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i NI e A SRR
A 189 300 14° 59E | [ J = =]

R e ¢(TU R B G 5 & 1979 & #1437 B ¥EF
B FEEFE - ITU mRE2 3 5 L 372 2 > jphl { 372 2 2%

B 4o T o

® [TU-R TF.374-5(1999,01,01 % i#) : Page 1. that additional standard
frequencies and time signals are emitted in other frequency bands,
e.g. at frequencies 14-19.95 kHz and 20.05-70 kHz and in Region 1
also in the bands 72-84 kHz and 86-90 kHz, which have been
designated by other conferences (see No. S5.56 of the Radio
Regulations (RR));

® [TU-R TF.1011-1(1997,01,01 % % ) : Page 4. LF broadcasts
(Broadcasts of this type, useful for time and frequency applications
include) : various dedicated time and frequency services operating in
the 40-80 kHz band;
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® [TU-RR (Radio Regulations) FOOTNOTES ARTICLE S5[6] : Page
8. The stations of services to which the bands 14-19.95 kHz and
20.05-70 kHz and in Region 1 also the bands 72-84 kHz and 86-90
kHz are allocated may transmit standard frequency and time signals.
Such stations shall be afforded protection from harmful interference.
In Armenia, Azerbaijan, Belarus, Bulgaria, Georgia, Kazakhstan,
Mongolia, Uzbekistan, Kyrgyzstan, Slovakia, the Czech Republic,
Russia, Tajikistan, Turkmenistan and Ukraine, the frequencies 25
kHz and 50 kHz will be used for this purpose under the same

conditions.
(2) WP 2@ fREF 782 NCC 223+ 2 H ji & By 2

PP dppeds TR SR 8L % 2 5 20kHz 2 18
A (% SRS < ) 2 2.5 MHz~ 5 MHz~ 10 MHz ~ 15 MHz ~ 20 MHz -
25MHz & B ARG o 2 35 P A W% L& 'Wﬂﬁ%*ﬁﬁ%‘;ﬁ
2R RSN oo R A AN R KA RPEAR B4 k2 R o e
o L IRET 7 22 NCC £ P~ [ 3% M 48 £2(20.05 ~ 70 kHz 12 2 72 ~
84kHz)iT 5 T Mg e pr P 250 | @ % > WA AR T MOE & 5 pFAg
#’é,, jl.JJ 7;\%‘%_.11%0
® 08 & 37 10p A NCC Fil g It {7 A4 P 7030 2
A E IS

® O8 & 37 23 p AR NIRRT PP m AL E PR 2 AF F 4 fie
wA T

PRBPN L EM S s 1 fH S LRI P 0 NCC R 2Ll R

WE P aF 2L SRS PaAp M E g #-gaiﬁ;w Frentk g o @ 20
P A R PR PSR ITU “03f 2 % 2 F 8 5 4 e

A AR PR R BB 2 MOIEHE £0(20.05 ~ 70 kHz 12 % 72 ~ 84
kHz) > p % ITU BB 2x 278 * 20.05~70 kHz #gF i 7 MR 4 &
PR £ @ I2~Q4KkHzZAF AP B %% - R (AL LM ®
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)R H o F s pAEE P £ 20.05 ~ 70 kHz A7 £ 5] TR R
FEPEREE(L), B RS r T FARERTAEFI AL |
MOAPE D R R R 2 775 kHz(72 ~ 84 kKHZ HE )P E_ % 4 FF &, o
FAAKITU B2 % = %8 757 & * 204 -

AERT P Bkt v 72~ 84 kHz 45 B NCC #-7 7 i $2 8 304 B 2
A Y e pteb s MR P e f 2 20.05~70 kHz 4% > NCC #-% £
TS B FERARANCCH T AT o

® FHBEP P @Y P LA o

® FEALNEMFE RY Y ZAE(LELP ALY R B
ek hz omE L i 500 ~ 1000 km o # % i 1500 km 4 b oo
FrEde s 3 b REPER 2 R0 DRER M 2
FPARBEATAFALZFERI TP ONCC Ar 7 gpb
40 kHz(p » i ® “‘)~60kHz(B i ¥ )z 68.5 kHz(Y B
* 0 Yo (e B o E L B AR RS N Y sk e
NCC R p|t ¢ 474 ﬁ%o

Bt o A P AEIEP o kP om kR dpRE K EAE 5 (2 § 40kHz ~ 60
kHz ~ 66 kHz ~ 68.5 kHz ~ 77.5 kHz)? » # & ¥ G| # F 2 F HPE

NCC ¢ %8 40kHz ~ 60 kHz ~ 66 kHz & 685kHZ7'}fﬁ1‘_3E'F§—;:‘g{-’§
TR R APEAT @ ks NCC R § 1208 66 kHz 247
FUF (98 E 100 15 p At 2 jkiw)

107 15 pTg 2 R80T P09 £ koo P T AR @4
3ﬁJ&ﬁ%imm@”ﬁ%W’Hﬁii%+%?é& B L g
3&%{&@%??%4@w’a{égam%%ﬁg\ga%%EQ
a4 REIRFE B A LUEININT DR R A ARk BE S E
%’uﬂjﬁhé%iﬁﬁ’ﬂﬁ%%km’%hwﬁwﬁ&;ﬁi
BT AR AT R RIR AT AL

(3) #FicER

B RR MO B SRR 2 A e
B A RPN REE R Y i S REEFABRF LU PR EY F
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TEETAEZR e E s RN B F BT T A2 TR

ok HRE A MR B S A A

® 7 E 1 30~90kHz ; i i3\ (Trace Mode) : & = P~k (Maximum
Hold) «

® HFE 1 60~70kHz ; if Hids: (Trace Mode) : & # (Normal) °
® Ff 1 70~80kHz ; if Hidi ;' (Trace Mode) : & % (Normal) °

