A

il

-60

mess{En} (dBUVIM)

-100
1o’ 10! 10° 10°
Frequency(MHz)

(O 30MHgz, tr=10, tf=10, duty cycle=50% ,V=5volt, W=lcm, L=5cm



Maximum Radiated

80

60

20

meas|En] (dBuV/m)

-20

-40

-60
10 10 10
Frequency(MHZ)

10

(v)30MHz, tr=50, tf=50, duty cycle=50% ,V=>5volt, W=1cm, L=5cm

Maximum Radisted

80

60 B vy o N0 - b

- //":: \/
5 // ]
z 40 bty T
2
=
w20 ' !
H
g
0
-20
40
10’ 102 10° 10’

Frequency{MHZ)

() 30MHz, tr=100, tf=100, duty cycle=50% ,V=5volt, W=lcm, L=5¢cm

Maximum Radiated

" _\\V/\\\N/\ |
. (BA R

40
20
Hi

-40

/1

measfEn| (dBuv/im)

-60

-80 3
10 10 10 10
Frequency(MH2)

(1)30MHz, tr=50, tf=50, duty cycle=50% ,V=5volt, W=1cm, L=10cm



40

Maximum Radiated
1 bl
/\ N

— AY
} Al
i

meas|En| (dBuV/m)

-20

-40

-60

Frequency(MHz)

(3) 20MHz, tr=100, tf=100, duty cycle=50% ,V=5volt, W=1cm, L=5cm

Maximum Radiated
120

100 =

80 T 77, T
X

N

60

o) ¢ TR
) L

meas|En| (dBuVim)

-40

-80
1o’ 10? 10° 10*
Frequency(MHz)

()30 MHz, tr= 100, t£=100, duty cycle = 50%, V=5Volt, W= 1cm, L=10 cm

Maximum Radiated
120

100

, A\
L

/
\
Y

(-]
o

40

20 In

measEn (dBuvim)

0 l[

-20

-40

<60
to' 10° 10° 10°
Frequency(MHz)

()30 MHz, tr= 100, tf=100, duty cycle = 50%, V=5Volt, W= lcm, L=30 cm

4 ° v A v od 4 as 4
71 326 uaasnamssamsunsaiuuiman ihluouusses InadiedSunavw

AIUATANVYNIATUNDIUAL



Maximum Radiated

100

80 T
60 CErER AL INA

40

20

meas[En| (dBuV/m)

-20

40

-80

.80
10' 10° 10° 10*

Frequency(MHz)
() 30 MHz, tr= 50, tf=50, duty cycle = 50%, V=5Volt, W=5cm, L=1cm

Maximum Radiated
100 T R

2 AP ALMALD

14 v v
80 -

40

20 !

meas|En| (dBuV/m)

-20

.40

-60

.80
10 10° 10° 10*

Frequency(MHz)
( 9)30 MHz, tr= 100, tf= 100, duty cycle = 50%, V=5Volt, W=5 cm, L=1 cm

Maximum Radlated
160

140
N
120 TN

100

80

60

measEn| (dBuv/m)

40

20

0

-20
10’ 10° 10° 10*
Frequency(MHZ)

(9) 30 MHz, tr= 100, tf= 100, duty cycle = 50%, V=5Volt, W= 10 cm, L= 1 cm
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Maximum Radiated

160

/1

140 B —

AN
[ 1

; muplily

60

measiEn| (dBuVim)

40

20

-20
10 102 10: 10
Frequency(MHz)

(49) 30 MHz, tr= 100, tf= 100, duty cycle = 50%, V=5Volt, W= 10 cm, L= 5 cm

Maximum Radiated
160

140

- N~

120

N7
A

100

‘80
HREl
60

40

measiEn| (dBuV/m)

20

ra0 2 3 .
10 10 10 i0
Frequency(MHz)

(9) 30 MHz, tr= 100, tf= 100, duty cycle = 50%, V=5Volt, W= 10 cm, L= 10 cm

Maximum Radiated
180

160 =

140 =

o (I
. HIITAYS

" i |

490

meas(En| (dBuV/m)

20

10 10? 10° 10!

Frequency(MHZ)

() 30 MHz, tr= 100, tf= 100, duty cycle = 50%, V=5Volt, W= 15 cm, L= 15 cm

3 ° ' A [ 4 4 Qs ag
510 3.27 uamswamsmusamsunsaduiman i lumnuszes lnadedsunaww
!
aazaunvesatonedag
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1 =3 \ an
3.8 fmmnmman"lﬂﬁmwsaanmnwnsmﬂaa

asunsauy lWi199n2995A%00 919TAUNKUI9IN differential mode M3® common
L] . -1 é ) L o
mode NI5UWT U different mode NaUMANININATEUA 1Av50UYBIQY FURAINANIINDIN
a dy ° 3 ot 8 a 3 4 Y ] -1
wawgili 3.28 guilssimdhisdeduasemavnadindams dygrasuniuiman i
fhesnun [ 4] asunsaun i lunuy common mode Haunguinnussduanasoy
4 ay ] & Aw o v 1 =S [ 4 a '
YB99TFIININFUTIUVDITTUUFINANIUANANITZN 192985 89 n5 18 o Tl iums

poAINAWINALTAIINLN 3.28

3.8.1 Msunsaauusindn nivhlu differential mode

msunsaduiman Trhlu differential mode autsasy 14 luaavesaveiniegy 14

4

4 v o v ' o
guunnadniiui A uaznaszua 1 3afissegvie r annsamauimanihsseslnann

quUMMI

E =131 .6x10 ' [£ 241 ][:—] sin @ (3.79)

1/0 cable

N
SR
R caA BL:\'\

9 Gnd Plane or Grid *
v ch

AV AV AV A SV AV AV AN VeV

Equivalent Circuit

g1l 3.28 uammsunsaduiman fhesninasesatnen

mouusnluaumsh (3.79) AeAmaimsdeueesanitlueinmadease moud 2 fe
AnudnyazATunI dygnavemrdiuiia meud 3 Aemsanasvesauiy Iihvinumds

9 A £ o o Jdo
fufiaszos r mengamofoyuvesrveMAFiduRusiugy

d

3.8.1.1 msuasyfiSed
1 A 1 d 4 d ' o
nnaumstsdunsunsaiuiman thgnldlunsdlvesnduaned  ualaoia
} 4
Tudesdtaease 1¥Fyananuy aszuawad duiuszdoaunlasdfitiugdansineu Tay

14 -
msldeynsuyfisos amaunish (3.80)

sin( 0.5n7r)] sin(f nnmt, /T)]

I =/
() [ 0.5n~n nxzt, /T

(3.80)

A < n: -~ A & o_ @ 4 a o
Wo  t ABAIYY T ADAIUNDIVDINAU LIAS n A1B QIAVVNIITUBUNT



382 mamsaauluuneuLey (Common Mode Emission)

msunsaauimdn iy Common mode emantes vineumifialuszuy Ao
yoam3uns1iiia Common Mode potential @'%Tﬂzﬂﬁ 328  mMsunsdgenslunuy
Common Mode @315019 TuinavesmeenneTu Tu Twauuuda aamien L mitensdiwou

anuduvesaum Iihiiszezvie r aansam ldon

_ [47x 10 "7/l ]sin 6]
r

E (3.81)

3.9 auMsNIF UMMM unInauiinan Iieenoinlvasfansatinede

MydyaIN

3 ] a 4 = & 1 o A g o
VAS UL IR s indoude 1Ufeestug Tasmisldaodyaia 105
or 1] dd’ [] =y L 1 d'
fetnlunsditisu 2995w Tumastadiwussszuy waaslugtn3.29 [4 1[26)
(ile track ¥4 PCB grunulavanudsdanauiuuduifiey  msidoudevesaves 19

A '8 ‘A oo A V@ 1 a8
M (1-2)uae (3-4 ) THNIRUINTTIUANIY  TWNHINUBDUADNUUANY PCB UANTY

SMfgdufinmalumsurinszaondu uagnnuusawesdyans iiih

B =Ryl
Im 1m
<« 2 3e———»
L I,

1m

IRRL Y T S

3 4 an
31 3.29 uaass9sTUYRGUBINIIATABA

§ a ¢ & ¢ a ' o
Lﬁﬂwmim’mﬁ‘vﬂ\iﬂi‘l’mmau%Qﬂzﬁ'm'ﬂﬁ‘ﬂ‘lﬁmillWiLlﬁzmiﬂxﬁ‘ﬂu‘UmﬂiT)ﬁ.mﬁ'u Tﬂﬂﬂ')

o a '3 o u’/‘
YudamdudsedninmsasNouvesnsamau seiilu - 1 aatuauinlndisauszuldan

-jPr -jprs
¢ ey (3.82)

E@)e =201~ cos By
2nr 2

1 r;

dlo r,  uar r,  Wuszozeinmsds uazmsazien wudgadung
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Digita! circuit

Digital circuit

Diflerent Mode Radiation Commeon Mode Radiation

] 4 o L4 (] g
M) Maunsnduluadiesisu@oalvue (@) msunsadulunsuueuInua

Digital circuit

TOTAL(DM+CM) Radiat

@) Msunsaaululnuasiy

U 330 waaamsuwiaduInleesATReainNd 30 MHz

DIGITAL CIRCUIT MODEL

DIGITAL CIRCUIT MODEL.

Max E(zeta) Max E(zeta)

@ msunsauwiih E, (v) msunsau Iidwniigannlsesainea

511 3.31 LaAINITUINIAAUIINNIIAIRBALAZ MATa NI INABLLYaZDeAR 30 MHz

v
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Linear Rise and Linear Fak

10 - -

0 1 2 3
Times

n s
x10?

t4
(n) Foyanauduna 5V 50% qf lnfa

Maximum Radiated
100 I
!
T
50 -
]

£, HTU [\‘ /\

H Py

i 50 !

: l' I
-100 l |
-150 3 g

10 10 10
Frequency(Miz)
()w=lcm, L=1cm

100 Madmum Radiated

i ) I
* B0 iAVily
60 == — 1y

]

40

£ 20

i 20
40
80 i
20f
-100

10' 10°

Frequency(MH2)
(W)w=5cm, L=5cm

Linear Rise and Linear Fa)

sk

[]

100

o5 1.5 25
Frequency

ry

(1) Fygnudunamaunud

Maxmum Radiated

60

L

e

40

I
H
X
= —]
h1|
!

measEn] (dBuV/m)
<

150

) w=3cm, L=3cm

Maximum Radiated

100

\Z:—:WBR

—

J

measEn| (dBuV/m)

Frequency{MHz)

M) w=10cm, L=10cm

1 aa & 1%
317 3.32 au sz lnasnasesalneadalSunmueruazanunivesqy

46

11317 3.32 wuhidfefloudyapaiaadanud 30 MHz Tavdmualdiiduim

3 4 [ as a [4
WUz n AU 50 ns Duty Cycle i 50 % uagiiszRuvssdyanadunaiiu sTad

t4
dhg Tdsunsudmsudunn viakansdraddan mslfvvnaanunhaesanuenive

1995A309091n8289(Tx) TUFid5uRx) aunsoaaseauanuussvesay idhnunsesn

114 Tasvuravesguiifidminzuwsaun Iiheseninunaw lUdoe
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X = {x1,x2,x3,x4,....xn}
(¥AVDIDUN (input layer)
H= {h1,h2,h3,h4,...hm}

[ ¥AUDI8ALAY (hidden layer)
O = {01,02,03,04,....01}

Yy o
¥AUDAUDIMNHA (output layer)
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4 G'l 1 \ o 1 = 1] o =
disfefsumsudas £ (X) =[l] uAdAs x  lidhdaszdesunnuFadu

(Linearly Dependent) 151 hiannsoszdmuailansumsudas £ (x)  lAgud
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1|4 a Y ' o & i e N
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t 4
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’ y v
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b d [ ¥
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5pi =®p 'Opi))pi(l_opi) (5.10)

- S ¢ 9w : o & -
Taoii 0, feguveuormyn wardmivanuamandouvedduil i la q laoii i =1
b4

ansofiuan laaaedl
§'p =0, -0, s, "'w ) (5.11)
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14
v °

MMuuAANGNAW IR LA DmIn

$

E=0 Heusurmuwniinidinglaseing

v

v
AU IMUATBIHRANT TR WARTTU

v L v
sausituusntuBeduging

ME!F’] E<Emax Y=f(net)

:

ANINIUANANEANAIA IFEINR
E=E-0.5(D-O)°

Tuasa /\ A3
1=I-1

v 4

&'=(0-0)(1-0) - &'=0(1-0(0"'W"")
ﬂ%’umdwﬁ'mﬁnﬂmusia:%’uf-nn'fu
> WimauiduB =N
AW = aw' +1d' X"
Tild A0 14

4
s

gﬂﬁ 5.11 uwuqﬁmiﬁamm‘u Error Back-propagation AT FU

o’;‘ 1 ey o 3
Laadunoumsasulnsewne 1aeis  mmualn

Float ***W;/* WI[i][j][k] Fushraiminvesiudl i Aideudesznin BUNY
Tnuadl k fulenivyn j Tnua *

Float **Layer; /*Layer[il{j] Lflu‘i?‘ui"; i T'ﬂuﬂﬁ j*

Float **Delta; /*Delta[i][j] Li‘Jummmﬁﬂwmmm‘guﬁ i Tnuad ¥

Int *ROW; /*ROWIi] Fuft i f$monTnuaidy ROWE] *

° @ o a 1 :’ o o’: { .
Int *COL; /*COL[i] Lflummuﬂaauwmmﬂiﬂcﬁmqumuﬂ‘vuﬁ i*
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¥ b
Int I; /* IUIUFUNINUAVD INTIVI0 */

Void  Set Input Pattern (VectorX) /* Houtmavesduwnidigdunynvoelnseiin »/
{
Layer{0)=X; I {launmﬂa?ﬁuwn"lﬁ'ﬁnnﬂmﬂ{we‘ﬁyu§uvm */
{
void  Forward Propagate() /% SmnadwI v Az
{
Vector input;
float net;
for (int I=0; i< (I-1); i++)
{
input=Layer]il;
for (int.j=0; j <ROW[jl; j++)
{
net = 0;
for (intk =0; k < <COL][i); k++)
net = net + input[k]*W[il[jl(k];
 fiua Tnuanadng Taol9eidu Sigmid */
Layer [i+1][j] = 1/(1+ expt(-net):
}
}
}
float SSE() + frammATRANaIATBITE TN */
{

float sse = 0;
for intj=0;j <ROW[I-1]: j++
{
E, [j] = Layer [I-1]j] * (D , [jl-Layer[I-1]{j] * (1-Layer{I-1[j]);
sse = sse+Ep[j] * E,, HER



void

float

}

}

return see;

v
Adjust_Weights() #Usumalaimin ¥

float sum;
/* ﬂ%"umdamfmﬁﬂiu‘gunmﬁvm */
for (intj = 0; j <ROW[I-1}; j++)
for (intk=0; k<COL[I-1]; k++)
WI-2][jlk] = a* W[I-5}[j][k] - h * E  [j] * Layer([I-2][k];
r YSusdanimiinidFueninm
for (intj = 0; j <COL[I-1]; j++)
for (int k= 0; k< COL[[i};}; k++)
net = x.let+ nput[k] * W[i][jlik]:
 fna Tnuaradng Taoldileddu Sigmoid */
Layer [ 1+1][j] = 1 /(1+exp(-net);
}

k4
a o 4
SSE() /*ﬂ'J'llJNﬂWﬁ'lﬂ‘Uﬂ\‘l‘)fula'WW!'ﬂ */

float sse =0;

for (int j= 0; j <ROWI[I-1; j++)

{
E, [i] = Layer-1](1* (D, [5}* (1-Layer [1-1][j):
sse =sse + E,[j1*E, [j];

}

return sse;

void Adjust_Weights()

{

67
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float sum;
; Ysusadanimiinlusueninn +
for (int j=0; j <ROW[I-1]’ j++)
for (int k=0; k <COL[I-1]; k++)
W(1-2][jl[k] = *WI[I-2][j][k] + h * E , [j] * Layer[I-2](k];
/* ANOUIANIRANAIRYBIFUR 11

for (int j = 0; j < COL[I-1]; j++)

{
sum = 0;
for (int k = 0; k < ROW[I-1]; k++)
sum+ =E, [k] * W{1-210KI();
Delta[I-2][j] = Layer{I-2](j] * (1- Layer[I-2][j]) * sum:
}

syt mindmiusud i 1a q Tauh i #1%
for (int i=1-3; i>=0; . I--)
{
for (int j = 0; j <ROWIi]; j++)
for (int k=0; k<COL[i]; k++)
WIillk] = j * WIi][][k] + h * Deita[i+1][j] * Layer[i](k];
/* AmiamaeRANMIAYeITIR § %/
if (i>0)
for (int j=0; j<COL [I]; j++)
{
sum = 0;
for (int k=0; k< RQW[i]; k++)
sum + = E , [k] * Wil[k](j];

Delta [i][j] = Layerfil[j] * (1-Layer[i][j] * sum;

}

void  Back_Propagation_Training()

{
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. . . 3 o H q’: '
for (int i=0; i<I:I++) /s usunauas 1nsau1 */
4
Initatil Weights(W[i],. ROW[i], COL[i]; /* MMUUANIDWNUIMNA */
] ¥
frmnuranandunnnhinauRanaiamganaue 13hiniszeu Tasswas 1u

-2

while (Error > ERROR_MIN)

{
1 ad o ad A 9 n,ol
P = random(P): /* GUUWMINIUN p NUWNINTUNIFaoUInLa P 1w ¥/
a ad A 1 ]
Set_Input_Pattern (X[P]); /* ﬂauauwmmwmsuw p si’hqiﬂsww */
L4
Forward_Propagate(); /+ fuIHadNTYBAATFY ¥/
error = SSE(); /* AUIUMANUAAND N */
1 4

Adjust_Weights(); + dSusarnimin */

}

A 1 [} o oa Y o .‘ o 1t °y v AWy
maaauTﬂsww%uag"l‘uﬁm’;zmﬂnummnmmfammmwmuﬂw"lﬂm
minoy laaevanasnun 4-3
oA v y ¥
danesnun 4-3 Jussumsimalniminu
void Back Propagation()
{
J o o ad q’:
for (int p=0; p<P; p+t) 7 WU IUUNNNT U IR UAYBITSUD */
{
a ad A 9 ]
Set_Input_Pattern (X[P]); /* ﬂeueuwmm‘nmsuw p nnzﬂﬂsww */
o @& o 1 Q’ll o
Forward Propagate(); /* A1UIMUNAANTVDUARLYU HAZHAANTUDITSUL

14 »
FUN 1 (Layer[1-i] */

512 msaeulnsavadssamienlaemslioanedsuves MARQUARDT —

LEVENBERG)

SanoasuMsSeuUIUASININAY  (back - propagation) i TumaveaTasstiwlszam
v ] ) 1 d 1 ]
ldsuanwiisuinniige  udean o  gaduiemduayulaseadiedl Weheematise

anvannsalunsadveslnseng Taeh 1T sniiouyhdu 2 33 fAe
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Add” Y
1

1. mswannmatn a hoef2] [5] IBHvzldmsUSundsudasimsBoud msldm

o o . a P ] A ad ) ol ~
Tuwuay tazmsUsudna(rescaling)  dNNTUNUI ABNISUIITNNANAMAAI NMUIZAUA
Wehiiage

A 9 a ¢ . . - . aa

2. Ao Ml ADUYPNA LNTIAYT (conjugate gradient) 1130 Qusi- Newton 7ITUDI Newton
s a o ] 9/ 9) [ -3 LK ] @ o @ a
nﬂszﬁ‘nﬁmwu1mm%zﬂaﬂﬂmm'lumsmu’ammmuagﬂwummmTﬂsww HOZHININAN

YUIAVDINUIYA NS

o v a a oA o' ] '
dmivitnundlamansouq Aemsdszyndldlassiwdseamifouiduuuy
WuFadu  least — sqoares Iimsvsldiulaviall gresauuulivhaudy Asidwdu
a 9 ] g A v 1 aa yd' [ asf
spuFadu  eonlsimudisfidhmunovesTassiwdfianuiiuly1diezeenuuusanedsy
i a a ] o, ¢ ' a o ' @
Adszantamuinahld FEnsdszynauuuliGadusulnssholssamiouniuminuu
o s <t . A& 4 °y o o = [ .
m3ssynduuy Fnnudiva (sequential) iWomarnimingnUSunldoundsnin  presentation
vy a s aa e ¢ A {I X P gV
¥3g duwn /tewiym Iomsiiiysy Teml Wedlumsaouiuy  on-line A3 HABIMIATS
sziiudmaronuudmsudanoasuunIgu
a ] lé 9 (] ° (] °
dwsulnsvsnalngddosnsmissanudmnalnglumsdnna  uasdu
- q o o ° VA
gilassastatremsownouianeinidlumsimnn ( Tnumwizod1sts 35 Quasi - Newton )
1 o o ar | 1 :’ LY i & ra ar y
st lsfia dmsulnsehedlsenoudsiainimiinereigh)  Falvna liifundnies sl

a o J 4 o a o
Usz@ninmunnaillenSoumsuiumaiinnsugnn unsiRus (conjugate gradient)

5.12.1 9andASUNIUNINGY ( BACK — PROPAGATION ALGORITHM )

; : e 2
Wonv1san Iasavionalesu (multilayer feedforward network ) U 159910 3 YU

1
A

¥
fagit (5.12) M1 net Buwn b i ludu K+ fe

nEHG) = iWkH(z-’j)zk(j)_*_bkﬂ(i) (5.10)
j=1
Auemwnveamiae i withy

ak+l(l.)=fk+l(nk+l(i)) 5.11)
a’ =p (5.12)

ak+1(z-)=£k+164,k+lak +bk+1)k 0l —1 5.13)
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3 pX :) F pX F > F
6b' ‘b’ ‘ b

. T [ F Y @ F HPEC! F b

2 ‘b(l) ‘ b ‘ b

. O ¢ s lo [ > :) R
‘b'(l) ‘ bz 6

JUN 512 Tasavisyszaminiuniuy Back-Propragation

@ @ 14 a
ANUFUNUTVBIDUNN / 1971919N

{(&1 )y tn ) (L, Ly )} (5.14)

[ a a L] L)
artYseansnin v031n59910AD

4 =;1,_—i€4 ~a M Tl = ) z';i e, (5.15)
=

q=1

& M A d ‘I * A th o
e g, A9 IDINMHNYDILATIVTY B g DUNN ’Eq

=t, —a,™

' ¢ o [ a ° @ [ (Y
q q q ﬁi]ﬂ'l 19917937 41U gth E)NV!YIﬁTHiUTﬂ?\?‘U']ULlW?ﬂa’Ull‘U‘UU'lﬁi

e

t 4
g e fdaiisdseaniam Taodmualdiiiu

A 1 r
0 N 2—e_q e, (5.16)
Wonasamwosaundd gounudilasmRanmaunmdsdes  dmiugues Suym /iy

= s o as A ° A
lL‘]J'ULﬂU’JlIfJﬁﬂEJﬁﬁUﬂcl‘ff"luﬂ'liﬂ'luiﬂl f19

AW *(G,j)=-a (5.17)

ov
ow*(G,j)

Ab* ()= -a 57 () (5.18)

2 v 4
dio o fedesimsiBoud (leaming rate) golflumsdoumiis i lusu k
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sk (z)_ k() (5.19)

anms1Faums (5.17) (5.18) uag (5.19) az'léd

oV __o ontk () A .
o G.7) o ) @t G) (5.20)

v _ o amtG)_ sk 5.21
0 s O 20

st = F* (’L)V k17 sh (5.22)

AR [f(’)"(n"(l)) (5.23)
ias

h k
ftw)= %’1—2 (5.24)

L4
o

snnuduRusveInsunInaY  gn MruaisuAy idugaie

Mo MM N, —a,) (5.25)

msoulnssiiozuen maumsnnduynlasmsidaums (5.10) , (5.14) uazmsuwsndy
’ $
Taomsldaums (5.23) waz (5.24) gavmuihmsySunldsuainaniminiweight) uaze

pavlie Taomsldaums (5.17),(5.18), (5.20) uag (5.25) MudAU

5.12.2 MARQUARDT — LEVENBERG 5ansasu
Marquardt - Levenberg Qnﬂszmﬁmﬂﬁwﬁ‘ﬁ’um Newton ﬁill!?l’hli'lﬁﬂdf{‘ﬁ'u

P ) v oAy e o v & aa Y]
HITINBINTITNT ﬂTWNﬂUﬂqﬂ‘UﬂqnﬂIﬂﬂi X AIUUITUDY  Newton %z'lﬂ

=)' vrk) (5.26)

4 a o '
dio v (x) Ao wASAY Hessian uaz vi(x) fie unsifous

'3 o oo
fusdmuald v(x) fe wasawwes aunsdendu
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(5.27)

<
]’;\
g

1]
» Mz

Q
h [ 8]
F
o’

.4
(Y'Y

Faunanaldn

vV (x)=J7 (k) (5.28)
vV (x)=JT (c V(x)+S k) (5.29)

de J(x) e wasnd nladou

_ae | (.x_) -
Ox ,

Oe , (x_)

axl

J Q‘_) -1 ' (5.30)

'ae N Qr_)

Ox 4

Has

5G)= 2 eie)ve, ) (531

dm3U38 Gauss—Newton #1 Sfx)=0 uag USuaumsh (5.26) sy

s =P eV T (k) (532

11515095989 Gauss—Newton lagldinistSuves Marquardt - Levenberg

pr =P eV ) w [T k) (539

N "o 4 2 ;
fus p gpRudlea daudls (B ) whenever a step TeziNuWAveY (x) iR
[ t 4 [ . 1 H
v() g goviiseae B dunamidie g TAwn ( with step — ) Tuusgh o p 3
7
Anley Sanedtudina1nvznaeiduiTues Gauss - Newton

b d
@ o @ LY a ° a ° [ 3
nindAgvewanedtuil Ae  nsmunveuuasng mdon  dmsulaseg

Uszamioulumeonvesn ladon  awisod v lasnmsdsunlasudanedtumsinindy
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14

v adqga a a o w o . ° =
HUUDITUA ﬂ‘lfuwtl‘]f‘lfﬂjgﬁﬂﬁﬂ'lw ﬁ‘mi‘ljﬂ‘lﬁ’l‘l‘uvm(mappmg) Qﬂﬂ‘]ﬂuﬂjﬂﬂﬁuﬂ'ﬁw

(159)

x = [v A 2)eew TS L RPI) e B S W 2 ) b M (M )f (5.34)

ag N=Q X SM  AISUNINIZRNAUUVVIIASTIHEINToRUIs Ide1nme

SM
» oY e 2(m )
or S (5.35)
awk(i,j) 6w"(i,j) '
dmvdudeslu wasndo ladou N1955 Marquardt  fnoerldan
9
s @ ) (5.36)
ow (1 )
e ° 9t 'V @ A o £
moufigunsafman Taonisldmmaumsadnasgui imwesgaie
CAM = —FM(n_M) (5.37)

' v a J o A o S & ¢ a0 1
l.lﬂﬁ$ﬂﬂﬁllﬂ'llﬂﬂlllﬂ5ﬂ°lf1uﬂllﬂﬁ'ﬂ (5.30) nom 1°1m=nvwlnﬂmas "'lf\‘lllWiﬂf’l‘lJN']uTﬂiﬂ‘U'IU

TFanvoen Imdoumnasng

5123 % jlﬁg Marquatd

o d

1. 'ﬁ'ﬁuvgmwiamemf‘hmmmmmﬁuwuﬁ'ﬁmmmw Taums 1dauns
(5.28) uag (5.29) 1Az error 910 (e;q Erer-a qM) UASAIUINUYIAT  sum
square error VB4 BUWNUARE IMuA

2. funauasngn ladew Tasmsldaums (5.20), (5.21) , (5.22) , (5.23)
uaz (5.24)

3. ufauns (5.26) MM Ax

4. AWIUA sum square error 1AUMIIF  x + Ax DIWATINVBY  square
eror Voot msalusud 1 1¥aas g las B dmuald x =x +Ax  uae
ndu Ty (step ) 1EMAIMVOY square error Taaldifindr 4 Tav 8 wag sy
(step) 3.

