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Abstract

This paper presents a mobile measurement technique of the ghost-flutter caused in
mobile television reception. The ghost-flutter is caused by timing variation of the
television horizontal synchronizing pulse due to frequency selective fading in a multipath
propagation environment. The ghost-flutter can be detected by measuring the dynamic
timing variation of horizontal synchronizing pulse. Especially. in this paper. a technique
for measuring horizontal synchronizing timing fluctuations which cause the ghost-flutter is
developed, using a Rubidium oscillator as a time standard with high stability.

1. M8

SA 224elA Y] ol FAARE FH AF
ol 2 tFA2 HeIP R FAFAH] FA
dstEe, B3 /A3 E sk ddq sl
3R] Aol Boh AR FARRE A "o

* EER. BUKERES HHCAETLEMN
(Dept. of Telematics Eng.. Nat’l Pusan
Fisheries Univ.)

B2 HTF: 19924 10A 15H

(617)

d2 dAmiAd g oAl ¥ A
aAFAle] et A¥ o e dehig olF
A A A2 Bt dsidict 3§ 1=AR
shatgoll s denlAd ol g Al uIRst] A
o] ZHg A 4 A RS ol Fal Mulart Qi
ok webd o) F An|aE A% AF Ve
g Frht AR AolE7| szt 3}
AEAS A (ERN) HrPHel M) &y s
o} it} 18j7| fldMEe FARcix pdstel A
@Y 7iFo] sheslor . 53] A7k ERAelA
o] dzle] o) FFA o] Wds|ojof Fet

x o
S =




28

B =elds dHpA o) F<ald 23t spAdst
2] gal FolA ghost-flutter 7} A1zH4 (iAHY) =
2 7b4 & 4%E 73k At o) F Hr|Fe
2 A&sldct =3 o] BEAF AVIA =24
AT o] 52T 4= RS MM (FHIEK) Y 7]
FAZE o] 43 o) T2 izt HEsch

Ghost-flutter ¥ 31130 Z3HY Q= +
E7] etol®] H2o o] ZFo] rhsstAIRt, 187
Al 712437 9eEe) 13 E A 4
3 Z)EadvE A SAb AdAsta, 2 AEE
71FAER & X AT ol 5EA Wl AgE
o] A7AY Y& A9 FAde HAHA Esicl
B =R 357 "2 A7 HEe &4
oz y|Fetey diile ek xr) & URIAA
(FF#:t: Rubidium oscillator)ell 23 A13& 7]

Fo8 st o 5EY YL AUt
I. stuEdel wsieol o Wstel A%

1. 373 s s edy) Gu]R wiale]
o] =4l

A7 E2A Ao thEA R Asrdede o}
o) grigprl o8 Zr2ie 32 FE2 T
g1 shs Agede] sHolge A AAL EH
shedl el AR ok Y aed AA =AU
9o 24 5o wke g vE Ao &
Hele At ukalale} 22 r|abstabE]l dar)
$-AgF 447} wold 7)8l%3 wd(Ray model)e]
eldsichs B3 AlelE gl B9 B e Heja e o]
ZVehgat mdlg w3t 29 2d(Tworay mo-
del)& ™ 742 Asindz spdsie] AS g3}
et 29} mde B Rummler ? o o& Agkd
Agwdgs oA Aupdass] 2 22 o5
A 2] A7l da] o] g gle}, B

AF7HA] mA Al glelA A EubAbA] 2 jt
ghost ol s+ vl AbAlE A771 P st
oy AW 22 e o] F4Alelx= ghost
9] oo A Bat Julz "ol dHuiA olF
Aol o3t sAEAGEE OS2 A 9%
Fyk Ay sl #]1gic) Fode] REd}
£ AZH2E Gz duxe olEd A 4
slel= 2 #lo|d (envelope fading)oll &
EAEe] Bargh sprEAGEE Jepdich Y
Al ol geAlel oabd oje] el sAEAAE
ZollAl A14A (g o2 A 2 s Fead
ghost 3tato] d#u]d 3 ¢z Al EE52+

SEAZ Al LaANIA ol ERAAS SPEY A3hagl ol F A

(618)

FIEEH

flutter &4 (218} ghost-flutter 2t %#-&c}) olz}t
T A AAE 2A E2AdAM FEse
g 2ute] B2 100 ~¢ 9 m Axe|x &
2ol wWEbd 4 Km AE0)F 5 A= gl B2
aefr] T At E p sec AL ©]AH ghost 7} &
A ZA50, v go] tdEARals o5 v ut
B Axe] F7)2 xide] wWistshe Hdde]
o|xd& ubYslr] witoll, o]ze] ghost-flutter 2
gl qloleta A=l