B Ol E & Anritsu 2 & 2473 4 7 R(MS2721B)# e Mg R A X
4 (MP414B) » % % 2_ % 5 %]+ (Antenna Factor)4- ™ B] 2.4-1 #7151 » 3% 30
~90 kHz ¥ £ 4 5 35~40dB » 42 iz 4ok 2.4-2

a1

g 4?-\
43 /

2 N/

It:. a5 \\ 4

R o =\ [
27 \-'Ir

0.01 .1 1 10 30
A E # (MHz)

MP4I4BIL—FF7 »TF
B] 2.4-1 : Anritsu MP414B Zz_ Antenna Factor

% 2.4-2 : Anritsu MP414B Z_ Antenna Factor

Frequency (kHz) Antenna Factor

(dB)

30 39.6
40 37.7
50 36.6
60 35.8
66 35.5
68.5 354
70 35.3
77.5 34.8
80 34.9
90 35.0
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® T B 24-2530~90 kHz 323 =8 % 5 -20dB ¢ V(15~
20dB ¢ V/m) » ¥ %+ 31.4kHz ~ 47.2 kHz ~ 60.4 kHz ~ 62.9
kHz ~ 78.7 kHz % 47 .3 #5823 575 & »t 60 kHz 32
M’ G L 27.5dBuV/im;66 kHz sz i % 5 5 18.9 dB
@« V/m; 68.5kHz 323 =& % 5 23.5dB ¢ V/m; 77.5 kHz
'YL 179dBy V/im -

€ irT B 24-3°60~70 kHz e = 8 % £ -20dB 1 V(15.3
~15.8 dB 1 V/m) » # 3+ 60.3 kHz ~ 62.9 kHz #1 £ 4 #i5
2 ELF et 60 kHz fein 8 5 5 25.2dB 1 V/m; 68.5
kHz 22t =% 9 % 11.4dB ¢ V/m - d 3%t B Trace Mode
% Normal » #4722 B g o]+ ] 2.4-2 2 B Bl
LT

® o F] 2.4-4 > 70~80 kHz 3230 = 4 % -20dB 1 V(14.9

~15.3 dB g V/m) > ©% 78.7 kHz # £ F $sh 2 8%
o o 3L ¥ Trace Mode 7 Normal » # ¥ B H47 £ 2. #ic
B3 B 2422 R %

F_‘k

&
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® 4o B 2.4-5:30~90 kHz f220 = 2 % 5 -20dB 1 V(15~20 dB
(£ Vim) > &% 54kHz ~ 60.7 kHz ~ 77.3 kHz % 4764 #5 2
WELH oo 2t 60 kHz #2210 08 X % 33.6 dB 1 V/m ; 66 kHz
3= 9 5 19.7 dB 1 V/m;68.5 kHz #2320 =3 % % 28.5 dB
wV/m ; 77.5 kHz 3220 =% 4 5 20.1 dB ¢ V/m -

® 4o [F] 2.4-6 0 60~70 kHz 3230 =3 % % -30dB y V(5.3~5.8
dB u V/m ; F]p gz %% i+ 8 (Reference Level)k #_% 40 dB
Vo itk 250 & 60 ) 0 B RIFIZ B ) T
3t 60.5 kHz 47 505 #5223 5L B o 3% 60 kHz se3n =
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® MFFIY ET L TR RITAH

® T B 24-8:30~90 kHz 323 =& % 5 -8 dB ¢ V(27~32 dB
@ V/m) > I3+ 45 kHz ~ 49.5 kHz ~ 60.9 kHz ~ 81.1 kHz % 4§
B g2 M ELE oo 3t 60 kHz fei = 9 5 343 dBu
V/m ; 66 kHz 33 =% 5 26.5dB ¢ V/m ; 68.5 kHz 3 =
By LE 352 dBuV/im; 77.5 kHz e = # 5 5 255 dBu
V/m o

® o F]2.4-9:60~70 kHz 3220 = 2 4 % -20dB ,uV(lS 3~15.8
dB 1 V/m ; F]p . Reference Level % T 5 40 dBuyV @ $ix
it 2K T 50 & 60 ) RL?E'Ji'J—LIE‘ﬂﬁi")’I:"’? 60.7
kHz ~ 63.0 kHz ~ 66.9 kHz ~ 67.5 kHz S 4F f~ 7 55 2 515
o3t 60 kHz fein =8 5 % 222 dBy V/m ; 68.5 kHz 3231
® G5 31.1dByV/me d 3t pt pF Trace Mode % Normal -
AR R 2 e ] R 24-8 Z ERIE R o

€ -7 B 2.4-10 > 70~80 kHz sz = # 4 5 -20dB ¢ V(14.9~
15.3dB ¢ V/m; F]p 2. Reference Level 3% % % 40dB 'V »
fom itk L 50 & 60 o) 0 = BRI T] 2 lﬁl’“ﬂi‘vl‘) » T3 76.5
kHz #F B 5 #ig 22 3575 & o d >0 gt pF Trace Mode 3
Normal > &%t I 2 BB & | *T B 2.4-8 2 £ B2 % o
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o i R

B LR - 373005 640 10 aM

B 2.4-10 : $+ Bl £33
Rl & AT A AeT o L 30~90 kHz(Trace
Mode : Maximum Hold)z # 8 fe:t £ B % 7 5> = A® P BT 40
kHz ~ 60 kHz ~ 66 kHz ~ 68.5 kHz ~ 77.5 kHz 45 8L 2_ % § fe20 & 40T £
2.4-3 #7157 o F U E B j\“JF,: s i ELE IR ﬁlﬁ,g, S AERY e 4 R

