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1 - Coordinated Universal Time UTC and its local realizations UTC(k). Computed values of [UTC-UTC(k)]

Date 2014 Oh UTC SEP 29
MID 56929
Laboratory k
AOS (Borowiec) -0.2
APL  (Laurel) 2.7
AUS  (Sydney) -207.2
BEV (Wien) -2.7
BIM (Sofiya) 1699.9
BIRM (Beijing) 12.9
BY  (Minsk) 14.8
CAO (Cagliari) -47.8
CH  (Bern-Wabern) -0.4
CNM  (Queretaro) 5.8
CNMP (Panama) -33.0
DLR (Oberpfaffenhofen) -
DMDM (Belgrade) -9.4
DTAG (Frankfurt/M) 19.1
EIM (Thessaloniki) -1.1
ESTC (Noordwijk) -3.6
HKO (Hong Kong) 1037.1
TFAG (Wettzell) -1178.1
IGNA (Buenos Aires) 3724.5
INPL (Jerusalem) -2.1
INTT (Buenos Aires) -30.6
INXE (Rio de Janeiro) 3.1
IPQ (Caparica) -6.4
IT  (Torino) -5.3
JATC (Lintong) -2.3
IV (Kjeller) 81.4
KEBS (Nairobi) -1712.9
KIM (Serpong-Tangerang) -
KRIS (Daejeon) 31.1
KZ  (Astana) -1289.5
Date 2014 Oh UTC SEP 29
MID 56929
Laboratory k
LT  (Vilnius) 628.2
MASM (Bayanzurkh) -229.8
MIKE (Espoo) 0.0
MKEH (Budapest) -21450.8
MSL  (Lower Hutt) 8.4
MTIC  (Makkah) 15.0
NAO  (Mizusawa) -57.3
NICT (Tokyo) 7.0
NIM (Beijing) -0.5
NIMB (Bucharest) 342.4
NIMT (Pathumthani) -53.3
NIS (Cairo) 2349.6
NIST (Boulder) 7.2
NMIJ (Tsukuba) -1.4
NMLS (Sepang) -193.8
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and uncertainties valid for the period of this Circular
From 2012 July 1, Oh UTC, TAI-UTC = 35 s

OCT 14 OCT 19
56944 56949
[UTC-UTC(k)]/ns

0.9 0.9
1.0 0.2
-234.0  -251.2
4.8 6.8
1732.4  1758.6
34.1 32.7
25.7 22.7
-407.9  -525.7
-3.4 -3.4
13.2 21.3
-35.1 -37.3
-1.7 9.2
27.2 31.1
-1.4 6.9
-3.1 -1.1
1085.5  1096.7
-1170.5 -1170.3
3981.8  4068.8
6.6 17.0
-32.7 -20.4
-31.3 -35.5
-4.7 -1.8
-5.0 -3.6
-1.8 2.0
58.7 61.7
-2572.6  -2860.0
137.6 177.6
30.2 26.7
-1296.1 -1303.3
OCT 14  OCT 19
56944 56949

[UTC-UTC(k)]/ns

642.3 673.7
- -489.7

2.1 2.9
-22032.4 -22235.6
94.6 115.7
22.1 15.5
-65.0 -65.2
14.9 17.1
-12.3 -9.8
344.6 356.8
-10.9 -4.9
2685.6  2797.3
10.2 10.6
-10.0 -10.9
-198.5  -199.0
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NPL  (Teddington) -15.3 -10.8 -7.1 -3.1 -4.1 -4.2 -5.6 0.3 7.0 7.0
NPLI (New-Delhi) 1.0 2.6 3.6 6.5 5.5 3.3 1.7 0.3 7.0 7.0
NRC  (Ottawa) -42.5 -45.3 -53.9 -58.7 -66.4 -82.4 -81.4 0.3 50 5.0
NRL  (Washington DC) - -59.9 -92.8  -125.9  -157.1 -178.8 -162.4 0.3 50 5.1
NTSC (Lintong) -3.2 -3.2 -4.1 -5.8 -1.2 -2.1 0.6 1.0 4.9 5.0
ONBA (Buenos Aires) -1999.6  -2004.2 -2009.9 -2028.5 -2039.2 -2051.9 - 2.5 50 5.6
ONRJ (Rio de Janeiro) -2.8 4.3 4.2 1.1 1.0 4.3 -0.2 1.3 7.0 7.1
OP  (Paris) -1.7 -1.0 -1.2 -1.5 -1.7 -1.9 -2.3 0.3 1.2 1.3
ORB (Bruxelles) 0.6 4.5 12.9 2.5 -4.7 -5.0 -3.2 0.3 50 5.0
PL  (Warszawa) 0.4 16.3 13.7 -2.7 -14.1 -10.7 -4.6 0.3 50 5.0
PTB  (Braunschweig) -3.8 -2.5 -2.6 -1.8 -2.1 -2.0 -2.1 0.1 0.7 0.7
ROA (San Fernando) 9.1 -10.5 -10.4 -9.6 -6.7 -7.4 -7.1 0.3 50 5.0
SASO (Riyadh) 322.8 328.2 343.3 349.2 363.2 372.5 387.6 0.7 7.0 7.1
SCL  (Hong Kong) -183.9  -172.4  -178.2 -179.1 -167.8 -168.6 -162.3 4.0 10.0 10.8
SG  (Singapore) -13.2 -4.2 5.1 6.1 14.5 22.8 25.9 0.4 5.0 5.1
SIQ (Ljubljana) -1992.2 -1973.6 -1958.9 -1936.0 -1955.3 -1966.9 -1967.3 4.0 20.0 20.4
SMD  (Bruxelles) 12.3 13.2 6.7 3.1 8.4 3.6 -4.4 0.3 7.0 7.0
SMU (Bratislava) - -19.3 -31.2 -33.8 -38.6 -51.7 -57.4 1.0 20.0 20.0
SP  (Boras) -5.2 -1.6 1.8 6.9 13.7 11.2 9.6 0.3 1.2 1.2
SU  (Moskva) 1.1 2.7 2.3 1.5 1.9 2.1 2.3 0.5 1.2 1.3
TL  (Chung-Li) -6.0 -5.2 -8.6 -9.1 -4.1 -2.0 -1.6 0.3 50 5.0
TP (Praha) -2.9 -0.3 -6.6 -9.9 -11.5 -9.9 -14.1 0.3 50 5.0
UA  (Kharkov) 10.1 11.0 8.4 10.4 12.9 9.7 7.5 1.5 7.0 7.2
UME  (Gebze-Kocaeli) -226.2  -225.0  -229.5 -232.1  -236.4  -239.2 -242.3 1.0 7.0 7.1
USNO (Washington DC) -3.4 -4.0 -3.0 -2.7 -2.6 -2.4 -2.0 0.2 0.9 0.9
VMI  (Ha Noi) 2.7 3.5 -0.2 2.2 15.2 -16.3 -29.5 0.3 20.0 20.0
VSL  (Delft) 3.6 -1.9 -1.6 -2.1 -0.7 -7.6 -18.9 0.3 1.2 1.3
ZA  (Pretoria) -5005.3 -5039.1 -5097.0 5300.2 5250.8 5210.7 5171.2 1.5 19.9 20.0 (3)
- Notes on section 1:
(1) INXE: Time step of UTC(INXE) of +30 ns on MID 56934 due to change in the setup.
(2) NIS : Apparent time step of UTC(NIS) of +11000 ns on MID 56951.46.
(3) ZA : Time step of UTC(ZA) of -10400 ns on MID 56940.
2 - International Atomic Time TAI and Local atomic time scales TA(k). Computed values of [TAI-TA(k)].
Date 2014 Oh UTC SEP 29 OCT 4 ocT 9 OCT 14 OCT 19 OCT 24 OCT 29
MID 56929 56934 56939 56944 56949 56954 56959
Laboratory k [TAT-TA(k)]/ns
CH  (Bern-Wabern) 24064.8 23988.3 23910.9 23831.9 23755.6 23677.6 23601 .6
CNM  (Queretaro) -877.5 -856.5 -844.7 -830.9 -816.8 -801.7 -790.9
F (Paris) 167630.1 167630.3 167631.1 167632.9 167631.6 167628.4 167629.0
JATC (Lintong) -56432.5 -56459.0 -56488.2 -56519.1 -56546.8 -56574.5 -56602.5
KRIS (Daejeon) 45608.0 45624.7 45637.0 45646.0 45653.7 45659.4 45663.9
NICT (Tokyo) 1231.5 1236.3 1241.1 1245.6 1250.1 1252.9 1255.6
NIST (Boulder) -45409314.9 -45409501.1 -45409688.3 -45409875.0 -45410061.5 -45410248.1 -45410435.0
NRC  (Ottawa) 22072.7 22053.0 22027.5 22006.0 21981 .4 21948.8 21933.0
NTSC (Lintong) 19447.2 19484.0 19516.2 19546.3 19578.9 19611.5 19644.5
ONRJ (Rio de Janeiro)  -20290.5 -20336.3 -20387.5 -20438.7 -20488.1 -20536.3 -20587.7
PL  (Warszawa) -6656.2 -6064.3 -6673.2 -6681.2 -60692.2 -6704.6 -6710.2
PTB (Braunschweig) 2012.4 2012.6 2012.2 2011.8 2011.7 2011.3 2010.9
SG  (Singapore) 17096.8 17145.8 17195.1 17236.1 17284.5 17342.8 17395.9
SU  (Moskva) 27291060.9 27291063.3 27291063.8 27291063.7 27291064.1 27291064.3 27291064.5 (1)
TL  (Chung-Li) -135.2 -138.2 -138.3 -140.1 -143.5 -146.7 -145.5
USNO (Washington DC) -35157624.1 -35157912.8 -35158200.9 -35158488.6 -35158776.0 -35159063.4 -35159351.1
- Note on section 2:
(1) SU : Listed values are TAI-TA(SU) - 2.80 seconds.
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%,éi% WA E FRY P VAR X AR IR T RS