]
1A

b4
5. AU square gEgamasld (5.21)



UNN 6

NMINAadl

= d
6.1 1n590519V0IMHUIDTANN

a a L4 y a 4 4 aa ' ' [l 0o a
Tudneriwusi 299sAudAugIU uazevsavasasdisdwgnlfiudiusduiia
@ ' o ' a J Y . i & o
aanauiman i vunsusIUesznoUAIY A1UNBIUAI( micro-strip trace) d4i]
sUsazdnyauznmsianwanaRiy 1wy Imsudounlasnnuen anunde yuvesaiw
NOAUAY SIUIUFUVDINUNDLAL  SANVBINIINOWAY JUTNANYULIAWIZ(shape) 2993
rectangular 11222393 AvA BT UAY
] a g i ny a b3 o Yt
AWNDIAIULUHLNITHNIUAAZFUTANG1I 30 cm P 15 om gnUlSuliTigu
@ a o 's a a 4 A v a
dnuagmeduiinaud 50 Tory Mlaedusunauazidninavesisesielvidh Idnuduiuaud
A A W ” : a ] a 4
YDIUAITOINDIA (measurement impedance) mauun‘umuwmaﬂiwumﬂmmu SMA aw
& ayy 5 ) ] a J Y 1 [} a o
nowAFall Ianaeguuy 2139gNINaINvBHUINI LN ATUANYBILHUIYSRUITY

ASTIUAINAUYUIA 30 om x 15 em Awdaslugy N 6.1

A
3
8

v

R
SMA connector

Ferrite clamp

Ferrite clamp GND plane Ferrite clamp ~ SVDC battery

510 6.1 uanslnssadrsvesuaesiminldlumsuwsdyanaunimanInih

1 aa i " a ] a 72 o Aa w
luduve11995AIA0a(Digital  Circuits) tWuNITHINGIgnTFlumsiuidadyg m
Al 1 A Al 1 1] H
Usznoudds unasniolvase svbe danwlddy 1Cs vuruaes Taeduuummeinieluy
A »l -1 Yt @ ° ﬂ a o ] & a ﬂ I o
e i dygrasuniunnmsnmnuitluaimsvesumnate Falndvzitluginsaininu
a . 1 v o 2 1 4
iWluadng (Switching Power Supply)  ludauvesInansz 1¥duiuilszy vu1a 0.01 uF doh
Bmiwaves IC 2 mehdygiudtaeasening IC1 AU IC2 9winwe1d 10em 2993
aa = 124 ] a 4 ' ' a
AvaoaiivatogUuuy 9n2190¢NaNavoHUIITRUN A uavedurulsesRuITy
v »
nsuamau dufloudyradunailudidenuy SMA  modyanudunagriveuderiu

moflsd ioanszavvesdyanasumulumedyaudwanluzii 6.1
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H ] a I'4
M3 6.1 LAAI IATIATIIVDILHUIVITAUN

msSunlaey swmsiFunlaey
ANNE (cm) 5,10, 15, 20, 25, 30
M (degree) 30°,45°,60°, 120°,135°, 150°
FUNeINAI 2 line, 3 line,4 line, 5 line
AU (mm) 0.5, 1, 2,5, 10, 15,20
U L,U,7 LT, X, H
$adl (cm) 3,5,11,15,20
299379000 AND, OR, INV, NOR, NAND, EX-OR, D-F/F,
RS-F/F
. . | l
=N P
I i [ P
| I I |
1IN St 2 I X
o O O ARETD

30cm

-

J

i b

P

al

51 6.3 nanalassadravesurulssiud i1 ludnerinus
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74004
inout =
input 1
ok 74 _—/0._01]- L g L
gnI gr\dI
control
| A= R i
R, Q@ /RQBI DJ_QE “51
clock
i

1 e

74027 7474

3UN 6.4 2993ATm00

dauduiadyanuvoddniatnea dunavidiludyaauin (Clock) daygnm
[ @ o 1€ < sy -V q’: 1
ueniving (Active gate) dganaiantoudnglees laumsaeruddoluy SMA  ao
@ P ERY o . ' - 4 "
dyanaudedoudindiudunnuouiuies gnioonu Femite Clamps  IN9AATZALYD

dyanusunaunnmousamilenindhgmnidyginasidetinion 20 dB[13]

6.2 M3TamnuimanszezInd( Magnetic Near Field Measurement)

mifaaumisimanszozlng Qnﬁfluﬁaﬁlﬂf%uﬂﬁuuﬁm5n"lvlﬁ1 (shielded enclosure

room) W1A 3 m x 5 m x 2 m tWafesunssunumainin hnnnouen gunseli
'la’s'hms5&1ﬁngmgmammtxim%ﬂ“luﬁm51]5:nauﬁ'ou

l.Lﬂ?ﬂﬁmi‘lsﬁﬂ’Jma’( Spectrum Analyzer) AFJ iu CR55ER

21n50afiiadayaad ( Pulse Generator) 34 HP 81110A

3.MAYYIWTYYIM( Pre-Amplifier) 24 dB 31 LANGER EMV

4. oihdayanauuuimmsgadodi(Ulia Lowlose Cable) A1 1 m

5.81091M AUV (Loop Antenna)30 MHz- 1 GHz 31 LANGER RF-R400-1

61103159 ufiay (Ferrite Clamp)

6.2.1 ITMIIA@NUNIHAN (Magnetic Near Field Measurement procedure)
] a '3 & g 4 ]
uwma%swnwgmwuuiﬁzm;ﬂu%mu qamnﬁuﬂinumwau 80 cm Taounu993

ungaNaviennmiseatesllanuaduuiman I 40 cm  awanasgu CISPR 22 [25]

] ¥
A 1 o 1

@ a ] a d 1 a & ' '
AwdygIudunavowruTiNNIgnAsIINdIuTIroyia SMA Feogaiuaiaves
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1 o a @ v d 4 o a @ - ' ]
ﬂsnuﬁmau mummﬂ’diyiymwaaw?am?mmmﬂﬁq;immﬂamn ANINUNIINUNUN
a d [ d [ L = @
w1 m uazgaiesrumledlsaunand jumstaaumimanszuzlndgnuaasdsgy

n6.5

EMI receiver

Ferrite

b

4 o 1 <
50 65 uamimsdadyanoumimanszezlng

6.2.2 mweimaguilslumsaaununimdn

mummmmuﬁﬂ (Loop ) Mdwawmdaiuy semi —rigid  TaoN¥09919381919
Ymugiaeuiie 1 lums aaminiminluszoz Ind Umogudhanilagndedaoiadiumu
flmw 50 @ 3117 6.6 () wmalassardrevesquinindn QUi lunsadiTidurgud

d @ a
NN 1.6 mm WIsAuYasvegUuanAz N 6.6(%)

L
+
® .

\%

(M) Meemeanuugy () 2v3AUyad

! ¢
3UM 6.6 MmwomAwugy wazlsasauyad

a o 14
1o L duanuaunvesqy
R, fadumuvestarugy 50Q
a a a 4 A A @
R, DuUWN dUNLAUT YOUATOINDTA

V, = jop UADIIY
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@ ' =]
¢ Wandusiman
= A a
® A9 ANUDFIYY
o (Y < v & <1 o 9
dmiu guvwnaan Wanduimanamnsasiuam lden
¢ = poHS 6.1)

' ] = e
e AMANUFUFIUNIUIKAN ( permeability )
H AULUAAN
A 4
s Wuhveagy
UMD YDA 00N IA(Antenna factor) AD AT IAIUVBITUINLLUMANADUIIAU N
Whanasou R (6]

H _|Ry+R, +joL]| 2
VO | ja))uoSR m |

_N®.+R, Y + (L)

ou SR,

~ Ro +Rm
"~ wu,SR ,

nicht erfaft i

517 6.7 uamsmuvlninesvosdueIN gy

& [ ] =] 9 ' [
diesninmaiamaniman lihawmasgiueina (CIsPr16)  ldudaennsuns

aauusman Indhoondlu 2 daul 21 1[22] Ae
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- MITUNIAAURIUEIEAI(conducted Emission) laglinnudlumsnaaeusun
9 kHz 814 30 MHz
- MITUNIAAUNIIDIMA(Radiated Emission) 1349 30 MHz 94 1 GHz
@ a v o o a d' o a @ 4 a
dyapudunadlugiiad  Auilannniesduiiaaadainudi(pulse generator)
; o 2 ,
77140 30 MHz ﬁ‘ummmnﬂagﬂ 5 VDC 1M¥U (rise-time) HAg¥109 (fall-time) Y03
A o ¢ R a id & -
duyanuiad 1y 50 ns uaziim@ifn lanfia ( Duty cycle) 50 nlesidud  Fygrudunann
A o a s o a a ga o o .
nsossudadygiugminnnsanlumenvesnnud Tavls35nmsvesyfi5ed (Furier

Method) j1uuvvesdyamduna lumennawazimenaNud gauanaslugii 6.8

Linear Rise and Linear Fall Linear Rise and Linear Fall

Voit

uVolt

j 1 3 y z o ﬁr oTY!‘TJ PPop, ¢ ook &

3o §4 R 6 5]

Times o

(M) unwIm (V) uPUAND
1 % a { o d
sl 6.8 dygradunandoudnaainu

° \J A
6.2.3 m3nnamsunsnaulaanslylydsunsy
- 9 ] a dt a | a
(199910 IA59a3 19009 UNBILATUUHHNIT NN Iawsia wulinsudouuas
Y v A 1 @ aa P d' 9
AMNE ANUNvBIANeA $Rl JUTdnue 299sAtaea 29esgUTmdsuiudu
1 o & L 1 Y y 4 1
silsudnuazvesaunoassslianyazuandenull wlinamsaouausaniennudli
milounu [8] [11]
' ' = 1 °
msuns auumiianuazauin hvesaemewawdazuuum Tasmsigduuy
o - 9 a v a a ¢ A 1w '
oAy (waveform) Nfloudngleeslumonanudguiuduiuauguionaidulsa o
L) \ d’ A -~ W ) o 3 o o '
YDIMUINUNUAZANND  Feldnyae limileuiuTuiudn YU Y IND AU ULHY
2995 NUN [12][20] Taoms 19115105 MATLAB [26 ] HANMTRIUIWMTUNIAAUYBIAYI

Bz UALTAIAIZUN 6.11
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6.2.4 myvamnuiyanszezlndninusnaosian

msdammnuuimanisolndezgam 3 af1 Tasmsldfamsniauuuiin (Peak
dectector) ADTNA (Quasi-peak dectector) uazﬁam‘m%mmumﬁum (Average dectector)
AINUIATFIU CISPR 16-1, CISPR16-2 [21][22 ]

Iﬂﬂmié‘l’;dfi‘l Resolution Bandwidth L‘ﬂ‘u 100 kHz 1182  Vedio Bandwidth 300 kHz 1
U nNINDYUDIAIWOINIF (Antenna Factor) f1davtnuysauentd 1Wioos (Amplifier gain) 20 dB
uazAIMaaNouYeItdnya10i(cable loss) QN¥AITY (Compensated) 11 luszUUMITTA
Taomsaaunuarvesna imivenlumsiaegluge £254d8  Tasdmammuduuzi

AUNINTFIU CISPR16-4 [23]

6.2.4.1 Tnualumsda
o [] o 9 ] a a o o’:? [] o,: A
myiaanimanssezlndvinuruesiui insiwusiudady 2 Susoufie
ar o .
- MIIAUVUNITNIIALIY (fast scaning mode)
- MITAUULIANEIUAIND (full frequency range scanning mode)

mnuaiminszeslnd ilaldnnmoomamwugdlu wwumsanauuuEa (st

]
=i

P=3 a =Y G’l:ydl ) J a o =
scan mode) UMAWAMND  IUINYUNUTUADN AVITUURNIZEISUBNAN 3 ¥BIANND 30
- = 4‘ o o4 o Y y-:s’ o 1)
MHz (90 MHz) msziiswenddsageiiqe uaziluasidminlfsnadnyaslunmsuns
AU ANYDITTRUNIAAZ LY
vaziinisiamsaimaglgnnumilononewauuAues AU 1 cm tazims
] 1 f =1 a a o o
pummnuuuimanlufamany X uaghanmany Y snday  Taounu X Astuaunu
[ Y I's 1 o I's
YINYDUAUIVTRUN HASUNY Y ABUUIMUITVBAINUNITAUA  Tasdanuazidoalunis
4 ] d'l d' v o L'd [N :i
gl 1 em gUnDUYRIMINWATMTIARBUTIVBIQUUUIHUINS RN LaaIRegIfl 6.9
& o - a 9 o
WemsIadwmuimanluvuamsnnanvuGuwduass  Tusunsuezsisnuga
N 1 a P o = ] [~ i 3 Y]
Treasaun (X,Y) veunudsssiuifiduliaaumimangsiigaeenn  snfunsialu
Tnuaazidoa( full frequency range scanning mode) A0 30 MHz 9 1 GHz wiTudu Taves
° o 1 H o’ 3 a i
mamsfumdyanuiigalaseifua (X,Y) Aldueulgagega (1 90 MHz) W 3 uii

(MAX-HOLD) itagtiufinnanisin
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(ﬂ) Cross section Z Y
-Scaning_._ ... _N._ . _._._._. >
directio X
() SMA- connector 50 O  terminal
(M) MULUUIVIY () MuLUP

§ a o ' = 1 a J
JiN 6.9 uaaanimlumsfamunuimanuuupuIs RN

4 = ' a ' 3 aa
JUuuumsndeuRYeITERINIAQUUUIALIIITAUN  HuAUIY LUUATABALAS

u‘lJ‘U?meUn(rectangular circuit) uﬁmﬁ'@gﬂﬁ 6.10(n)-®)

A aa 4 4
(M) 29TWUFIU (¥) NTAMBALDTAIVIALY

4 4 = [ a [4
310 6.10 uamIMsIAioUNVEIT BB INIAVUINUIIVTRUN

6.2.5 HamsinvesanumimanszaylndoinununsesianinSoumeuium s
Taelysunu
nansadgygraaumuiman Ifan i Longitudinal) wazaimuIvg
' a 4 ' =1 =1 Y 3 v
(Transverse) YOIUHUNVITNNNUABZLU U SouMouiunamsiuin TaoldTdsunsy
AN IADS HaN91581MIA1E 90 MHz LaasRagil 6.11 () - (5)
o L= Y [ Y] a o " A A [
nngdnansmurungeiniialndifvsdumsiaie dunsdaiinsedy
a ' [ { 4 a : { o ' ' [ '
aaaiman Iihnasueind 3 geigazgaldidudumislmilums Saaunaimén

szoz1nd Tuaaanud 30 MHz B4 1 GHz muaAsgIu CISPR22 [25 ]
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60
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34aa
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1,4
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o Ry
3[".'. 0 S 10 18
Y axis(nm)
60 m:—i\
50 N
&
3 40 cscesnccleccacocnhben coe vand -:ﬁ-----ﬂ%
30, s 10 19 20 25 a0
X axio(om)
() MenvAIFUF “L”
U -3hapc
0 S
sn
233 meas
.Y ~
30
K] 0 s 10 ‘s
Y axis(cm)
60 R
50
$ a0
3 30
-] s 10 13 20 23 20
X axis(cm)
(3) MunvuALgaa “u”
7 -shap:z
su & e —
é’- su fheas
W 4u -
."Ul 3 10 13
Y axis(cm)
60
—f
50 I
£ 40
3 30
v 3 @ 0 w

I-shape 0. Smm width

w C
X axis(cm)

(%) MoneAIgUa «7”
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dBA/m

dBA/m

dBA/m

dBA/n

iBA/m

dBA/n

dB A/m
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X-shape
TN
«0 Tas
RNV A\ L
B e —
:”-S Y .(S ) 10 15
axiscm
]
0 s S i SEEELTE CEEEEES
N
s
0 \
no S 10 . 1S 20 25 20
X exis(cm)
60— e X -snepe
I i R
» ; : Wncas
40 + } 3=
I I !
] ! :
-s N 10 15
%0 axis(em)
o P
50
40
] S 10 15 20 25 0
X exis(cm)
(@) MonvaAIzUa7 “T”
Sem ciccle
63 )/w == § gy
S n;easﬁ‘q
2 -
33‘3 3 w n
¥ axigem)
an
/Wﬁ_,
50 P
40
30 o s 10 15 20 25 20
X axis{cm)
() MunvRIzla7 “0”
H-shape
60 ‘H:\D_NE___ } £
50 njeas
40 2
303 g 10 13
Y axis(cm)
60 = =
50 e —]
40
3 o S 20 2s a0

10 15
X axis(cm)

(%) MNBWAIFUF “H”



7400
60 0\& / _[
g 50 mgas
< X
Qq 40
305 0 Y axis(om) 10 15
60
50 ==
£
93
0 s 10 1 20 25 20
X axis(cm)
(1) aMBAUAL AT “7400”
74279
60 “’q===94,,6--.,__a~il: ;
5 o ”?N
g 40 -
30 -
. Y uis(gm) = X
60 =] l
S
8 3

10 15 20 28 2
X axis(em)

(%) anuNBIAFUAT “74279”

3cm-circle
60 FAV\.\ y
50 o
s H?\B\
g 40
30¢ A .‘(s 3 10 15
axis(cm,
60
50 |~
£ 40 =
9 4 ]
° s mx uis('c‘m) 20 25 20
(®) MoNnA3129naNTAL “3 cm ”
2 trace
60 7/‘- "\ |
g 50 m
[ 40 -
30 ¥ "(s y 10 15
axis(cm
60 ——
50
g 40
9 30
) s 20 2s 20

19 1S
X axis(cm)

(M) MuNBIAIFUAI “2 trace”

dB A/m

£

JB &/

dB A

dBA/m

3
i
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7404
60 k /\L :
50 LTSS
40
304 3 ‘(s ) 10 15
axis(cm
60
50 e
40
- 0 s 10 15 20 25 J0
X exis(cm)
(%) MONBAUAIFUAT “7404”
7432
O 1
sn o AR
40
vy N i) = 8
& ,xr)"'w"\l
st o~k
4
\ > o 3 1< 15 20 0
X axisfem)

(#) MwnoaAIgUia “7432”

11 cm-circle

60 ‘J
50
meas
40
30 s ] s 10 18
Y axis(cm)

60 I
S0 ¥ — |
40
30

o s 20 2s 0

10 15
X axis(cm)

(9) MenvuaIgenanseil 11 cm”

4 trace
g 50 meas e
g 40
304 s 10 15
Y axis(em)
60 = ﬁ’%
50 e
€ 20
3 30
s 10 15 20 28 20
X axis(cm)

(5) MUNDIUAIFUAT “4 trace ”

4 @ ' o ° [
U 6.11 uammwansTaauimanszezlnduaznanmssnnn (lumsiauuuisa)
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1

. wam
Bsosnssugassi

(n) 15 cm ‘

w
o

W
=]

N
=]

Magneic Field (d8AM)
N
o

-
4]

-
(=]

o] 200 400 600 800 1000
Frequency(MHz2)
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Fuihihdanaaunliihifannaeneunmanea 5 cm uoz10 cm Hdnvuslndios
funn ludanuiduasaniiguatinsamnsosuund TasRosansnan i
$29A2 138 350 MHz-500 MHz :

Snuszmsniteaunrlifhonmonesunsen 11 em uag 25 cm finmuiiqeiitnume
Indiflosdu  msuunaienewanue 11 cm /M 25 em ArsannaueNdgalugas

& \d o L] 'l
150 MHz-300 MHz #t@NANNUBYNYAIIY

63.2 mavesmsimunlasyiinvesasesasnen

2sadneaiigniammiihesiusiadetuiitaauaiminszes1nd  Ta
siiavounafitsznoveguunesiinieniuiuy TTL ao%n  wamsSaaum Inihenaaes
Atmen uerasiazUil 627 () - @)

mn;ﬂ%zwuiwfquauﬂﬁgmmﬁum"lw#huaz;ﬂunumﬂﬁ"u (tendency) LANANAY
BUNTAUUDLNEADNITWUATININNINATUA 1A

- 71993107 7400 (NAND) zfiueni/agagqeqaii 90 MHz 3* harmonics) Hazezanad
othaderiiossuda 300 MHz snidufinnud 170 MHz eeiluentBpaiuiy mann 74275
(R-S F/F) fuswildgaszannsetunniiiostin 90 MHz - 230 MHz uammﬁnqqqﬂ%ﬂﬂ%ﬁ

b 13

#2000 300 MHz  dmSurnanudguevilignszanntedisdeiiosnin 90 MHz 9

[l
o 1 =

’ Y ]
230 MHz Lagasiuggadnniengiinud 300 MHz $M5us9ndge (700 MHz 9

b4
[ Y as 24

1 GHz) uewAgavesauw ihiianlennadiefsususeRudanramu (noise floor) o

Tiawsousnuez 18 uiluvesarvisessiiala



105

A 7404 way 7473 axdigUadu (tendency) lugennudgendiofunduentdga iy
mmmmﬁmummsﬁgaﬂaﬂﬂuﬁmmmnuauﬂﬁgﬂ‘lu‘ﬁaqmmﬁ 60 MHz -200 MHz 910
31l 6.27(n)-a) Funadueudigaves 7473 WAINYUSYUAIFN 110 MHz NINNTIVB 7402

& m3uing 7404 fu 7408 veiinonlgaveau fhuandistunatug mssumnng
7404 fiuing 7408 Arenaw Wi lugisnndineh 100 MHz s 700 MHz gUf
627 uaasnanfSoudvumsunsauntthon inaudozaiialusnnawd 30 MEz 4 1

GHz

6.3.3 WavBIMsU3UYNVBINLMBNUAILUUNUITAUA
&£ o ] o -
wavosmsaun fhdesiasinaeneasdagnliuyuein 30 sem o1 150 8em
uaaalugdi 62  inviwenddgavesmnuWihiiunseonsin msdiuyuvesaroneauins
L. J J o ° o
umaeasauiuszwudiey Ifhenaomesunsdsgnufu it 90 een sz liomnlagalu
AU 300 MHz §4 410 MHz dhmSutmnubi1 30 MHz §9 100 MHz laz32eanudg
¥y
600 MHz @9 1 GHz ueniagavesau Ifhvesaisneauns Manualivinauazdnyusves
ueuaga hinpadedummin - msiwunsiavesaonowas  szRnTanlugaMd

300 MHz 04 500 MHz

6.3.4 wa'uaamsﬂ%’nuﬂésu;ﬂs’nmmmvnaaumuuuﬁmqmﬁuﬁ

ﬁmu"lﬂﬁr?iﬁ'ﬂ‘k’w’mmm’mwsﬁuﬁé@gnﬂ%’mﬂ?;uugﬂs'wﬁnymm?u L, T, U L H
uaz X gousasluglii 629 (n)-(a) nngtannsadiumnmny ihfunseonenae
ewunMADEAT 2 nzjnﬁaﬁ’

- AQUAENBINAY L, T, U uaz I vinmsfinisandu Iwihmudiglssvesueuldye
ouvzmilousu uRsziana1aTig e 300 MHz 3 600 MEz iy Tnuuenilagavesauy
Thonaoneaszilid L ssannfige uazsesaunde T, U iag L awddy

- ngumoveaAgUi H ez X senuiuent/agalugaend 300 MHz 81 6.160
MHz TAnnNnguussateneduas L, T, U lag ussiﬂzwm'meuﬂﬁqﬂ‘lu‘ﬁaammﬁ fuan
Adanunnguiindmn mesuunhaumihonmomeuns B uie X fivisanen
wornnJAgatugaenannd 400 MEz fa 700 MHz Tasdufluvesaimeansgti « X » e
voaoNilagaszanasadiedeiiloaninanud 400 MHz & 600 MHz Tuvnsfueuldge

o T %Y a :3 3 =2
‘umaw‘nmuﬂagﬂm “H” BONHUSIWNVULAINAARY
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6.3.5 waveamsUiuanunisvesmansuas

nnaumsi 115 uog 116 uanvhnsdiuanundevesmomeaiaszilfunaves
U Ingnndunazezildnsumsaun iihivnaiydua luday

1u3wmﬁwuﬁ'i’:ﬂ1mn"hwmmuwmumgnﬂ%"umﬂ 1 mm 4 25 mm wazgnIAMs
unsaun Ivdisseslna wmmms*5mmzmsﬁ1mmuﬁm“lu§ﬂﬁ 6.31 (A)-(R)

vingdwuhaunliihiialdnnawneuaniie 1 mm eeduentdgadesiiqauns
aeiunniuiiennunevesmomeaunaiiunty Tavmmiminninaiomewnivina
AN 25 mm vzfiueanlGyanniiqa

msswunheu Iihiumseennesyilalaiinsansnueudgavesaum Inih

Tugaenud 270 MHz 61 700 MHz fdanaaslugzlf 631

6.3.6 maveamsliuindivesmansauns
wams3amsumsmny ifhonmonewnsdegnisusaiinndes lhinnuaasiagl
i 630 (M)-()
aun I eemnmnaonesasszivnainniy Lf}a%"ﬂﬁﬁvmﬂ’lnﬂﬁu
masumnaun Ifhnnaemewasai 3 cm fU 30 em thldiwlasinssnnnanutivin
A1 100 MEz 'l
dmiuuunasalidalnd® @y 3 cm AUS om uaY 11 em fu 15 cm galdheves
' lndhiidnyaslnddssdann  esnlsfinudefinsanediazBoanyinsianise
sunnvinadafivesmonewuns Tasinsangannudiiuaduveusaziees iu
el 3 cm Y 5 cm awsaunuee Idhufisserrlenfyavesay Wi lugas
A2Hn2713 200 MHz 813 300 MHz 110 600 MHz 84 700 MHz
$Al 11 cm U 15 em wuT@nnsausnuez1ddie  issefouendgavesauy
I lugaenaiinane 100 MHz 84 200 MHz uazATW 400 MHz FuenyAgarzdsing
2WNBUAISAT 15 cm 09 13 dB
M5 U2993571 20 em AU 30 cm uauﬂﬁgmmaum'lwﬁwmﬁaﬁmawsﬁmmﬁ
100MHz §9300MHz uazfi 500 MHz 8 700 MHz Slaunnaedu TaveumIndh

Y9995 5 AN 30 cm TNINAIIVDI955A 20 cm U8t 20 dB

ey ofar 1

6.3.7 manfSsumaumsdivgidnyave e siuiddidnyazunnmaiy

[
=4

P 1 a ¢ ° = @ @
o Idfhunseenainnesiviudazga  gniwulSeuionsudwaaslugld

6.32
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dleivuiuszauvesaumiihvessesituiine 6 vila Fagnusuanunthe A
17 561l yu JUsednpaziazsATARalunsMgURuIy wulweuildyavesaunIvih
Tug29n2108 150 MHz 89 750 MHz Suinauanssfunazannseldanus lugaeimms
HENUYZFTIAVDIAUINITRUN 1A

NAMIANIDWNAIRWTAUABLFHACNUI A INITOUUNANENDIUAARSLUUY
13 Tavordoaun IWihszoz Inafiunseonnnnasesiiunt aawzdhnlse lomiodrannlums

Janguuazswundnyazyesatonons laens 14 1assolssamiiion

| | | |
X | i } e N
o o P2

(m ANHMULUDINWNDAULAL

................................