BIUPTREIRE B AUE S & B R F o 60kHz(p A2 JIY T 53EL)E 685
kHZ(t‘ Kz BPC % r‘;%%;i)), H‘LL%@%%%‘% #2F st oAy
B2 R F 40 kHz(p &2 JJY © 5350 RIAp SEEHE 5 8 GG

“+ 70~80kHz

HER A 5 H B

2. 66 kHz 12 2 77.5 kHz 45 £ B

# 243 = R B RIBET AR MR BEZ B R fein e
ik TR A =BT B
(KH2) Fli-= 3 CREERE | FI1Z B R
(dB 1 V/Im) (dB 1 V/Im) (dB 1 V/Im)
40 22.0 16.5 30.0
60 27.5 33.6 343
66 18.9 19.7 26.5
68.5 23.5 28.5 35.2
775 17.9 20.1 25.5
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R R RI o % 7 40 kHz ~ 60 kHz & ¥_77.5 kHz *
BOERAE S o PR R EINA R S o

244 ipMEEREF2ZRY AT A

40 60 66 68.5 77.5
kHz kHz kHz kHz kHz
MRS - t#_
I IS \ Y O Y Y
Ngaas
%}F]I%‘Vﬁiﬁ-
J ﬁb}‘ﬁf &&"l ,n Q O O O X
i T BEE Yes Yes No Yes No
2 ek e LI £
1 =4 A F A f [P | l
FESFTTSKHZ =B 1.29 1.17 1.13 ]
FREAS e T & T &
(dBuV/m) 30.0 34.3 26.5 35.2 25.5
s g Yes Yes Yes Yes
BRESRREET 0 s N g e
FE | B IS L
| ﬁiﬁl 5 J%TFEJ'* i No Yes No No Yes
HEB ISP h#
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#_77.5kHz > e ¥ g NCC £ 7 Priadg 5 v 342 3R48 > %5 66kHz &
- EHE TR R T B E 2R A @’%%mxiﬁ%ééfﬁﬂ
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(2) ¥ b BAEMELZ (il FIEAAREEC) 0 P H R P B T R B UL
MoAL RIRE N B ETL S NF SR E A KRk &

) @ R AR R (2 20 kHz @ 2) 0 B3E % TR 2 fF SR ARES
BeA (2P FEEE 600 m B R 2 X AMER) BEIEFRE 2L

Arpl Mf A a3 R H SRR a § e o RB LS
B Fp28E08 32 BB B4 550 QAMEMT TR R

A ASMEFEFE R LTS5 kHz 5 RA S % H= i

PREt RN R 2 T ARG AT R RIS AL
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LRFEFENEHA

P T REITRTIFFFFBRNT S Ay R PR e RAFER
R TER LT FENGRTE o A RFER D S AR P AR RN o 1
T4 E R U R AR B3R K SL( 5L WWVB) S PR IR R R (8
ok (e EL JIY) ~ AR B MOE AL PFAR @3 % SL(2 5L DCF77) > 11 2 B [
MOME R AR PEAE B4k (5 MSF) S v R BB RN F— = & eh

e

“Vp

o

® % KX WWVB BF 78 # 5%

WWVB g i UTC PR TR ¢ 24 ~ [P ~—- ¢ g B
I G AESEA P ESUTL 2158~ p k& ¥ pF ¥ (Daylight Saving
Time)? 2 B #j o WWVB » 3t ik 4% & g [ [ [ (standard time interval) > 4-
Fi~ Lt o b WWVB PR ABAZ > & BPRL f S i & & F) enfB 4y o
WWVB % = &4 %45 h-L 24 (BCD, Binary Coded Decimal)f& ¥ 25 » 42
Eh LBz ok 2.5-10

% 2.5-1 : BCD 8-4-2-1 #c & 4

0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1
0 0
0 0

0
1
0
1
0
1
0
1
0
1

BCD 7 @ixeg F 5 54— x> A% L% TR D % (pulse
width modulation) » i\ ,}iﬁ F % O60kHz o & — F) B 4o cripF iz > 3 5148 0
%] M g AR 17dB 0 @ fF K F O P 4 @%]mxﬁ ~
01 & &3 = % to¥ (position marker) : % 200ms w4 & % # F & 7
Fix20; A2500ms w4 ¥ FEATE 15 A 800ms wAR R A
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2.5-1 o7 - B2 B WWVB P 78 1=(frame) - PF P 5= @32 = & 7 pF

— LA F SOFE R 0F) S BRF Y 8 EL N A - A\@amw\,ﬂ,

F 13 A2 58 @yiAs % 12-13 =g 15-18 =~ By ] pF;
8§ Ak 30-33 i ;ufzufr £t A

¥ 4548 A~ % 50-53 A kR4 A

A EF Ly =& o

3
N
[})
[\®)
(O8]
K2
Rl
’
#
[ba i) [\)
Y‘
[\

o o E s A

WWVB TIME CODE FORMAT

rON TIME POINT A

|:. TIME FRAME 1 MINUTE

(index cuum 1 second)

50

g
0
|IIlIIiIII|IIII]IIII|IIIIIIIII|IIIIII]It|JIIIIII|I|IIIII|III|

o} B N 0280000 fmw —.| e ||e—0s5 :ru"" 08 SECO [—r||~—
j— | |- | i
LIJI.IIIlIIlLIIL.lJI]LIII.IIlIIJ_JlIJIIJI_I.IlII.!L.IUlII.IIlI!IH_HLI_QULILI[IIH[ILJ[II]LIIIlIIlLl
=1} & FE= }_\ic'}é S coo
I—?.ﬂlf\ILJTESJ I_POLHS_ I— LAYSQ .—‘J |
1 PPM FRAME REFERENCE MARKERS Hol