& > @ CABD 54 atas i chic it o %-DX ¥ » % 4254 (6)7

LinkCAL_1,, = (REFD.,— INTD,, — CABD,, -REFD,; + INTD_; + CABD,) +
(REFDg; — INTDgy — CABDg; — REFDg, + INTDg, + CABDg, ) (8)
32N (8)¢ iR TR e FRae 3 2 FaMuEAV I 4pi 4 > H B K doT ¢

LinkCAL_1,, = (REFD., - INTD,, — CABD,, -REFD,; + INTD_; + CABD;) +

(REFDg; — REFDRy) 9)
FAGRALEERPLAT EFD RPN D R D R
Ao PR IEEFTARY RBIIWHEEd P B TRILFTHRTIFHRLE -

UTC(L1) — UTC(L2) = REFGPS0,; —~REFGPS0, ,+ LinkCAL > (10)

REFGPS0 47 ch & § 5% % %% PF4h% GPS i S 2 B A 1 chph 4 & o 1548
2 1 LInkCAL 18 » Efe s P53 FRIT e f AR L « N MuEB 2 X RF
ﬁﬁﬁ?fﬁﬁ%°@‘ﬂ7¢ﬁ%ﬁééﬁﬁﬁ%§%ﬁ@ﬁi’ﬁ&@ﬁ
i GPS 4RI * F PR aNTE o J i Y pARE 22 FHER A
Ffedh ~ M2 fr ST R E 2 FAGE TR R R Fp R g 50 B

< Type B &t 7 FE TR 07 i o

50 %k p 2 M GNSS:k = AR & ¢ % YtLink Calibration Methodz 4.4t » TL % £2
fo @ PR %% (MSL) & (718 (7 GNSS# e B i e ¥ % o 7 % & ¥ » GNSS
Bl rne 278 F %3 A0 2 B2 9 2R BT L (travel
receiver) - B2.47% 1 £t % std Septentrio PolaRx4 PRO ~ CRG2-DM-mini-GG
Choke Ring= 4 - SR620F fY f¥ Ff. 3~ #ic ® ~ 45 £ 2. 45 4 = 40 4 4 (CFD400)
ZBLPIZ A ZE B o
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k3

Bl 2.4~ Pt ffols i s

BERRBBBREBB AANTLE o kP @iy g shz v
SAIGNSSH: 1z i sLid vt $F - §12.55 ¢ = Link Calibration ¥ = 2. 7 1 :

Y Y

]

| Twrr,z12 |i| TR |1 |Topconuro-80 |1 | TR |1 [mst1]
1 I
J0 ] L
[utcivst) | | anR-.rv‘.SL;|
*calibration pointat MSL "

®12.5 ~ Link Calibration 2% 7 1 ¥l

Fo 2.1 G b g R SR T 2 JRjTdd k ki 5 Ashtech Z-XII3T ~ Topcon
Euro-80 % Septentrio PolaRx4 Pro -
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% 2.1 ~ GPS receivers involved in this calibration exercise.

Laboratory Site_ Name Receiver Type
TL TWTF ASHTECH Z-XII3T
MSL MSL Topcon Euro-80
MSL1 Septenirio Folakxz4 PRO

B AP TL f % 328K £ 452 (CCDL)E B F IR
kiZX MSL 9% % > » B8k 248354 (CCD2) B B F %k o B H#- L iz w
TL @ 2% % 217 closure & Pl % 2. 5% o
2227 TLF%RFPIF2 2 48FL(CCDL)ERIEF-H Y 5 =75 3R %
L3 MSLF %% 22 TLTWTF =5 C/A-P3 2 PPPE V2 % ca 5
P 5 BERESEMSL v 3] TL Z 2% % o £ ¢ T3 2 CGGTTS £ 472 i®
BHEEFETE2 5% o ) CGCTTS i x oA 4 £41* BE & & 75 (BIPM)#1
2 AR RINEX BB 5 17 1 eh % o B P18 % 57 258k S(TR) g w
TL {4 » H closure £ pl2 %~ BB LI ns 2+ c 2 BF %R b -l o5
e TP IR B3 » Z BRI AR AP L o £ 23 7113 MSL 9 5%
FRE2Z X683 LZ(CCD)ERIER o JI* £ 22 2 4 23 "TA 22 L4542
CCD(Common View Common Clock Difference)> v & 4 GPS4ait+x i & GPSCAL
(CCD2 — CCD1) » # s £ #- 1t 432 & % (REFGPS1 — REFGPS2) 4 pe iz &
GPSCAL & (% 2.4) > ¥ § »c"§ M B 2 2 TR o