2. g3kaql

A7 A A e d3tmere a1y 1o FAIE npe} 2
o] xledAzte] 2w AZAErL HdHe] ¥ EE
Ze 29t wmele] ojala E (BEUERE) o siA A
da A" 4+ gl & 297k 4k, DU H],
A A7)}, tEAR sepelziy $E)E o
2 z3oz WA, 4F N2 BN A (H
7)) 2 2R @) 3RS moks ARY 5
gl U o] A Ee]d AgANA sHelde] wists
E(olFA2 &xd d&FghE A HsA7H
E7Alo] FeAA BEEz, wEA HA 7|
ghost-flutter 7} A2 (iR#HY) .22 =A 4TS
FoA A7 A|¢A ] d3}e) ol FARE A4S o
ehdich o] AgANE AR =2Ake] HFH]l
ghost 9] K& zedsted 1.3¢ sec 9 A AlolE
2 AHe T 77 (attenuator) 2 ©]447] (phase
shifter)oll 2}3l DU vl ¢4 WA 7] n2A
A7 A oA A2E] ghost-flutter % 7]et d3tw
o} & A 5 9} ol rl2Aq A
ZRE A7AelA] dyujA o] FpiloR s A
she AFEAd e 9L tiegl A2 seja)
g 23 & FAEAE dFHE A S
#Fold 4 gledrt. 53] ghostflutter &) o5
Az AGATEA A d-gste] HAst ole A
S geld 4= 9tk

Multipath channel
[t et m e e s

ATT.

Phase '
shifter]

[Rayleigh [D-ch.
fading
simulato

™
signal
source

™v
set

ATT.

|
Delay E
cable |

U-ch.

a3 1. HdHe] Fxshe 29 R de] Ry e
Fig. 1. Schematic diagram of Rayleigh-
distributed tworay model.



1993%F 8F HEFIHEHmGE F 308 Al B8 % 29

3.493}9] ZHE

A7 Ay g AW A EHelAd AYATENEH
dau)H ol FFAlelA A s= EAES Fol
A 7 g A3k lesec AE olAke] @Az}
< 2+ ghost-flutter 4% #¥AE 4= U}, we}
A 2 dgulse) WEe 2718 3¥E 4 vk,
a7l0] dyuA o)EpAldl 23t shEAldste]
72 449 4 Qloiz 7Yk, & ghost-flutter
£ o153 4 Urhd o EAlge] d3lExr] 9
% qlvka AyztEch,

A7ER ol e} dHB]A ol FpAlddA e o Rl
o 2|3t Fubg AEA slo]dol o8 FAAEA X
g0l e FHE7ANEe] Y Fo] WAt
a2 RE B A= $£HEAE] eho| AlZH(Ef
2L HEH o)) wsie} A wsiRie
o] elo]) Azte} wiszlel] wdzbr] ghost-flutter 7+
Hhgste g o)zlg A&t ¥ 5] a9 ol
o) W3E A ed 35y wct.

........

.........

a8 2. 4% 7] geln) WEY HE Aad BY
=

Fig. 2. Block diagram of detecting system
ofc timing variations.

957 Basl sl Wt s W
At me SARE AEE. 29 20 BAW &
YA o188 AW Y ool tEAE e
el did 35718 eolye] WSS HEY
o 3% 3¢ AWAAS FHEE 2W 4 & 94
SR EIECIESERREIES

measured
H-sync
pulse
reference
H-—-sync
timing
pulse

a8 3 AAHY] B e
Fig. 3. Block diagram of phase meter.