0]
o

80 : ! : e
] E i E Compare for all shape
70 SEta ek o\ S 8- - - ek N oedt i<+ :widthlcecm 9: radious 3 em-
i ; *: Hshape —: 90 degree

¥: 74279 %: length3 cm |

a1
o

H
o

Electric Field (dBuV/m)
W
o

N
o

10 |---{1 {mbfememress e fommmgresavas ;

0 200 400 600 800 1000
Frequency(MHz2)

(v) wewagavesaun Ihanaeneauas

JUM 6.32 uaasmsaunIndszez Tnavinudulsesiud
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6.4 Msaaulasaviwlszanniney

' = 4 a a (ay [ .
Tassnwdszamiiiounldludnntnust  Wunuumsuwsndy (Back-Propagation)

o= S Y S a > & S g9 < ~ Y o =
U3 ‘]ﬂlﬂﬁ:‘;ﬂﬂ'ﬂﬂ?ﬂ ‘]ﬂl't']u“/!ﬂ FUIALAU Llax‘lﬂllﬂ’]‘ﬂwﬂ uTﬂiQﬁi’Nﬂﬂzﬂﬂ 6.33

Bias node »
Target

weight

Linear function

3 sl |
Input data ! l Q— >
Output laver (k)

Threshold

(¥}

weight .
Input layer (1)  Sigmosd funcuon
Hidden laver ()

51 6.33 uanslnssadveslnssnisszamifion

6.4.1 tuneumsmoulasahedszamifion

n1sssws"lﬂ1’fnm’h( Feed Forward Propagation)

nsaeulnsswdssamidionduen  deudeyatidduduna  nniimsdem
vossudimadusuiminolunsdond (rargen @oyafimuisaduldiuvdaiies
(continuous)uaznuuiiugre(diserete)) uduamuTudaszvesdoyaluszuuiidesmsis
Tn599199A91(Rrecognize) mm‘fué@ﬁﬁmmm‘?uui’ (learning rate) TWIUHUAN(momentum)
wazAANuARHMAgaARiuen1A( maximum error) o muaiiowlylumsnyanisaen

v '
voslnseine  qudeyamaraiimin (weights) yousnlinulassin  Auduaii 1dluud

9

3 2 n’:‘ J = = I Ao Yo 1 1] 1 - -
AZFU IUNTULIDINNA 11]5U'UWIUllﬂ'lﬂﬂ"luﬁm‘lﬂﬂljﬂ'uﬂ'lﬂll'lﬂ NINUBUNIATHANAIATIUN

Q

v
a1 131 unsndu

M3IUNINAU(Back-Propagation)

Yy 1 a n:'o e’a’ Yy o a9 Vo 4'.?,‘ 9 [ =1

fmAawaaswna ol myalindesnmnaell  Tassvdszamidion

¥ v ¥ E4
wuNsNAVINFY 1B 1ina ludsTudanu uaznndudamuldusune madanzuns'ly
v 9 9 [ ™ 1 a Ao Y 9 (L. d'o’: 9 [
Pamiwazdoundulinunsens mranaandon lddesnimAanaiaids13Taseie
v . '

grgamsisouiuaziiuiind aaaimin aslugudoya uazndeuiiezsimsiwundeya

' v
(identification) NJouINFUBUNA
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o v 4'! ' o a a J
6.4.2 mamssudeyainoaeulnsanelszmminenluIneninus
ao ¥ 1 ' ] [~ an ¥ @
Joyandamsvuivetoudiglnssiiedo auuwiman wazaww lwihnldnnmsia
o ] a d '
nsemsamluszez Induazszes InavearHuasNuNLAAZLDY
a a o’dyo 9 a 9 ° 1 ad a '
Tudnntinusibihdoyan ldvinmssanlas T sunsulunaazanudslinnuse
& ' [ & ﬂ o 9 [ A ° 4 ﬂ vll '
ieannnmMsia @uilunuy discrete)  dJoyaninmsianienmsiurnduiuuyy lide

iipavzgminn Ysznmawazad1auduveu(envelope plot) Tnunslmaiin interpolation

i

]
saus 3888

U7 6.34 uaauduveUYBIMSINTNINIISANN

i#uvauvenaN 18919M3 interpolation vziilumneiles daaaluzii 634
v
Y o L4 ] ° e [
JoyaninuaveenIsAuIuNITanIi(envelope)  Iansnindigdunaveslnsiy
' 9y [
Yszamiiion'ld marziidoyauneuninoiiosiaudyisnnud 30 MHz 64 1 GHz) el

Tassnwdsgamifondonarlumstond uazsiliinamdananlumssuauun

6.4.2.1 M3n291 1A% (Quantization)

Tdnerinudi hasmmiaea (Statistical Calculation) ¥1%1M38AS1UIUYDITD
yafand1ras Taomsuniesaenauden 30 MHz 89 1 GHz vonifhu 8 929 msutagaenaud
voadyanadana ldmsqumudyanauuuaemasy  (Logarithm) TaonsIdaumsi

(6.3)
bal
Fo.1 =2Fy +20log2 % N=.2.13 (6.3)

4'4 = d'o v W - d'n Yy
e F,,, feanwdmdudall uaz F, Aeanudisudu(30MHz)

v
=

WAYDINTHUYIIA LD Taems 1Faums (6.3) uaaslumsan 6.2
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A13199 6.2 LAAIM TN NTYYIUA1IND TAsMIULIIAID 8 H29

Interval (MHz) 1 2 3 4 5 6 7 8
F .. 32 60 115 198 310 448 615 808
F“pper 60 115 198 310 448 615 808 1000

F1 P87 EBN L i SER. (MH2)

JUN 635 uaAIvVEUVBITYYIUNINNS iterpolation HAZNITHUIFIINNVD

Yoyaudazyaenldninmsuaduaumsh 6.3 ) segmiminieulad (Quantize)

Taoms 1% AMINSZINIaDA 1KUY Normal (Guassian) Aataadluaums (6.4)

1 (WS Querieian AP
[ s ( o )
§ (6.4)
& o V2 =«

o . Aemnanevesms nszeiodoya
G Aomuidvauunasgu
X femin1snsgnouuuguuesdoyn
s lunismAminisnszaovesdoyauuy Gaussian annsounuldTasguessiuiueda 2
@ FuiludnTawosnniinesFalangfinsnsznouuudunasgiu uaasdeaumsi (6.6)

AMMInsznenUUgugNRenaINml “x” mldanaumsi (6.5)

2 2
¢ =yl \/_M (6.5)
v +y))

P i‘_] a " W A Yt 1 ] 1 :3' (KXY 3 '
Wo y, uag y, uaaIeaany ﬁ'lil'liﬂlﬁﬂﬂiﬁﬂﬂ']ﬂgizﬁ'ﬂﬂ =1L uag 1 YUayNUNITANNT

V04 Z, 1oz Z, 1wy [0,1]
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A5 (6.3)  UAAIAIYBINIAUIUNNTDAVDIANTEF M (1) AndoduuuNIATTIU
' ] 1 3
(©) wazmaminzdiue) vesdummimanszoslnd uazauwifhszozlng uazgald
a ] =1 ] I's ] =t o 9
Wuduwaveslnssiodssamiion  daudninaveslasewdssamifion  gadmuald
Whuavaiasauuy 6 ia (07 w3e “17) Tavh 5 dausngnlFlumsiwunatonesuasuu
] a I'd a i a o ° o o [ g
UAUITRUN  Ta 6 19 Tumsusnatiavesnisia ( “0” dwmSumsdacuinuiimanizes
o o o v o Ja ' '
108 uaz 17 dmfumstaeculihszezlna) sluvvessnuduiuiidowdqlnseiwe
< ar J
Uszaminouuaainail
Pattern_set(n) =¢{ 1", T°},... 1% 1%

P =qu0p ). t1,0,p},

D _ :
=R Bl 7, 00\ Tl
dle n $wwavesdeya

I wavssdeyaduna ldvinmsdnnunada

3 7 as a
T mvesdeyaidmina (avAtaea 6 in)

- stuuveuzadeyandlouldinseives uruigesRunzdd « 1~

I

Ishape

= {45.87,8.53,0.01},{34.67,6.81,0.03},.......... £9.70,1.46,0.13}} wazauthmunovveslnse
drwlumsBoul  dmuuiussiuigldr «r 7=70,0,0,0,1, 0vF)]

- sdupvvevaadoyanlonilasdiwves uiuasesimidmiy « avp »
Lap= {{55.80,11.02,0.03},{61.90,6.50,0.04},....{39.40,3.40,0.08 unzauihmioveslnseio
TunsiSoud  dmsuwsueesinigld AND,, duT=/1,0,0,0 0, 1FF)]

]
<4

@ o " a Y Py 1 P o
anuduRusvosmdunauazdmyanldlumsaoulaseodssamiiion uaaslumseh

6.3



112

H v o d 1T a [}
M3 6.3 uaamnudiusuazmsilousduyauaithmusvesInssholseamidion

Frequency Interval (Intv.) which input to the NN NN Target

PCB

Config. Intv. | Intv. | Intv. [ Intv. | Intv. | Intv. [ Intv. { Intv. | T, | T, | T, | T, [ T, | T,
1 2 3 4 5 6 7 8

-4 45.87 | 34.67 | 33.20 | 2516 | 24.24 | 20.68 17.6 9.70
I-shape -G 8.53 6.81 | 14.67 6.73 3.16 3.25 170 1.46 0 0 0 0 1 0
(NF) -p 0.01 0.03 0.03 0.02 0.07 0.06 0.12 0.13

-p 50.12 | 3524 | 2932 | 2692 | 21.60 | 17.50 | 11.23 | 10.11
AND -C 9.17 6.52 235 4.13 2.98 1.86 | 0.691 0541 0 0 0 1 0 0
(NF) -P 0.02 0.02 0.09 0.05 0.07 0.11 0.16 0.17

-B 31,70 | 36.80 [ 25.60 | 27.00 | 24.80 | 21.80 | 20.40 | 10.10
I-shape -G 10.46 4.19 4.03 5.62 442 3.78 3.32 3.30 0 1 0 0 1 1
(FP) -P 0.02 0.07 0.07 0.05 0.06 0.07 0.08 0.09

-} | 5580 | 61.90 | 50.50 | 52.10 | 46.10 | 47.90 | 48.30 | 39.40

AND o| 12| 6s0| 850| s24| 642 673 | 570 340 1| o o o of 1
FF) -p| 003 | 004 | 003| 005| 004 | 004 | 005 | 008
30 -l | 2506 | 7015 | 67.12 | 5708 | 43.43 | 45.12 | 2040 | 10.12
(NF) o123 | o100 429 312 32| 321 254 322 of 1| of 1| o] o

-p 0.09 0.90 0.20 0.23 0.04 0.98 0.92 0.45

30 -JL | S6.18 [ 65.14 | 4543 | 50.12 | 4021 | 42.11 | 3029 | 1245
(FF) -o 4.32 5.32 6.21 3.57 3.98 6.00 9.04 3.67 0 1 0 1 0 1
-P 0.03 0.08 0.09 0.10 0.92 0.59 0.33 0.22

Imm Q| 4556  43.01 | 41.09 | 48.56 | 3098 | 2021 | 1632 | 12.23
(NF) - 9.45 4.67 3.46 324 2.67 4.33 2.12 323 1 1 0 0 0 0
-pP 0.98 0.92 0.56 0.58 0.76 0.86 0.32 0.21

imm - | 3543 | 6043 { 4322 | 2521 | 2345 | 2132 | 17.89 § 1021
(FF) -G 3.24 5.55 421 345 434 6.77 5.64 3.23 1 1 0 0 0 1
-P 0.09 0.40 0.90 0.45 0.55 0.34 0.98 0.87

X )L | 75.80 | 59.90 | 40.50 | 57.10 | 56.10 | 17.20 | 1580 [ 19.20
(NF) -0 | 31.02 | 1030 6.70 6.54 8.42 423 5.70 2.10 1 0 0 0 0 0
-p 0.12 0.21 0.03 0.53 0.24 0.14 0.01 0.12

-JL | 5580 | 61.90 | 50.50 | 52.10 | 46.10 | 47.90 | 48.80 | 39.40

X -G 11.02 6.50 8.50 524 6.42 6.73 5.70 3.40 1 0 0 0 0 1
(FF) -P 0.03 0.04 0.03 0.05 0.04 0.04 0.05 0.08
" Y 2 v ° ' a ° P LY
Ausmyage ldnrnmsirurnves Insewlssamitoy gniinnfTsumsuium

' a a c’dy o v §
myalgan (Treshold)  Aunsalsanluinriinusignimualdiauiu o5 maeauth

munolumsiSouiveslasewiluavainea
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“1” 81 NN output = 0.5

calculated ~ _output = {

“0” 81 NN output < 0.5

6.5 Msl¥laseviedszmmsudminsumsnunanNminanszuzlnatazauy

Inithszelna

' =) P a o a
Tasetodszamifiondalsznoudie sunadou 24 Tnua 40 Fauivua wae 6

Jd = o ' o ' a
BuinaTnua gnldlumsSouiuazsairemuniminuazaunliih - Tasawmnaiines

fiddyvesInssiiiennnuAANAIANINTIEA (maximum error)  A1BAIINIITOUF (learning

rate) Az A1 TUUAN (Momentum) gndwualilu 0.00001, 0.001 uaz 10.6 Mud1AY

6.5.1 msaeulnssalsramiiauldoasianunimanuazanalvivh
a i < ' a [y A
wonilagavesauuuimanuazawin Mihvewduassnud 1msianiems
fmnaluauszozlngd wazssezlna goihwiriudtminuadd  Weaadmaugavesde
' ¥
yafieedloudhgiu duwe vedlaswe  danthwinelunsSeuigaimualiidhiny

A99190 6 Un panaaslusiln 6.36
Input laver Hidden laver  outout laver

)

] 24 40 6 T={000010]
oo PCB shape
JRii

507 6.36 uaasmisldauTassdolszamiionlumssumnuiusesind

Tnssviolugiisznoudis 24 Buwalnua 8 Frdyaruudazeialszneudlunm
fisogu Audoauuinasgiu mnnninzdy) 40 samuTnua uag 6 B1A Inuagnldly
msaeuliIni1¥iinvoInIuNoAAILUIAUIIVTAUR

Tﬂsaqiwﬂszﬁmsﬁuu‘l%’nm‘lumsﬁuui’ﬁmnﬂ 2 $7lue TaoldmAanaagegad

o y ' o d q’a‘ o : @
vousu1didu 0.0009 iielassnwdszamionduistuseulumsGouiuds marnimin
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[T 1o & a J o ]
uazaNuFURUTV0IRA WD Buna uazidniyaszgniufinaslugmdoya Tnseolszam
< b %4 ° o 9y o 1 [ P +
Woundeuazinisiuunaroneasnams iddyanamuimanuazauiy Iifhnuns

a d
DOANINWITHUN

6.5.2 Msswunmnuudmanszaslnduazaunaiihszez lnave uriursashan Tay

msislnsevsdszaniess
3 ] [] I~
lumsnaasunmsiinuveslasetisdssammifioy  aumulmanszozlnduazauy
[] o (& o o [] a Y ¢ T
Thszoz lnannudunssiuiFdidnyazuana19iu (unknown PCB) gnilowdnglnseiio
9 ° o v =Y L4 o [ [

UseaMIATINDRINITTUIUN A1NDAIVUUNUNITANN  MsHsanNIasatielssam
P ° ' a 9 A TR - a v Ao
WonawrsoswunatenoaaIuuuAussRu lanse 1 18 1as  WSouiisusins i
1d9nTasevisssamiiiun(NN calculated Output) AUAINHIUNITNT & 18aA(Threshold)id?

Audmnai lAvinmsimaauazduthninsvesInssodssamifionlundas gl

L] LY -7 d' 1 A 1)

WU(pattern) Taeandsatudwanilumsiii 5 sunsaleandgsliduilu 0.5 gnldlums

wlasrudminah 1dvnasdanvesTaseinlssamiondduduthvung

=i ° 4 A L @ 1
191940 6.4 llﬁﬁQNﬁﬂ15ﬂ1H’Jﬂl‘i)']ﬂiﬂiﬂﬁl'ltlﬂiz’d'mmﬂll liEUULT]U‘]Jﬂ'Uﬂ'Il’]’J'IﬂiJ'IU

PCB Computed Output Computed Output
Confg. | O, 0, o, o, o, o, ¢ lclclelc|c
I-shape 0.04 081 | 019 043 [ 095 0.31 o lofo|o]1 0
(NF)

AND 0.34 0.36 0.68 -0.91 | -052 | 0.00 ojlofo|[1]|o] o
(NF)
I-shape 0.03 0.95 0.21 043 | 084 0.85 0o f{1{o|o]1 1
(FP)
X(NF) 1.00 0.25 -0.58 | 034 0.15. | -0.67. 1jojo]o|o0o] 0
X(FF) 0.87 0.25 056 | -0.78 | 0.56 0.77 1lofo]o 1 1
AND 0.67 | 0.15 0.04 041 0.16 0.90 tjo]o]o|fo 1
(FF)
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6.5.3 HaM 3D WUN¥HAveIMENewallaseduaruimdntazmniiThaunsan
a d
995NN
1 o [’ LY
- aurhszoz Inovosruaesiumglda 1 mvummvgmuw 2 wagiind s
Gy« uaziifaf 1 3 uaz 4 dlu 9 uasiiied 6 Felduoamsialuauiussozinduas
sz lna iy «1 (FF)
v g Y ' a o o oy o a A L a a
- auuivanssoz Indvearuesnunglaa “ ssligminadan 1 dadan 4
P a A & o .
Su <07 uaziitiaf 5 iy <17 wazdidan 6 Feldusnmsialuauiuszezlnduazszeslng
(T «0 (NF)y”
] o 9 an s Y J ] A
- auulimanszus 1ndueannsAtaen (AND) welidmiyaues Inseaiohniiums
w1 msaleaaudauiiu <00 101 17 uaziind 6 griaiily <o (NF)”
v o an 4 ] {0
- auuimanszos Inavesneshtaoa (AND) szlitdinaved Inseiiefimiums
vmsaTeaauda s dnusmily “10000 » uaziiafi 6 griwadlu «1 (FE)
TassnolszamifounldSunmsaouldBouiuds  aunsosaduazsuunaiy
noupasuLveINsASREaIIALsS AU IR Taoldaunumimanszoz1nd uae

a Iihszos Inanunseonunawansluaish 6.5

6.5.4 arHuszanEmn (Performance index)
A A a o ] o4 ° °
efivzuaavlszansninveslassvisdssaminonluniseadwazduunaiy
[} - d @ [} =
NoWAVUBHNI RN Tasordomsunsauimansseelnd uazaunndfiszozlna
Py o o’d" 3 o d::’ o o o
Tudnsanusil ldeenuuuaeiid dszaniamlunmssuiun (Performance Error
Index : PE1 ) lasdwmualiidusandmseninafianaialunsiimg (Faulty case error)

' 9 a oIt o z
AR UAUVOIWNNATUNMI AT M IMUA(n = 50)

(Faulty _case _error)
Number _of _training _data _set

6.7)

6.5.5 m3vSuuralasananemiadszinsmmlumseadwazswundeya
' ~t g 93 a a /5 a kg o ] o
Tassvedszenmionilsluineinusi flassadamshaunuuunsnszaendy
. 4 Iq 9 ' a ° '
(Back-Propagation) U1 3 awes lumsiszgnald Inssvvdszamifisuluniseasiau
o o 4 ] 4 '~ a a J}'
manuagauniih  JeenuuvamnsadiuuasTasee eldiidse@niamuniu lau

4
musoildaadl
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6.5.51 malSunsusnntuyalnun

nnlnssafrveslnssiodszamionhineiinugs Sulsznouda Sunadald
PIMsLTedyeInAIud 30 MHz 9 1 GHz oeniiiu 8 929 uazihdoyauAns NI
aou'lad (quantize) Taons 1935 msmeada oz'@m Fsegu () smsdoavumnasgu
vosdoyalo) uazar arunivziiiu ()

ihassnanfleuldfulnssihelssamifionTassnlsznoudie 24 Suyalnua
50 FawauTnua uaz 6 BniyaTnuagnlflumsSoud Tasshwdszamifionldnnlums
Zoui7 wu. A¥nouiiames  Pentium 111 750 MHz 64 MB memory)

nnfumuimdnszer Indiaraun ihszes lnavinusnsesfui@s lidwiia
(dummy sample) gnilowdng Tnseiuerinmssun Tassefideusausmondian 3
Shidunn I PE13.0% Taoldimanveairiuaeesdelidaiaduam 50 sulumsmaaey

efivwaanmlumsGoudvoslaseisas Alsogm oz nisidsaunnasgines
%’agawhﬁy'u onldifuBunavoslnsse  Tnswedalsenoudas 16 SunaTnua( 8 29
A udazgaalssaoudan Aulsesn wasAdoavuiinsgin) 40 Sawulnua uay 6
Bnine Tnuagn19lunisSous

TnssiolgnalumsGond s su. smifunimareuTasswhoezdudy Taemstlou
'ﬁ"agamm?;‘lmwiavhmi’hq}fuﬁuml Tassvmlszamifioniifinisdfudsuna Tnuauds

' o ' é 1 =y o Qy
e PEI20 % Tavldsmauvearuesgahifefiadmon 50 Sulumsvasmey

P ° v A = 1A a
AITNN 6.5 ll’dﬂﬁNﬁﬂ'ﬁmuuﬂ‘UfNTﬂ5\111'1UluﬂUﬂ'lil‘lJﬂUull‘lJﬁ\‘lﬂ'IOUV!ﬂllfwSﬂlﬂuTHuﬂ

No Number of NN node Statistical | PEI | Learning Time
(nodes) Parameter | (%) (Hours)
Input Hidden | Output
1 24 50 6 |wmo, P |30 7.0
2 24 40 Lo, P |35 4.0
3 24 30 6 I, o, P 5.4 35
4 24 20 6 B, o, P 85 2.8
5 24 10 6 U o, P 10.0 2.0
6 16 40 6 H. © 20.0 5.0
7 16 30 6 K, O 28.0 4.5
8 16 20 6 i C 44.0 4.0
9 16 10 6 Kw o - No convergent
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6.5.5.2 msUSunlasusnuues Famulnua veslasethulszaman
msdSundsdulsniduswouvesdaeuInua sz ldnanldlumsaoulnsie
o o o ° 9 a 4 & 2 23 '
dsgamiiouiimsuldounlas ewildnarlunsasuasamiomuiiu  Neliusgiuain
iHudaszvesdoyn (degree of freedom) MiFiiludmdunanazdinudhmnoveslnsegi
= a a d’dy 9 o ) A o a 4'
dszammfion ludnoinust  1dvmsUsunlasuduiveesdamu Inuamonivuinues
t 4 ot [ o Qs [] o 4
Tasevefimuzaulunisdssynaldlnssinlumssadrdygramimanli U9 6.37
naaanarInsUsusauvesdaauTnuann 10 Tnuadu 20 Inussziildnalums

o va 4
LSUU NIV

Tralning for 30658 Epochs

Sum-Squared Error
s o
1
/(
I 4
: n

Eposh x10°

Learning Rate
o

0 0.5 1 t.5 2 2.3 3 3.5
Epoch x 10°

30 6,37 ugasmsanranmagaga ves laseudssaminon vashmsaeudieNimau

voedauitiu 10 uaz 20 Inua

(V] 1 asg =t 173
6.5.5.3 msdiuusiEmsmiadeya
msUFuItmamsoudoyaeldfidiudnudunaveslnsatinssamifion (Pre-
a a o y i v Py [ ]
processing)  Iwinoiinusdaunihiidilududunaveslnssiotlseamiionlugas
AWE 30 MHz §9 1 GHz  9MINHINAEMIsNNeada (Statistical Calculation) ioandoyalu
dmdunavealnsaiis e Idfhlugaenaud 30 MHz fis 1 GHz sgaguilu 8 ¥alae
9} d'l c; ° 2 ° ] [] 9

msldaums (63)  eNszdnisinidauvesmsutisgavesdeyauazAnyinaluns
o -~ 9 = o (d"o ] o 4’ ° 1
fwwanalumsSoud  Winniwusiduaumuvesmsgugmlfuniaou dudmaumi
VD9 8 ¥4 A1D 16 B9 32 B (1AL 64 FNAUIIAY Tauns 1¥aun1s(6.8)-(6.10) nanlys

Tunrsaeu 133910 LBTANINGNABIVBINTPMUNTYNULTAINIAITNN 6.6

N/16

F,,=2F,+20log2""® N=2,...16 (6.8)
F,,=2F,+20log2™" N=2,...32 6.9)
F,,=2F,+20log2""* N=2,...64 (6.10)
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'
v @ a

e F,, Aeanwddwudall uaz F, AvAwdisuduGo MHz)

MINN 6.6 LTAINIHAYRINMINTEUMEUMIYTVUFITIVBINMsFudYya

IMIUYIWBINMIYN | nalumsaeu | PEI (%)
(MY) (1)
8 20 3.5
16 45 3.3
32 100 3.0
64 300 2.7

LY A a d |
6.5.5.3 msdsulasumsiimesmelulassvig
@ " a I'4 ] ] o =) 9 \ d o
msUsummniimesniolulaseie 1wy 9a5I1n15i50u3 (leamning rate) HanHu

N3¥AU (activation function) EikadenM lumsiSouduazanugndoslumssuundayanu

v031n7991

a a s Y o o a o = ¥ © s:' o
Tudneniiwusi TahmsUSundvusasnisBouiuas damsilasuu/asilendu

nszdu Tnouaaanez i 639 (n) B (3)

Lelte

Input node

Activation
Function

Hidden Node
f

Activation
Function

-

Output Node

Bias Node

519 638 uanalnssadveslnsaniohldlumsBouidyanaunimannih

O~ F——=

in_1 Weight Sum

&)

hardlims  °Yt-1

Bias 1

() Satuation (-1,1)



O

Bias

Tk e O

n_t weight

Sum tansig

(V) Tansig

(M) Hardlin

119

Wb glemn. oSS NI gAY,

in_1 Weight

[

Bias

Sum logsig

(9) Logsig

out_1

314 6.39 uanalnssad19veadm Activation Function 7% lumsisuuaalnsaiwlszamiioy

o o g . ~ 4 ' ) '
HavoamsUSulsHeandunszqu (Activation Function)Fauand1aiu vealnsesviouanslu

=
MITNN 6.7

M3 6.7 uaaswanslSudeusnsimsiGouiuag Activation Function

dnaIMsieuj Activation | railumsiSeui |  PEI(%)
Function (mﬁ)
0.01 Hardlin 10 3
0.01 Purelin 10 2
0.01 Tansig 10 1.5
0.1 Hardlin 40 3
0.1 Purelin 60 5
0.1 Tansig 30 5
0.5 Hardlin No-converge -
0.5 Purelin No-converge -
0.5 Tansig No-converge -
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v a d
6.6 agUwaveImsSunaammaiimesveslnsanie

o ) a Jd ' o Y a a a b4
1NMsUTBuAIIMINinesAqvealasaiie sz lvdszansamlumsiSoud
uazAwasoveslasselumssuundeyaiimsuaountas 1wy
- MauI U nuavesdmduyamsmusa lumsutsdyana) sedhldnalu
[ =) 3 1 ° E 9 Y a J
msaeulasaiisdsnninouuuiu uavzi ldanugndesvesdeyaiuniu
Q' o M a o ] 3’ 1 o
- mamnd i Tnualudiuvesdamu v o lumsaeulnssiionniu udi
y v ) 2 d a g g D
Tianugndesvesdoyamuinnyuisadnioomniu
a a ' a o ' ' @ = 9 7o
- m3dsunlasuamnniimesouveslassiie wu sasinmsiseud uasilendunse
AU(activation function) v IdMlumMsSeuiuazdRanaiaves Insethelimsnaouuas
aaaaslumsnn 67 agllnswsdszamimsuiannseldlumsSouduazannsosuun
@ ] a A a a
ANYUTUDINUNDIAILUUHUIVINUN AN Y sznoudis 24 BuwaTnua 40 Saiau
I's ' ' ' [ 4
Tnua uag 6 181MA Tnua Tavldmanisunsemisdoyasenily 8 329 Tasavwdsnanld

° 9 Y1 a ' St [ 3y
palunmsanaisusaz limAanaineg lunusingeusyld

6.7 manaaevlnsnedszaminouliimsdwunarwasesiun tiegnsuniu

iofiagnadeurlssAnnmusslasstrnlszamionlunissumnaionounaile
QnsumuMndyanuoug munuiminuazaunithonudusss gt snyazuan
aefudaaaalugidi 6.40 annﬁuﬁtytmmmnauﬁﬁ%’ni‘fu

6.7.1 3UBUYVRITYYIMIUNIM  (artificial impulse noise)

dyanuiandnnudunyguIn 30 MHz 79 1 GHz eNidya 0 dB 4 25 dB '1Agn

Y
v @ { o [l = @ @ ' °
flowdhswivdyyranialdvnauuimaniasaudnih - dyaradainazgminn

¥

@ g 9

[ ' o (Y a. [ [ '
iﬂﬂlﬂ'ﬂﬁu‘lll“ul'ﬂaﬂllﬂZﬁU'lllvlﬂﬂ'm']ﬂﬂ']i')ﬂ 'J‘ﬁ.ﬂ'lii'Jllﬂiyillﬂillf’)ilWﬁﬁﬁl‘U‘lﬂ‘lJﬂu'lullU

-] [ o [ . [ o {
manuazauw Inihonmsiaeslddsudyaioi(combilner) uanadsgili 6.40 doyanan'ld

a e 4

1NMIIAvE g (Multiply) Audyguduiaad swgniwnlszulananisadauaz

flowdgInssvivlszamifion

; 4
31N 6.40 uamsmunownIseldlunisnaaes
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N ‘ | l Multiplier Combined nojse
II ‘ ‘ I - Statistical Method
L

Irr;rlse noise

U0 6.41 uamsmssdgyapamsIatudyaduiaad

6.7.2 gilmnmeaiﬂsaahv#l'n’flums{iumﬂé’fﬂumwm R SRRV lidy e
FUNIU

Tassthoyszamiiionlugiil 642 dalseneudan 24 Bunalnua 40 SaauTnua
uaz 6 B1na Inua gnldlumsduundnvuzvesaensing iegnsuniuTavdayanudy
Waadnsunaudusunazgmihnnd iy uazitseonidhy 8 Faenamid Taons daumsd
(163) inmfu%’agavmuﬁiaza}')aﬂzqnmmmau'lwcf uoz dusnzgreeemngsd s
sudvavunasgmemanuinady - Joyafildlumstlouldsy Tassthedszamiion