# 2.2 ~ Mean and SD values of the common clock difference measurements at TL.

CCD1 C/A ns P3 /ns PPP{ns
Mean sD Mean sD Mean sD
TR-TWTF | 195300 | 0.314 |.180207| 088 |-18927 | 0.065
(Before thetrip)
TR-TWTF 196428 | 0.3 |-190363| 0.737 |-19055| 0.0®
{after the trip)
Closure Measurement | -1.036 -1.07 -12%
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% 2.3~ Mean and SD values of the common clock difference measurements at MSL

CCD2 C/A ns P3/ns PPP/ns
Mean sD Mean sD Mean 5D
TR-MSL 69.627 2.7 67.925 4.031
TR-MSL1 0.791 0.249 3.396 0.533

% 2.4 ~ Calibration and uncertainty values for TL-MSL GPS Links

GPSCAL =CCD2-CCD1

GFPSCAL GFSCAL
GPS LINK CA/ns P3/ns
TWTF-MSL 2650191 3.1
TWTF-MSLL 196,183+ 1.45 192693175

ETTRS

T3 GPSARRL KT B A TR 0 e T A A TN B AR A E I

hpas)

AR AR IR FRSYE

_ = 7 7 7 7 7 3
Uges Link = +/ Wcept T U gepz + U g1 T Uy + U gz + U s+ U ps (11)

A Uccpr % Uccpz & B A & & TL 2 MSL %48 % £ R4 % i3t 2 ma @

310 S YU g

B oU #BEp r»RiG T EFEERTAFETAE Uy V% R p E_TL 4 UTC

i GPS fefctcngy » Hel PPS B2 meis g 59 TL# 5 k&

He & i
PR R BN AT A0S NS) ) - CERFFREI KRS T o

7~

Ens
ETIRS

=3

(Jitter) # 7 & (0.05 ns)12 & K ¥ = 4 feic 4 K & A AR T 0T D P A

A (0.1
ns) o Ugz = X p & _MSL #% UTC % GPS #&”]Iﬁﬁmﬂiﬂ%,%ml PPS 2t & 7 Fa %_
BAR o Us s AR EL - P AT BRI DAL RE TR P07 48

”iﬁi(OS nS) > m Ugs (R %‘{L@;}‘%;@ﬁit‘ = (14 EL)?. y @tb,\;:)‘@é_ﬁ-

%
MPE® RAE FEDFAET BT R 20g o 2 RID R N A §
FREpA LA - DR (03nsfor C/A 2 P3) -
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% 25 787 - BiEn GPS 4 B3 F FE TR g % b3 0 MR
TS 2 H AT EANE Y 73 4E 24 ¢ o TWTF-MSL 48 % 7 fg TR g
%5 3ns> m TWTF-MSL1 48 % 7 FE 2 2 @ R>T 2nse d 3t & MSL s34
P FAPREIN - BAFF BT TP AT E g TWTF-MSL £
BlenZ % o W3 F TWTF-MSL1 4a5 & Bl ek &

% 2.5~ TL-MSL FF 32 jc ¥ GPS st o it '3 FE % B & %

TWTFMSL1

Method | Ugps 1iic | Ucept | Ueenz | Ust | Usz | Uss | Ups | Usps

CiA 1.45 0314 | 0249 | 1.036 | 031 | 0.51 | 0.5 0.3
P3 175 0.8% | 0533 | 1071 | 051 | 051 | 05 0.3
TWTFMSL

Method | Ugps i | Ucept | Ueenz | Ust | Usz | Uss | Ups | Usps

CiA 31 0314 | 275 | 1036 | 051 [ 051 | 05 0.3

QL1IA " & 2 ¥

p 2 GNSS sg s P fo &k stk * Link Calibration Method » # 5 »%if & &
ST 2. A AR M AR TR KR IRE . a2 KR o
TR TR B RS PE L AR 2 G R > 12 2 R B2 PEAR AR JRAAEEL o ¢
BRI Rk 2 > PRR RSO E BE I R R A X2 s
FHRET VAFRAFARATEEEE S B oo

~

N
S

(2.1.15)p =i 5

A AR AMABMARRI T RDEEPYE S F 0 BRRI I RIRDEER

7+ GPS PFF B 45 * 4F5 1 I eroif A RGP T ¥ E PRI 205 e E &
(CIA, P3) -

b. ¥ &% B GPS izl » HFF AT & 3% ¢ il St
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SN bt 4 Type B R A FERA 0 4 F FE

i

ARFLR RO TLT P H 8 R

ik TP AR 2 RSB RE LR &

oA hg R BT A 0 Ak B TL &
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(2.1.2) F4niirk L EBPIHIF T
(2.1.2.1) == p
GNSS #p =38 gt & Pl ve S0 2 BB 7
(2122) #FP FEH FHF ©103.01~103.12)
ol h oo BLE A % (modulation) BT EA Y TR F TR %ﬁfﬁsﬁ L]
(carrier) o Fh F S PTREA L E~ § 1T ¢ Frl@en/i ik em 42
2 2 (delay) ~ P %% (scintillation) ~ % j& (fading) % I % » 82 58 jxxf o 5L
SRR iEA PR Fanltae o 4p 3§t (phase fluctuations) ¥ v E L iERE

BACH S gy 10 1 TF S RGBS A2 218> 1 TR T

\\\?{r

AFEYZFTHRL 5T o
B LendiagEh kS8 GPS (Global Positioning System) « GPS [k st 8. d %
FIB P IRE LR T dok - BRRI GPS hizif < iFx A » § WRJIE
BEREFROFE Pl ERMP ALY i > ERF R >
JIFL AP o F A RS RS B3 p o hEsFEL L5 bl
8 % #747 GLONASS (Global Navigation Satellite System) & st~ # B =< [
Ll s Pk 3L (Compass) ~ Br P enieflng >3k iEh 2k s (Galileo)
o @Ak Ei-E | “fﬁﬁt‘ B S de% P R < GPS i@ # r24]»
G0 5 F HAEE X ,?fu“,% TV RL R AT R
R jﬁ v ez auniikih o IGS (3 1994 & ¢ ;L iF iv) R A A

A B R Lo ¥ -

International GPS service for Geodynamics m”ﬁ-“é, v (R G PRARE IR E 4 B g
A R B IGS RIS R BT L 0 XA B Ry
GLONASS =% E » IGS &+ ¢ % International GNSS Service - ‘{ﬁa - [E )
m GNSS % & & — 4& 4 =1 global navigation satellite system - & % IGS ¢ F
pF PR 7% GPS 4= GLONASS i * iﬂ‘ FTESUFEL L RE C FHIFKR
PF > IGS » HB-PRIXZZAT & Frenid iﬁf o LB

GPS/GLONASS f i #firh 4 % 3 0 201 5 & S & 555 A # 1 GNSS
PTFF o v H % IRARE o
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B B 2759 GLONASS ik %3t 1996 & 5 =t F iz = = (W44 @ GPS »t 1994
EFEnd o FHERD S) LS T A BLIIERAM O TRET TiRE
ViR C AR - REBAZ A T o HiS o WEE A RS ANE R
2003 # A @ 37— Rk ;2006 F Fh HEE 1735 B F %*«Liﬁﬂ@ ’