A dFAZ2 ARl A A F4957)
efe|wle| wishg ZARE A%, ¥ 5ol vtepd uig}

3.0
~ 2.0
>
-~ 1.0 -
&
a 0.0
+
) g
> -1.0
5
a -2.0
g r
-3.0
-40 -20 0 20 40
Excess time delay ( usec )

a7 4. FHAY o AAAIe] A FAZE
Fig. 4. Output voltage vs. excess time
delay for phase meter.

o] §357] H29| eolnl2 DU Hldl zA 9J&
3he 2 ke fdAl YEME dEs e AL
& 5 ek ol o]EA HHozFEE Held np
et " = elolule) Hupishe XA =] W4l
el A2} A==, DU ®]7} +15 dB o]4e|d D
gt & -15 dB °l3lollM= U el F7|3ke}. oA
& A7k Z12A Ayl osf Ul | ik

{10.11)

¥
SN e
\\
12 F AN
5 .
S 1o A\
RS \
- :
> | N
g o8 Relative k!
© phase difference \ \
o \\
£ 06 | R \.\ \,
= —: 0 A
S P00, \
¢ o4 T T1170 NN
? X \
. ~d
* oozt \.qu_.q
0.0 1 L L 1 i
-15 -10 -5 [ [ 10 15
DU ratio (dB)

38 5. %% 7) gelsy A€ 9l DU ¥
Fig. 5. H-sync timing delay vs. DU ratio.

thgog I 2 o vEhd 2HAE o3t o}
A2 49 #elo] Aol Agaolelel ey
DU # % 2 sike] SIAE EFadoe We o
o §A SHE7] ol choly) WL ZAM



30

Output Voltage (V)

Signal Strength (dB uV)

a8 6. 2 ¥4 AGC A o l¥HAg e
Fig. 6. Output resul tant AGC vol tage vs.
input signal strength.

Loaaa ] 1
30 a5 60 75

a8 7. %] eold HEe FAel
Fig. 7. Example of measured H-sync tim-
ing varlations.

o}, B 2Hd4 gHF DU Bl ghost-flutter 7}
7P A7) 42 0 dB @, dHold &= (W
Doppler F&3)& fo = 0.5 Hz 2 AR}, o)q
FAAEe x4 HEE A @A) st 2
HulA £44719] AGC AN EFARZHRE)E FA0
7123, AGC AL gHvA s3] 2] RF
AGC 9% IF AGC A& F&3stke 73 3=
o 2§02 HZFo| 7lesltt. 1¥ 6o FE2H $A
AGC At & BA4E vepdich ¥ 7S 2

Z2HAINTA Gt RE 9] 7|FASE o] 83 T
Fole), £ F7] elo]y AIZHEe} B33l &

T A wigteln A 1.4z sec oWellA W3lElx

42 Aggeld dauA o] gAY A 438l o] 55

(620)

TTEH
AL-g & 5 k. 2y F9] eo]ye] FAT W3
B E71AE el B 23 oA damA b
o] el ghost-flutter = 34 #3s & ZAw,
$9%E7) B9 golul WEL ghost-flutter 9 &
o-g-3le] 2 dle s A8 veptge] U=
o}
ks
2| =

21o]

ghost-flutter £ 2aulA A7) BHE
A F=HEZ] 20| goln wHEIFoFA
7Veshd, o WESE sEAdste] st
Hxo iyl g 4 dvka AzEch

BEXX

o|o

. siatdstol ol5&EAY

1. &AAL 24

a7 8 o 718 AL FAEE BAYUCY YA
AlA¢}t F3§HA 7] (frequency synthesizer)ol €
A £=HEr1A g e Fulo] AZE WA A
71232 A3l FAde £HEFVIANEL] 4R
(FiR)22 Rubidium ‘23171& o|43ld $i14 4
915 $A1%}, vig] A4 gV x|do] gle
345 RepAstd, 71 95745 Fuge
AAE A B Z3e] FeT) o] 7|EAlTe} |
AR FAICA g Rle £38E7] Pl
A (A 2D E 3 s HAES H4
A2l 8492 F3 2.6 cm vh} W3 A
B ~(distance pulse)ell A@ste F3st Y
(sampling pulse)s} 37 dHlele} Hmerid 71&
a3, o]& ML WA st A/D WHIF AR
() 2 g},

gl 8. +4-57]

LA AL 7)1 FA 5 S o8-
elo]n) &3 AAHle RYE
Schematic diagram of measuring
system for H-sync timing using a
Rubidium oscillator as a time
standard.

Fig. 8.

2 7.