HAAIAIAITINN 6.8

Inputlaver Hidden laver output laver

40 6 T=[000010]

PCB shape
-

Impulse noise

510 6.42 uamamssunuIassdolszamiiionTaoly dygraduiaad

w

5 )
5: \ ™ gm 3 ‘I\

2 Tk 715 4 AN

> | £ VR T o 7 1 TV [Tl

,/‘: l W l“l m [} N lY[ of i
A { o 0 =
iy T e T
@t e 100000 1000000 1200 00000 10X 0X
- ’ o N

(M) 5 cm () 5cm+ Foyanuduiand
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i s 00
® ® “imeas
© 2 — simulation
ii \ Al if AN \ \ *=
2 ‘ | /1N AT : 21N i ?r'
» x AP . 7 DA
E \)"_ =N JLI_ N o }/”_ FE N AL ,{rﬂ i3
x4 | [ 1] ' = [
1000 1000 10000 0o
"
(M) 45 93

100~ 10~
2 : i
- = A
g | ; N
¢ 3] \ ' £, Y
B \ SA i NS
# e W AL LI v il e 0 AL N Y al
: M i : N
0 o T
10- : T 0 T
A= 3 &8 = 0
10.000 100.000 1000.000 10,000 100.000 120000
L] L
@ [ [ a Y 4
() 5713 3 cm (%) 571 3 cm + Ay IUdUNADd

4 ' a ok [
3N 6.43 uaaseun Ivihszos Inaveauriuases iundegnulSuyn
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4 o ' ' < & as
A13197 6.8 uaasiIogReyavesmuimanuagauy Iih¥gnsuniuTavdyano

duWaad
Frequency Interval (Intv.) which input to the NN NN Target
PCB
Config. Itv. | Intv. | Intv. | Intv. | Tatv. | Dnev. | v, | tnev | 7, | T, [ T, | TL | T, | T
1 2 3 4 5 6 7 8
-H 45.87 | 34.67 | 40.20 | 29.10 | 24.24 | 20.68 17.6 9.70
I-shape -G 8.53 6.81 | 18.00 3.16 3.16 3.25 170 146 | 0 0 0 0 1 0
(NF) -P 001 | 003 | 002 001f 007| 006| 012 013
-p 50.12 | 3524 | 2932 | 2692 | 30.60 | 23.06 | 11.23 | 10.11
AND o 917 | 652 235 413 | 478 | 209 | 0691 | 054| ¢ | 0o | o 1 {0 |o
(NF) -p 002 | 002] 009 005 017 | 076 | 0.6 | 017
-| 31.70 | 36.80 | 35.60 | 27.00 | 24.80 | 21.80 | 20.40 | 10.10
I-shape o | 1046 | 419 800 | s62}| 442 | 378 332 330 o 1 oo | 1|1
(FF) -p 0.02 0.07 0.09 0.05 0.06 0.07 0.08 0.09
-H | 5580 | 61.90 | 50.50 | 52.10 { 6670 | 47.90 | 48.80 | 39.40
AND ol 1no2| 6s0f{ 850| 524 352| 673 | 570 34| 1| of of of o
(FF) -p| 003 004 003 005| 005 004 | 005 | 008
30 -p | 2506 | 70.15 | 80.70 | 57.18 | 4343 | 45.12 | 2040 | 10.12
(NF) -c | 12.13 9.10 543 3.12 3.12 3.21 2.54 3.22 0 1 0 1 0
-pP 0.09 0.90 0.60 0.23 0.04 0.98 0.92 0.45
30 -}t | 5618 | 63.14 | 4543 | 50.12 | 4021 | 42.11 | 3029 | 12.45
(FF) -G 4.32 7.81 6.21 3.57 3.98 6.00 9.04 3.67 0 1 0 1 0
-P 0.03 0.12 0.09 0.10 0.92 0.59 0.33 0.22
Imm -JL| 4556 | 43.01 | 41.09 | 4856 | 30.98 | 19.90 | 1632 | 12.23
(NF) -G 9.45 4.67 3.46 3.24 2.67 | 4554 2.12 3.23 1 1 0 0 0
-P 0.98 0.92 0.56 0.58 0.76 0.09 0.32 0.21
Imm -] 3543 | 6043 | 4322 | 2521 | 2345 | 21.32 | 17.89 | 15.09
(FF) - 3.24 5.55 4.21 345 434 6.77 5.64 6.83 1 1 0 0 0
-P 0.09 0.40 0.90 0.45 0.55 0.34 0.98 0.87
X - | 7580 | 59.90 ( 40.50 | 76.85 | 56.10 | 17.20 | 15.80 | 19.20
(NF) -g | 3102 | 1030 6.70 9.08 8.42 4.23 5.70 2.10 1 0 0 0 0
-p| 012 o021 ] 003 | 005 024 | 014 o001 ]| 0.2
-] | 55.80 | 81.90 | 50.50 | 52.10 | 46.10 | 47.90 | 48.80 | 39.40
X -g | 1102 343 8.50 5.24 6.42 6.73 5.70 3.40 1 0 [} 0 0
(FF) -p| 003 o021 | 003 005| 004 | 004| o005 o008
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6.7.3 dszansmnwveamsswunansusimanuazanlivhlaslasenedszam
nﬁumﬁagnsumuiﬂaﬁ'q;mumﬁuﬁna&

WeRszuanslszAninmeeslassdwlszamifonlumssadwaziuun aw
NowAILUIHUITNN  tilognIuniuTaudyapadiiaad Tavordonsunsmnuuimén
seoz1nd uazeun sz lna

Tunniinugi Ideenuuusastseansamilumssuun 1aol45% Relative Ultimate
Measurement Accuracy 138 RUMA  lagfnualdithuanuduwusves §1uamvesns
Sumnite Lifidoyanasuniy - ﬁmawmmi%’mumf'iagﬂsnmuTﬂuﬁaumunmﬁuﬁ'aaﬁ' D

$avvesmsswunie liliduanasuniu uazuaasluaunsh (6.11)

L)

RUMA = (Reg VT Aded )X 100 (6.11)
R
o

4'1 A o Y o & ]
e R, Aovosdygnudeded hignsuniu

° ° § A o 4
F, . Aosmauvesmsiuuniisgnsuniu lagduiaad

6.8 wamiswunmeneuauiegnsumulasFuanaduiaad

menesunsteiziedmandduzli 640 gnldifunmdstuiaaumiminuas
auiih Smnuvesmoneauasiignidlunsmareutsz@nsnmuesTassirekenundl
$1u9u 20 HuY mimﬁa‘u%zﬁﬂﬂumsffumsnammﬁy'wuﬂaanm wazuonoemiiu 2 aqu
fio nquit hildoausunau waznguiiiideyner SuWaad AWMBWAIN 2 QL RERNG Y
Huuasihdeyavesmnuiminuazauny i deumdignsswdszamidion. vaves

'3 o a  w 7 §
ﬂ'ﬁ‘U'llluﬂﬁ’w'ﬂﬂﬂllﬂQﬂiﬁQﬂﬁ‘Uﬂ?uIﬂUﬁiyfg']ﬂlE))JWﬁﬂﬁllﬁﬂ\‘laluﬁ'ﬁNﬁ 6.9

6.8.1 NgNYBINTUIUANNELIVBIMLNBIA

delddyanusunmuuuduiaad  Tasiimsiumnifimesvesdaanasuni
18un uenldga (dB ) MsquAmAING (random) hlunduuesmssun/Souanuenves
QIWNBUIAY ATINGTD 5 FU. 10 . 15 B, 20 U, 25 FU. 30 . 3zWUI Iaseviwdseam
o liansonsnuozszndne awnewasgldl « 17 2817 5 BN, uazAINE 10 .
ms1egUnauveadyann ( tendency ) Hanuindifseiumnnlassiodssamifionlia
RUMA 5032 %  IM@INY0IAMNEMEUG 15 @y, 20 @y, 25 @, uay 30 . usid

o 1o o 1 1
ﬁﬂJﬂJ1m5Uﬂ']ullﬂﬂU\‘lﬁ'llJ'liﬂ‘H'ﬁ.lﬂlﬂu'llﬂﬂﬂ'lﬂ'ﬂﬂ\ulﬂﬂllﬂﬁ:“'l]ﬂ‘l?,ll
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- ; e -
3 T - meas o ~meas . .
2 ' — simulation » —: simulation .
£ 9 i / £ \ h
i - R I A 5 NN/ . A o
~ AL TN VY 5 N G CAL N TS -
o I L e AP b RS
., ! ; ; a, _ .
10 0m0m 0@ W 100D
L L3
a o 4
(M) 5 cm + dUNART (W) 10 cm

51 6.44 wamamun lihanaenesasgdds <

6.8.2 nguveIn3UiuyNvBIMIENL A
Tunquueansdiuyuuesatoneanann 30° 45° 60° 90° 120° 135° uaz

' -:y 1 ‘3’ o a o 4 o‘: °
P aw‘nmum‘luﬂqumzgﬂqwumuaz{laumyq;msummmuauwaaﬁ INUUUN

150
dyanai ldtewdhglasslssmmiion  Tassthedszamifionssgnldlumssuunae

' -3 £ [ o v
noway  anumimanuazau IwihenaenowasiagniSuye nwamssuunlaely

' ' ' ' ° &

Tassnwdszamifiounuds Tassiieliaunsoswunauuliminmeneaunsdiiyu 90°
4 ¥ a W Jd { y'
Wesmdyanuduioad uazaymu 60° Iuiiian RUMA Wi 50.76 % juueaenIn#hen

4 o o
muneanady 60°uas 90° Fesmdryanaaduaalugil 6.45

() 60° (1) 90° + BuWaad
g4 4 v
51 6.45 uaasaun Iihoinaeneauasiagnilsuyy

6.8.3 NGUUBINILNOWNIBUY

lungquuosmonewnsdug  wumsilasuudasglianyuzvesaenewas (1, H,
XT, L, 7, U) N§u¥832993A3NBA(NAND, OR, NOR, EX-OR, R-S F/F, D-FF, Inverter) liag

M3U5uSAI( 3 em, 5 em, 11 em, 15 cm, 20 cm) WuANBMMNTYaNuduTaadd v uTy M
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#3018 uanihdeyaidhglnsshwlszamifion wuhlasshemuseduunaionsunsla
1 1o &’ -::y P ’ L - 4 a 1
st Malifumngauyihfiunssennnaonewaslunquéedn fanuuanaie
[y ' o a o a o 4 [ o = o ’
fustndanu  mamudygraduiaadidtlleedanansenulunmsswunisadndey
» ¥V
RUMA lufifiiilu 3.24 %

L4

MINN 6.9 uaamaMsSuunaneA Wisgnsuniu lavdyanuduwad

Amplitude Level Random Frequency ( MHz ) RUMA

(dBm) 30-200 200-400 | 400-600 | 600-800 | 800-1 GHz (%)

0.00 X 0.24
2 0.25

K 0.27

X 0.30

X 0.33

5.00 ¢ : 10.23

. 13.24

- 12.09

- 11.15

13.87

10.00 % 20.54
- 22.87

X 23.50

X 21.98

24.09

15.00 X 30.98
x 32.76

X 33.65

X 35.09

X 34.76

20.00 X 40.87
4375

X 44.65

X 45.43

46.21
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3 ° 4 o a  w d
ﬂ'l‘S'Nﬁ 6.10 LHAAINANMTIUIUNDIYNDILLAY Lﬁﬂgﬂiﬂﬂ?ﬂiﬂﬂﬁﬂl)ﬁg”lﬂ!ﬂﬁ?‘ﬁﬁﬁ (n9)

Amplitude Level Random Frequency (MHz) RUMA

(dBm) 30-200 200-400 | 400-600 | 600-800 | 800-1 GHz (%)

25.00 X 47.89

X 47.89

X 48.90

X 48.54

X 48.21

30.00 X 50.21

X 51.86

X 52.43

X 53.42

X 54.33

35.00 X . , 55.87

X 55.65

X 54.76

X 55.61

X 55.32

40.00 X 60.65

X - 6134

X 62.86

X 65.97

X 67.98

° a o t )
1NN 10 HEAINANITVIIUNATIYNDIUAIVUNITHUN TﬂUﬁl‘l’flﬂ'l RUMA #WUN

7 6.
Qs UNINDIN 0.0 dB 9 40 dB wazlundasssAudyanussguaud

BERTIRETMLGE
y

Aaus 30 MHz 89 1 GHz uazgniinsanTaourailu 5 929fie 30MHz - 200 MHz 200 MHz —
400 MHz 400 MHz - 600 MHz ~ 600 MHz - 800 MHz Liag 800 MHz -1 GHz Wuduilesedy

s Q‘ 3 1 ) o o 3
vosdanusumuiniulaswsssgydsanuannsalumssuundoyans (RUMA i
a .; 9/ 1 0 9 a = (d’, o " a o
mindu) msldaulasanelumsswundeyaluineiinuitdveniumranarmlumsduun
1 4 ¥
Ty 15 % vndwavesdeyarianua 50 stuuy  AutuTassswlssamifionluine

o

14
imusitseygalitivuevesdygusuniu’ldbifiu 5 a8
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unn7

msimemsunsany Il lasldlassvelssanimen

7.1 msimmnesaunyinhszelnasinmsldaunusimanszezlnd

o a o ad a o o o o
Taon1Uudanszusunisesnuuundnduyinieddnnseiindez ddunsuaiudiny
o &
A3
9 a < o ° ° A 9
- 2onuUu993 w19 1UsunsuABNRIMBTIINIT$1a09NITHIIUVDI299T (WD 1T
° o [ . .
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NATBUANYIATF M (Full-Compile Testing) 1iuduuganiy

Product Computer Simmmulation
time design .
P Near-Field measurement
4 - Standard test for radiated EMI

1 a a o I'd
507 72 uaaaTimslumsaanalumsesnuuuraaiua

¥ ¥
MINATOUNN EMC AIIATFIU 98ABIMIMIAAAT (setup) taelidrdudunouns
1 4 v
YA (procedure) AINMIATTIUUASTUUNUNNATBUAINYIATIIM 1HU CISPR22
) 1 1 4 ) .
CISPR15[24] ¥588uq usiitiasninminaaauuuiuinageui Idnaiiumda Jaldiwun
13 = Y q’/’ -2 [] as o’/’
pazszdoudonaui Aswiuds higzandudesnuuyuaees  luduseuvesnisud luilgma
179 EMC
< =Y d’d’ 9 o [ ¥ 91
Tuinoiinusil ldeenuuumsnageuiiie  Usendanamazaldsnslunmsnagey
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aowh linagouuuiuinadeuamnasgu InMsnadouainaiiondl minageuuuy
Pre-compile  1agl¥msdaauuimanszezlnd Nunseonuininuiueesiud  uaziiwa
ar v o £ 4 4 o ' < 9/ 9 °
msdavesenuuimansyezlnd Flismgnniwazidonanies) TUldlunsdnnems

: p dae o
wnsau I lussoslna @aldqulnselifismune uasdunainn) [ 71010] [17](18)

7.2 FEmsTaausiinanszezlndmeldineanniihszezlnag
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Tumsvnemsumsany dhszeslna  mnmstaauutmanszoz Indussuny
-~ L = ) o’dyd g’: o dy
WITRUN IUINUTTNUTH HVunouAIT]
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- mdaauuuiinanszozlindezdaly 6 AemeseuurulTRuN Tasiiszozvig
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; \ " PY-axis
| Magneic  Radiated ”

%—/- Near-field Far field meas. X-axis

[ ' [~ a ™
M Mm3taaumnimanszoy1nd uazauwwihszezlna () Aameamsnsgilumsia
51 7.3 nansdwmisnisavesaumszezlng

MITAMNIIATTINAINA( CISPR22) 92A0911 11 Semi Anechoic Chamber Taviiszus

1 ] a IR v 42 a a (dy 9 . .

HIINUHNI9SNUND e 00 A 10 m - usitieanuanoriinusilld Semi anchoic
4 a ¢ & I ¥ v Qg

chamber F3ilszoznanoy 3 m luminaaeay  ANIINBAINYNABIVBITOYATIADINYAY

sedudyanaiialdnnszoznaaoy 3 m liiflussoznaden 10 m Taoldaums(171) [25]
2 AP0 ¢ (171)
3m

o a AoszauANLTIvIaY IWH)

ANUITIVBITYYIUN10 m = ANVWUIIVOITYYIUN 3 m 3.3 dB

() 3 m Anechoic Chamber (V) 10 m Open Area Testsite

311 7.4 uamsmsadyanauniman nihluszesIna (Far-Field)
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nmsmurammsunsauniiszezlna  aunselddeyaninmsiaauiman
szozdnd lu 6 fieme mugdit 73 udidfesnindimsSaaum Wfhszes lnamuuasgu
CISPR22 szdpafimindudavessiveinis (polarization)ﬁa%"m{luumé‘?@ (Vertical
Polarization) 1ag HUIUDU (Horizontal Polarization)

sufumnunimdnuazaum Inihisa1dluszes Induasszoy Ina sxfivadu 12 %
JoyalumsTauduasesiud 1 wiu  woulagageqaiiialdlundazaiiezgninnwien
saiflunsmidortu duaaslugii 7.5 (n)- @)

1uam%’uﬁyﬂzmmsﬁuﬁnmmws’qqqﬂ wazAadoyamniiga (Max-Hold) aamndu
vesenmuimanuazanm i luusazanuiien 30 MHz 89 1 GHz  33msTananunee
Wulamanasgiu CIsPr22  TagsaweniinninesvedmueInIA(antenna factor) @101
Sy uazdnnmman liuiienyean1sin(measurement uncertainty) tHoANYAARBA

A3IsM AUz luuInsg U CISPR 16 — 4 [23]

' < o
(M) auimanszoz Ind vesmonowunaglia“r 10em @) auwIndhszos lna

' =1
(@) guuuumanszoz1nd vesaonewas 7402 (@) awu Iwihszeslna
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o YV £ ] =
7.3 msrveyaringlassvisdszannimes

Far Field
spectia

Near Fu

| \NI‘ a

R = G 40 8

Z input Hidden  Ouiput

Neoar-Ficld measurement Far-Field mesurement

5 7.6 uamamsaoulassvilseanmiion iensiunemisunsauu Iihszes na

o ' <
mﬂmi'maumuumaﬂs:ﬂz“lﬂé'

] d 9 ' a L4 £ a ' a
i anszogindveuruasesiuignldiudunaveslnssiolszamidion
dudinaveslasethedszamiion Ao iiiszoz Inaiunseonueinasesiiun
° Y1 a J 1 ° a
Amualdmdunauazidninaves Inssodluau$11au939 (real number)  Hazgn
° ; ' a ¢ v @ J {
W lumsiwoauiihszez Inafuwseeninanisesiun  anuduiusvesdoyaitlou
3 ' A o = Y [ dy
WhinssiuioninsGouiudasdad

Pattern_set(m) ={ 1", T}, ...(1°. 7%}
1’ A BT, &G T
R BeTa i TPNBT,)

do n Swwwavesdoya (50)
9 a 1 < 9.
I waveadeyaduwa (@uuuimanszos 1nd)

T wavesdeyaldning (@uwinihszes na)

§ 1 1 a d @
- sUnvvveumadeyantoulilnssiivves uiurasiungldr « 7>

L,..=[40, 41, 22, 33, 36 21, 16, 10 ] wazauthminevesalasevielumsiGous

I-shape

dmSuuiuITRUNgIR 17 T=[60, 51, 31, 32, 27, 30, 28, 30]

9 P 9 ] ] a e o @
- sdnvvveuwadeyantoulilnssioves uiursesiundmsy « AnD »
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v o Qs ]

Q@

= [40, 43, 30, 48, 20, 30, 18, 10] wazauihmingveslaseolumsGoul  dmsuudules

fugUia AND,,, i T =784, 58 59, 45, 47, 46, 28 26] ArmdMRUTVesBUNALAZIS YA

AlFlumsaeulnssslszrmisunaaslunisieh 7.1

Msun 7.1 waasdieilunmssadiudunanastimingyes Tassielseaminey

NN input NN target
PC Magnetic near-field spectra (dBA/m) Radiated far-field spectra (dB u V/m)
B I(")=[]l’12r13’14115’16’17:18] T(")=[Tl’TZ’TJ’T4’T5»T6’T7’T8]
0Odd
Har. 90 150 180 270 330 390 570 630 90 150 180 270 330 390 570 630
MHz MHz MHz MHz | MHz MHz MHz Mhz | Mhz Mhz MHz MHz MHz MHz MHz MHz
I, |1, | Iy |1, Is | Ig |1 |Ig | Ty | Ty |T3 | Ty |Ts {Tg | Ty | Ty

5 40 |41 |22 133 [36 |21 16 110 |60 |51 |31 |32 |27 [30 [28 |30
cm

10 {40 {30 |12 (20 |21 |20 [12 |10 [60- 053 |31 |38 |26 |31 |26 |27
cm

30 |26 |17 14 18 {20 |7 10 |8 |60 |61 |32 {45 [27 |46 |25 |27
cm

30° (47 |26 |13 |27 |14 |5 5 4 |60 [41 |30 |40 {32 |30 |25 |27
60° |47 |30 |18 |30 |40 |23 |11 {3 |63 [54 {31 |41 |35 |31 |20 |30
90° |47 |41 |38 [33 |40 {30 |20 |12 |45 |52 [33 |42 |32 |32 [30 |33
7400 140 |43 |30 [48 |20 {30 |18 |10 [84 |58 [s59 |45 |47 |46 |28 |26
219 (30 (50 [40 |48 27 {26 |10 |11 |72 (50 |43 |42 |47 |36 |25 |28
43 133 (25 |21 47 |30 |21 |9 9 82 |79 {55 |53 |46 {47 |26 |30
lmm 159 |30 {20 [20 |33 |8 11 11 (49 [50 [22 (32 [25 |30 |25 {32
Width

omm | s |35 |22 [33 |42 |16 |12 |12 {62 [56 |36 |46 |38 |38 |26 |32
width
T 39 [27 |20 |30 (25 12 |11 |4 |78 161 [36 [40 |30 |33 |26 |28
H 48 |30 |17 |31 |4 25 |11 |4 |60 {60 {40 [42 |43 |25 |40 |31
X 30 (34 |21 32 |38 10 |10 {2 |63 |54 [50 [25 [38 [45 |39 |30
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' a 4 v a o a y d
Tnsavwszamiiondalsznoudie suwadau 8 Tuua 40 e uaz 8 18 MYA
= o [ ' < U a o
Tnua galdlunmsSeuiuazsinnemnuihvnmsiaauumiman  Tavamisilinesh

H1AYyUod1ATIUIABMIANUAANIIANNNTA (error)  AI1BNIINISOUS (learning rate) DY

A Tuwudy (Momentum) gnimualviiiu 0.00001,0.001 uag 10.6 mudy

70 T T T 70 T
|

3

g

@ @
§40 1:,40»
3
Bl
20 — )
i dBuV/;n
10 r____,_
| | |

1 ’
T {
™.__dBuV/m
"
dBAIn\
10
100 200 300 400 500 600 700 10
Frequency(MHz) 0 100 200 300 400 500 600 700
Frequency(MHz)

(V) 299590 74279

50 - % 50
45 l\ P 4
40 . L 0
35 \ s = e 35
P i A - =
g_” \ /(..,A o gao
VT §
%25 ——————— — —'65»u-—-—————d‘BuV/m-r-——~~- 825
< | <
20—t --—-—-7————"‘—»—-M-~-—~- 20
o L _.ﬁ_.___\_“:x-._,_‘ 15
7| -—---—-p---—---~---»-dBA/BL~\--»- 10
5 L 5 ;
] 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Frequency(MHz) Frequency(MHz)

() MWNBWAINIIN 1 mm
3UN 7.7 uaaamsinneau Iihszes Tna Taol4Inssinlszamiion
4 ' o v o : a
e lnsavwdszamifisnsaiwnuduiusvesdoyananualdudy  uewdgaves

A anszoz1ndnA1ud 90 MHz 150 MHz 180 MHz 270 MHz 330 MHz 390 MHz

570 MHz 18z 630 MHz - veaunu3vsinizlese gaflowdhgInssveyszamidion e
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dnemsunsauw ihszezlna wamsinoau i laoldIassihodssamidion
waaadegUii 7.7 (n)-()

nnglil 7.7 uemsnnudiusvesmumsimannnmstaszezlnde)  awnih
oz lna()) uazwamsimamninlasselssanmiion*) vesamonsauazli 7 A
017 10 cm. 2993AA0A 74279 10TAWNBWAININ 1 mm. wuNInseiwlszamidion]ine
msvimnelndiAssdumsianse TaoligduvvvesauinIviiendency) IndiRvarumsia

szoz Inaudueuagauanaieiu (1-3 dB)

7.4 MmsUSulassvedszammen 1Haanuiualumsiiune

wiefiszdsuTassolszamifion 1 Tanwaunse lumsinnsaun oz Ina
wnd ueudAgauesdumumindnilénnmstaszor Induoariuesiind fnwd 30
MHz 60 MHz 90 MHz 9114 1000 MHz gnfloudhgInssshotszamifomitorhunonisuns
v ihszez Inavesusazanufiaand 30 MHz 60 MHz 90 MHz u# 1000 MHz) ¥09
AWNOUAIUULLFHL T RURBI TR T EnTTue sasiHINNI S UM ous
uA?

ihTnsenieisundnminneau shszos Ina Tavordumunusimidnnnmsia
szoz1nd18 mamsinnouaastuglit 79 () (0 nuhTasshudssmmien iAoy

Nlnnmaun iisald 1-248

Near ¥ ] 1
»

32 80 32

fnput Hidden Outpat

JUi 7.8 wamamsthlasssdssamifioninlddmneaun Iiihszos Ina

70

70— e
oy I, E— S 3 O FFMeas |
i | + : NF Meas
80—ty D e s : o W
. i s o
@ H )
i ; MG sy
30 ——toes - 57 o N Ao B = S W
< A i g \7 dBuV/mm ¢ i
20—+ V B B T A e —
Y- -y | SN S ! ok, ¥ [N NGy
e | | Vi,
‘ I | I i
5 400 600 800 1000 0 200 400 600 800 1000

o
N
S
o

Frequency(MHz) Frequency(MHz)

(M Ysuanunig 1mm
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80 T
e Ok FR Meas
| ~ + : NF Meas P
L e e —— TR ~ gsor
g‘“"‘r‘— e R g“ 5
oA dBl‘l/Tﬁ_,;ff_;..” 30|
i A T 5 TR o
20 -t R
.DW‘VI /A"\v/\\,.\/i\ dBuV/mm
1 WSA
°0 200 400 600 800 1000

Frequency(MHz)

o |

7of— s pot—— []: FF Meas

NIEEL M.
%w ;/\NL‘I\ “'y‘i A dBuV/mm . §

VA R T :

20— E

YV N gmam,
10 v
°a 200 400 800 800 1000
Frequency(MHz) Froquey(in
(M) 19957900

) [ 7l

- i
|| B Ak | " '
in h I\ i: ITARAN

SARATE " il
LA Pm JAHEA F o

TR <Y A= ]

[} 200 400 600 800 1000 ) 200 400 600 800 1000

Frequency(MHz) Frequency(MHz)
@ M3U5uANNe1 1 cm

311 7.9 ugaswamsinnoauifiszes Ina a1 nssvolse amidion

s ~

Andinai ldnnmsmnnazauthninoveslnsswlszamidiouiimaeandes
Aunaadegy 7.9 dmiueesgldd <17 011 10 em. Hanwauilu 1 mm. vamsine
auw lihlao1$aseholszamifondauandnnnmsialsznm 2 B uazfudivh
dunadauuimanuns 9102995qU5ed 3 cm. ﬁ'uummﬂﬁquimﬁuuﬁmws5uqv‘i’”muﬂ
uaeunIWihszoz Inaiida ldnduiiuomlagatiosiiqa Wumstuduniiszuzlndmuuae
Whuimanuazszoz Tnaveuaun i tazaeesiszinngy immngeziaveimeadada

[6]
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[

HENIINT aigod Idhmsumsaun Wi Somaunnamsiauluiuuaeueu
Tnua(common mode) [19] 8614 lsAmumamsyinnsawyIiihszozlna Taoldlaseon
Tifiiudmn @anaeenmsia 12 dB)

dmiunsesavaeauazmenoaszlia « 1 7 wamsiuemsunsauinIiihsees
Tnalaoldlasssholszamifonldmmsinnseglunaaiiaunsosensyld Aeuandianin
599 1- 2 dB