BINARY CODED DECIMAL YEAR AND TIME-OF-YEAR COFECTON
CODE WORD (31 bits)
6 PPM POSITION (IDENTIFIER MARKERS (P, thru P3)
[reduced camier 0.8 second duration plus 0.2 second duration pulse)
W - WEIGHTED CODE DIGIT (carrier restored in 0.5 second - binary one)
U - UNWEIGHTED CODE DIGIT (carrier restored in 0.2 second - binary zero)
UTC AT POINT A UT1 AT POINT A

2001 2001

258 DAYS 258 DAYS
18 HOURS 18 HOURS
42 MINUTES 41 MINUTES

59.3 SECONDS

B 2.5-1 : WWVB & fF 6 121 & Bl

UTl B0 enFap| A nld 3 ez i o % 36-38 (~dpdiiz
FAPE ST UTC et f 5o 2 % 368 % 3
3 AL DRBERLf o aBrRERILILAZ-F)

)
A7 o #r1 WWVB ¥ 12 4 7 0 UTL % 2 58 5 -0.9 ) 1+0.9 4) -

WWVB e ) & 2 = =
(2 UTC pF R 5 )& L pF
f‘?"+6”“’t’12g)=’ﬁ6

%560 FHS6 AL 1o BlETE
B A 3.1 ] it FE o B e
PAE AT PR ERE L 1 B

BEFRAF S A FFERGEEREY - X P (&
BLA 27 29 P2 m)% S5 AN 1oiph (Fa By &R DR KE
£366% c ARERDL Y 1P > H S5 EAERELY 0o

WWVB # #* % 57 £2 58 i=~ kdg ' p 3 Ap k& @7 & LR m
¥ (standard time) » G ARFRFET o 3 B3 G 00 @ iR pEE & A
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A p k& R g UTC PR 0000 S0pF iz % 57 fjf’ugi%q\l 1s
M adET KP8- 2 HUTC P 0000 P55 58 = 7vs € %= lom pp sk
SO R SEERET X UTC PR 0000 cHopFiz » % 57 ==
§LBA00A AT k78— 2 S UTC B 0000 P55 58 (=<4 € %=
0o

GEEEFTE S % > WWVB s B8 d- 24
SRR s L UPER B LR R R L R RN A - o

® o A~ JIY PFRF G50

JIYBEFEBE | s - B9 hE 82 F A EPEa = 53
BUZBEHERFETTN JJY » BE )AL G i s 10 BT
g BT R Y HEREEEFRG L e o R IIY
FHmE - 5 Bl %R &E DB o JIY 52 &4 %8 e
(BCD, Binary Coded Decimal)pF ¥ 7% » & € &+ ehiz =~ L &:i% - BCD
BESEF S - fj- B BRI NIRRT R PR F R
¥% 7 I3 40kHz £ 60kHz - b = Fy B e enpE i o PRk eniE i € LadF
100%— B pFRF » £ 5 & 10% 0 @ S48 100%:0pF B 9 % 4 g ez < 8

AR ¥ e i 0 100%54F 200ms # 7 PR =% w8 100%
A4F 500ms % 7 =~ 15 100%54F 800ms % 7+ F_= < 0o

%+ NICT F * < ¢ “Time and Frequency Transmission Facilities” - ]

2.5-2 5 1IY E%F'W%#E—o PFRBIERE 2L I 04 - % 598 % 0
Fid BRFOPEL RN A - S % 13 A 58
~@yEe % 12-13 Ay 15-18 A @i pF o % 2223 s &
25-28 Al E % 30-33 @i #¢ R B 0 F A ED{EA 2R
d % 4148 = k@iE [ % 50-52 =~ & 036 AHEEEHp T
B R R A SR o

61



l l | The fimea cods communi-
4 0 it 5 ey o et iy it o 3T 0 AP st i cales the lmo of lhe
reference marker posiion

o I e e for 60 seconds.
uu IHIP W m L |u|1= et e
o= shows 10th June (annual
. Howwm RrTmRETYE S NS N day: 161), 1889, Thur-

sday, 14:26.

T I H:IE WWWWW L

l.l"'

W
Hemn prte whae s 2 Famm—_n

vy 1Ry ard U

o v e e e 08

-
B EEN ETR W W W

e M
llimﬂﬂ'-wll- “I-HFHIIIH

Bl 252 JJY RREBR ST F

B FEd %538 54~ LS1 & LS2%ridi% o B¢ dp
Tirg - PP MEERF 9:00 m - RARSE S 0m BT E KRR
e - B R - p P AREREF 900 By BiFE - 3 BEDIPRY
- penp AEEPERF 8:59. @ LS1 £2 LS2 & B ixag &k FEEird
2.5-2 0

2252 B FREAG KA

LS1 | LS2 EE:Y
0 0 | — AR EFp ST

111 *@Hﬂﬁ?f%‘@ﬂ

1| o | - WEIPK R e
%362 37 L hPAL 2 PA2 S iz bl d KRERRT

ﬂ@ﬁ¢ﬁﬁaoﬁ%?9w%ﬁ$:

PA1 = (20h + 10h + 8h + 4h + 2h + 1h) mod 2

PA2 =(40m +20m + 10m + 8m + 4m + 2m + Im) mod 2 > # ¥ mod 2
I\TFK,ZTTJ/( 2 E’J’Jfk&o

538240+~ 2 SUL B SU2 24 A PanLBEONIRY
AR G A GEp RS GEF TR/ ) -

ARIIIIY 15 282 45 2 pr ¢ B3 7 5 ¥ 5i(call sign) > @] 2.5-2 &
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- = %’«"p‘:r BT L oed B pEenpE 5N o