EEH A P 52011 & 11 P ARG A SR F 2450 0FE > ¢ E R R
gmﬁ%@o

2013 & » HEEBFRLIGS e BP (FF%zTELER2-) T

A= A2 - ¢ R Ber &k GLONASS LR 754 » GLONASS s i Lip] &
Bt AR F oo
LRI ¥ b4k ¥ GPS/IGLONASS B ik 2 GNSS B4 774> ~ 7 %
Az T $5° GLONASS BLpl Tl fc B i st B0t # - A TR T &
|+ BEBIF AL B > 7 A4 * IGS database ¥ 7 GLONASS gLip| 7 4L
3 12 a‘égb AT ETT B R Y A & o MBS & GPS/GLONASS B 3 4fe
® k%2 GNSS 4p =48 5 pip] =
SFAF?P UTHREAHTEADEFEINEY o AT AY > TEA G
Brae 4= 713 > 7 3 2 £ (total electron content; TEC) #7113 = ey B2 A 47
Boom DAL P R PR kg R (fading) B4 ¥R E IR S A &
LR TFRAEDRPMTE S DTREAESR - TF TR RPN &
GPS/GLONASS # % #7fgrk 22 GNSS 4p =3 gt $ibr % @ B] o GNSS i * =4
EETHMERAPE el TR EONSS 2 LT RAAk G 18 o
AR B E L o #-GPS4p i3k gt (GPS phase fluctuations) 4% & = GNSS

S

~

LT )
[

)‘3‘%}

Fp g Pt > T kM 2013 £ ¢ 5 (A GNSS 2T F 7 2 EAp 3 P H
AF T S ELEIITE BT RA TS A A PR g (refractive
phase scintillation » & T g/ V cnT 4k 72 LA W B REF G M)~ T

R $Ee+A| 4p P s (diffractive phase scintillation » ¥ Fresnel zone & & i
ST G B)~ 2 TRAITRE M EHE e Fh I B (two-way

satellite time and frequency transfer; TWSTFT) 38258 o 4o 2.6 #7177 o
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IGS

I ErE i
v v
GNSS GNSS
2013 FEE fHfrEEL
REIE De-trend#f2s
Global v GNSS v
lonosphere €----- > é\g\%sig € == == == = ] mE  p------- > ag?riﬁséﬂ
Map e L2222 B L
2014 Bt Bt
TWSTFT

e Al

B 2.6 GNSS 4p (=3 b &2 A v 4100 2 BB T 7 LW o

% & B % 245 i& GPS & GLONASS B ifirh & 55 GNSS 4p 38 f* 7 &
PR BAF T A 2T TR PETREKEHRGE (T4 T K
TR A TR L) H TWSTFT @2 58 o 28 * >t monitor T itk 7 *H]'J
B T RFFITWSTFT =5 > MH D7 s gEa o

(212.3) %%
(2.1.2.3.1) 3753 4p = PR
RHASEREMLTAY Lo by o d S s pd T P RS
AFled o RHFnFE LT F X 2,000 F] 60,000 B 0 5L o0 3G A
RELA A S A T 0 TRARFTI At i B g R F o
A e R FLRA BT BT AT L
$ré+dpdcn d Appleton-Hartree 2 5% £ 77 4

2X (1-X)
21— X) Y2 £ ¥ 14— X)PY2
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(Ne®) / (47° gm))

( p) - fz
Y; =Y sing,
Y, =Y cosé,

f 7
Y= () ((el Bo)f/(2 m))

N £_% + & number density > e fem » %] &7 +

m
Fenhi g ¥ f,~ f, 8 f 4w Ja?%’a‘-éﬁﬁ"%ﬁﬁf*ﬁﬂ: R SRS

WS e TR PR S o TR B v kR IR B I & o
np s T H A% 0 N = 107 electrons/m® T AR S £~ 8.9 MHz 5 # sk
B, =2x10° Tesla » & ¢ = it %47 & f, = 0.59 MHz -

SAR Y A B f B WS E F (H)AE R W (R B E o -
RS L B S E N B *@gm%@%@%ﬁ» o d Fipd AR
Sfpik R Ao AT R FART R PF o zk/ﬁ»fjk;iﬁuétav*@
(Faraday rotation) o @ § §% it 4 5 i + *+ iﬁ%ﬁiﬂ%ﬁ’ﬂ*@ﬁi" o R
et A & LA o GPS Ui 4 % (L, = 1574.42MHz, L, =
1227.6MHz) )I}“ Bt iefi % ) 0 GLONASS g §U i 5 7% et o

B3R Y <<2cos G, [(1- X)/sin* 6, > H#-= 4258 WG B BRR IS 4 S0 R

\ ¢ L v .
2 2% 5 ¢

n =1-Ix+lxy |cos<95|—1x Fx +Y?(1+cos? 495)}
2772 4712

%ﬁii\:'lr'i%%-‘;\w;@“ﬁé}‘%lj -}}:P__tml—s\f—s\m—’»—r);:u.;ao
ol S T I b R R B el 4R S e T

R T S
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nfhase — 1_1 X
- 2

EELL DA R N D RS AR REAAPER AL 2P D
g o ¥ - 36 0 DAL GTET b Hn™P=n, + f(dn, /df) > T 0B E

noowe—1 Ly
2
g B RPEIET N EF(F)RAER TR AL E Y AR o T
PTG AT A B AR ()L ()5
TR AR BRI s A4 F kAT 2 A line of sight (hE 7
B sy 0 5 ke @IREES dl Vo HERRS s, b odTitdpdcd B

fom 7P
dl = [[n(s) -1]-ds,

R A AT G e NG B EEREBE s ! FAEER P

N(S)=1+X/2+--- » BoH — PEiT07 > JEI L dl TG 4™

d|=j(1+%X)dso—j1.dso— [ Nds,

8r? & mf ?
REL FIATST A 5 A eoAp G SRR R k&)

o4

e iNds, =S [N,
A 8r’g, m/tf 87°¢,mcf

FirFRBAABRLE Y PTF RRER S N 0 PP ER S
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2
—5 Nds
87 g,mcf I °

Ik

bR BRI AT R AR AR E S PREL 2T}

(total electron contents; TEC) » 7= ¥ :
TEC =[N -ds,

STIL AR T AT AR P i A e BT A T

2
- & stec=""3sEC
87 g,mcf cf

AT ¢ A AR PP A el i A R e AR CUEL T R P duE R (R AR)
fpiefe b BRI (F 4p) fr4e > R IFBRAPET R BEFRL LRt
BT AT P

PeATH AR Rl 0 A+ GNSS Ap 4Rt R FlL - o RIS R S
WAoo A TMETRET B AT <5 6km S Rplk (B <
A7 A4 i i GNSS 30 £ 8 GNSS BLip] 4L ¢ 5 T/l 7] 4p % 1 47
B o 7R TRt 4 P i & GNSS Ap g o ¥ 0h o

[
)
9
_|
m
@)
T
(i
o

ERERY RO B FHERETEAAL LA RDR > e ity B
G ER RN 0 - rs—vgb,? | FlAT & A A 2P s g A A 4 9 GNSS