Tavndidiesaumanu limiveulumsiaveansesile ( Measurement Uncertainty)
"3 EMC e 19 lumsIamsuns e aisuniuumsiiue N (Radiated Emission) A1uA1
uni1luanAsZIU CISPR 16-4 [23 ] Wu1zeglugaa 5dB 97 dB  HamsMuIomsuns
aunifh szozlnalaoldinssiodszamionlddmwiananegsediv 2 aB - Fufu
Tnsstovszamifiondt Ideenuuuuluinminugi s Tavsamosan i

[ y
UoUYDINI A 19

7.5 minaaevlszanimnveslassnaiiegnsuniu

Near Figd
l npeunl ]

input Hidden Ouiput

Near-Ficld measurement Far-Field measurcment

' ’ l | Artificial impulse noise

31 7.10 uaasmssunu Tassvelseamiion

ilefivgnageuanuamsoveslassieyszamifonlumsinnomuy ihszos
Tna TaomslFaummimanszeslnd muunimdnszez1ndn 18nnmsaluasad 11 gn
WudyaasunIuILY Suwaad (mpulse noise) TauflmdulsAnlaoumlasdsi A 30
MHz 94 1GHz LL‘U‘U’s’ill(randomize) mumuanﬂﬁgﬂ 1V 11U peak-peak

Tnsaioszanmifionugai 7.10 Salsznoudae 32 SunaTnua 40 SaeuTnua
uaz 32 ¥ina Inua gnldlunsneaey  Tnssshodszamidonlugdii 7.11 (n) uaz@) 19

AMIMUIBUANAIINNITIA 3 D9 5 dB
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% i i i 80 1 i
| I |
T T e T o
| | Y O I |
ST T Al |
5 1 | | | 350 ! |
340 i t 3 || H \_ 3 l
$ \ j e T sy frih T
L it A R
20 \1 I{". ».‘.o'; »/ : | 1 \qr ‘ ! J
V¥ ] i 20f- —
10 I I 1 10 I
200 400 600 800 1000 0 200 400 600
Frequency(MH2) Frequency(MHz)
(M) MNBWAINTII 2 mm (v) Monowagldl “H”

31 7.11 uaasmsulSoudfieunansdnaannlnssoiiodums Saauimansses

o a o 4
Indgnsunaulasdayanuduiaad

4' d' A:' = = o 1 =) o
envznulseaninnlunismiuioves Inseviwlseamnon lunsimuneauiu
4 ; ' I~ 4 @ ]
TWhszezlna Wiemnuuimanszeslnddsilouldnulnsselszamifiougnsuniulae

o =

s g o a Yy = ° Yt o
dygnauduiaad  Samves Buna Tnuanazidmna Ivualugiin 7.10 gnildiisoung
# Wy 32 Sunalnuauay 32 ©Wniya Tnua uadlSusmonvesdaeuInuadiu 120 Tnua
uazdFuilanFunszdu (activation function)1uT51n51 MATLAB 1yt tansig 110¢ purelin
9 ' 2 EY ai: 4 W o & P 1 9 a
JoyavesInsadalsznoudivanudnesueindiaviuaziavy gnlfiduduyaveslase
d1w  InsethonrumsiSouildnan 3.5 su. Mawanaesenmsia 1 6 2 dB waves

msv‘hmuﬂmu'lmlﬁﬂﬂu"l%’TﬂNihmmm“lugﬂﬁ 7.12.(0) - (V)

Electric Field (dBuV/m)

Electric Field (dBuV/m)

200 400 600 800 1000 20 i i L L
Frequency(MHz) 0 200 400 600 800 1000
Frequency(MHz)

(N) 2eNOWAINTII 2 mm (¥) MUNOUIAIFUAI “H ”

3 7.12 wamansulSvuifisuramssnaunnlassiuiiodsusaudamu Inuady

120 Tnuauaz 197995 uANs ¥ AUIDL Tansig 110 Purelin
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7.6 MmanfSsumaumaninevealasavsdszamneniusane s

envzlSouounamsinemsunsaduvineesiud  Taoldlassiiolszam
I e e a 4 ) A
Mo UdanoadudU 1Y Current Element Model(CEM) Method of Moment(MOM) cmﬁ‘]u
g as d‘a =1 ] o
daneasunHuaziinNuuiui luaume EMC [1 1(8][9]

' a (4 A a . . . L a b4

uwu'mswuwgﬂ “YABY (rectangilar circuit)” WINAMIWYII S cm NI 3 cm HAZN

4

wiungldr 1 galdfuumdsiudasuuiiih  vnlassadevesisesisaes wuh

o é ' | 4
milouiuInssadvesdwernmelaInanazavemenvugll Fuilulaseadreoadwinld

° ' ' =] @ { @ LY
Tumsdnnamsuwsanuuimanuazawn i - dwaaslugdn 7.0 dayanuiaad

A7 30 MHz 3V peak-peak gnilouidng anonoauas

() uineesAug “rawemalaina) () uiesianiglfmaou@@oomeagl)

3N 7.13 uaaslnseadrevewmulesiudn ¥ luamsuSoudon

NANIIIANALNISAIUINN CEM MOM tag 1asenislssamiio

7.6.1 IEMslumsnfsumay

1. Mdaumsmgeimela Iwa uazewerniegu [11] sursmsuns o nih
Tasmsidounlas szoznuamnumdsduiiaunsgadana — yuvesgadunafoufuumas
AIA©.¢ ) uozanwd(n Adsmsfnm Tasmnualdl¥mallunsdnnuiuuuvazden
(1 gl

2. hmilnnmssnnn TaolFaumsmsunsaunithonasermsla
Tnanazmeoimeaguilewduduwavealnsaiiolszamiion  Tassmualdfisisasins
quiilu 5 ey 89 10 ) wazAmualisuihmuoveslnsaiieie mildnnmsdmnu
YoIauM A e INIAla Inauazgy nntfuaeuTassiwliimsnd

3. Wdoulvmsimnomsunsou Iihveadasdanedsy  insdom
msunsmw Iifhszozlnannieesiasadad

- Current Element Model (CEM) 193tuuumsunsaduain Fudmnszue

(current element) Taodmualdiimwindwesaneg  Alslumsanamilousuaveims
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] wa a A o ] a 1 o a @
laTwauazgy Wy aulianmeduiitaudvearusiud szuzianngasuiiauazyaduna
YU LATANUDVDITYYIUDUYA

9 VA ad

-MoM lFaumsmsunsaiuvesaeoimela Inanazmeemeuuugy 1asds

M3 Method of Moment [12 ] fusmsunsnau laoliadnlsaee wmieunuden 1 lay
fmualiou lvveamsiulsuniiou lalwa waz CEM

d o ~Hq Y ° 3 J as
4, WisuineuramsaIuIn HAZNMN 1% IUMSMUINNINUAVDILARZID

. -
fnuadoulvvo

MIAM
T
v v Y
ana au Tuoa MOM CEM
Taseiny
Ussnmiioy
v

Wisursunamssiuom

51 7.14 naaadtmsnfSouvunamsinnoau liihszes lno Taoldlas e

Uszamiioy MOM uag CEM

7.6.2 mstleudeyartnglasanelszamnew

nnaumMsmsunsaauvesavomalaiwalaold classical model [4][19] vz ld

o

° 1 ] =] Y dy
TIWIITOATUIN miuws’dmn"l‘vlﬁmazﬂmmmman"lﬂmu

_ 3 ] 1 _/ jwt - jpr 71)
E, =30ILp" sin 9[1—+ - g% g A (
’ ﬂ’ (lBr )z (ﬂr )3
! i | -ipr
E, =60ILB? cos o{ - g/™ g™l (7.2)
)y )
ILB* . j I e pr
H, = —" _sin 8] =— + g% g4 7.3
* T an [ﬂ, 3 i
E¢,H,,H¢ = (7.4)
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d'l w - 1 L) a @
1o |r —ruq D ITYLITNIN UNAINUUALDZYIATAUNA (IWAT)

@ ~

 YUVBIATUNANIUA VLN AN A (B971)

o2

’
a4

2 anuantleuliawo s (MHz)

(e}
3 D

' Qy i Q’I’ w A & a

au dhuwsnndudiunszuauninsgds 1 nie meemela Inadalinnuen s
3 a @ o Jd 4 3 a a !
uaas  Taomstloudyanuiaadanud 30 MHz 50 % 9@ lafia uazlina1vnyuuazn
09 50 ns

] =) A& 9 a A U 1 o a
Tnssvwlszamioudalsgneudls 3 dunwalvuafe  STEENNITHIUNAIN LA
4

uazgAdana (r) yuvesgaduna®) (0,1,.360° Tasiliszuzviauaazdu (step) 5° ) uaz
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Ballast /Comp. | Frequency Interval (Intv.) which input to the NN NN Target
Model
Int.1 Int.2 Int.3 Int.4 Int.5 Int.6 Int.7 Int.8 T, T,
Comp | -H |[3956 |3436 |29.07 |27.02 |23.56 0.00 0.00 0.00
A -G 3.60 2.58 0.82 1.15 1.00 0.00 0.00 0.00 oo
-P 0.06 0.08 0.15 0.14 1.00 0.00 0.00 0.00
Comp | -H |[3343 |2874 (2416 | 2275 | 2243 0.00 0.00 0.00
B -C 3.54 1.82 1.41 1.04 0.43 0.00 0.00 0.00 oo
-P 0.06 0.10 0.12 0.14 0.17 0.00 0.00 0.00
Comp | -H | 5573 |[43.57 3983 |0.00 33.95 0.00 0.00 0.00
c -c 3.47 2.36 0.69 0.00 1.01 0.00 0.00 0.00 ofo
-P 0.06 0.09 0.15 0.00 1.14 0.00 0.00 0.00
Comp | -M | 4129 |3904 |3270 | 3128 | 2653 0.00 0.00 0.00
ol © 3.90 2.46 1.00 1.00 0.84 0.00 0.00 0.00 of o
-P 0.05 0.86 1.00 1.00 0.15 0.00 0.00 0.00
B | 3956 |3436 |29.07 |27.02 |2356 | 000 0.00 0.00
Ball. - ’
A -P 3.60 2.58 0.82 1.15 1.00 0.00 0.00 0.00 oo
0.06 0.08 0.15 0.14 1.00 0.00 0.00 0.00
Ball -n | 3343 |2874 |2416 |2275 | 2243 0.00 0.00 0.00
-G
B -P 3.54 1.82 1.41 1.04 0.43 0.00 0.00 0.00 ol o
0.06 0.10 0.12 0.14 0.17 0.00 0.00 0.00
M | 5573 | 4354 | 3983 | 0.00 33.95 0.00 0.00 0.00
Ba]l -c
C -P 3.47 2.36 0.69 0.00 1.01 0.00 0.00 0.00 oo
0.06 0.09 0.15 0.00 1.14 0.00 0.00 0.00
Ball =B | 4129 | 3904 [3270 |3128 |2653 0.00 0.00 0.00
all. -0
D -P 3.90 2.46 1.00 1.00 0.84 0.00 0.00 0.00 o o
0.05 0.86 1.00 1.00 0.15 0.00 0.00 0.00
d’ o ] =) = i) L% L
M5197 0.2 uaasnanisalannlassdssamifion Wivusuduauthmune
Ball./ Comp. Computed output Converted output
Model 0, 0, 0, 0, O, C, C, C,
B. (A) 0.01 0.59 | 0.01 0.24 0.18 0 0 ()} 0 0
B.(B) 0.03 0.45 -0.49 | 0.09 0.92 0 0 0 0 1
B.(C) 0.9 0.00 -0.10 | 0.65 091 0 0 0 ] 0
B.(D) 0.39 0.20 047 | -047 | 087 0 0 0 1 1
CA) 2001 | 045 |-056 |0.09 [0.00 0 0 0 0 0
C.(B) 0.09 -1.00 0.21 0.44 1.00 0 0 0 0 1
c©) 032 |001 [000 [098 [-0.99 0 0 0 1 0
c(D) -0.90 0.21 -0.55 0.86 0.91 0 0 0 1 1
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(Momentum) gnriviua 1y 0.00001, 0.001 uaz 10.6 MuAIAY
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Robot Frequency Interval (Intv.) which input to the NN Neural Network Target
Operation
Mode
Int.1 Int.2 Int.3 Int.4 Int5 | Int.6 | Int.7 [ Int.8 | T, | T, | T3 | T4 | Ts
-p 222 | 25.00 | 30.00 33.6 31.60 | 30.20 | 29.40 | 28.00
A -c 0.77 2.00 245 2.75 0.19 1.33 1.51 0.64 0 0 0 0 0
-P 0.15 0.10 0.08 0.07 0.10 0.13 0.12 0.16
-n 18.00 | 22.00 | 27.30 | 33.40 | 20.00 | 25.80 | 25.00 | 25.00
B -G 0.63 0.63 1.03 2.87 1.72 2.16 0.63 0.49 0 0 0 0 1
-P 0.16 0.16 0.14 0.07 0.11 0.09 0.16 0.17
-u | 2344 | 3060 | 39.05 | 39.40 | 27.20 | 31.00 | 30.40 | 29.30
C -G 1.08 1.99 2.20 4.05 0.82 1.53 0.83 0.67 0 0 0 I 0
-P 0.15 0.01 0.09 0.04 0.15 0.11 0.15 0.16
-p | 2200 | 3140 | 3980 | 40.20 | 28.20 | 31.00 | 30.60 | 27.00
D -c 0.63 1.64 2.10 1.87 1.50 1.47 1.40 0.63 0 0 0 1 t
-P 0.16 0.13 0.09 0.04 0.11 0.12 0.13 | 0-.16
-p | 2320 3000 | 42.60 | 39.40 | 27.00 [ 30.20 | 30.00 | 27.00
E -G 0.82 2.08 0.698 2.13 1.40 | -1.50 1.45 0.63 0 0 1 0 0
-P 0.15 0.09 0.16 0.90 0.14 0.12 0.12 0.16
F -u 1820 { 21.80 | 26.80 | 25.80 | 23.60 | 26.80 | 25.00 | 22.60
-G 1.45 1.07 1.56 0.53 0.19 1.45 0.63 3.56 0 0 1 1 1
-P 0.13 0.14 0.17 0.17 0.19 0.13 0.16 0.05
G -p | 27.00 | 3480 | 42.80 | 41.00 { 29.20 | 31.00 | 29.32 | 27.00
-G 0.63 1.95 1.23 1.43 1.57 1.47 1.58 0.63 0 1 0 0 0
-P 0.16 0.13 0.13 0.13 0.18 0.12 0.12 0.16
-n 17.20 | 20.00 | 29.80 | 29.80 { 29.00 | 23.60 | 26.40 | 25.80
H -G 0.76 0.63 1.23 1.97 1.65 1.07 1.76 0.36 0 1 0 0 1
-P 0.15 0.16 0.13 0.01 0.11 0.14 0.19 0.17
d’ o v - = LY ¥ i
M3 19N N5 Llﬁﬂ\'mﬁﬂ'liﬂ'l‘u'Jmil'lﬂiﬂﬂ‘ll’lﬂ‘lj‘ixﬁ'mmw lﬂ?UUl‘Y’IUUﬂUﬂ'Ilﬁ']HN']U
E-Ballast Computed Output Converted Output
Model
O, 0, 0; 0Oy Os C C, G C,y Cs
A 0.00 | -0.92 0.43 0.07 ] -0.87 0 0 0 0 0
B 0.04 | -098 | -0.56 0.02 1.00 0 0 0 0 1
C 0.00 0.00 [ -0.12 0.99 0.08 0 0 0 1 0
D -1.00 009 | -0.32 0.56 0.86 0 0 0 1 1
E 0.03 0.43 092 | -0.98 0.21 0 0 1 0 0
F 0.43 0.00 0.60 0.87 0.76 0 0 1 1 1
G 0.01 066 | -0.54] -0.32 1.00 0 1 0 0 1
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Abstract

In this paper a neural network is used to recognize a
PCB configurations from its emission spectrum. The
learning process is accomplished by giving the neural
network different radiated emission spectrum of seven basic
shapes of PCB configurations. The trained neural network is
successfully able to predict the PCB configurations.

1. Introduction
In the design of printed circuit boards, there is

considerable interest in using layouts which minimize
electromagnetic emission. Most printed circuit board (PCB)
designs use strip line or microstrip line structures in order to
reduce high frequency radiated emissions. The detection and
identification of electromagnetic emission can be obtained
from radiated field measurement. The identification of EM
field source of various PCB configuration has been
developed by using Software tools it can calculate radiated
fields from electromagnetic system. However, it is very
difficult to use and do a poor job of estimating emission
levels. This is partly because it is not practical to enter into a
computer all the information about a system that plays a rule
in the radiated EMI levels. There are several techniques
such as the simulated annealing and evolution algorithms
can be applied in order to minimize the error between the
expected and predicted spectra of the radiated field.
However, there are a few disadvantages, for example:

l.consisting of several complicated calculations which
require very long computation time;

2.unable to work with unknown parameters of the system.

In this paper the neural network approach is applied in
order to recognize whether frequency spectra of radiated
electric field are produced by different PCB configurations.
The learning process is accomplished by using computation
results referring to simulation models of different PCB
layouts .The trained neural network is tested on measured
radiated spectra functions, such as correct summing and
produce an output voltage which is sigmoid function of total
input to the node. This sigmoid input-output behavior is
typical of operational amplifiers. The output of a processor
is also refereed to as its activity level. Processor is
connected to other via conducted elements which propagate
signal between processors The conductance  value
determines the connectivity pattern in the network .It value
is adaptively adjusted during the learning process.

2.Structured Hierarchical Network Model for the

Analysis of EM Field radiated from PCB configurations
In the analysis of EM field from PCB configurations with

a layered network, we adopted a neural network (NN) model
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that handles a series of behavior patterns. Figure 1 shows the
structure hierarchical network.

The neural network developed procedure consists in the
following 4 steps. First, the neural network input is the
characterized PCB emission spectrum. Second, the sample
parts of the spectrum are computed for neural network
training configurations. Third, NN weight are learned
through the training process. Finally, the NN is used for new
spectra identifications.

PCB

Inputs  hiddens output

spec

bi
Fig. 1 Structured hierarchical network model
3. PCB Configurations *

The several microstrip PCB configurations are shown in
Figure 2. Each microstrip is formed either by a single, T-
shaped, H-shaped, U-shaped, L-shaped, X-shaped and 7-
shaped tracks. The track configurations are adjusted to
match the characteristic resistance of 50 Q at both the
terminals and the branch points (see Fig.3). The geometrical
parameters of each PCB layout are shown in Table 1.

Fig 2.Geometrical configurations of single track
(a) L-shaped, (b) U-shaped, (c) 7-shaped, (d) I-shaped,
(e) T-shaped, (f) I-shape, (g) H-shape



Fig.3 Details of I-shaped track configuration
(a) configuration of PCB (b)equivalent circuit

Table 1. Geometrical of PCB layouts.

PCB | Dimension | Track | Track long
shaped | X Y | width a b
(cm) (cm) (cm)
L 17cm x22¢cm Icm | 12cm  18cm
U 17¢m x22cm Icm | 12cm  18cm
7 17cm x22cm Icm | 7cm 17c¢cm
| 17cm x22cm lecm | 18cm Ocm
il 17cm x22cm Icm | 15cm  18cm
X 17cm x22cm Icm | 18cm 18cm
H 17cm x22cm Icm | 15cm 18cm

- The former is designed to have the characteristic resistance

of 500, in the latter the center track and H-shaped track are
designed to have the characteristic resistance of 100Q and
2002, respectively.

4. The Experiment

In this paper both near field and far field of the EM
radiation of the PCB were measured in order to compare
outputs spectrum 10MHz up to 1IGHzHz frequency. Each
PCB configurations are placed on 1-m high metallic-free
table inside the Semi-anechoic chamber (see Fig.4). Both
near —field of the EM radiation of the PCB were measured
in order to compare the output spectrum from 10MHz to 1
GHz. In far-field measurement only horizontal E-fields were
measured by using a biconical antenna (for the frequency
30MHz to 200MHz ) and a log-periodic antenna (for the
frequency 200MHz to 1GHz) placing on the antenna mast at
the distance of 3m and at the height of 1 m. In near-field
measurement (see Fig.5) a small loop antenna was used for
the frequency 10 MHz up to 5S00MHz.

Source and load impedance were put into the concerned
segments. The parameter of insulation dielectric and
conductor loss are not included in this model. The Pulse
generator is digital signal were a train of square wave pulse,
having 30 MHz frequency, 0.5 duty cycle and 4 ns rise time.

The envelope detector program of the spectrum analyzer
is used to identify the characteristic of the PCB emission
spectrum. Figure 6 and Figure 7 show the measured
spectrum together with their envelope from the far-field and
near-field measurement, respectively. In the case of far-
field measurements, the spectrum of all configurations are
very similar at low frequency (30-200 MHz). However, in
high frequency (200 MHz to 1 GHz), the spectrum of all
configurations are different. Figure 6 (a) and (b) show
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the example of the far-field spectrum at low and high
frequency, respectively. The specturm from the far-field
measurement are therefore unsuitable for the neural
network input, because it is too difficult to classified the
PCB Configurations at lower frequency. Figure 7 (a) to (d)
show that the near-field spectrum of all configurations are
different. Therefore, they were chosen to be the input of
neural network.

receiver Signal generator

e

Fig. 4 Far-field measurement

Loop antenna

Pulse Geénerator

Fig.5 Near-field measurement

S. Preparing the electric-field spectrum for the neural
network input

All amplitude value of the entire envelope cannot be put
directly into the neural network because it has too many
frequency points for the NN input. Therefore, we reduce the
number of the frequency points by sampling only 8
frequencies from 10 MHz to 500 MHz. The sampling
frequencies were obtained by using the following equation:

F(N+|) =F(N) /1.5 h=l,2,...8 (l)

According to equation 1, the sampling frequencies of the
near-field spectrum (10-500 MHz) are 29.25, 43.88, 65.88,
98.72, 148.15, 222.23, 333.39 and 500 MHz. Table 2 shows
the amplitude in dBuV/m at each sampling frequency of the
input spectra and the PCB configurations. Table 3 shows
the target output of learning patterns in the NN for each
PCB configuration.

6. Results and Discussion

The calculated and converted NN outputs are shown in
Table 4. The converted output is the threshold value of the
calculated output. With 8 inputs, 1 bias, 10 hidden and 3
output nodes, the neural network can successfully identify
all the seven PCB configurations.
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Table 2 Sampling frquencies of each PCB configuration.
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Shape Amplitude of input spectrum at each sampling frequencies (dBuV)
29.25MHz | 43.88MHz, | 65.88MHz | 98.72MHz | 148.15MHz | 222.23MHz | 333.39MHz | 500MHz
7 65.0 60.0 40.0 31.0 48.0 50.0 48.5 33.0
| 52.0 40.0 . 50.0 49.0 40.0 55.0 37.0 35.0
U 52.0 50.0 50.0 55.0 64.0 49.0 60.0 42.0
H 50.0 31.0 32.0 36.0 47.0 30.0 47.0 36.0
L 60.5 43.0 51.0 28.0 46.0 47.0 45.0 38.0
X 50 38.0 45.0 30.0 37.0 41.0 56.0 30.0
Table 3 Target output of learning patterns of each PCB configuration.
Shape Target output of learning pattern
Node 1 Node 2 Node 3
7 0 0 0
1 0 0 1
U 0 1 0
H 0 1 1
L 1 0 0
X i 0 1
Table 4 Calculation outputs from NN program of each PCB configurations.
Shape Calculated outputs Converted outputs
Node 1 Node 2 Node 3 Node 1 Node 2 Node 3
7 -0.986 -0.990 -0.997 0 0 0
I -0.944 -0.996 0.999 0 0 1
U -1.000 0.999 -0.879 0 1 0
H -0.999 0.984 0.985 0 1 1
L 0.983 -0.999 -0.989 1 0 0
X 0.983 -0.999 0.989 1 0 1

One of the disadvantages of this NN is that it spends a
long time in learning process. However, the number of
the NN-layer, input, hidden and output nodes, and
sampling frequencies can be adjusted to reduce the
learning time.

7. Conclusions

This work aims to use the neural network to recognize
a PCB configuration from its emission spectrum. Two
layer neural network were trained by using the envelope of
the far-field (30MHz-1GHz) and near-field (10-500MHz)
emission spectrum of seven PCB configurations. The
neural network is successfully able to identify all PCB
configurations from their near-field radiated emission
spectrum.
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Abstract

This Paper presents a method of
classifications of printed circuit - board
(PCB) with having several configuration
by using neural network to recognized its
spectrum. The learning process is
complished by giving the neural network
the different radiated emission spectrum of
22 PCB configurations. The trained neural
network is successfully able to predict the
PCB configurations.

1. Introduction

Radiated emission from printed circuit
boards can be influenced by component and
shape variations. This is particularly true for
high speed digital circuit .Change in length
,angle, shape and the number of PCB-trace
may have a significant effect on the radiated
characteristics of a real system . EMC
modeling techniques and algorithm do not
directly predicted the behavior of these
conditions under the specified accuracy of
measurement, temperature of envelopment
,the location placing of PCB and other
variable which make the operation of
predicted PCB configuration mistake.

In this paper, the neural network (NN)
approach is applied in order to recognize
whether frequency spectra of radiated
electric field are produced by different PCB
configurations. The NN algorithm can be
able to work with unknown parameters of
the system and can work in order to solve
problem of measurement error data.

2.Neural Network Model for the
Analysis of EM Field radiated from PCB
configurations

In the analysis of EM field from PCB
configurations with a layered network, the
authors adopted a neural network model
that handles a series of behavior patterns.
Figure 1 show using the neural network to
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Frequency spectrum

recognized PCB configurations it consist of
input , hidden, bias and output node

1 e 1 e

Software detector Neural Network

Fig. 1 Structured hierarchical network

The learning process is accomplished by
using computation results referring to
simulation models of different PCB
layouts.The trained neural network is tested
on measured radiated spectra functions,
such as correct summing and produce an
output voltage which is activated function
of total input to the node. The choice of the
activation functions depends on the type of
problem to be modeled In this paper, the
‘tansig’ and ‘purelin’ function toolbox in
Math Lab are used to the activated functions
of hidden and output layer, respectively
show in Fig 2. This activated input-output
behavior is typical of operational amplifiers.
The output of a processor is also refereed to
as its activity level. Processor is connected
to other via conducted elements which
propagate signal between processors . The
conductance value determines the
connectivity pattern in the network It value
is adjusted during the learning process. The
target value of network is constituted by one
coefficient, which is a digital wvalue
between 0 and 1. The maximum error value
is a difference value between computed
outputs and the target value-,it is used to
stop the learning process.

When the learning process is conclude,
the unknown weight and bias are obtained
and the final structure of the neural network
is defined. The neural network is used to



compute the outputs corresponding to inputs
related to-the spectrum of the eiectric field
which radiated from a PCB configuration

‘ » | >f;——>‘

weight

nput 2 It
D_ summing output
bias
input (@)
P‘ } » * |yl tansig —p.
. weigh .
DJ_SL:nming output

bias
(b)

Fig 2 The models of activate function
(a) purelin function
(b) tansig function

3. PCB Configurations

The microstrip PCB' which  different
configurations are prepared for testing in
example, varying shape ,length,angle and
number of PCB trace. The geometrical
parameters of each PCB layout are shown
in Table 1.

Table 1. Geometrical of PCB layouts

Track Width
(cm)

lcm

PCB

configuration
Varying length
I - Pattern
(with10,15,20, 25,
30,35 cm length)

ig.4(a))
Varying angle
L-Pattern
(with 30, 45, 60,
120,135,150
degree) (Fig.4(b))
Varying number
of trace I-pattern
(with2,3,4,5 line)

igd4(c)).
Varying shape
Different —Pattern
(L,U,7,LT,X.H)
| (Fig.4(d))

Dimension
(cm)

17cm x 22cm

17cm x 22cm lcm

22cm x 35cm Icm

17 cm x 22 lcm
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The several microstrip PCB configurations
are shown in Figure 3. The trace of PCB
configurations are adjusted to match the
characteristic resistance of 50 Q at both the
terminals and the branch points (see Fig.3).
The former is designed to have the
characteristic resistance of 50€2, in the latter
the center track and H-shaped track are
designed to have the characteristic
resistance of 100€2 and 200€, respectively.