40 £ 31 % 48 1) h e AT
% 50 3] 52

oo @ % 50 7] 55 wmm—«& kIpL T ;sﬁ Tene g FL’I' o
=2 ST1 3| ST3 &% kif2 mph§ S8 (7 ¢ Hrprd 47,
e ST4 3| ST6 A% k&7 T S #-¢ ¢ %% 4 o STI

3| ST6 ey, &P 4ok 2.53~% 2.5.5

o

% 25-3:ST1 3| ST3F g4 PR ST ¢ fpre U9 &
ST1 | ST2 | ST3 | iz
0| 0 O | =0 ] @
010 1| 7P 8 2 (Edjarp] 18
0 1 O | 3Z[6 [ isf 7 5% & [Elifiarp| 1
0 | 1 | 1 |2 aE ] g
1 0 O | 24 /[ FR[7DRT €7 98 % [Effr] v
1 0 1| 12 /]t 7 A 2 [Eagr] 15
1 1 O | 2[Rl o F {Efry|

% 2.5-4: ST4 35 2

h-

EEHRE Y ST E R L AR 4

T Gl R R R REP 4

wor
ST4 ﬁlﬁ“&«
O | = [y & e R LA
1 PUEJF I
% 2.5-5 1 ST5 7| ST6 7 2 =
ST5 | ST6 | Hi&

o s e
O | 1 | [I'#oi8ng 7 P RLRT=E TP
1| 0| HUEBREE 2 5] 6
1 1| plgoky R8T S 2 ~
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3] ST3 & ST4




® 1t ® DCF77 P 78 & 3¢

DCF77 R BE P~ A~ v ~F ZEfea i~ B85
kSRR B EREE TR DCFTT R p 4 i BRAEF
L=~ o DCF77 % = 4| %@t 2F|FEFS > &2 WWVB -~ JIY %
FeE L b hizA L@ -BCD A BEad F 5 - /- B D
BN SMATANE PSS T77.5kHz e WA - B A ehpE i
PRk enlE g AR A ) R ok B 25% - BRPER O B4R R 2 100% %
a’a%@ﬁ&%ﬁw%@%@%ﬁﬁﬁa%{Oﬁ{J:%%ﬁaﬁ
#F 200ms % 5+ H_im 7 1;525%%& i+ a4F 100ms % 1 £~ 0- B 2.5-3 2
PTB F =  xk(http://www.ptb.de/en/org/4/44/442/dcf77_ampl_e.htm).g @

ik )7 L -

54 58 O 03
DCF77 Sekundenmarken

B 2.5-3 : DCF77 5% ¢ 0 £ 1 77 & B

¥% PTB 3 (http://www.ptb.de/en/org/4/44/442/dct77_kode_e.htm)> ]
254 5 DCFTT R Bz - FRBIE X2 L2 - 24 &% 59 f)p
i\“‘}ﬁtz EPrtperesg > @ &% 0 F)(B 254 oM )iz~ 0 &
AossiEdr e 5 1P 142 A 28 JEPOFERTR > - &
B AT " HE 4Bt 5 15~ REIFEATT
= ¥ #13% % (control facilities)F £ # ;% i (irregularities) » 2 ¢ # M PTB,
Refeds4n M s 405
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/// Pl H"‘\H‘
M )
/" Year sl 1 Information content
,/ v 0% | L]y, provided by
/ LT B A .
,-’j / . m\ ) p 0 < { BBK and Meteo Time
Y 4 N
|_.-" -, o
4 AL ~— 1.2 ~ <\( ) \'-\
/ 10750 10 "':,,
Month 8 "'.‘“ \
. \ \
. 2] - |
1 R
i ___4 — — Al
Da‘; of the 5- =1
'=. week l [z
\ o '\ 40 0./ a2
- y 10 5\ /<,§_\ 1' 5
A P
\ Calendar * " )\/\ 0 __‘(A:\d /“
N, day 1/ Iy .-"'T'-- ____'___:---.;""—-.‘ \\0 8 /
\\ / 2” 10 ' :tu '
\ 5 4 2 "'I,Pi Minute

“Hour ____ gl

@] 2.5-4 : DCF77 p* B 75 =71 & B

% 16 =< Al * k&7 EE‘?F"’ % Keengg i o o i&{?&%' ? & pF % (CET,
Central European Time)# gt ¢ # § 4 pF % (CEST, Central European
Summer Time)® #% - = CET & #& = CEST(&% #_CEST £ # = CET)z # >
AlehiE ¢35 8- B )5 1o 5 CET# = CEST> B Al 5 | e
7%_01:00:16 CET - = 3] 01:59:16 CET ; & #_CEST # = CET > ] Al %
1 =P R $€_02:00:16 CEST - & 3] 02:59:16 CEST -

$ 178 18 = Z1 81 72 (% 4 BiE PR & 2o B P W B iE chph P
T CET B Z1 % 0:72 % 1; %p = i0iFapr & CEST(F p % & 4
) R Z1 5 1°22 5 0

519 =5 B ,;/:,—w PAHEA LY 1 PR A2
00:00:19 CET %] 00:59:19 CET @i 60 = 1: £ B/ E &7 1 1 p 46 » >
A A2 f%_01:00:19 CEST #] 01:59:19 CEST # i 60 = 1 -

F A S EEREARL A HEE 1o

21 027 A @EL > R 28 AL LBz TR 21 3
28 A 1 enBHcs FE B $ 29734 =A@ > %35~ 3
DR s TR 20735 = ] B Ec EE BB % 36 3
41 A BE T P > w1 P31 % 2744 BEEHE B oD
BCD#A 1 &4 & 58~ >a BCDAB TR A7 5P o % 45549 =~
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2z