(2.1.2.3.2) S84 4p i PP ox iy
ERBABRIEHITE T }i PP A w2 Ry (R AR E) B «gﬁ
AV TR R R ST R 0 B F S A il e £ - fA MRS
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Mo Z * Fresnel zones * it o
Fresnel zones & — & 7 d F12 T S 4 = chle < 55k > 73R & dd =4 4 W) 5
X MERT AR R L BB BREERE 2 LR BEEDT 2
< AR 6 Gl o % - Fresnel zone E B p IR R G 0 18 F o
Fresnel zones)I* WARKE G (g 2R E) 2 38E % - Fresnel
zone } ¥ % I [f]~~ - Fresnel zones »cfisik p F1 250 /2 (4 — BRI HE R 6 o
BRI E G ) Aoliad TR s o
odk b REAREIT e By A 2 F A g (WAoo ki Tk
) RTBEA T e it ARG 26 F D 0 BE BRE R
TR F AR e AR e o 3T % — Fresnel zone sfisgdr € A 2 Fe 4p SEST
TR (qm_ 52 m % AP i #5451 0-180 &) - @ 3t % = Fresnel zone =
ekt § A4 F PSS T R2R (q*u 52k M 5 AP ik A% 45 ] 180-360 &) -
JE 08 Bic Fresnel zones A [awty 4 m St KT B A T B ST B A F
100 € FIELIR A 4e @ R 55 TR T I B e o AR ¥4 > A i Fresnel zones
IRy Lo BN RPTREA TS DT BRI 0 g FlER
AR ATRCAR TS F o SR fAF B R R FE% A AN
B R AT R A S LR v E (SIN ratio) 0 B AR BT R -
FhF o BB RIT S A A MR R R FFhE R 0 T RGBS

A

— Fresnel zone p -
% — Fresnel zone & Jf & ¥ iu il § Fpadde tOEF AL SEBT T 4 (BE 2R AL 4P g 4

RUEHGE 0 R & TIRAR ) 0 ASBRE P e Bt B LR 2 40% -

e a2k H_20% ¢ { Ko AT B EL S AT R o P B Fresnel zone L Rzt
AN
nid,d
Fn — 142
d,+d,
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HY F, €% n B Fresnel zone L& > A & 7k £ > dy &P Zh& 3 548
SEESE > dp AP BEE R T s hEEAE o

I T U] R ATID k2 2R Bk Fresnel zones A ihaRdr € 3 TR
Tetgeens F (FApdpde) > L g F3fAp 2/ "% MAUSLEH 5 AR - Bk
Fresnel zones 42 cHfi s 4 & € 5% 33 “ra el gLens 5§ (F 4pfpte) > € F3f
AR m E MGUELE R o Ak P - BRI AR E chF 3 ok A % = Fresnel zone

BF fu & R AT TR LR 0 H T g gL W e

3

FeE 23 SRS R A T R EL Y IR A R S TR
P ehg + BRZRAWeFTHE LA 1 <] 2 & Fresnel zones
LEFR HE RAMDT R J RIFE A 4F o 2 GPS kst
0 R EER & B AR 20200 kms AP MR R %o R 2L 2 & 2 350 km
BRTART Yk o # d; +d, = 20200 km > d;=19850 km » d,=350 km > & ** d,
Bt d A didy N R TS S AR Bk e T - S

SE h kB~1X d,» Fresnel zone £ &3+ 5 2SN igiu = ¢

F,=vnih

TONTREREH R B FE (B RN 35000 km) e FE PEAR G
# (TWSTFT)

Joy
x

2 GPS kAL AR S 157442 MHz (A& 95 019 m) A b0 72t

% 350 km B & s Fresnel zone 2 /& » &4 -

F1 =258 m
F,=365m

e R Ak 2 RRM R A 365 F 0 F FE BB TR % 7 2R
22 fﬁLg’ﬁ FOALPI R Y O~ FE UELEL S 3 % = Fresnel zone A 2 M

"T\'

2
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RELF RSB RADFELEELY a8 A2 RARR DRI R o £
T A ety +oeoed gk by % (amplitude scintillation) » # IR A 4p i b e
¥t Ap = P % (diffractive phase scintillation)  #y* #-k p Fresnel zone &
B A% i £Ap PR S BESTAIAR P I 2 G R P 3T STl AT
A)Ap PRI R S o

BATARF RS & BIE C Fresnel MBS ARl S TR WA A 2%
LRIz w2 ARty p ] A ELE R (B AR) W B BURE (F
AR) Apte FRPT AT 0 R AR ARG AR 1L X T PR ol 7] iR b 1 T
2REARUEL R A FRAY dr e

S SES AR P oefl o ik % GNSS Ap iR AR F1L - o IR S
T oL o0 miE T HAE T «é’#?&p?ﬁﬂ’fl~“§%l@§'1%?—éi’%?: Fresnel
zone £ jEen7 RRAEE (= 350km B B F & > 3% Lo A B L 258 m
¥1365 Mo Bt [ A3 PIH) > @ 8 GNSS B A 4 4R b5 P e e
AP PR o JRAE PR T G W3k GNSS BB A BT 0 @ SRS AR 1 PR
it &30 )1 # GNSS E{JP'J?%»' % 3 TEC B¢ ## » 7 7 GNSS 4p =48
Fooo A ATEE R | v G SpEkin sy GNSS Ap it n ¥+ 2 B2 &
PIREATR » FF 4 o ¢ ] 2 B e AR &4 Fresnel zone dEstid &

GNSS #p =4 j*

(2.1.2.3.3) 37557 Seotra o4t B A PR @ 3% ch s 48

I B e FA PP 8% (Two-Way Satellite Time and Frequency Transfer;

TWSTFT) 4agt i * ea? S @k L= R F 7 0 AM-2 > TWSTFT
P %A P 11-22 UTC (19-06 LST at TL) 47 o F] 4 44 £ T = e ipl T

HBBL Tk R RS T BEpEA (M4 11-12 UTCo 7= 7 19-20

LST at TL) 7 & 4 BRI FAIES » (37 it HFIEMET &7 o 37548 sy

£ Tk T E O TWSTFT 2 B2 85 5 % F B B % 4o B 2.7 #757 o

B £ TWSTFT time differences £ %t f23n vt C/No i 75 8P Fachdp B 14
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N R AR LIV E

midFight SU-TL
1.0
|

2 0.0 y k{:, ‘gﬁ; @ﬁ?' JA{ iﬁf
 — — — S —

| “:" ~ wf A
52 ' NPLI-TL
1.0 11'}\ Af’

2 00 N ]
o L A A Al W
57 l 1 |

~ 55 Yon

S s | : 5@ i
51 1 1 1 1 1 1

|
56390 56391 56392 56393 56394 56395 56396 56397
MID .