=

Follxe] $857] D29 glolrE o]Fl



1993% 8AH @%I%?ﬁ

e AP (BHE)S) Walsl A Hssin o
7)ol slolgdol g eho]w) Mol FHHY. o I
Szl )8t AmAIZre] Wahe $4149 ol EH7
o) A% YAE zRsl olEel G slshe
A RS Aol A A (HIE) e

2. 71&A %] A x s}

2 A 229 delel+= Rubidium &317]
o] wr] FapuEa Fapgharle b Adxe
2371 ol Axle AR WEolw Fxbe= g
o2 WHIlshs e T Eolt}

ZA e elo]w WHEL 1 sec AR F717) @7)
ool Rubidium #1719 1 sec 5-<t9 ©7] oA
=7} —9—7‘}°ﬂ dg-g Fob Fubp wgel o ¢4t
23k A0 =,

SR =

A8 =360 a f,, t{deg) (1)

A7, a v 7] FAFMAHE, fue FHE7
Fo5, tv ST A% 1 sec)olth. AR
Rubidium #4171+ a = 33x 10" /sec o18HTFH #])
ol Wr422] Rubidium ¥A7E 2L Axelw
Azbsld Egeles 4.2x10"/sec ol3tE =t}
welad (1A e28E 4eats 2.4x10% deg, A
7ro 2 ZARpH 4.2x10° ns ©l3tE sec HE9
ghost o Wizl F8-3] F-A] 7pgsict,

R, FapgiAdrle] Sl AA A Afp o 9
g sk EAAZ T o vlasA ok o)

st
40 = 360 4fp T (deg) (2)
1318] S A 7F At wpebr AgHglc}, Rubid-

ium & °|83lq HAlsl= Wi e gz Iz
W3k diujc} $jake] 5 deg(Al7ke 2 0.88¢ sec)
oA Wisleh= o] gloevz 2AAZHE 1 e ¥
$22 (%4, 30 min AE)o|WE 3h= Zlo) ulghy
sicl, FaegAdr|e] Falees 1x10° Hz 714 A
A 4= 9z, Hol 0.5x10° Hz 9 ALzl ¢
g 30 271 9 EEL (A2 2HH 0.33 deg.
AlZke g 3 58 ns B ¥tk 4o sec AL HEA
Foll ey 5+ % Axe|n mepy 30 ¥4 &4
< 383 AHFgsA & 5 et

AW Al B el 27 o] TS5 ol
% 24 & o] 438le] VHF who] =dulA uhg

(621)

. 30 AR B8H 51

g FAlEte] ANAYES Wk AA] A7ER
A8 o] F2A N F3h2 S A flsld, o
g 2 o9 7]F #47] H4lel Rubidium 2417
s} 7S AR 2™ 8 o SAHAE o) %
sl Ael"a dj4lel pulse generator 38 F
Y& wo] AlGsls FYHAE Advisigdet 28 9
o &A% 3957 elolwe HEL Jehdict 17
o] dlojel= 4 7]4 HiFHEAlzr) 60 dBe V, A
o] 1.3usec ® b =0.5 Hz o o] g+ DU v|&
WA A& “ﬂ«l ZAefolr) E7|AAME Jehle
elo|wle] FAR WEE Ashd nbupt olake F
712 BarAskAl Wk}, ol oA sMegn
EE gelg vk gl ™ = DU v7t 2A 9 $2
wsleke abA €3 DU 8Bl7F 20 dB o|Abe] =W
ghost-flutter 7} A2l dofuix] e A& & 471
ek o= AAR B Az REE &l sy
ol o9} ol ¥ FAHAE ol&shd ol A
+357] elojule] BalalA wWalsles woks AHUs)
A 3% 571 glok

ettty

D/U - 0 aB

: WM#MMWMW q

D/U - dB

RELATIVE H-SYNC TIMING DELAY (usec)
oo
iasssaanans!

I 1 L 5 .
50 80 70 80 90

o 1 Tmw m

DISTANCE (m)

a8 9. AW AEdeld Ade o7t
ol%) W¥o| 244

Fig. 9. Measured H-sync timing variations
in laboratory simulation test.

+%4%57] &

V.28

2 EreldE WEe YAAAE NFAEE o4
3t 2 %e] ghost-flutter 1554 AlA5g g
3tod . A7ER]e A A4 e] Aekgle] ghost-flutter &



32

ol F& AT & S-S vl HawlA ol F<AlA
3P EA A S-S dEske ghost-flutter + $3%7)
etolv) wiggko g ve 7EHEw, o AP FAHA
= dHulA ol FpAldlA Ashe sFEAds]
o] oy ool slol shle] HriHEr) 9 5 gl
e AE st = 2Ase 8% golde
HEEe dF4ds A dzrq A d(delay
profile)& viebd 4= 93, 1 o]w) wHF-9] Al
27} tEd 2 Audge] dot AxE AygHer
el ofelng A7px] Asbd otz (B IR
e sz wel 8¢ v} gcln A=)
E3] E7] golw "o HEFaE sl Ve
FF 57INEE 23dee Aoy 4F &2 ¥ F34
Aueo] A o] F-FA An|2e] Zlgsel] gl
43 7| 2ARE AFTHE o doeiet e