To signal generator

S

Ground

B 50 Ohm resistor

g8 PCB trace

Fig.3 Geometrical configurations
adjusted to match S0 Ohm resistor

[~

(a) (b)

i

(c) (d)

Fig 4.Geometrical configurations of PCB

(a) I-shaped with different length
10,15,20,25,30,35 cm

(b) L-shaped with different angle 30°,45°,
60°, 120°, 135°, 150° '

(c) I-shape with 2,3,4,5 line

(d) PCB with different
7911U1H’L9x’

shape
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4. The Experiment

In this paper, the mnear field EM
radiation of the PCB are measured in the
range of 10MHz up to SO0OMHz by small
loop antenna. Each PCB configurations are
placed on 1-m high metallic-free table

Source and load impedance are put into
the concerned segments. The parameter of
insulation dielectric and conductor loss are
not included in this model. The Pulse
generator is digital signal were a train of
square wave pulse, having 30 MHz
frequency, 0.5 duty cycle and 4 ns rise time
shown in Fig 5. .. The method of near-field
measurement is shown in Fig 6.

Tr =4ns
RYE:

> 4 >~
- "

05D

Fig 5. Shown the geometrical of input
signal

The envelope detector program of the
spectrum analyzer is used to identify the
characteristic of the PCB emission
spectrum.

Figure 8 show the measured spectrum
envelope from the near-field measurement
from 10MHz up to 500MHz. Figure 3(a),
(b),(c),(d),(e)and (f) show the radiated field
emitted from PCB having  different
configuration for instant, L-shape 45°,L-
shape 120° ,I-shape 10cm I-shape 25cm,U-
shape track ,H-shape trace pattern.

The radiated fields are likelihood in the
case of the same length PCB for example,
10, 15, 20, 25,30 and 35 cm and in the case
of different angle for example, 30°, 45°,
60°, 120°, 135° and 150° and in case of
different number of PCB trace for example,
2, 3, 4and 5 line are difficult to separate.
However the spectra is separated by the
amplitude of the radiated field. Therefore,
they are chosen to be the input of neural
network.
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Loop antenna

Spectrum analyser

Pulse Generator

Fig.6 Near-field measurement

5. Preparation of the electric-field
spectrum for the neural network input
The outputs spectrum from the PCB are
input to the envelope detector software. All
amplitude value of the entire envelope
cannot be put directly into the neural
network because it has too many frequency
points for the NN input. Therefore, we
reduce the number of the frequency points
by sampling only 8 frequencies from 10
MHz to 500 MHz. The sampling
frequencies are obtained by using the Eq.

(1):

Fney = Feo /1.5 n=1,2,...8 1)
Z XX
Xru R Ny (2)
: m N
xdata xi -X (3)

When, Fniyyis a frequency at N+1
Fny is a stop frequency(S00MHz)
X is a average of all amplitude

in each Frequency
Xaata 1s a different value of Xjand X
average at (N+1) frequency

According to the Eq. (1), the sampling
frequencies of the near-field spectrum (10-
500 MHz) are 29.25, 43.88, 65.88, 98.72,
148.15, 222.23, 33339 and 500 MHz.
Table 2 shows the example of the amplitude
measured by small loop antenna in dBuV/m
at each sampling frequency of the input
spectra and the PCB configurations. An
average of all amplitude at each frequency
are computed by using the Eq.(2), and the
difference of amplitude at each frequency



between X; and average value shown is Eq.
(3). The different value of amplitude(Xaat )
isused to the input of the neural network.

Table 2. Examples of spectrum were
measured by small loop antenna at
sampling frequency.

PCB Amplitude of input spectrum at each sampling
frequency - (dBaV)

2935 43.88 (L%} ”n.N 148.15 222.2) 3339 500

i | Mme | MEx | MEe | ME: ME: - | MH: ME:
2L as | % | e | 30 | 320 30 31 Y
3L s1s | ses | es0 | wn | 320 310 “s 3%
4L s90 | ssa | 510 | @20 | 330 34 £ )
10cm % | »2 | w0 | @25 | wus e “a 90
15cm “y | a0 @y | w«us “s % 9.0
20cm ss0 | s20 | as | aus | 3% “a %S 310
30° we | 360 | ses | s | 348 “ns as 300
45° e | 310 0 | s 0 “s 354
60° “o | 30 as0 | we | as s “e £
7 6sa | 600 | we | 310 | a0 500 as 330
U s20 | 310 | 320 | 360 | 40 300 a 3.0
H so0 | 310 | 320 | 360 | 420 300 e 360
L s | s | sue | 280 | 40 as 450 380
X seo | 380 | ase | 300 | 300 as s 300

6.The learning of Neural Network Model
In this paper, Toolbox in Math Lab
Software is used for the learning process
of neural network. The network .~ with
having 8 input,30 hidden,30 bias and 5
output node is used in learning process. The
maximum error and  learning rate are
0.000001and 0.01 , respectively. The
computed outputs are compared with the
expected ones. The maximum error is
defined as the ratio of the number of
checking input/output pairs The error of
computed output is shown in Fig.7
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Figure. 7 Shown the decreasing error of
neural network during learning process
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7. Results and Discussion

The calculated and converted NN
outputs are shown in Table 4. The
converted output is the threshold value of
the calculated output. After the learning
process is complete. The authors random
PCB radiated form all configurations
include the noise. The Neural Network
with 8 inputs, 30 bias, 30 hidden and 5
output nodes can successfully identify all
the twenty-two PCB configurations. The
important advantage of neural network is
can identify PCB spectrum with noise.

One of the disadvantages of this NN is
that it spends a long time in learning
process. However, the number of the NN-
layer, input, hidden and output nodes, and
sampling frequencies can be adjusted to
reduce the learning time.

8. Conclusions

This work aims to use the neural network
to recognize a PCB configuration from its
emission spectrum. Two layer neural
network were trained by using, as inputs,
relevant parameters that describe the shape
of the envelope of near-field (10-500MHz)
emission spectrum of twenty-two PCB
configurations. The five bits digital output
is considered, expressing the likelihood that
the radiating source is the PCB with having
different  configurations. The neural
network is successfully able to identify all
PCB configurations from their near-field
radiated emission spectrum with noise.
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Table 3 Sampling frequencies of each PCB configuration.

209

PCB config. Amplitude of input spectrum at each sampling frequency (dBuV) T
29.25 43.88 65.88 98.72 148.15 222.23 33339 500

(MHz) | (MH2) | (MHZ) | MH2) | MHZ) | (MHZ) | (MHZ) | (MHz) | B! | B2 | B3 | B4 | BS

2L -3.21 3.06 2311 £6.39 9.14 -7.80 -6.00 -3.77 0 0 0 0 0

3L 1.29 7.56 0.89 -2.39 9.14 -9.80 -2.50 2.23 0 0 0 0 1

= 1 4L 8.79 15.06 9.89 0.39 -5.14 6.30 -13.00 -3.77 0 0 0 1 0
SL 0.79 8.56 “4.89 2.61 3.36 -2.80 -4.00 223 0 0 0 1 1

10cm -4.21 -3.74 -3.11 0.11 3.36 -2:80 1.50 12.23 0 0 1 0 0

g 15cm -4.21 1.06 4.11 0.39 -5.14 .80 3.00 -4.77 0 0 3 0 1
20cm 2.79 9.06 1.39 - .89 -3.14 -1.30 3.00° -2.77 0 01 1 1 0
25cm -3.71 -11.94 5.89 5.11 -6.64 .80 -6.50 2.77 0 0 Yur-} 1
30cm -10.21 £.94 339 3.61 736 0.30 0.50 423 0 ‘110 0| o0
35cm 0.79 3.06 9.89 11.61 -6.64 9.20 -4.50 -3.77 0 1 .0 0 1

30° 0.51 -8.44 -2.11 0.61 -1.64 -2.80 -3.50 -3.77 0 1 0 1 0

45° -5.21 594 -12.11 6.39 036 -1.80 3.50 1.23 0 1 0 1 1

60° 421 -6.94 -2.11 1.61 4.86 -1.30 -3.00 -3.77 0 1 1 0 0

120° 1.79 1.06 4.89 6.61 0.64 "1.20 4.00 -5.77 0 1 1 0 1
135° 0.71 0.06 3.39 7.61 -5.14 2.20 -1.00 5.23 0 g 1 1 0

150° -8.71 -8.94 -3.11 2.61 -5.14 -1.30 -6.00 -3.77 0 1 1 1 1

7 14.79 17.06 -7.11 -11.39 6.86 9.20 " .3.50 0.77 1 0 0 0 0

| 1.79 -2.94 2.89 6.61 -1.14 14.20 -6.00 1.23 130 0 0 1

U 1.79 7.06 2.89 12.61 22.86 8.20 17.00 8.23 1 0 0 1 0

H 0.21 -11.94 -15.11 -6.39 5.86 -10.80 5.00 2.23 1 0 0 1 1

L 10.29 0.06 3.89 -14.36 486 7.20 2.00 423 1 0 1 0 0

X 0.21 494 -2.11 -12.39 4.14 0.20 13.00 -3.77 1 0 1 0 1

Table 4. Sample calculation outputs from NN program of each PCB configurations.

Calculated outputs Converted outputs***
shape Node1 | Node2 | Node3 | Node4 | NodeS | Nodel | Node2 | Node3 | Noded4 | NodeS
2L -0.1719 0.1396 | 0.2355 | 0.0352 | -0.2944 0 0 0 0 0
3L 0.0106 -0.0068 | -0.0118 | 0.0099 | 1.0184 0 0 0 0 ik
10 cm 0.0000 0.0000 | 1.0000 | 0.0000 | 0.0000 0 0 1 0. 0
30 cm 0.0000 1.0000 | 0.0000 | 0.0000 | 0.0000 0 1 0 0 0
45° -0.0026 1.0023 | -0.0003 | 1.0000 | 1.0005 0 1 0 1 1
60° 0.0140 1.1162 | 09197 | 0.0995 | 0,1337 0 1 1 0 0
i/ 0.9982 0.0022 |.0.0019 | -0.093 0.0025 1 0 0 0 0
H 0.9997 -0.0001 | -0.0066 | 1.0001 | 0.9999 1 0 0 | 1

***]F Node X>=0.5 Node X=1

Else Node X=0
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Abstract

The neural network is applied to recognize and identify
basic digital circuits by using its radiated emission spectra.
The learning process is accomplished by giving the neural
network different radiated emission spectra of 8 basic
digital circuit (AND, OR, INV, NAND, NOR, EX-OR, R-
S F/F and D F/F). The trained neural network is able to
predict all those basic digital circuits.

1. Introduction

Radiation from PCBs, IC packages and related
structures has increased considerably as clock frequencies
have increased. There are several ways to calculate the
radiation from such structures, for example, the Method of
Moments, Finite Elements, Finite Difference Time
Domain (FDTD). However, they are computationally
intensive and suitable only for passive linear structures
[1),[3] because they cannot predict the behaviors of
nonlinear circuit elements such as transistors and ICs.
Moreover, therc are several variables, for example. the
temperature and the location of components on the PCBs
which introduce errors in the calculation.

We propose the fast and effective way to predict
the radiation from the PCBs by using Neural Network
(NN). The NN algorithm is able to work with unknown
parameters of the system and under the emor of
measurement [2]. In this work, we applied the NN to 8
different basic digital circuits on the PCBs.

2.Neural Network Model for the Analysis of EM Field
Radiated from basic digital circuits

B, 8. B, B
Fig. 1 Structured hierarchical network

In the analysis of EM field from basic digital circuit
with a layered network ,we adopted a neural network
model that handles a series cf behavior patterns. Figure 1
shows the neural network model which consists of
input , hidden, bias and output node.

The learning process is accomplished by using
computation results referring to simulation models of
different circuits . The trained neural network is tested on
measured radiated spectra functions, such as correct
summing and produce an output voltage which is activate
function of total input to the node. The choice of the
activation functions depends on the type of problem to be
modeled. In this paper, the ‘tansig’ and ‘purelin’ function
toolbox in MATLAB are applied to the activate functions
of hidden and output layer, respectively, as shown in Fig
2. This activated input-output behavior is a typical
operational amplifiers. The output of a processor is also
refereed 10 as its activity level. Processor is connected to
others via conducted elements which propagate signal
between processors . The conductance value determines
the connectivity pattern in the network . Its value is
adjusted during the learning process. The target value of
network is constituted by one coefficient, which is a
digital value between 0 and 1. The maximum error value
is a difference value between computed outputs and the
target value, and used to stop the learning process.

M _>9 Input node
OFD bias

spectral
A - Sum &Purelin function
Hidden node
bias
+ Sum
AV4
tansia Tansia function

* Output node

Fig 2 A model of activate function

When the learning process concludes, the unknown
weight and bias are obtained and the final structure of the
neural network is defined. The neural network is used to
compute the outputs corresponding to the inputs related 1o



the spectrum of the electric field radiated from a digital
circuits.

3. PCB Configurations and its experiment

In order to recognize and identify radiated emission
spectra of basic digital circuits which have different
configurations such as, AND, OR, INV, NAND, NOR,
EX-OR, R-S F/F and D F/F. (see Fig.5) are used to
generate radiated emission signal. Source and load
impedance were put into the concerned segments. The
insulation dielectric and conductor loss are not included in
this model. The INV gate has only one input. The R-S
F/F and D F/F gates have 2 inputs: triggered signals and
pulse clock. The AND, OR, NAND, NOR and EX-OR
gates have three inputs: input,, input; and control logic.
The test board also includes a simple 5V DC supply and
0.01 pf capacitor for circuit load. The geometrical
configurations uf PCB circuits are shown in Fig.3.

IC1 1C2

Gnd :l_ _W- —
vce Gnd plan

In1

Fig.3 Geometrical configurations of PCB

The near field EM radiation from the PCBs were
measured at the frequency range 10-500MHz. Each PCB
was placed on the 1-m high metallic-free table. The input
pulse signal is 30 MHz, 50% duty-cycle and 4 ns rise time
as shown in Fig 4.

The near-field measurement set-up is shown in
Fig 6. A spectrum analyzer and a high frequency probe
(10-500MHz) were used in the measurement. The tip of
the probe was touched to the signal trace on the test circuit
board, and the measured spectrums are shown in Fig.5.
The antenna factor of the probe are not included in this
measurement. Spectra plots were made by using the peak
detector function in a shown signal. The measurements
was carried out three times using: Peak, Ouasi-Peak, and
Average detectors. .. e

Tr=4ns
30MHz

05D

Fig 4 . wavefrom of input signal

.
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Fig 5. Schemetric diagram and its spectra of PCB
(a) INV gate (74xx04)
(b) NAND gate (74xx00)
(¢) R-S Flip-Flop(74xx279)
(d)D Flip-Flop(74xx7

Fig. 5 shows the measured spectra when a 30 MHz clock
and input signals are input into circuits. - Plots a, b, ¢ and
d show the spectra from 10 MHz to 500 MHz of INV,
EX-OR, NAND, R-S F/F and D F/F gates respectively.
Each horizontal division is SOMHz. The vertical scale is
10 dBuV per division.

Spectrum. analyser
Fig.6 Near-field measurement configurations

The amplitude of fundamental frequency of INV at 30
MHz is 32dBuV and the spectra of other harmonics are
shown in fig.5(a). Th& Peak signal is 54 dBuV appear at
333 MHz and the minimum amplitude is 20 dBuV. In the
case of NAND gate, the peak signal and minimum
appearing at 275 MHz are 50.0 dBuV and 31.0 dBuV
respectively. The spectra in each frequency of AND, OR,
EX-OR, NOT, NOR and R-S F/F and D F/F gates are
different to each other..

The radiated spectra  from all circuits are used to
identify PCB circuits. Since the radiated spectra of all
circuits are a continuous, they were put into the software
detector to build an spectrza envelope. The envelope
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detector of the spectrum analyzer was used to identify the
characteristic of the PCB circuits emission spectra.

5. The preparation the electric-field spectra for the
neural network input

All amplitude value of the entire envelope cannot be
put directly into the neural network because it has too
many frequency points for the NN input. Therefore, the
authors reduce the number of the frequency points by
sampling only 8 frequencies from 10 MHz to 500 MHz.
The sampling frequencies were obtained by using the
following equationl:(1)

Faoy =Fpg /1.5 n=12,...8 )

When , Fnay is 2 frequency at N+l
Fpyis a stop frequency (SOOMHz)

An average of all amplitude at each frequency are
computed by using equation (2), and the different of
amplitude at each frequency between X; and average
value shown in Table 3.

DN @
% i=] N
Xaou=X-X (O]

And X isan averageof all amplitude in

each Frequency
Xaua 18 a different value of X, and X

average at (N+1]) frequency

According to equation 1, the sampling frequencies
of the near-field spectrum (10-500 MHz) are 29.25,
43.88, 65.88, 98.72, 148.15, 222.23, 333.39 and 500
MHz. Table 2 shows the example of the amplitude
with were measured by small loop antenna in dBuV/m
at each sampling frequency of the input spectra and
the PCB circuits.

Table 2. shows example of spectrum were measured
by small loop antenna at sampling frequency

PCB Amplitude of input spectrum at each sampling frequency
) (dBuV)
e ax.rn | es.wn | w32 | vasas | 23233 | 333y | see
Az MMz MHz MMy MHy MHz AMHs MMz
INV “s s0.0 s10 a0 “@s a8 %8 200
AND s e a0 240, a0 380 298 200
OR 330 15 0 300 280 395 s40 200
NAND | 50 s 450 o 390 S50 e 20
NOR sio a0 a0 380 a0 408 30 20
EX-OR | w0 4.0 a0 s 493 %0 520 w0
R-SFIF | a0 M5 ars 380 e 0 38 2.6
D F/F 00 30.0 10.0 a0 K0 awo 480 2.6
Avg. 403 o2 438 394 s 0.5 24 s




Table 3.shows the different of amplitude in each frequency

rPCB Amplitude of input spectrum at each sampling frequency
)

P2 43.58 es.00 .72 ‘a8 2122 3333 S0

MNr MK MM MMz M Ml MMz MMz
INV 549 68 20 ars s 134 593 18
AND “© 338 <293 s | s 2% | -0 | as
OR 251 235 193 40 - | -1 nsr 18
NAND | 749 &8 . ) an 1744 | am 18
NOR 340 aas ) 1.0 o % | s | as
EX-OR | 300 238 n ner | s ns | w; -
RSFF | 10 395 ~243 1.0 s28 2.5 40 s
DFF | 2 | -133s | an “ -“n -5 587 15

6. The learning of Neural Network Model

The different values of amplitude (X4, ) from Table 3.
used to the input of the Neural Network. The Back-
Propagation model Tool box in Math Lab was used in
learning process. 5 bits birary signal are used for a
target of the network. The number of the NN-layer, input,
hidden and output nodes, and sampling frequencies can be
adjusted. In this paper the network with 8 input,30
hidden,30 bias and 5 output node are used in learning
prccess. The maximum error and learning rate are
0.000001and 0.01, respectively. The computed outputs
were compared with the expected ones. The maximum
error was defined as the ratio of the number of checking
input/output pairs The error of computed output is
shown in Fig.7 .

S Soued Merera Ecmer tor 700 Epoche

Figure.7 shown decreasing error of neural network
during Searning process

6. Results and Discussion

The calculated and converted NN outputs are shown in
Table 4. The converted output is a threshold value of the
calculated output. The user can adjust threshold value of
the network from 0.00 up to 1.00 in real number. In this
paper the threshold value of the calculation is 0.50 (If the

calculated value >=0.50 the converted output is * 1 ” else
the calculated value is “ 0 ™).

When the learning process is concluded all weight of the
network are recorded in data base. The 100 samples
unknown digital circuit PCBs and include noise digital
circuits PCBs are used to identify the digital circuits. The
Neural Network with 8 inputs, 30 bias, 30 hidden and S
output nodes can identify 98 percentage circuits.

One of the disadvantages of this NN is that it spends a
long time in learning process. However, the number of
the NN-layer, input, hidden and output nodes, and
sampling frequencies can be adjusted to reduce the
learning time and incase an accuracy of the network.

7. Conclusions

In this work, the neural network is used to recognize
and identify basic digital circuits (AND, OR, NOT,
NAND, EX-OR, NOR, R-S F/F and D F/F) from their
emission spectra. Two layer neural network were trained
by using as the inputs, the relevant parameters that
describe the shape of the envelope of near-field (10-
500MHz) emission spectrum of 8 digital circuits. The five
bits digital output is considered, expressing the likelihood
that the radiating source is the PCB with having different
configurations.

The neural network is able to identify 98 percentages of
all unknown digital circuits from their near-field radiated
emission spectrum. The mistakes in identification come
from several parameters for an instant, a location of PCB,
a temperature, a point of measurement.

In future work, the neural network will be used to
recognize complicated circuits and the finally, software
for identification circuits will be generated.
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Table 2 Sampling frequencies of each PCB configuration.
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PCB config. Amplitude of input spectrum at cach sampling frequency (dBuV) Target
25.25 43.88 65.88 93.72 148.18 22223 333.39 500
(MHz) | (MH2) | (MH2) | (MH2) | (MHZ) | (MHZ) | (MHZ) | (MHZ) | B! [ B2 [ B3 |B4 [BS
NV 5.49 6.75 7.07 275 578 194 593 15 ol1l11110
AND 6.9 375 293 1143 528 2356 -13.63 15 ol1 11111
OR 251 9.75 -1.93 943 | -1472 106 | 1157 15 1lololo]fo
NAND 7.49 3.75 1.07 457 372 17.44 457 s 1lolo]o]l1
NOR 3.49 275 093 143 028 | 006 543 45 1/l0l0l1]0
EX-OR 349 275 207 10.07 658 | -1256 957 KK3 1l0lo0t1]1
[’s7F 149 335 243 .43 528 | -2.56 6.43 45 11011100
DFF 2051 | -1325 | 393 057 472 056 557 15 1loli1lo0]1
Table 3. Sample calculation outputs from NN program of each PCB configurations.
Calculated outputs Converted outputs
Shape Nodel | Node2 | Node3 | Node4 | Node5 | Nodel | Node2 { Node3 | Node4 | Node§
NV -0.000 1.000 1.000 1.000 0.000 0 1 | 1 0
AND -0.000 1.000 1.000 1.000 1.000 0 1 1 1 1
OR 1.000 0.000 | -0.000 |-0.000 ! 0.000 1 0 0 0 0
NAND 1.000 -0.000 | -0.000 0.000 1.000 1 0 0 0 1
NOR 1.000 0.000 | -0.000 1.000 | -0.000 1 0 0 1 0
EX-OR 1.000 -0.000 | 0.000 1.000 1.000 1 0 0 1 1
R-S FIF 1.000 -0.000 | 0999 [-0.000 | 0.000 1 0 0 0 0
D F/F 1.000 -0.001 0.999 | -0.000 1.000 1 0 0 0 1
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Radiated EMI Recognition and Identification for PCB
Configurations and Digital Circuit Using a Neural Network
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Abstract: In this paper the application of the neural
network in EMI radiation measurement is proposed to
recognize and identify the basic PCB configuration and
digital circuits using its radiated emission spectra. The
learning process is accomplished by giving the neural
network different radiated emission spectra of 50-basic
PCB configurations such as various width, length,
angle, shape, radius and digital circuits. Two layers neu-
ral network is trained as the inputs and the relevant
parameters that describe the shape of the envelope of
near-field (10 MHz - 1 GHz) emission spectrum of 50
PCB configurations. The five bits digital output is con-
sidered and expressed the likelihood that the radiating
source of the PCB have different configurations. The
neural network can identify 98 percentages of all un-
known digital circuits from their near-field radiated
emission spectrum. The trained neural network is able
to predict all those basic digital circuits shown in the
experiment. The error in identification is also discussed.

1. Introduction

Radiation from PCBs, IC packages and related struc-
tures have increased considerably as clock frequencies
increasing. There are several ways to calculate the
radiation from such structures, for example, the Method
of Moments, Finite Elements, and Finite Difference
Time Domain (FDTD). However, they are computatio-
nally intensive and suitable only for passive linear
structures [1], [3] because they cannot predict the
behaviors of nonlinear circuit elements such as
transistors and ICs. Moreover, there are several
variables, for example, the temperature and the location
of components on the PCBs which introduce errors in
the calculation. The fast and effective way to predict
the radiation from the PCBs by using Neural Network
(NN) is proposed. The NN algorithm is able to work
with unknown parameters of the system and under the
error of measurement [2]. For this study, the NN is
applied to recognize 50 kinds of PCB configurations.

2. PCB configurations and their experimental
implementation

Fifty basic PCB configurations with various configu-
rations of width, length, angle, shape, radius and basic
digital circuits: AND, OR, INV, NAND, NOR, EX-OR,

To signal generator

Inputl Input2
B 50 Ohm resistor \"

Fig. 1: Geometrical configurations adjusted to match
50 Ohm resistor and digital circuit configuration.

R-S F/F and D F/F are used for generating radiated
emission signals. Source and load impedance are put
into the PCB circuits. The insulation dielectric and con-
ductor losses are not included in this model. The micro-
strip PCBs with different configurations in shape,
length, angle and number of PCB trace is prepared. The
various micro-strip PCB configurations are shown in
Fig. 2. The traces of PCB configurations are adjusted to
match the characteristic resistance of 50 Q at both the
terminals and the branch points (shown in Fig.1). The
resistance is previous designed to have the

Fig. 2: Geometrical configuration of PCB with various
width, length, angle, radius, number of PCB traces,
shape and basic digital circuit.



characteristic resistance of 50 Q while the center track
and H-shaped track are designed to have the character-
ristic resistance of 100 Q and 200Q respectively. The
INV gate has one input while, the R-S F/F and D F/F
gates have 2 inputs: triggered signals and pulse clock.
The AND, OR, NAND, NOR and EX-OR gates have
three inputs: input;, input, and control logic. The test
board also includes a simple 5V DC supply and 0.01 pF
capacitor for circuit load. The geometrical configura-
tions of PCB circuits are shown in Fig.2. The para-
meters of each PCB layout are shown in Table 1.

Table 1: Parameters of PCB layouts.

= PCB Dimension Width

configuration (cm) (cm)
Various length 17 x22 1
I — Pattern
(with10,15,20, 25,
30,35 cm length)
Various angle
L-Pattern
(with 30, 45, 60,
120,135,150
degree)
Various number
of trace
I-pattern
(with2,3,4,5 line)

17 x 22 1

22x35 1

Various width 17 x22 0.5,1,2,5,10,
of PCB trace 20mm

Various shape 17 x22 1
Different —Pattern
(L,U,7,LT,X,H)

Various radius 17 x 22
1.5.215,55,7.5cm
Various Basic
digital circuits
AND,OR,NOT,N
AND, EX-OR,D-
F/F, R-S F/F

17 x 22 0.5mm

3. The experiments

The near field EM radiation from the PCBs is measured
in the frequency range 10 MHz - 1 GHz. Each PCB is
placed on a 1-m high metallic-free table in a shielded
room. The input pulse signals are 30, 60 and 90 MHz,
50% duty-cycle and 4 nanosecond rise time as shown in
Fig 3. The near-field measurement set-up is shown in
Fig 4. A spectrum analyzer and a high frequency probe
(10-1 GHz) are used in the measurement. The tip of the
probe is touched to the signal trace on the test circuit
board, and the measured spectra are shown in Fig. 5 and
Fig. 6. The antenna factor of the probe is not included
in this measurement. Spectra plots are made by the
peak detector function. The measurement is carried out
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Fig .3: Input signal waveform

using peak, quasi-peak, and average detectors. The
shape of the radiated spectrum depends on the
characteristics of the clock signal, that is the clock
frequency, the rise time and the duty cycle. The
electric field spectrum radiated from the PCB is a
discrete one. High accuracy is not a key feature, since
the requested information are the shape of the radiated
spectra, and not the precise values at some frequency.

Loop antenna

Spectrum- analyser
Fig.4: Near-field measurement configuration.

Fig. 5 shows the spectra measured from 10 to 500 MHz
when a 30 MHz clock and input signals are injected into
the PCB test configuration with 1.5cm radius. Fig.6
show the spectra of 7404 digital logic; each horizontal
division is 50 MHz. The vertical scale is 10 dBuV per
division. The amplitude at the fundamental frequency of
the 1.5 cm radius curve PCB is 75 dBuV and the
spectral amplitude of higher harmonics are 45, 65, 50
and 53 respectively, as shown in Fig. 5.

In case of 7404 digital logic the amplitude of the
fundamental frequency is 56 dBuV and the other
harmonics are shown in Fig.6. The amplitude of 10 cm
x 10 cm L-shape is 70.1 dBuV and the other harmonics
are shown in Fig.7. The spectra in each frequency of
PCB configurations with various width, length, angle,
radius, shape, number of PCB trace and basic digital
circuits are different. Fig.8 shows several PCB configu-
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Fig.5: The spectra of 1.5cm radius curve PCB.
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Fig. 6: The spectra of 7404 digital logic.
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Fig. 8: The amplitude at each harmonic of different PCB
configurations.
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Fig.9: The amplitude at each harmonic of 2mm
width PCB with 30, 60 and 90MHz input.

rations with 30MHz input. The amplitude at each
frequency of all PCB configurations is also different.
Fig.9 shows plots of 2 mm width PCB with various
clock frequencies from 30, 60 and 90 MHz. In this
case, the amplitude of each frequency of 2 mm width
PCB with 90 MHz is less than of those 60 MHz and 30
MHz. The amplitude of the fifth harmonic of 60 MHz
is greater than of those 30 and 90MHz. The odd
harmonics of the spectrum analyzer was used to identify
the characteristic from the PCB configuration emission
spectra.