B 27 - i TWSTFT ¢ % 5% % 6]+

£ & chi% % 5 (a) TWSTFT time differences p 1% (18-21 UTC; 02-05 LST
at TL) F k34 o (D) & TWSTFT 4&ifs @ AR 4 3 S & ek £k 3R+
A S R sk R R o B Rt SU 2 B R e NPLI &l & b R
LA TL R > A TL R A I%E] i o (C) ¥ TWSTFT gt crgh & =h &
BN LR AP R R LA SRR R PR A b
4oif # B 2ren SU-TL link & % 2873 % 74 4 > 4250 & 57 NPLI-TL link
PR - Lmp s s
TRADFRL P DB R

i

BEERp B FROTHAE P (neutral

wind) f Y e ?,w%ﬁ‘—’é] ?fo( 12 T TR F e e p o T A
LAV R R EE R K’fﬂ%?%%i@ﬁ’@¥
e 31{‘ (ions + electrons) — A=A > w A3 H o d > :ﬁﬁviﬁﬁéﬁﬁljf‘v?% E5

BH o St A A AE S e BBk B L F R RESARA A o % B3
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=H
5
I
W

RLRHR S G A 2y 0 e R A 4 g A
FEDG LTI o A LIRS B R EAEACR 2.8 ProF o

Direction of ion and
electron motion

Neutral

Direction of
neutral wind motion
(equatorward)

Geomagnetic
field line

W28 ¢ ihafie s TR RES T LE

FRBASETHEE T 3]% F 393 i d R B 0 € FIITHEA PR
X PR AR RBIE R o AT A A 4B B p 4 TWSTFT i
Pl A IR R .

Vb RREAREY DT RRMIES § 2 ST o TRRAT W

At
FIEST S m § P A R K A e B M e 0 & (TIRERIZ] R R D A
PO ZL A @ AR ETR T R R T TR R A R BRI -
TWSTFT 4 # 3 % & %

)

-

F N B 3TE A AR PG BB 32 TWSTFT
PSSR AR PR T > KT Y MRS AT FD 2 RPITRE
@7 AT M P T SRR 6 2 IR & o AP
AP ATHOIE R A #H AT N A S B E (Two-Way Satellite
Frequency Transfer; TWSFT) & stam 2 > 7 4tk 7 LR H i 47 s o 22 45
AR L £ & T Y A

\__
&
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(2.1.234) %

AT R AR R B ITE A AR TR~ BSR4 P Tl ~ Y

E e fFh PR (B F end T 8 SEET LI o

GNSS #p =3 f > 2 4§ B e PRI A s & 3530 a4 4R

(7 2RPEE R = ] 5 6 Kkm) fosebdAip P (72 R <] §5

365m)oi&;i~§_3§}§%‘§prﬁ S lgml\,aq\ﬁ Leng 3k 2 RPIR > € e pF

AT S0 A AP (P oA TS Al Ap P o AT R 0 B ARERR
BEOR BB ARPIMER ST 47502 2 GNSS Apimdgpt2 b o ¥ R R 7

HP KB ae i5d Fresnel zone $E5+ & = GNSS 4p =4 g -

FCTWSTFET § 5% @ 3 34 B 5% > bldodr iy @0 lid = U507 87> 3754
Al Ap P o g & p At TWSTFT time differences 7 & %% ~ 3L E o

3 2 TWSTFT BLil TR (5 0 327 FE R4S 4 0 485 o 3 TWSTFT

time differences g 58 o

-k radEd GNSS Ap 4t R EH LSS A Ap PR (4] 4] LR EE)

g s RATSF AR R (2 23 RRIH) BRA e T 0h o R

AR R A FEE S B (TWSFT) Jibia 2 > T4k 2 %

RIAE T 34 APl 2 MES A k- L £ R 77 L AR o

(2.1.2.35) # =
(@) El #h < 3

e h ElH2 e ¢T84 o279 - B “A study of antenna multipath
instabilities in two-way satellite time and frequency transfer” *t 5 * % IEEE
International Frequency Control Symposium (IFCS 2014) # % » £ 8 2% 5 /¢
WEAR B EsegH - TWSTFT chE &% 4 %k o ¥ — K “lonospheric

electrodynamics effects on two-way satellite time and frequency transfer” ** 8 *
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i+ IEEE Conference on Precision Electromagnetic Measurements (CPEM 2014)
FEOoE£REE L p 2w TWSTFT time differences £ 2% 4& -] B IR % %7 & 4
P T AT Tft.b_ PR fo B2 R4 BT A 4 it i)
AP PP o

(b) - 4LR% ¢ e 5 4

Ffd h- BREEFERMY * BRI HF 4 o “A comparison of the
occurrences of low-latitude ionospheric irregularities between the eastern and

western Africa” ¥ “The GPS phase fluctuations over the AREQ GPS station
during solar cycle 23” ** 8 * % 40th The Committee on Space Research
(COSPAR) Scientific Assembly (COSPAR 2014) # % > &% p 3 5 7 3k
DR A AR NS BT 0 R P A AR L B AR AR

(C) ¥ & 445 SCI 3

#*E - B %< “Seasonal and temporal variation of GPS phase fluctuations
at Tromso under low solar activity” » #4546 SCl # 7] - 2 & 2% 5 (i) 3 ¥ &
WP ST FNEFL > LA H R Ap gt L Aot o (i) 4p g
B BEEF BB EH Aed Bl b 0 TR AP o (i) F AP PR TIBOE T
P R ARATH S SRR AR VR M EAT T R ALEH 2 T
FHRASHEMEe FERBR HTF 0t TR BRR R ASIEAp i
Kikz - o

(d) &% & SCl#~

E = £ & %38 7 Journal of Geophysical Research (JGR, impact factor > 3 > §_3~
PP ORI - ) Bt h-hFLTwm P EFRPIY AT EAAE
v ST AR F1A RREE R TR E Y R BRI G o LRI < £
B e R R 0 R BPIT A T ’]@é’ BB e ER R o
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(21.2.4) B* % »c

(@) B EM P % 3 #Fh AR G047 HF o AT S % B % > monitor
TR 2 AP X B e FE P AT RV e
(b) = # 4547547 4p A 740 4 o

(C) © ¥ IHFEHESA A A7 i 4 o

(d) © B4 25 & M Fourk LRI L 2 e Fh Pl BEF Y o
e o7 Bl gdbe 2K 0 - mEEHT 24 0 ¥ ohe F w44 SCI
w2 1k~ %8 Vi ARERe LY

(]

[}

(e) #x & & % 7] Journal of Geophysical Research (JGR, impact factor > 3)

FFFAFLH Y LR EE e R EY T VM AR R h R

(2.1.25) A k1 iv&€ 8
TERRIFE SR T YA A PR e A A R > 1 2 DA
F PR R c B et o TR AR Ee FAR S B
(carrier-phase two-way satellite frequency transfer) 82 %8 -
Foebo o 27 GNSS i R B RAB TR AMIBEFTT > ¢ 45 (i)
FEW i T RRFFERE (2 2R BT FEAEEHEE (N
N2) £2 GNSS & {ct® bias- ip b 1 175 3% = fele i ¥ 2eie ~ 3= % GNSS
Flctd bias f& T T ik ~ 3= GNSS #cid bias mIp 2 (p i)
iz GNSS £4z#% bias £ (FR1) o (i) B7F» Fh A BE M
B RZMEBEAEY o FEFE e X 11:00-14:00 (- * ¥ B B BB OPFE)
4 F 7 P & frequency difference g & time difference g > ™ 2 & ¥ 5 0
MEEE S BAEFE > v FlE (5l4-F 44 Dregion s jcE) -
(2.1.2.6) p =& ER
(@) ~# % f1* IGS database » GNSS |74l - 2 R*%Z & € 75 BIPM
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database = TWSTFT BRI TR > 1 2 p (7 e LRl T4 > % B T4 4p 1=
e et & TWSTFT pipl s % - 2485w ® 0 £ 04 24 El % 2 2
B- MR ERE L UE FEEAHLE SClihv o EFF B o