BET >, %50 ST A@BET AENES=H S8 AL BB
5 367 % S8l B HcL B Heo

PR GEEFE RS9 g BE 0 A HAehH 60 AT 0
FAP SR izies

® i & MSF P& ¥ 78 2 5%

MSF FFRFAE BiZ [P~ A~ v p ~d R EDEa =~ B S p
kG GPER LR B EPERF T o MSF 5 = 24 s o e G
BEER AP~ L@BE 3% 35 F M AR ¥ (on-off carrier
modulation) » F A A 5 5 60kHz » = - FyFdezm > 3 2
500ms o

Cameron —%»———
Second 00

Minute marker

0 ms 500 ms
Seconds 01-60 bit A bitB
Second marker

Iy y Y ry 2 4 Carner off

0 ms 100 ms 200 ms 300 ms

Two bits, numbered xxA and xxB for second xx
bit polanity: O=on, 1=off

T Most minutes have seconds numbered 00-59, second 60 1s a leap second 1n UTC

B 2.5-5 : MSF p= 78 7 & Bl

NPL F #(http://www.npl.co.uk/upload/pdf/MSF_Time_Date_Code.pdf)
4o 2.5-5 Bgon MSF A6 ch2 77 2 3% o o & S4B 4nehs 0 f) A
OB B (of)FF 0 S00ms Az#f » 2 (SR A wRITF (on) YR o A A
Hoips pFRF - & — Fi 38202 100ms 44 B B 1F 5 B 4o 0 700ms 12 YR
FRPEFEZZ4a % 100ms | % 200ms 2 BF L cnf B i 7 4 7 =
- fj& Behim A Ab % 200ms $] % 300ms 2 BF LR nB B T A v F -
Fi&kBeaiz A Be FUPRFTRF S0 PRAMFEF S 1.

MSF P g 8 3% cnf o R R 73R R > 24 2 2 UTC R A4p i -
m & X Bl E_UTC+lh o
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d B 2.5-5 ¢

OIB 3 59B-m 2 ¢ 01A 7] 16A ~ 17B
A2 RF > A BEDTRETE 0 FT KTEPH B
PR R o

% 52A 3] 59 jm’ﬂ_%‘]%;é “01111110”7 &R A7
g€ MMAEH B =R A iz F i i
¥% (minute marker) % &1 # 4 1 B4 o

%> MSF BFRF A8 425 4 Faueni= <4 01A 3 59A »
7| 51B~ 52B & 59B % =< p

%t g o0

|(sequence) - %
FA|feé % 0 F)nsdiie

01B %] 16B * % % 7= DUTI s0F 34 » MSF it 43 % 77 04 [ 5 -800ms
3|+800ms o FFim A 7 2 4rk 256 LK & 2.5.6 42 01B I| 16B 42X}
MDA TRK E O

% 2.5-6 : MSF ¥ DUTI 04 71/ 7| %

DUT1 b A DUT1 b F.

Oms 131 b 1 P F'% £ 1 -Oms 19% E| Ak 7 JF&F%E )

+100ms | 01B BT 1 -100ms | 09B BLFFEE 1

+200ms | 01B == 02B JFHEF%?E 1 | -200ms | 09B == 10B JFHEF%?E 1

+300ms | 01B ] 03B K547 1 | -300ms | 09B ] 1B bizb4 1

+400ms | 01B Z|| 04B JF&F%% 1 | -400ms | 09B Z[ 12B JF&F%?@ 1

+500ms | 01B #[| 05B JFH:’%&?T’L 1 | -500ms | 09B Z|| 13B JFQ:’%&F@ 1

+600ms | 01B %[ 06B JFHEF%?E 1 | -600ms | 09B %] 14B JFHEF%?E 1

+700ms | 01B £ 07B K47 1 | -700ms | 09B [ 15B B4 1

+800ms | 01B #|| 08B JFH:’%&?T’L 1 | -800ms | 09B Z|| 16B JFQ:’%&F@ 1

B EEL DTN B B S
BCD 76 4R 5 & ¥ =

17A 3 SIAJF’K{E%FE‘F%% y PR E AEDES T P~ Y

Mo H B BCD 7045 5 Hp >
o PERF T ek ot 2 i £ 2.5-7 ¢

% 2.5-7 : MSF PR 30 £ 7 1% 71| 4
BCD [/'17v & {14 % [ i (00-99)
80 | 40 [ 20 [ 10| 8 | 4 | 2 | 1
17A | 18A | 19A | 20A | 21A | 22A | 23A | 24A
BCD *](01-12) BCD *|'Fs[ 1(01-31) T
10| 8] a]2]1]22o]wle[a]2]1]a]2]1
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| 25A | 26A | 27A | 28A [ 29A | 30A | 31A [ 32A | 33A [ 34A | 35A [ 36A | 37A | 38A |

BCD | [§(00-23)

BCD 77 (00-59)

20 10 8 4 2 1 40 20 10 8 4 2 1
39A | 40A | 41A | 42A | 43A | 44A | 45A | 46A | 47A | 48A | 49A | 50A | 51A
A 54B F] 57B i F =i o 17A T] 24A(£)4c + 54B > H 1 ehip ik

& G B _F B 25A F)
3] 38A(% #p

)4 b 56B
A)4et STB B 1 ip s A i o

3SAC P )t SSBo 1 i e A 45 36A
H | i dee A4 B 39A T SIAC) pF &

MSF & 4 @i#E M p k& QEF TN - 58B 5 1 &7 P w0 & * &
A PpRGOGEFRF o @ 53B ¢ iR B A B p ke @R 7 42 9 61
AR BiE ] o

b
/T wp

Fliz#2 » MSF -0 Ea 3
MSF p¥ 28 4655 ¢ o BB ) e »