4. The back-propagation Neural Network model for
the analysis of EM fields radiated from basic digital
circuits

The analysis of EM field from basic digital circuit with
a layered network is adopted a neural network model
that handles a series of behavior patterns. Fig 10 shows
the neural network model which consists of input,
hidden, bias and output node.

B1 B 2 B3 node

Fig. 10: Structured hierarchical network model

The learning process is accomplished using computation
results referring to simulation models of different
circuits. ~ The trained neural network is tested on
measured radiated spectra functions, such as correct
summing and produce an output voltage which is
activate function of total input to the node. The choice
of the activation functions depends on the type of
problem to be modeled. In this paper, the ‘tansig’ and
‘purelin’ function toolbox in MATLAB are applied to
the activate function of hidden and output layer,
respectively, as shown in Fig. 11. This activated input-
output behavior is a typical operational amplifier. The



output of a processor is also referred to as its activity
level. Processor is connected to others via conducted
elements which propagate signal between processors.
The conductance value determines the connectivity
pattern in the network. This value is adjusted during the
learning process. The target value of network is consti-
tuted by one coefficient, which is a digital value
between 0 and 1. The maximum error value is a margin
between computed outputs and the target value, and
used for stopping the learning process.

| Input node
e

\4

I;] Sum & Purelin
function

spectra -

Hidden node

_D bias

Sum

+ +
\/

tansig Tansig function

* Output node

Fig. 11: A model of activate function.

When the learning process go to the conclusion, the un-
known weight and bias are recorded in a database.

5. The preparation of the electric-field spectra for
the Neural Network input

All amplitude values of the PCB configurations cannot
be put directly into the neural network because it has too
many frequency points for the NN input. Therefore, the
authors reduce the number of the frequency points using
only odd harmonics frequencies from 10 MHz to 1
GHz. The harmonics frequency of 30, 60 and 90 MHz
(from 10 MHz up to 1 GHz) are set and shown in table
2. The frequency shift does not represent a big problem,
because the NN is trained to consider different geome-
trical configurations.

Table 2: The harmonic spectra of 30, 60 and 90 MHz.

H;g::)l;: rcs Frequency (MHz)

F, 30 60 90

F; 90 180 270
Fs 150 300 450
F; 210 420 630
Fo 270 540 810
Fy 330 660 990
Fi3 390 780 1170
Fis 450 900 1350
o 510 1020 1530
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An average of all amplitudes at each frequency is
computed using equation (1), and the amplitude at each
frequency of 30 MHz input signal as shown in table 3.

& Xi
Xnen = - "N‘ (M
Xaata= Xi— X (2)

where X is an average of all amplitudes at

each frequency

Xaa 18 a difference value of X; and X
average at (N+1) frequency

6. The learning of the Neural Network model

The different values of amplitude (Xgu, ) from Fig.12
are used as the input of the Neural Network. A two-
layer Back-propagation Neural Network is used to
identify whether measured electric field spectrum comes
from a PCB. In particular, the number of inputs, B and
dimension H hidden and output must be chosen. This
constitutes a key-step in the procedure since the NN
performance, that is its generalization capability and
accuracy in the calculation, depends strictly on the
values of input, hidden and output nodes. The Back-
propagation model tool box in MATLAB is used in
learning process, when a 5 bits binary signals are used
for a target of the network. The number of the NN-
layer, input, hidden and output nodes, and sampling
frequencies can be adjusted. For this purpose, several
NN architectures with different numbers of input and
hidden neurons are trained and tested, by using different
training and checking sets , provided by the software
simulations. In this paper the network with 8-input, 40-
hidden, 40-bias and 5-output nodes are used in learning
process. The maximum error and learning rate are
0.0001 and 0.01, respectively. The computed outputs
are compared with the expected results. The maximum
error is defined as the ratio of the number of checking
input/output pairs. The error of computed output is
shown in Fig.13.

—&— N5 |
25 ;

e ot

—¥—agd

Fig. 12: The various value of amplitude (X,1,) which are
calculated by equation(1),(2).



Table 3: Example of measured spectrum by small
loop antenna at harmonics frequency.

PCB Amplitude of input spectrum at each
Shape | sampling frequency
(dBpVv)

F1 F3 Fs | Fs | F7 | Fo | F1 | F1

10cm 5.8 | 75 62 | 68 | 60 | 55 |- 51
15cm 55 49.5 | 45 | 58 | 51 | 49 | 48
2.5L 74 68 58 | 60 | 55 | 51 | 49 | 35

7L 80 74 65| 71| 65|59 |55]48
30° 65 64 55 | 48 | 57 | 60 | 58 | 38
45° 78 68 56 | 62 | 56 | 58 | 54 | 32

0.5mm | 76 71 61 |63 |58 )56 | 5538
width
Tmm 74 69 58 | 61| 58 | 55 | 54 | 59
width
1.5cm 75 45 65|50 |53|0 |O |O
radios \
2.5cm 76 70 59 | 61 | 55 | 48 | 47 | 38
radios =
7404 56 66 65 | 57 | 56 | 49 | 45 | 45
7408 70 75 69 |79 |80 | 68 |57 |54

4 Sum-Squared Network Error for 1702

Sum-Squared Error

600 800 1000 1200 1400 1600

Epoch

[} 200 400

Figure. 13: The decreasing error of neural network
during learning process.

7. Results and discussion

When the training processes is conclude, the unknown
weights and bias are obtained and the final structure of
the neural network is defined. In the testing process, the
spectra of the known PCB configuration with various in
shape, width, length, angle and digital circuit are put
into the neural network for identify the correct the PCB
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PCB
configulation

Fig.14 The testing process of neural network

configuration. In the finally, the spectra of the unknown
PCB configuration and spectra of the known PCB
configuration include the making radiated noise are put
into the neural network for identify. The testing process
of the neural network is shown in Fig.14. The calcu-
lated output of the neural network are used for
compared with the output target. In this paper, the five
bit of binary digital(0 or 1) are used for the output
target. The user can be defined the number of the
calculated output node and the output target node. The
converted output is defined to the output target in same
values. The calculated and converted NN outputs are
shown in Table 4. The converted output is a threshold
value of the calculated output. The user can adjust
threshold value of the network from 0.0 up to 1.0 in real
number. In this paper the threshold value of the calcu-
lation is 0.5 (If the calculated value 2 0.5 the converted
output is “ 1 ” otherwise the calculated value is (“ 0 ).

In this paper, the 100 samples of known and unknown
radiated spectra of the PCB configurations and digital
circuits are input to the neural network for identifying
the PCB configuration.. The Neural Network with 8-
inputs, 40-bias, 40-hidden and S5-output nodes can
identify 98 percentage of the PCB configurations.

One of the disadvantages of this NN is that it spends a
long time in learning process (about 30 minute, for
Pentium- IT 500MHz processor). However, the number
of the NN-layer, input, hidden and output nodes, and
sampling frequencies and processor unit can be adjusted
for reducing the learning time and the accuracy of the
network.

8. Conclusions

In this work, the neural network is used for recognizing
and identifying basic PCB configurations such as
various length, width, angle, shape, number of PCB
trace and basic digital circuit (AND, OR, NOT, NAND,
EX-OR, NOR, R-S F/F and D F/F) from their emission
spectra.- Two layer neural network are trained using as
the inputs, the relevant parameters that describe the
shape of the envelope of near-field (10MHz-1GHz)
emission spectrum of 50 PCB configurations. The five
bits digital output is considered, expressing the
likelihood that the radiating source is the PCB with
having different configurations. The neural network can
identify 98 percentages of all unknown digital circuits
from their near-field radiated emission spectrum. The
error in identification may come from several parame-
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Table 4: Sample calculation outputs from NN program of each PCB configurations.

Calculated outputs Converted outputs(Output Target)
Shape Node Node Node Node Node Node Node Node Node | Node

1 2 3 4 5 1 2 3 4 5
10cm length | -0.083 {0472 | -0323 |-0353 | -0.002 0 0 o 0 0
2.5%x25L -0.540 [ 0.005 | 0.1754 | 0959 |-1.259 0 0 0 1 0
*30 degree 0029 |-0910 | 1543 |[0.087 [ o0.000 0 0 1 0 0
0.3mm f”id‘h 0332 |-0001 |1228 [osss |oi20 0 0 1 1 0
1.5cmradios | 0.430 | 0.675 [o0.001 [ 0008 | o0.001 0 1 0 0 0
7404 0019 |0776 |0.1245 |099% |-1.34 0 1 0 1 0
7408 0991 |0650 0766 |-0.551 |-0.994 0 1 1 0 0
7432 0.881 0.882 | 009 |[-0.107 | 0570 1 1 0 0 1
7473 0652 |-0.854 | 0756 |[0873 |-0.769 1 0 1 1 0
Lpe 0870 | o589 |-0760 | 0997 | 0000 1 ! 0 0 0
I‘fsc}’l‘;’l‘)ewm 0751 | 0988 | 0869 |o0.000 |o0.011 1 1 1 0 | o

meters for an instant, a location of PCB, a temperature
and a point of measurement. In the future work, the
neural network will be used for recognizing for more
complicated circuits. Finally, an improved software will
be generated.

9. Acknowledgment

The authors would like to thank The Electrical and
Electronic Products Testing Center (PTEC) and Natio-
nal Electronics and Computer Technology Center for
making their shielded room and 3-m chamber available
for radiated EMI measurements.

10. References

[1] Yang-Oink Zhang, Abraham Candle., “Compen-
satory Neurofuzzy Systems with Fast Learning
Algorithms,” IEEE Trans. On Neural Networks,
Vol. 9 No.1, pp. 83-104., 1988.

{2] Gaetono Giunta, Alessandro Neri. “Neural Corre-
lation Based on the IPFM Model,” IEEE Trans. on
System, Vol. 20, No.1, pp.262-268, 1990.

[3] S.W. Leung, Wan Lixi. A, ” Mathematical Model
for Cross-Talk Prediction in PCB Layouts, “IEEE
Symposium on EMC 1998, USA, pp.780-789, 1998

[4] S.Ratnajeevan, H.Hoole, “Artificial Neural
Networks in the solution of Inverse Electromagnetic
Field Problem,” IEEE Trans. on Magnetic, Vol.18,
No.23, pp.664-669, 1993.

[S] High Frequency Measurementsand Noise in
Electronic Circuits, Douglas C. Smith, Van Nostrand
Reinhold, pp.165-167., 1993.

[6] K. Aunchaleevarapan and Y. Preampraneerach,
“Artificial Neural Networks for Predicting PCB
Configuration from Radiated EMI”, 1999 IEEE
International - Symposium on Intelligent Signal
Processing and Communication Systems. Thailand,
pp. 773-776, 1999.

[7] K. Aunchaleevarapan, K. Paithoonwatanakij, Y.
Preampraneerach, W. Khan-ngern and S. Nitta
“Classification of PCB Configurations from
Radiated EMI using Neural Network™ , Asia-Pacific
Conference on Environmental Electromagnetics
CEEM’2000, China, pp.105-110, 2000.



% AR
Japan Intemational Co




225

A TEST METHOD FOR RECOGNIZING AND IDENTIFYING THE COMPLICATED
SYSTEM FROM RADIATED EMI BY USING NEURAL NETWORK

K. AUNCHALEEVARAPAN Y,

K. PAITHOONWATANAKIJ ', W. KHAN-NGERN',

Y. PREAMPRANEERACH, and S.NITTA™
"Faculty of Engineering and Research Center for Communications and Information Technology, Electrical and Electronic
Product Testing Center, King Mongkut’s Institute of Technology, Thailand,
*Salegain Polytechnic, Igusa Suginami, Tokyo, Japan. Email: kaunchal@hotmail.com

Abstract

In this paper, A three layer feed forward neural
network (NN) with marquardt-levenberg leaming law is
applied to recognize radiated EMI which emit from
complicated circuit. A mobile robot is a complicated
circuit, it which can be operate in several modes is used
as the radiating EMI source. The process is detected
through the monitoring of spectra’s amplitude frequency
emit from the robot. The statistical calculation is applied
to reduce the generalization capability of the NN by
using a few sample of the envelope of radiate EMI. The
trained NN is then applied to identify operating-mode of
the robot. For experimental result, the NN can identify
all of those operation-mode from their radiated EMI.

Keywords: Neural Network, identify, recognize, EMI,

1. Introduction

Radiation emission from circuit can be influenced by
component variations. Changes in resistors, capacitors,
inductors, transmission lines, and integrated circuit chips
may have a significant effect on the radiation
characteristic of a real system. There are many ways in
which they can be applied in order to minimize the error
between the expected and predicted spectra of the
radiated field, such as: the Method of Moment (MOM),
Finite Elements Method (FEM), and Finite Elements
Time Domain (FDTD). They, however, are
computationally intensive and suitable only for basic
structures because they cannot predict the behaviors of
complicated circuits which consists of PCB-traces, ICs,
and Micro-Processors. Moreover, the calculating results
from all those methods aren’t accurate when the model
which used in the calculate racks of some an unknown
parasitic variable of the circuit.

The fast and effective way to identify and predict the
radiation from the complicated circuits by using a NN is
purposed in this research.

For this research, the NN is applied to recognize
twenty operation modes of a mobile robot from their
radiated EMI. The leaming process is accomplished by
using computation results which base on an actual
measured results of different circuits. The trained NN are
tested by fed the known spectra of the robot for identify
the robot operation mode. The NN is successful in
identification of the operation modes from their radiated
EMI. In addition, the radiated spectra produced by the
robot included artificially radiated noise that was put into
the trained NN to identify the predicted mode.

2. Robot

Robots are already used in many industrial
applications. Their use probably will soon expand into
office, home, hospitals and other areas. Robot under test
(Fig.1) is Automatic Guidance Vehicle (AGV-1) type
and it has an on-board micro-controller for two
continuous motors (Fig.2). Two optical incremental
encoders are inserted on motor axes, which allow going
back to cover trajectory. Proximity sonar sensors are on
robot; vehicle controller, through them, can realize
whether unexpected obstacles intercept the running path.
The top of robot is closed by a Plexiglas support on
which you may lay loads to be transported.

/—— Infrared sensor

Ultrasonic sensor

l:] DE'"ant wheel
m;:— Station dectors
. LI—— Path dectors

:_ MPU

-~ o —

Fig.1. Mobile Robot (AGV-1)

An interface card, provided by constructor manages
proximity system and encoders. AGV-1 has to be power
by a 24V supply voltage; its current level has to be
between some milli-amps till 20A. Two stabilized
batteries 12V,50A guarantee this supply.

A 64 kBytes SRAM
l_‘“"'( pX) 64 kBytes ROM
.
. ] S et
Y v -

—1 v | -

SENSOR Motor drive circuit Remote comtrol
-Ultrasonics (wirdiess)
Remote control

-Infrared
-Tactile
-Limit

Fig.2. Robot control circuit.

Twelve sensors are used to monitor the internal
conditions and the changes in the environment. Two
types of ultrasonic sensor are placed on the front and the
two side of the robot. The ultrasonic sensors can be set
for transmission or reception at different frequencies.
Infrared sensors receive the radiation from infrared light-
emitting diodes (LEDs) reflect from obstacles. Infrared
LEDs have a higher directivity



Table 1. Operation mode of Robot (1:ON, 0:OFF)
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Training Pattern
Input Output
Mode Guide path Infrared Ultrasonic Motor left Motor right Buzzer | Light
left right left right | md. |1 2 345 forward | backward | forward | backward
(DA 0 0 0 0 0 (00000 0 0 0 0 0 0
(2)B 0 0 1 1 1 |00 000 1 0 1 0 0 0
3)C 0 0 0 0 0 11 1.1 1 0 1 0 0 0
(4)D 0 0 1 1 1 - . IY ) 1 0 1 0 0 0
200 T 1 1 0 0 1 00100 0 1 0 1 1 1

than ultrasonic transmitters. The direction of an infrared
LED can be determined more precisely. In addition,
tactile sensors on the front and rear of the skirt sense
contact with walls and obstacles. The operation mode of
the robot and its specification is shown in table land 2,
respectively.

Table 2 Robot specification.

Maximum speed 15 m/s
MPU 80486 Dx 100
Sensor
-Infrared 6
-Ultrasonic 6
-Path reader 16
Dimensions 1 mx60cmx40cm
Weight 100 kg
Power supply Two 12V batteries

3. Far-Field Measurements

Electromagnetic radiation from the robot are
measured from 30 MHz up to 1 GHz The robot is
located on a 1.5 meters diameter turn-table. The radiated
field is collected by an antenna located 3m away from
the EUT, at a height of 1-4 m inside the semi Anechoic
chamber. The measurement for both horizontal and
vertical polarization E-fields are measured by using a Bi-
Log antenna (for the frequency 30 MHz to 1 GHz). The
geometrical configuration setup is shown in Fig.3.

Fig.3. The far-field measurement configuration.

Fig.4-5 show the measured results compared to the
CISPR limit of the mode B and mode C operation. The
vertical scale is dBuV/m and the horizontal is frequency
(MHz). The measured results at low frequencies (30
MHz to 200 MHz) of mode B and C are different, but
quite different at high frequencies (200 MHz to 1GHz).
Fig.6 illustrates the comparison spectra of different

operation mode. The characteristic of amplitude-peak or
spectra of each operation mode relate to the control
pattern of the robot and there are advantage for NN for
recognizing and identifying the operation mode of the
robot.

Fig.5. Radiated emission form mode C operation
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Fig.6. The comparison of different
operation mode .



4. NN Training Process

A two-layer feed forward NN which consists of one
hidden layers was developed for identifying the
function of robot by using its radiated EMI. The NN
architecture (as shown in Fig.7), which consists of an
input (the i layer), a hidden (the j layer), and an output
(the k layer), is adopted to implement the proposed
application.

The network can be thought of as a converter having many
inputs and outputs. The network converts input signals
according to connection weights. During learning, connection
weights are adjusted until the network outputs the desired
signals. The process begins with random connection weights.
And, initially, outputs differ from the desired outputs. The
network compares the actual and the desired outputs, and
adjusts the connection weights to reduce the difference between
them. This is basically how a back-propagation-type neural
network learns.

Bias node

it weight

- Input spectra { 'll['

I node (i -
nputnode () 4 sien node (i)

Fig.7. The NN architecture.

Sigmoid function

The parameters to be used as inputs of the NN should
characterize the shape (envelope) of the magnetic
spectrum near field and radiated spectrum far field. To
implement the envelope spectra, each measured spectra
in each frequency produced by AGV difference mode
operations are plotted by using  interpolation technique.
A very long time learning for the case that used all data
form envelop spectra. A good compromise is to divide
the spectrum envelope in to 8 intervals: 32 MHz/ 62
MHz 115 MHz/ 198 MHz 310 MHz/ 448 MH/ 615
MHz/ 808 MHz/ 1000 MHz using Egs.1. The envelope
spectra in each interval in Fig 8 is quantized .
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Fig.8 The sample of envelope spectra.

The 8 boundary frequencies defining these interval are
obtained by using the following expression:

Fopper (N +1) = ZFW(n)+20I092% n=13,, 8 (O]

227

where Frppe(n+1) is the upper boundary frequency(n+1),
and F,__ (n)is the lower boundary frequency,
Frower (1) is equal to 30 MHz, where n =1. The obtained
results in each interval is shown in Table 2 .

Table 2. Divided intervals of envelope spectra

Interval 1 2 3 4 5 6 7 8
FiowerMiz) | 32 | 60 | 115 | 198 | 310 | 448 | 615 | 808
Fupperiizy | 60 | 115 | 198 | 310 | 448 | 615 | 808 | 1000

To feed the data into the NN inputs, the statistical
method is applied. The means( 2 ), standard deviation

(o) and probability value( 2 ) in each interval in Fig.8
are calculated. The Normal (Gaussian) distribution( 2 )
is defined by the following expressions:

L Xoay:

e 2 o
WA = DS @
{ o 2
where p  the mean value of distribution and

o the standard deviation.
In this manner, the x variable in the Egs.(2) can be
represented by a pair of two real numbers with the actual
value of the parameter occurring at a random deviation
having the normal probability distribution as shown in
Egs.(2). As discussed, a randomly selected value of the x

parameter is given by Eqs.(3)
2 2
X =u+ye 2200, +Y,) ©)
(yi o +Y¥2")

where y; and y, are both independently and randomly
chosen variables between —1 and 1.

The five bit output are used as the NN target and to
identify the robot operation mode(see Table 3). The input
of the NN are the means, standard deviation and
probability value calculated using Egs.(2) and (3).

5.Results Analysis

In the testing, the radiated far-field, from the different
operation mode of robot, are used as the trained NN
input for identifying the operation mode. The threshold
values are used for converting the computed-outputs to
the NN targets. The radiated emission of the mode “A”
of robot shows a “0” in all targets.(Table.4). Mode B for
the case that all of binary bit are reset (0) except the fifth
bit are set (1). It is assumed that computed outputs
greater(smaller) than the threshold value of 0.5
characterize the robot with different operation-mode.

For demonstrate an ability of the NN in identification
source of radiation (AGV operation modes), the
percentage of error in identification (PEI) is defined. The
PEL is the ratio of the number of fault in predicting case /
number of training data sets.



The trained NN consist of 24-input nodes, 40-
hidden nodes, and 5 output nodes is successfully in
identification operation mode of AGV by using its
envelope spectra in 8 intervals. The computed-outputs and
the NN targets are in good agreement and are shown in
table 4.

In addition, the radiated spectra produced by
normal mode operation as shown in Table 1 included
artificially impulse noise are put into the trained NN to
identify the operation mode. The NN, however, can
identify the operation modes by give PEI 5 %. It is show
that the NN can applied to identify the more complicated
circuit using only the radiated EMI.

6. Conclusions

The applied NN, for recognizing and identifying the
operation-mode of the complicated circuit from their
radiated EMI is presented. The three layer NN is trained
using the inputs which are the relevant parameter that
describe the statistical values of the radiated emission
spectra envelope(30MHz-1GHz) for different operation-
mode of mobile robot. The five bit digital output is
considered by the value of the radiating source, which
depend on different operation-modes of the robot. The
NN can identify all of operation-mode of the complicated
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circuit from their radiated EML.
Table.3. An example of the NN inputs and target in the learning process.

Pattem

i Mode | Sta. | Intval | Intval | Intval | Intval | Intval | Intval | Intval { Intval | T, | T, | T3 | Ts | Ts

(™) 1 2 3 4 5 6 7 8
- 222 | 2500 | 3000 | 336 | 3160 | 302 | 2940 | 28.00

1 A o 0.77 2.00 2.45 2.75 0.19 1.33 1.51 064 [ 0| 0 f[o0o] o] o
-P 0.15 0.10 0.08 0.07 0.10 0.13 0.12 0.16
-p | 1800 | 2200 | 27.30 | 334 | 2000 | 2580 | 2500 | 25.00

2 B ol 0.63 0.63 1.03 | 2.877 1.72 2.16 0.63 049 [0 | 0o ] o |1
-P 0.16 0.16 0.14 0.07 0.11 0.09 0.16 0.17
-p | 2200 | 3140 | 39.80 | 4020 | 2820 | 31.00 | 30.60 | 27.00

20 T < 0.63 1.64 2.10 1.87 1.50 1.47 1.40 063 [ 0| o fo ]| 1|1
-P 0.16 0.13 0.09 0.04 0.11 0.12 0.13 0.16

Table.4. The calculated outputs(C,,) when compared with the NN target, or Converted Outputs(0,,)
(If Oy 20.5 then C, =“1” else C,=“0").

Pattern Mode Cl Cz C3 C4 C_t, 01 02 03 04 05
(m)
1 A 0 0 0 0 0 0.00 -0.92 0.43 0.07 -0.87
2 B 0 0 0 0 1 0.04 -0.98 -0.56 0.02 1.00
20 T 0 0 0 1 1 -1.00 0.09 -0.32 0.56 0.86
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Abstract

In this paper, a low cost technique are applied for
testing and monitoring a low cost industrial robot under
interference field is purpose. The circuit used for
monitoring the movement-function of the robot under
the EM field is presented. The monitoring technique is
detected the changing of position from desired path, the
changing of velocity form setting speed, and fault-
detected of sensors from normal operation. The test
method was performed using the standard EN 61000-4-
3. The high level EM field from 26 MHz to 1GHz are
emitted to the robot during the test. Then, the designed
circuit is applied to monitoring the robot operation
under the EM field. The low cost circuit is successfully
in detection the operation of the robot under interference
field.

Keywords: EM field, EN standard, mobile robot

1. Introduction

Robot are currently used in many industrial
application and will expand use in office, home,
hospitals and etc., in the future. In the Industrial area,
which high level electromagnetic disturbance (due to
intentional and non-intentional source, like power line
generation and distribution, control system, RF and MW
heating, arc soldering) may cause effect to the robot’s
operation. For the above reasons, in order to guarantee
the safety and profitable use in industrial application, the
feasibility, efficiency and reliability of the robot system
need to be systematically and extensively investigated.
IEC 61000-4-3 regulated the radiated susceptibility
method for testing and the defined the decision
phenomena of the EUT are applied for testing.

Normally, robot which used in the industrial
application or local made robot are not already included
software and tools for monitoring phenomena of the
EUT when disturbed by radiated field, if any, the cost of
the monitoring system are very expensive and suitable
only for own system. Moreover, it is very difficult for
the testing engineers in the case that the EUT is a
multiple inputs and multiple outputs system, because
they cannot monitoring all of sensors during the test.

In this purpose, the designed circuit for monitoring
the function of the robot under EM field is applied. The
several sensors, which included in the AGV by various
in field strength are tested. Finally, the paper shows
some results obtained with this test, performing the test

on a robot, also using the signal producing by the
transmitter antenna: the effect of the disturbance inside
and outside operation band of the sensors.

2.Robot

Fig.1 shows a structure of Automated Guidance
Vehicle(AGV), a mobile robot that use several sensory
modules. It is a four-wheel vehicle with two
independently motor at rear wheel and two free casters at
the front. Two incremental encoders is attached at the
back wheels on motor axes, which allow going back to
cover trajectory. The robot is equipped with two
different perception sensor systems. Five standard
ultrasonic transducers are positioned around the vehicle
circumference. Aspect sensor is mounted in the front of °
the robot to get a better view in the drive direction, and
three infrared sensor, providing the more directivity, is
mounted on a platform overlooking the robot. Proximity
sensor is the robot; vehicle controller, through them, can
realize whether unexpected obstacles, intercept the
running trajectory. A metal plate for laying loads to be
transported closes the top of robot. An on-board
computer system executes different modular navigation
tasks is located inside the mobile robot. AGV has to be
power by 24 supply voltage; its current level has to be
between some milli-amps till 20A. Two stabilize
batteries 12V, 50A guarantee this supply. The operation
mode of the robot and its specification is shown in Table
(1) and (2).

A metal plate for supply load

Controller

Driving motor

LCD display

Fig.1 Robot under test(AGYV)
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Table 1. Robot specification

Maximum speed 15m/s
MPU 80486 Dx 100
Sensor

-Infrared 3

-Ultrasonic 5

-Path reader 16
Dimensions Im x 60cm x 40cm
Weight 100 kg
Power supply Two 12V batteries

Table 2.Robot operation mode for radiated emission testing (1:ON, 0:OFF)

Training Pattern
Input Output
Pattern Guide path Infrared Ultrasonic Motor left Motor right Buzzer | Light
left right Left right mid. 12348 forward backward forward backward
1) 0 0 0 0 0 00000 0 0 0 0 0 0
(2) 0 0 1 1 1 |00 000 1 0 1 0 0 0
3) 0 0 0 0 0 T 111 1 0 1 0 0 0
(4) 0 0 1 1 1 1114} 1 0 1 0 0 0
20) i [ 1 [ o 0 1 Jooio0o0 0 1 0 1 1 1
3. Monitoring Circuit description P = (E,x4)xD b 3)
The functionality of the robot under interference
v V2| RYFxD, Q)

was observed by monitoring sensors, the velocity
profile, and trajectory drawing, which could be realized
using introduce points co-ordinates where the robot has
to pass through.

To observed the function of the robot under EM
field the circuit which shown in Fig.5 is applied. The
velocity of the robot can be found using the incremental
encoder which are attached at the rear driving-motors.