(b) = FHp PR 470 4 o

(C) @ EiFirtgr @7t 4 o

(d) 2 3RiE 7475 T YR AP P T AT S AR e R @
SR 1R B kil e TWSTFT $je o

( e

(6) #E3Ri& 7477 GNSS s &k F i L4 LI R MF L -

(f) 22 M & GPS 27 GLONASS f##efirh & bitn (=4F 5t 5% £ BLip) » & 45 3¢
THA2TF TR LETREFRY (THA T - TREB G
B %) $ TWSTFT 085 -
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(2)fkh e BpF k22> 2 BRFR TR A

(221)FE e BpF ks E > 2 BRI A ()

(22.1.1)2 £ 7 P

WL AL EELE Ee Bt a2 aiF s il (1)

(2212 =P ZH =Y F : 103.1~103.6)

# 4 e @ pF(Two-Way Satellite Time and Frequency Transfer, TWSTFT)E_p &
Bt B @ Pt SR - 0 BAE N BT T @ R i 0 2 5 BE
B2 4k (BIPM)* %38 B R+ (TAD) L & T4 o B F i BRI 4R 0 &
FIZ - R 2R RIFABFILPMEEE T4 ARP 5 58 hiF
BB BpEaR e 2.9 5 &R B ITIRE WP 0T

VNIIFTRI
T8

Eutelsat
1728

Bl 29 AW TL P # %8 ik o G predRt > ¢ 7 w4 4885 (AM25 2 # SATRE
modem) 3 17 % 4a§k (Eutelsat 172B 2 3 AMC » # * SATRE modem)

F_&

i£4
r.‘l‘

BLAEE S G R E R P SR PTB 2 (7 B AR > %0 T 3
[

i

BEL R IR U FF IR RAC R R E B R o BT
daps p om i r R BAa AM2 ok 2 H Ku-Band # 48 % - 24 & PTB~ p %
NICT~¢ BINIM~ 7 FNTSC~ st B #rSU 2 er 2 NPLI £ 9 %3 & (Fie {79
B &3 RFEpE B AGvkE s A 2012 CCTF TWSTFT 2 %/} 2 € 2 » NICT
% 57 PTB-TL £_p # gt d; 48 2. ¢ Bcdp = BB B 3 cddfs, o

RREMEEWHOT TR 0 AT T 2013 & KA &34 7 BIPM L4kt F
FESUELE PR % BT PTB-TL 7 TWSTFT 4&§% > BIPM #2014
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& 51 (MID56775)1 4% * 4t i ¢ PTB-TL F#3+ ¥ UTC (Circular T 317) -

LI E48K 0 6 c d 3 ERUSNO 2 P 22 R b s RIS iss ¥
T GPS o L AMER I FRE TS 0% T 0 Tl & USNO 2 =
WA TR L 0 A UTC(TL)Z >0 B R UTC sfg T & -

WL EERA R ERHEEENFRFLES F > FIMLEF T L5

ek iR L 4R o &P A NICT ehf2et 2. T > ¥ 5% 2012 & 3 7 27

PR 720 % B USNO 2 2 vt $Hedi - 335 % < % KPGO # Mexbh > ig {55 p
4] pEBPEI 4 o

(2.2.1.3) % %
BRI 4R % 0 P T2 B B2t VNIIFTRI(SU) ~ 46 ® PTB ~ p + NICT ~ ¢
B NIM-~® BNTSC 22 & & NPLIi£{7 - A9 % 22 K PTB 2 &7k £ @&
P b $h4ne € 2008 #£ 3 0 R4S 0 p O IS-4 fFE 4 »cts o j£.2010 £ 10 P =iz 4 o
oA Y AM2rk i 5k sk 2 pieF 12 ) R 5k 02014 + &
EAEB ORI T % 2 Bl % 4cB 2.10 #7571 » BIPM & MJD
56775 it B2 15 » Fh e B L5 UTC- R o d W AF % F 924
R Rt AP AM2 FE GHEEERE L PSSR DG B L
GRS 2 P Y o RWAEEE 0 F 2011 & 12 0 o gt 4agR e 4k BIPM
5 L TAL GRS o d 3048 & PR:‘TZ-mx%‘; BfriFh o 2 INTERSPUTNIK »+ 2014 &
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UTC(51T) — UTC({TL) UTC{ETR) - UTC(TL) a

& wWolBl — 2 wWolBl —
4 Eirt - i —— 6 Eirt - f ——
2 4
£ 0 £z
oz 50
g £z
B¢ -
-8 -&
-10 -8
_l:lcEE"_'l SEe805670056720 567405676056780568005682C _l:l%EE"_'l SEeB05670056720 567405676056780568005882C
MID MID
UTC{NICT) - UIC({TL) UTC{NTSC) - UIC(TL) Ful
20 — 10 —
cire. 1+ cire. 1 e
15 5
E10 E o
- W .
T 10
-5 -15
_la%-l':éﬂ See805670056720 56740568780567805a88005682C _‘J%'E'E"j 556805670056 720 5674056878056780568005682C
UTC(MIM) — UTC(TL) UTC (NPLI) — UTC(TL) a
4 15
wWolBl — wWolBl —
: T T =
10
= 0 =
E_2 = 5
T_g a
£-¢ =
- I
-5
=10
_l:l%EE"_'l SEe805670056720 567405676056780568005682C _l:l%EE"_'l SEeB05670056720 567405676056780568005882C
MID MID

B12.10-2013 + % & A9 5% 3 (TL) S wlsdhit B A 5% 3 8k o B 2%
& MID 56775 (SRt 2 15 » ik B B ps (&) 2 Circular T(Az 8L4) - K

adr Fsap > oq 0 32012 & 37 27 p (MJID 56013)4= . p & NICT epb s T 3
2o T wFEEEREUSNO B 4o d 3t A9 %3 rERMUSNO A5 £ > &
2 5B H - o s 2 4REs > T 4Bkt 35 3F Eutelsat 172B F % ik (B
GE-23)22 § =& % KPGO =¥ #E % ch> N & > &a > KPGO = e73% # #2013
ERITE > AR E ey 4 2T 232014 & 40 b ste AT % E P 8
USNO i 7+t $47 d & % (TL-KPGO-USNO)# & & (TL-PTB-USNO) » & &% 7
NICT reebei = § 4% 4 i (7 TR IR 4AE v 60T W F S % o 4o @) 211 9757 > B2 24 &
@ =% chd v 4aEs & BIPM t& i (MID 56775)2 4 22 UTC - &> e &k & 5 1t %

EWid 8ot - R BB RS E I FE B GRS D T R
PP AL P HE AFHESF R
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UTC (USHO)

- UTC({TL)

nanose cord
| | |
[= VR N O T = )

I
[ 1
= m

MID

u

B 2.11 ~ 2014 + £ & &2 USNO %

EWhe(ER)ZE T ($R)EE

(22.1.4) &% 2 225
B T R R vt L
Bo¥ U

ent B I 0 Fpt gt Hp S

A

2h —

ES i

BRI R {7 A

35#666056680 56700567205674056760 5678056800 5682C

+ B 5 NICT ehi & > A B35%

B Bl gt UTC - KRB

UTC{USNO) - UTC{NICT)

TR

Lt A T |
[y I O S N T L

lI'I:IIHIIZI:".:II'!II'IIZII'II'.|

[

.