BiEFMBEANTR o REF 0 A
H'E M W MSF € &% 17 §) 1746 »

A By PE (€ 4 A RARRLE 17 31 59 chiz A gn g &

3 X 7 sh e e

Bt 1Y 1o

e Vi K R PER RN T BRI hodk 2.5-8 o
2258 2P R -BrREFBRISZELL
[E
B i WWVB JIY DCF77 MSF
SFPPEEER | 14%5% 100% | £ 100%5 10% | % 25% 100% | 100%g 0%
r'j%?n‘i LA IR | LOOKREIERE | 25%F5AB R | 5% 0 : ON
667 0 : 200ms | 87 0 : 800ms | A#7 0 : 100ms | &# 7 1 : OFF
b5 1 :500ms | b7 1 :500ms | "7 1 : 200ms
= ‘j}@“r‘l‘fﬁfﬁal = ?(UI—FFF{FCI
7 800ms 7 200ms
=g 1~366 1~366 1~31 1~31
E| 5 = = | |
UT1 A 1-=7F g = = |
R = FIEIP- WA | RRIEEES (A | RRIEEES (2 F] | TRIEEES (2 5
7o S]] 366 =) 29 F1) 29 F)
EUN AR | Ff o E] E]
- BRI R %(0-6) £ (1-D %(0-6)
il 5 = g g %)
H@f%f,‘ﬁ"‘i'ﬁ =4 £ (f&# call = T
sign PV %)
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WAL F 2.5-8 ALw RS By T L BB Soje E R A
AR E R G PR T o

ﬁ%ﬁa%\ 2.5-8 @ w @ﬁ@%fgﬁ;ﬁ?#lﬁjé_ﬂ%o x ﬁi%\ =3 3 —»’5 e 7%—

o AuE - E365 X AL A B TR R AFORY >
‘€ﬁ§%iﬁﬁ¥#*’ SENEE S B FRES RS T

BB S BEdn o 0

4

B RT g UTL B35 o BERE &S WG BF 58 T30 (2t o8 T
RARERA DL R FRRF TREAGELFTR BRI
16 B i o AR KR > BEL BEL T LB DT

o
-

BREEGINA > FlE R Bihd o m A EE Y B BBk T2 o a2
P29 P L ArBEETH TP ARG € 5 - B ki

p

&

¥ p "D;':ﬂpé*:ﬁ'l& ’ }‘if‘égf'”,/f”’ po&HAAZ @?l?”ﬁ B % pF R e e
FTMom P A ¥ A ks RP|RFp L& GEFF TG o A7
FR AL 85 e A 5

BEYMOFTH G ,%J;@q hH ez BN G B e Ak
| S A@-éiiﬂ’iﬁﬂ}*‘ﬁﬂféﬁiﬁf‘@lé Eﬁfﬁ“‘ﬁﬁa‘“ °

R RE TRl me A G R RPN A 2L
R eng & AT E Ml i R r PRS0 rLE IR
P B 4 el o

Ao ETEL At > e RPN G P AT AR TR o 2T g T
BT R TAL R EHEPAAMPBER TG AT E 0 e 7

ﬁupﬁ%kmgﬁpmﬁ¢’i%%%iﬁﬁﬁﬁﬁﬁﬁﬂ\

g%é@g%%ﬂ%@‘éﬂ’ PR TR S g HPFR TR
5t B F@gﬁﬁﬂ,%iﬂ\&\wﬁuﬂﬁiﬁﬁﬁ

E RN ijp; B BB o
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26 ARFEREFEEST R

SFELE WP R g IR PR RSN
AEPOL LA DR T o R IARS

A2 F B S BcheT

Lo fLikdrtgeng it @ &
SIS TR o T 1T e SR~ AR R AL -
B 2n AR R - f)TE @i

2. E ARG RGN R
FHRRATAT L HF > A

B e b &3 g0 B RAFARS
45 3% % (Bit Error Rate, BER)~ 5] PLREB o o

Bl pdR M A ok > ot il W o

¥

3. ’1’\?}*?‘% . "/f— 7

A)%,ljﬁr,;fé)%% PG TR o

F
E

HE R k= DCF77 PR iniz 4385 o 43
> B 2.6-1

;TR 3
“Simulation and Software Radio for Mobile Communication”
B TR TR o A= NI HCERER Y 3 2T ARk Mi(equivalent baseband
system) o FoRLi= APl E @ * LA 2 > LB NI TR o i

WAL B EER F 5 AWGN e 56 o

Equivalent baseband system
[0101..]
F.';l e _1':I I.'.
Input data | | Channcl i H;::jll'"" 4 N RF b
generator encoder gt 1 oI
mmll.rll:;mr | ")
g
Commumcation
Comparison channel under
BER, FER equivalent
lowpass model
EBRe— St ™ Bascband
e e e
QeSS demodulator
(I
Bl 2.6-1 © p% A 2% 4 3% SRR 7F TRl &
A HCER AR \#+$ﬂ VA IR T 100% 0~ ) r]i,a 1o Bttt B
TR ?Hfrﬂ 2.6-2 -

DCF77 #=tg % # 5 100%<—>25%,]* g %= 1025
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iraell|

Arnplitude

; i i
0 100 200 1000

Arnplitude

IE=R 3

025+

; i i
0 100 200 1000

B 2.6-2 : DCF77 g 7| B

ML ER T AR M F T RIS ekl o AJEAFE
B0 BB RARH 2 1 AP 60 HHPFRIREE TR
AR P B S 10ms > TE F5F 100 B4 A B o BT 100
B R BTS00 B T T IR IE R ) o HCRARS B 3 DCFTT A
F sy 0 DCF77 et % 1 5 100%—25% © o B 2.6-2 ¥ = DCF77
0] FidaenTIadRtg s 09250 @ a1 ] FisE T iR G
0.85 » F]pt FHEE 4 (0.925+0.85)/2 = 0.8875 = it 5 % 4ol 2.6.3 -