The resolution of a quadrature incremental encoder
is usually specified as a number of lines. This number
indicates the number of cycles of the output signal for
each complete shaft resolution. For example, an N-line
encoder generate N cycles of its output signals during
each complete shaft revolution. By definition, two signal
that are in quadrature are 90" out of phase, when
considered together, channels A and B(see Fig.2 )
traverse four distinct digital states during each full cycle
of either channel. Each state transition represents one
count of shaft motion. The leading channel indicates the
direction of shaft rotation. [Each line, therefore,
represents one cycle of the output signals, and each cycle
represents four encoder counts.

cycles counts counts

s n‘:volution)'\’(4 cycle j= 44 revolution M

Sampling of actual shaft position occurs at a fixed
frequency, the reciprocal of which is the system sample
period is the unit of time upon which shaft acceleration
and velocity are based.

Ty = 2048x(—
f clock
The position and velocity of the robot motion can be
found using Eq.(1) to (3).

)sample )

when P: the position of the robot,
E, : pulse of encoder line, and

D , dirsired number of revolutions.

The output of the encoder are two channels 90 degree
lag square pulses. The first channel signal pulses from
encoder are fed to the 16 bit digital counter for
converting the pulse to the velocity. The velocity from
the encoder are displayed by using an oscilloscope. For
motoring the position of the robot, the two pulse signal
from the encoder are fed into the up/down counter and
the output of the counter is fed into the digital to analog
converter(DAC). The actual position difference from the
desired point is measured by using an oscilloscop.The
user can setting start point and end point co-ordinates for
the robot movement. When the user, have finished to
define path the robot ready to move to the end point.

Oscilloscope
Velocity profile

Fig.2 Block diagram of position monitoring

The velocity and position co-ordinate of the robot
movement is assigned for the robot and illustrated in Fig.



(5). For monitoring functionality of the robot under
interference, the robot is move to position 1,2,3,4, and 5,
respectively. The velocity of the robot in each co-
ordinate are adjusted from the start point to the end point
and shown in Fig.3.

In this paper, the functionality of the robot under
interference was observed by measuring the actual
velocity and actual position compared with the desired
velocity and the desired position. The different in
position of the robot with and without interference field
is shown in Fig.5 . The position of the robot under
disturbed by E field can be found using Eq.(5) to (7).
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Fig.4. Position profile
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Fig. 5. AGV system geometry

The AGV operate within a two-domziin(Z—D)cartesian

environment. Itsstate x =[x y a] 7 is reference with
respect to an origin set in the global coordinated system

X Y]T. @ is the baring of the vehicle. The control
input to the AGV, u (k), consists of two components;
the AGV’s velocity and the steering-wheel angle
K =[V y]. The system’s model is
x'(t)y=Vcos[ a(t)+y] (5
y'(t) =V sin[ a(t) + 7] (6)

a(t) = %—sin " ¥
Where B is the baseline of the vehicle.
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4. Test setup Configuration

The radiated field strength emit from the transmitter
antenna was located at 3 m away from the EUT, at
height of 1.5m inside the Medium Compact Diagnostic
Chamber(MCDC). The testing was conducted for both
horizontal and vertical polarization E-field by using a Bi-
Log antenna(from 26-1000 MHz). The technical
standard EN 61000-4-1(General Norm on Immunity in
Industrial Environment) recommends to test the device
using a 1V/m, 3V/m and 10V/m radiated field sweeping
from 26 to 1000MHz and modulated in amplitude by a 1
kHz signal(80% modulation).

The amplitude of the electrical field is set constantly
in a plane in front of the EUT(16 points of field
uniformity). The configuration setup according to IEC
61000-4-3 is shown in Fig.6. The radiated field
generated from the transmitter antenna was measured by
using isotropic probe. The E field measured by the probe
which generate from the power amplifier are shown in
Fig.7.

3 P =g

Fig. 6. The testing configuration.

The AGYV was located in a MCDC, in the position
shown in Fig.6, with back (drive) wheels elevated by
jack stands. The robot is driven from the start point to
the finish point in fixed path, in order to follow a
prefixed trajectory without interference and under the
interference solicitation.

e

wo mum | wd.swas

womavom Zuom SUGM  AUUM BUUMEUUM  BUOM 3G
vrequency =)

Fig. 7. Field strength of 10V/m from amplifier

5. Results

During the application of each disturbing signal, the
robot is.driven from the fixed path, in order to follow a
desired path (continuos line in the following figures 8):
under the interference solicitation the robot follows an
actual ( 1), and the differences between them. Fig. 9
report the comparison between the settled and the
followed path in the case of a standard excitation (EN



61000-4-3): the equivalent field level is chosen
according to the regulation higher level, 1V/m to 30V/m.
Various susceptible effect were found in the robot. They
include motor running rough and stop, LCD displays
dimming, brightening, disappearing or flashing. All of
these effect occurred at relatively with E-field strengths
from 3V/m to 30V/m. Table 3 lists a sample of the effect
that were observed.

The testing is separated in two bands which depend
on the sensor operation, the first “out band testing and
other, “in band testing (40 kHz for ultrasonic sensors,
and 100 MHz for infrared sensors).

The first, the signal sweeping from 26 MHz up to
1GHz accept 40 kHz and 100 MHz according to the EN
614000-4-1 and modulated by a 1kHz signal (80%
modulation deep) are emitted to the robot. The robot can
operate under disturbed by 3 V/m EM field and fail in
operation when the field is increased to 10 V/m. The
error of the position is 5 cm add from the desired path,
especially, at curve(P1 and P2). The ultra sonic sensor
can not detect the obstacle under 10 V/m EM
interference. The LCD display is blinked at 30 MHz and
increase to flashing when the frequency of the EM field
is increased to 40 MHz. The error in operation may be
come from the EM field pass into front of robot which
made of plastic.
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Finally, the transmitting frequency fixed at 40kHz (for
ultrasonic sensor) and 100 MHz (for infrared sensor)
are tested. The ultrasonic sensor failed in- detection at
400 MHz. Then, the robot moved away from the desired
path, because the control- program detect the wrong
signal. In the case of the infrared sensor, the fault in
operation appeared at 100 MHz and the EM level is 10
V/m. The velocity of the robot changed under disturbed
by 10 V/m EM field at 150 MHz and 600 MHz,
respectively. The all operation mode of robot are wrong
in case that the EM field is increased to 30 V/m. The
result in this testing shown that the ultra sonic sensor and
infrared sensor in this purpose is weak by EM field. The
gusing robot in the industry area must consider the EM
environment.

6. Conclusion

The low cost technique for testing and monitoring
the functionality of the robot under interference radiated
field was presented. The parameter which was used for
monitoring the phenomena are sensors, velocity and
position. The radiated field is applied to the robot
considering the operation of the robot. The desired
circuit successful in applied for monitoring the robot
under EM interference.
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Fig.8. The profile of the robot movement
Table. 3 Result of susceptible Effects in Robot
Sensors LCD
Freq. Velocity Position Ultrasonic Infrared Display E(V/m)
MHz)
26 No change Error No change No change No change 10V/m
30 Error Error No change No change Blink 3V/m
40 Error Error Error No change Flashing 10V/m
100 Error No change No change No change Flashing 10V/m
150 No change Error No change Error No change 3V/m
300 No change No change No change Error No change 30V/m
500 No change No change No change No change No change 10V/m
600 Error Error Error Error No change 10V/m
800 No change No change No change No change No change 10V/m
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Abstract: The Neural Network (NN) is applied to recognize
different model of computer and Electronic Ballast using its
magnetic spectra and radiated far-field emission. ‘The learning
process is accomplished by using the computed spectra of the
radiated field from EUT having different model. The anomaly is
detected through the monitoring of the spectra’s amplitude
frequency emit from the EUT. The trained NN is then applied to
the identification of EUT from radiated emission measurements.
The trained NN can identify all of those EUT model from the
magnetic spectra and the radiated far-field EMIL

1. Introduction

Electromagnetic radiation is often caused by time-varying
currents, current traveling distances, the geometry of the
paths they follow, the frequencies, and the amplitudes of the
sinusoidal component [4]. All electrically small antenna and
basic shape PCBs can be represented as a short dipole, a
small loop, or a combination of the two [3]. The fields
radiated by currents flowing on a simple structure
configuration can be grounded by modeling them as a short
dipole (or short monopole). The fields from more complex
structre can be found by the superposition of the fields of a
series by a connected array of short dipoles. There are
several ways in which they can be applied in order to
minimize the error between the expected and predicted
spectra of the radiated field, such as: the Method of
Moments (MOM), and the Finite Elements (FE), the Finite
Element Time Domain (FDTD), and the Current Element
Model (CEM). They, however, are computationally
intensive and suitable only for basic structures because they
cannot predict the behaviors of nonlinear elements which
consist of PCB-traces, ICs, resistor, capacitor, and Micro-
processor. In addition to this, all of the models cannot be
used to analyze more complicated products, and floor-
standing products because they have several unknown
parameter include in the calculation model. The fast and
effective way to identify and predict the radiation from the
circuit by using a Neural Network (NN) is proposed.

For this research, the NN is applied to recognize
different computer models and different model of Electronic
Ballast from their radiated EMI. The learning process is
accomplished by using computation results which base on an
actual measured results of different circuits. The trained NN
is tested by fed the known spectra of computers and the
electronic ballast for identify theEUT model. The NN is
successful in identification of the EUT models from their
radiated EMI. In addition, the radiated spectra produced by
the EUT included artificially radiated noise that was put into
the trained NN to identify the predicted mode.

2. Equipment Under Test (EUT)

In this research, a ten different models of personal computer
(PC) and a ten models of electronic ballast (E-Ballast) are
used as a radiated source. The Electronic Ballast was used as
an EUT, was operated at 20-100 MHz switching frequency.
The magnetic radiation of the EUT is setup according to
CISPR15 testing standard and shown in Fig.l. The
computer, was a Pentium III processor 750 MHz with 64
MB memory. All of operation functions of the computer
were operated during the test, such as: floppy disk, CD-
ROM, and monitor display, etc,.. All of the output port of the
computer are terminated by the corrected resistance. The
setup configuration for radiated far-field testing is shown in
Fig.5.-

3. Measurement for Electronic Ballast and Computer

The magnetic radiation from the Electronic Ballast are
measured from 9 kHz to 30 MHz using a three axis magnetic
loop. The EUT are located at center of the magnetic loops
and placed inside Semi-Anechoic Chamber. The
measurement is carried out using a Quasi-Peak detector with
a 100 kHz resolution bandwidth and are recorded using
computer controller.
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Fig.1 Magnetic measurement for E-Ballast

Figures 2, 3, and 4 shows the measured results
compared to the CISPR 15 limit of the model A, B, and
model C Electronic Ballast, respectively. The vertical scale
is dBuA/m and the horizontal is frequency (MHz) from 9
kHz to 30 MHz. The measured results at low frequencies (9
kHz to 30 MHz) of model A and B are different, but quite
different at high frequencies (2 MHz to 30 MHz). The
magnetic spectra of E-Ballast model A and C are different
from 9 kHz to 30 MHz. The magnetic spectra of E-Ballast
model C at low frequency is highest when compared with



another model. The characteristic of amplitude-] or
spectra of each model relate to its operation frequency and
there are advantage for NN for recognizing and identifying
the E-Ballast model.
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Fig.3 Magnetic emission form E-Ballast model B
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Fig.4 Magnetic emission form E-Ballast model C.

The electromagnetic radiation from the computer is
measured from 30 MHz up to 1 GHz. The EUT is placed on
an 80 cm high non-metallic table. The radiated field is
collected by an antenna located at a 3 m distance from the
EUT, at a height of 1-4 m inside the semi anechoic
chamber. The measurement for both horizontal and vertical
polarization E-ficlds are measured by using a bi-conical
antenna (for the frequency 30 MHz to 300 MHz) and a log-
periodic antenna (for the frequency 200 MHz to 1 GHz). The
EMI receiver is located outside the semi anechoic chamber.

Fig.5 The computer measurement configuration.

Figure 6, 7 and 8 shows the measured results compared
to the CISPR 22 limit of the computer model A, B and
model C, respectively. The vertical scale is dBuV/m and the
horizontal is frequency (MHz). The measured results at low
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frequencies (30 MHz to 100 MHz) of model B and C are
quite different, but many different at higher frequencies (100
MHz to 1GHz). The radiated spectra of computer model A is
close to the CISPR limit form 9 kHz to 30 MHz . The
characteristic of amplitude-peak or magnetic spectra of
computer in each model are advantage for NN for
recognizing and identifying the computer model.

Fig.8 Radiated emission form computer model C

4. The NN Model for the Analysis EM Fields from PCB
Configurations

A neural network can be considered as a matrix function that
provides an approximate model of a system. The
approximation model of this function is define a priori, and
depends on the type of application (identification,
classification, pattern recognition, etc.) [6].

A three-layer NN, (shown in Fig.9), which consists of
an input (the i layer), a hidden (the j layer), and an output
(the k layer), is adapted to implement the proposed
application. The capability and accuracy in the estimation
depends on the number of input nodes, hidden nodes, and
output nodes, etc..

Back-Propagation (BP) learning:
The BP network can be thought of as a converter

having many inputs and outputs. The learning process begins
with feeding the input data into the NN input layer, and



assigning the NN target for the output layer. Then, the initial
connection weights and bias nodes at the hidden layer and
the output layer are set randomly. The maximum error, the
learning rate, and the momentum are set for the NN,
respectively. The network converts the input data according
to connection weights. The calculated output in each hidden
node is converted to the output layer using the Sigmoid
function. The summation of each sigmoid function in the
hidden layer is the calculated output node. The calculated
result from the output layer is converted to the output data
and used for comparing with the NN target using the linear
activation function and the threshold function, respectively.
From this point, the sum-square error is obtained and used
for stopping the learning process.

Bias node
Target

Linear function

!

!
=t
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>

Input data '
i

Cypfayer (k) Threshold

2 _weight
ut layer (1
putlayer () 1ridden layer (i)

Fig.9 The NN Architecture.

Sigmoid function

The BP process begins when the sum-square error is
greater than the maximum error. The output data in the
output node is back propagated to the hidden layer and the
input layer, respectively. During propagation, connection
weights are adjusted until the network sum-square error is
less than the maximum error. When the learning process is
finished, the weights are obtained and the NN architecture is
defined. The trained NN is ready to identify or predicted
outputs related to the input data.

In this paper, the NN is applied for identifying the
computer model using its radiated far-field and applied for
identifying the Electronic Ballast using its magnetic
emission.

To implement the envelope spectra, the measured
spectra in each frequency is produced by the different
computer models that is interpolated and plotted using a
curve interpolation technique. The parameters to be used as
inputs of the NN should characterize the shape (envelope) of
the magnetic spectrum and radiated far-field spectrum, thus,

providing qualitative features rather than quantitative ones.

: The input data of the NN could be all the samples that
constitute the obtained envelope or only a few. If all the
points of the envelope spectra are inputted, the training
process may require a long time for learning and may not
have successful system recognition because of the huge
amount of training-data sets. A possible choice would be to
represent the envelope in a more concise representation
using only a few samples.

A good compromise is to divide the spectrum envelope
of computer and Electronic Ballast into 8 intervals using
Equ. (1) and Equ.(2), respectively. The 8 boundary
frequencies defining these interval of computer are obtained
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by using the following expression:

Fppper 1 +1) = 2F,, (n) +20log2 * n=,2,3,..., 8 m
Fypy (n +1)=F,  (n)*1.5 023,38 )
where n is an interval number, E,.(n+1) is the upper
boundary frequency(n+1), and F,  (n)is the lower
boundary frequency, F, (1) is the start frequency and is

equal to 30 MHz for computer and 9 kHz for E-Ballast. The
obtained results in each interval are shown in Table land 2.

wo.P

. zEnvelope spectra

ITr-

i F8  (MHZ)

Fig. 10 The sample of envelope spectra.

Table 1. Divided intervals of envelope spectra of computer

Interval | 1 2 3 4 > 6 7 8
| Fiowaovitn| 30 | 62 115 198 310 448 615 808
| Fuppeumin| 62 | 115 | 198 310 448 615 808 1000
Table 2. Divided intervals of envelope spectra of E-Ballast
Interval | 1 2 3 E 5 6 % 8
| Flowerai | 9 13 |20 30 45 68 102 230
| Fuppergain | 13 [ 20 | 30 45 68 102 230 300

To feed the data into the NN inputs, the statistical
method is applied for minimizing the number of the NN
input nodes. The mean (), standard deviation (o ) and
probability value (P) in each interval in Fig. 10 are
calculated. The Normal (Gaussian) distribution is defined
by the following expression:

I,
<L) D JLF 3)
ocA2r
where p  the mean value of distribution and

o the standard deviation.

In this manner, the x variable in the Eq. (3) can be
represented by a pair of two real numbers with the actual
value of the parameter occurring at a random deviation
having the normal probability distribution. As discussed, a
randomly selected value of the x parameter is given by Eq.

).
2. 2
coveo[ 2T 35 @
0™ +y29)

where y; and y, are both independently and randomly chosen
variables between —1 and 1. These latter variables may be
expressed in terms of the random deviation of the interval
[0-1], which is denoted by Z, and Z,, as shown in Eq. (5)

NW=2,-1, y,=2Z,-1- &)
The obtained values in each interval (p, o, P), referring

to envelope spectra of the EUT are fed into the NN input.
The target of the NN consists each of five coefficients that



can assume any real value between 0 and 1 (see Table 5 and
6). The value represents the likelihood that the considered
spectrum is produced by a different model of the EUT. For
the EUT with different model, the five bit outputs are equal
to “1” or “0”. The NN model for training and identifying
EUT model is shown in Fig.11. The training—data set is
comprised of » pairs of input and target output vectors as
following:

pattern _set (n) = {IM, 7V}, g® 7@}
n=10 (patterns number), / is a input vector and 7 is a
target vector. for example:

1D = {4, 0,p,},..... {14, 55, Ps}},

T M = 2 15T 35T a5d 45T 55}
where 7® is the set of the mean (n ), the standard deviation
(o) and probability (P) in each interval of pattern 1, 7 @ is
the five bit target of the NN of pattern 1.The input of the NN
for the computer model A is
Computer,,, , = {{38.12,9.01,0.01},...., {36.09,7.18,0.98}}
(see Table 5).The target for the
Computer 4y, ,18 T =[1,0,0,0,1]. The input of the NN for
the E-Ballast model A is
E - Ballast,,,,_, = {{10.02,4.45,0.01},...., {0.45,4.32,0.32}}
(see Table 4).The target for the
E -Ballast,,,, , 18 T =[0,0,0,0,0,1].The pairs of input
and target outpixt vectors for the NN in the learning process
is shown in Table 5 and 6, respectively.

where

Identifying EUT with the NN:

The trained NN is used to compute the output from the
input of the magnetic spectra (electric far-field spectra)
generated from a different EUT. The model of the NN used
for identifying the EUT model from the magnetic spectra
and radiated far-field spectra is shown in Fig.11.

The calculated results of the NN are represented as a
five-coefficient value in real numbers from 0 to 1, and used
for comparison with the NN target. Therefore, the calculated
results of the NN (O,) are converted to the five bit
coefficient (C, ) (Table 5).

For this purpose, it is assumed that computed results
greater (smaller) than the threshold value of 0.5 characterizes
EUT with a different model ( If O, > 0.5 then C, = “1” else
Cy= “0”). This value represents the likelihood that the EUT
with a different model produces the considered spectrum.

Input layer Hidden layer output layer

T

1§
L FoFs ... F,

\’1 Computer
L E-Ballast

T\

Fig. 11 The NN training process.
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5. Analysis of the obtained results

When the training process is finished the unknown weights
are obtained and the final architecture of the NN is defined.
The trained NN is ready to identify the different EUT from
the magnetic spectra and radiated far-field spectra. The
computed outputs of the NN are compared with the NN
target.

To show the performance of the NN in identifying
EUT, the percentage of error in identification (PEI) is
defined. The PEI is the ratio of the number of fault-case-
identification x 100 / number of training-data sets (n).

For this propose, the Back-propagation NN with a
different number of input nodes, hidden nodes, and output
nodes, are trained and tested by using the training-data set,
which is provided by our program simulations. To adjust the
NN’s performance in identification, several variation
parameters of the NN are selected and tested:

The means (p), the standard deviations (o), and the
probability values (P) are computed in the eight frequency
intervals of the magnetic spectra and radiated far-field
spectra in Table 5, 6 and are considered as the NN inputs.
The three layers of the NN, as shown in Fig.11, which
consist of 24-input nodes, 50-hidden nodes and 5-output
nodes is applied. The maximum error, the learning rate, and
the momentum values are obtained as 0.0001, 0.001 and 0.6,
respectively. Then, magnetic spectra and electric far-field
spectra, which are produced by the computer and Electronic
Ballast, are fed into the NN for identification of the EUT
model. The NN gives a PEI of 3.0% and uses 2 hours for the
learning process (see Table 3). The computer, which was
used in the learning process, was a Pentium III 750 MHz
with 64 MB of memory. The radiated spectra of the
computer model A shows a “0” in the second bit, the third
bit, and the fourth bit, respectively (see Table 7). The
magnetic near-field spectra of the E-Ballast model A for the
case that the fifth bit is set to “1” and the other bits are reset
t0 “0”. The converted outputs and the NN targets are in good
agreement and are shown in Table 4 and 7.

For short time learning, the number of hidden nodes is
reduced from 50 nodes to 10 nodes, while the number of
input-nodes and output-nodes are fixed. The same training-
data sets are fed into the NN for learning. The trained NN,
then, is used for identifying EUT models, the PEI is
increased to 10% and uses 0.5 hours for learning, in the case
of 10 hidden nodes (see Table 3). Moreover, the PEI
increase by more than 30% when the number of hidden
nodes are reduced from 50 to 5.

Finally, to reduce the number of input and output pairs
for the NN, only the means (i) and the standard deviations
(c) are computed in the eight intervals, which are then fed
into the NN inputs. Therefore, the number of input nodes is
reduced to 16 nodes and the number of hidden nodes and
output nodes are not changed (see Table 5 and 6). The
trained NN uses 16-input nodes, 40-hidden nodes, and 6-
output nodes for the learning process. The maximum error,
learning rate, and momentum value are fixed. The NN is not
successful in the learning process when the number of
hidden nodes is reduced to 10. The optimal number of NN



nodes for identification is based on an acceptable learning
time and a small PEIL

The results from the previous section suggest that the
NN consisting of 24-input nodes, 40-hidden nodes, and 6-
output nodes is successful in identifying EUT models by
using the means, the standard deviations, and the probability
values with 3.5% PEI, while using a learning time of about
2 hours.
Table 3 The NN results in training and identifying process.

Number of NN node Statistical PEI

No (nodes) Parameter | (%)
Input Hidden | Output

1 24 50 6 u o, P 3.0
2 24 40 6 u o, P 35
3 24 30 6 u o, P 5.4
4 24 20 6 u o, P 8.5
5 24 10 6 u, o, P 10.0
6 16 40 6 B, 20.0
74 16 30 6 n o 28.0
8 16 20 6 TR 44.0
9 16 10 6 I, © -

Identify EUT model with Noise

To test the NN reliability for identification, the training-
data sets of the EMI spectra are produced by the EUT as
shown in Table 5 and 6. This includes random and artificial
impulse noise (30 MHz to 1 GHz, 1 V peak-to-peak
amplitude) and is fed into the NN input. The PEI in this case
is 40% and uses 4 hours for learning. The error in
identification may come from several variables, for example,
the number of frequency intervals related to the NN nodes,
ambient noise, and the number of NN nodes. The user can
adjust the frequency interval number, and the number of NN
nodes to gain higher accuracy in the identification.

To improve the performance of the NN in the
identification process, the number of sample intervals are
deduced from dominant characteristic shapes of different
EUT models. The spectra amplitude of computer range from
300 MHz to 1 GHz (310 MHz/ 448 MHz/ 615 MHz/ 808
MHz/ 1 GHz) and are fed into the NN inputs. The NN with
5-input nodes related to the odd harmonic spectra from 300
MHz to 1 GHz, the 40-hidden nodes, and the 6-output nodes
are trained and tested. The NN is successful in identifying all
of the computer models using their main dominant
characteristic spectra and gives a 2 % PEI and used 0.5 hours
for the learning.
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6. Conclusions

The applied NN, for recognizing and identifying the
computer models and Electronic Ballast models from their
emission spectra, is presented. The three layer neural
network is trained using the inputs which are the relevant
parameters that describe the statistical values of the near-
field and far-field emission spectra envelope for twenty
kinds of EUT model. The five bit digital output is considered
by the values of the radiating source, which depends on the
model of the EUT. The NN can identify the EUT model
from their magnetic spectra and radiated far-field spectra.
Using the smallest computational effort and high accuracy in
calculation are the main advantages of this proposed NN. A
short calculation time is also required by the trained NN to
recognize and identify the EUT. Further developments of
this research will be devoted to the analysis of more complex
system and to the treatment of multiple radiated sources.
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Table 4 The calculated results, the converted output and are compared with the NN target of E-Ballast.
(If O,20.5then C, =“1” else C,= “0”).

3") dol | NN calculated resuitd O, ) Converted Output (0, > 0. NN Target
0, 0O, Os O, O C, C; C, C, Cs T, T, Ts Ty Ts
s 0.01 0.40 -0.98 0.32 0.87 0 0 0 0 1 0 0 0 0 1
s 0.00 -0.56 0.43 0.75 -0.97 0 0 0 1 0 0 0 0 1 0
o8 (097 [100[043 [ 043 [ 1 [ o [ o [ o [ o1 oo [ oo




239

Table 5 The training-data sets of the NN for learning process E-Ballast

Pattern | EB Input data for the NN NN Target
(m) ) =
Model 1™ = {{m,o1,p1}{ H3,0%.P35}} I 1,73, 15.1,,15)
Intval Intval Intval Intval Intval Intval Intval Intval | T, | T2 | Ts Ts Ts
1 2 3 4 S 6 7 8
1 A -pn 10.02 15.97 15.36 20.02 20.03 0.02 0.32 0.45 0 0 0 0 1

- 4.54 432 343 543 321 1.68 2.13 432
-P 0.01 0.32 0.09 0.36 0.08 0.01 0.32 0.32

2 B -p 9.08 13.40 2241 20.32 15.43 0.92 0.24 045 ] © 0 0 1 0
< 432 5.43 2.41 6.78 6.90 437 1.32 7.54
-P 0.03 093 0.09 0.43 0.07 1.00 0.93 0.02

10 J -p 9.43 40.23 2130 19.43 13.21 15.34 7.85 032 ] 1 0 0 0 0
", ) 8.65 12.43 4.53 6.87 5.67 8.65 321 745
-P 0.01 0.05 0.03 041 0.01 0.08 0.03 0.14

Table 6 The training-data sets of the NN for learning process for computer

Pa:t;m PC , Input data for the NN : NN Target
n ) =
Model AP {m,01.P1 )0 { H3,03,P5}} 7’ (73,15, 15,1,T5]
Intval Intval Intval Intval Intval Intval Intval Intval T | T2 | Ts Ts Ts
1 2 3 4 5 6 7 8
1 A -p 33.12 31.09 35.60 31.20 29.837 38.10 39.07 36.09 1 0 0 0 1
-c 9.01 8.08 12.10 10.15 8.20 5.21 4.53 7.18
-P 0.01 0.32 0.5 0.43 0.08 0.23 0.45 0.98
2 B -p 35.50 25.00 30.12 37.80 27.20 33.43 42.00 36.00 1 0 0 1 0

- 11.20 9.32 4.56 9.67 7.65 3.45 344 720
-P 0.03 0.04 0.03 0.07 0.03 0.16 0.11 0.02

10 J -p 30.10 23.20 28.15 31.67 24.65 31.16 32.01 3600 ] 1 1 1 0 1
-c 4.54 6.39 9.63 421 5.65 9.58 11.42 1037
-P 0.80 0.50 0.10 0.05 0.34 0.42 0.42 0.08

Table 7 The calculated results, the converted output and are compared with the NN target of computer.
(I O, 20.5 then C, = *1” else Cy= “0”).

;I(; del NN calculated resultd (O, ) Converted Output (O, = 0.5 NN Target
O,y O, Os O, Os C, Cz Cs Ca Cs Ty Tz T, Ta Ts
A 1.00 -0.32 0.42 0.43 0.56 1 0 0 0 1 1 0 0 0 1
B 0.91 0.03 0.01 0.50 0.75 1 0 0 1 0 1 0 0 1 0
J 1.00 0.98 0.87 -0.56 0.75 1 1 1 0 1 1 1 1 0 1
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