2 E XK

[1] M.J. Gans. “A power-spectral theory of
propagation in the mobile-radio.” IEEE
Trans.on Vehicular Technology. vol.
VT-21, no.1. pp.27-38, Feb. 1972,

[2] M. Schwartz, W.R. Benett, and S.
Stein., Communication Systems and
Techniques, McGraw Hill, New York,

pp.469. 1962.
[3] F. lkegami. S. Yoshida and M.
Takahama. “Analysis of multipath

propagation structure in urban area by
use of propagation time measurement.”
Proc. of ISAP, Sendai. Japan. A-5-4.
Aug. 1978.

[4] F. Ikegami, S. Yoshida. “Analysis of
multipath propagation structure in
urban mobile radio environments.”
IEEE Trans. on Antenna & Propag.,
Vol. AP-28, pp.531-537. July 1980.

[5] F. Ikegami. S. Yoshida. “Discussions on
propagation model in urban area.” (in
Japanese) Papers of Technical Group
on Antenna & Propag.. IECE Japan,
AP81-94, Nov. 1983.

(6] D.H. Ha,
of multipath propagation on mobile
radio in an urban area.” HEGEHE H

5. Bl4E F 4% pp.293-306. 19894

R,

“Models and characteristics

(622)

2 Aoyl LeuA o] FalAle SHFEA d3taql o5y

£7]

[8]

(9]

(10]

(11

(12]

(13]

[14]

I

8H.

W.D. Rummler, “A new selective fading
model: Application to propagation
data,” Bell Syst. Tech. J. vol.58, no.5,
pp.1037-1071, May-June 1979.

W.D. Rummler. “Time- and frequency-
domain representation of multipath
fading on line-of-sight microwave
paths,” Bell Syst. Tech. J.. vol.59. no.
5. pp.763-796, May-June 1980.

S. Ariyavistakul et al.. “Fractional-bit
differential detection of MSK: A
scheme to avoid outages due to
frequency-selective fading.” IEEE
Trans.on Vehicular Technology. vol.
VT-36. no.1. pp.36-42 Feb. 1987.

D.H. Ha, et al., "Measurements of
television picture impairments in urban
mobile reception.” (in Japanese) Papers
of Technical Group on Antenna &
Propag., IECE Japan, AP83-40, pp.29-
34, 1983.

D.H. Ha,. et al., “Picture impairments
due to multipath propagation in mobile
TV reception.” IEEE EMC Inter.
Sympo.. EMC 84 Tokyo, Japan, vol.2,
pp.697-701, Oct. 1984.

D.C. Cox, ‘Correlation bandwidth and
delay spread multipath propagation
statistics for 910 MHz urban mobile
radio channels,” IEEE Trans.
Communications, vol. COM-23. no.11,
pp.1271-1280. Nov. 1975.

H. Fuse et al.. “Analysis of urban
multipath propagation structure based
on frequency correlation characteristics
(II).” (in Japanese) Papers of Tech-
nical Group on Antenna & Propag..
AP82-132, pp.35-38, Jan. 1983.

D.H. Ha. “An analysis of the SYNC
timing fluctuations in mobile visual
communication under urban multipath
propagation environments,” EERESE
A 144 % SR, pp.472-486, 19894
10A.

on



1993% 88 HEFTHREHGE $£30%8 AR £8%

33

& K BN

] & SR(EER)
19545 2R 18H4E. 19724 38 ~ 19794 2
A ebdishs "Axlgdta 2 (F8h. 1982
) # 48 ~ 19844 38 AE A=dE gigg
Azgetat 2] (F3AAL) . 19844 48 ~
‘ g o 1 2 Asae g v
24 (FEabAl). 1974% 28 ~ 19764 11H
FTEF-Eelel Au)), 19784 118 ~ 19814 18 () A
FoddTa 5. 19874 38 ~ 19874 8H () A& vl=A|c}
H7] FAAFEE J7Y. 199046 8F ~ 19914 87 9=
University of California (at Davis) ##<d7-¢. 19874 98
~ dA S FAA St R BT 24 TR Hole
o] F- Al <tevt % HslAnt FAUEA UAD BAAAH 59

(623)