105
10"}
10° |
g
o
10
10}
— BER: DCFTT{25%, 100, 200ms)
FER: DCFTT(25%, 100, 200ms)
” b . i
[1] 2 L] [ B 10 12 14 16 18 20

SHR indB

& 2.6-3 © DCF77 2. BER %% ¢ [§l
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@B 2.6.3 ¥ 17 FER % Frame Error Rate » {24555 o I & 5=
PiER - BRI o SMBETRARL G Fd - BEIET 60
B F ko s . SNR #2 3 7T (4r20dB) BER * % ¥_FER e71/60-°

P BT T R IR [ B A G 5 B RS G 2B Y
2
f

EE@EP g M BRREEd e
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In this article, we present an electron density profile retrieved from the total electron density
estimated from the difference of phase path excess between GPS frequencies L1 and L2 measured by
the FORMOSAT-3/COSMIC satellite, in which the radio occultation inversion technique is employed
for the retrieval. Except for regular F layer peak located at height about 290 km and a minor peak]
centered at height 140 km, a pronounced sporadic E layer was observed at height centered about 105
km. This intense electron density layer with thickness of about 10 km has very sharp boundaries on the
top and bottom sides with the scale lengths of -22 and 13 km, respectively. At the time when the
COSMIC GPS radio occultation took place in the vicinity of Taiwan island, the Chung-Li 30 MHz
coherent radar detected strong backscatter from 5-meter plasma irregularities. The peak radar|
backscatter is situated at the height about 110 km in the topside of the Es layer with very steep electron
density gradient. Interferometry measurement made by the four separate and independent receiving
channels of the Chung-Li 30 MHz radar indicates that the configuration of the large scale plasma,
structure constituted by the 5-meter scale field-aligned irregularities is patch-like, and a 2-minute
oscillation in zonal displacement of the plasma structure was found. From the temporal displacement of]
the echo patterns from the plasma irregularities in the bottom side of the layer, the plasma structure in
the bottom side of the Es layer was found to move westward at a trace velocity of about 6.2 m/s. The
exceedingly small drift velocity combined with relatively large scale length of the electron density
gradient seem to suggest that the 5-meter plasma irregularities are very unlikely generated through the
non-linear cascade process of the large plasma structure at kilometer scale induced by the gradient drift
instability. Moreover, in light of the fact that both the observed drift velocity (less than 15 m/s) of the
kilometer-meter scale plasma wave and the measured Doppler velocity (about 50 m/s) of the 5-m|
plasma irregularities are much smaller than 280 m/s that is required to directly excite the plasma waves
through gradient drift instability, it suggests that the 5-m plasma irregularities observed by the
Chung-Li 30 MHz radar are very unlikely the result of the direct excitation through the gradient drift
instability.
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Orthogonal Frequency Division Multiplexing (OFDM) has become increasing popular for wireless data
communication in Broadband Fixed Wireless Access (BFWA) systems due to its robustness under multipath
effects. It looks even more attractive as modulation and demodulation can be done digitally by computationally|
efficient Fast Fourier Transforms (FFT) of finite length, N.

Unfortunately, OFDM has been proven to be very sensitive to the carrier frequency offset which can be
categorized into two major scenarios: one is the multiple fading effects to cause the sub-carrier frequency offset,
destroying the orthogonally of subcarriers; and the other is the oscillator instability to introduce common phase
error. These frequency offset results in inter carrier interference (ICI) to degrade the BER performance. Most
frequency and timing estimation methods use periodic nature of the time-domain signal by using a cyclic prefix
(CP), or by designing the training symbol having repeated parts, or by Common Phase Error Correction
approach.

Recently the remarkable improvements made in frequency control have necessitated commensurate
improvements in the art of frequency calibration. Such improvements have been made possible by the
transmission of phase-stable low frequency radio waves from the National Institute of Standard and Technology
(NIST) time and frequency radio station. These transmissions are capable of yielding a very stable reference
signal with frequency stability less than 2x10-14 for use of calibrating high quality frequency standards or for|
monitoring stomic frequency standard. In this paper, the use of transmission from NIST LF radio station as a
reference clock to synchronize the timing and carrier frequency of the transmitted and received signals is
proposed for the application to OFDM-based wireless communication systems. In this study, the system of NIST
time and frequency radio station is briefly introduced. The theoretical analysis of the improvement on ICI by
correction of carrier frequency offset is derived and then the numerical results of the BER performance

improvement is analyzed based on the Monte Carlo approach to valid proposed method.
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The propagation of electromagnetic waves in seawater is quite different from the propagation in free air.
Both the velocity of propagation and the attenuation of the wave reveal a strong dependency on frequency. When
using electromagnetic methods for underwater purposes, the lowfrequency bands are preferable since
high-frequency components are attenuated very quickly. ELF (Extreme Low Frequency) refers to the band of]
radio frequencies from 3 to 300 Hz. It was used by the US Navy to communicate with submerged submarines.
Because of the electrical conductivity of salt water, submarines are shielded from most electromagnetic
communications. Signals in the ELF frequency range, however, can penetrate much more deeply. The low
transmission rate of ELF communications limits their use as communications channels. ELF wave is attenuated
by the boundary condition at sea surface and antenna's length is proportional to transmitter power. This paper
will presented the electromagnetic propagation characteristics in seawater for LF (Low Frequency) band and|
ELF band.
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