J

o1
=
=y =

=T
]5'566056680 SET700567205674056760 56720 5680056820
MID

AR BE ek o 2

BpFa SR TRt 2 4R R
FE e R 3R pF R - R o d 3 UTC(2 Circular T)& 8t +
iR R IR E R AL B AR

K= L
Jib}i

AR o T
R B 5V TR

45 %

= Ik

» Bl ﬂ:irr fgr

AR Circular T & 208 v enfiiR ™ > 48 T R 73& %

R AFHRFP I ALFENT IR EAFENELTRE AP AFL
o @it g% B L0 0 2 R XIIFEL HELAR

BRERORFEEM G WA Fe 3R ROEFT > o35y Y A F KD
BRI 2 p e g A 0 ML EEES PR F] AP

15 4

RE R R A e TR E KA R

*
i

N

RN N Y

EFHIT O EVFLESR T 5 PN A AR L F o
(2.2.15)% k1 it £ 8k

Fhpge QP SEHHRR ey > 3@k d EF R aldp G 4 F
B RER HOs 1 EFEE Ry icd > ARl ey
MAF LA IR B SR EERIKLL O MEFH TR EFEFELE S

Borb i BB TS o
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FERMHER L o QPR EAFROER D AFHRIATEY

BAF eGSR o I HAITFIF G - TR OER D AR R R DiFEL e G
LA A %mmi' AN ARRERIFRETRE T IFER
RIPop > iy el g M B e GRS T T 4k B L o

Foo FhFEEREDRL R THBRE - A% T ARBERA LEH R
FFEM o Nt R e GpEEE RS FE > 7 F 3 4p#T TLE(two-line
element) { M FEcnfrk fuig > B X B R g > IR FE B @R D
HER -

&@’i?%iﬁﬁw%V“%%a@%k@%ngﬁmquﬁ%r“@ﬁ@@ﬁ

PIZRK A > Ak o BpFanpre A~ 2o F BT A TR R AR 0 Rl fE
7 7= ¥ it 3 DCB(differential code bias) s fis 5 & o &kt F1 & 47 i HRHFE A
L AR R T L R AT RSO R -
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(222)fF% e B pF k52 2> 2 BT B ()
(2.2.2.1):f 38 p

WL 2L EGFE B Bt frdap 2 aiF s i (1)
(2.222)5¢ = F (78 & © 103.07~103.12)

R ARt o3 %z > TR ER;RETRT LT DR
i’fiéﬁﬁwf’%lyi B BRI PR 2 B AR - 3z b
P E R ERE ELRE R £ 4 (Bureau international des poids et mesures,
BIPM) » # r2t ¥ F"% & & pF(Temps atomique international, TAI) - {4 g @ pF
(Two-Way Satellite Time and Frequency Transfer, TWSTFT)Z_p = & F & e
GERt Rz -  HPIEMHBATEZ S T TEE S R RR
Bk S HEAeR] 213 #rom e

W AT R
AXRE Wrw}wa
4 230 3% # 2 3 35
Astrv "%uﬂﬂ
,‘1/)_
LER S B shiR 2R 5 1

o

B 2.12 TWSTFT 3k fieip] £ 28 o5 7 £ 2. % 5o 2 ]
B 212 2B Hrom o A & I PR RO S~ R B B 2 2 W FEL A
Rt PR ST Y R EH S MBI PR > EA TSR L

L
El o

—\

d 35 TWSTFT e 8 aid @iyt ¥ o o iR 37 4 b (3

Frbid) o F TR E Y A E R L o AR S F T TWSTFT » iR pr R
ol PFRAICE AL PREIEL B PR G b EE D KU T
BA DRI DR S s o Pk dpd @O BT Y g T 6 o
B FRFRIIASET I REHE I MR ERFT o Ea Py IR L
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B A FHRIFFEFFLEED e 5 a5 &R (2014)E B R 4

L

Er LMD NI BRERREY SRR EREEAT R
(Physikalisch-Technische Bundesanstalt, PTB) & 4&:& {7 TWSTFT - 4p §1*t F 4% & p*
WH D ERVHTREMI IR TR RETRE e 8 PTBES
BEt s AL LR REFHRETTETAG AM2EN FEBEE TR
718 PTB E 42:8 7 TWSTFT © %yl p 3 o p & 4R 247 1 84 (National
Institute of Information and Communications Technology, NICT) 4 = 3% JF,Z » FETH
AM2 -k 2 2 Ku BEEEHREE > R AF % 3F° 7 AT K
(Telecommunication Laboratories, TL)j%_2010 & 10 * 4= » ot ® PTB~ p %
NICT ~ ¢ R+ & # 5 # 3 F=(National Institute of Metrology, NIM) ~ ¢ & B 3% P
# .« (National Time Service Center, NTSC) ~ A et B & 7 P E /A~ 7 I
(Bcepoccuiickuii  Hay9HO-HCCIIEIOBATEILCKUH HHCTUTYT (PU3UKO-TEXHUUYECCKUX U
pamuorexunueckux uamepenuii, VNIIFTRI) 2 2 & & B 74~ =~ 3 = (National
Physical Laboratory of India, NPLI) % R prig § 2 3 £ (P45 2 7 @pFt 4 1
PRy B ravk o 4 2012 CCTF cn TWSTFT 1 i/ 2 € 3%+ > NICT %
7 PTB-TL AL # § I 488 2 ¥ ficdip 2 & B B Sdliit o 5 "8 MR $en7
TR o

~F % 2013 & K £ 7 BIPM L4333 » &7 HinfEh @ pF 1
% 0 I pFEfe i PTB-TL 0 TWSTFT 48 > BIPM &4 & 5 * (MJD 56775) 1 ;% 4%
R i PTB-TL T4 5 W% 3 5 (Circular T 317 L2 3R) o

-

B aF L4 e 0 d 2% F X < 5 (United States Naval

Observatory, USNO) & B # >+ % a4F s % 7 5 40 ERREE N = s -
% %.(Global Positioning System, GPS)p¥ % » { &K FERE T b O %

F 0 F]pt 2 USNO 2 2 v 4t 7 WL pF %] £ 0 ¥ 482 UTC(TL)Z $3+ F
MEEUTC e R o RAm > d WL PRI 3> HI PR H WA R & E

f
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AH o TN L EMEESEY Mk 2t $as o A p & NICT chpars 2
T AR EH 2012 & 3% 27 p B4 78 £ B USNO 2 = ot $Habst > 56
g% AR RS Fl 4% 2 5 (Kokee Park Geophysical Observatory, KPGO) i
B¢ ML BFAR D 24 pRIBPEIL 4 o

(2.2.2.3) % %
WS w0 A%k E UK PTB 2 #h e Bt $4a5 /8 2008 £ 3
BB p IS4 R 4% sis 0 j£.2010 & 10 ® Azip 4 o BoIr4EEL i * AM2 (4
AR BEFERR & pEF 10/ FR %2013 T X Bt S S AeB T AT o
PRIEII60 X 2B AF B AR PTB chilprd & 5 o 2 % Aiom G
Hh e BIPM 2 G2 B iaapEzigee & o d 30 AP 23 124 F X S+ (4
STICT N AM2 fiFE GHERELARE 2 TR E RS £ LB 2 2 F 5%
CRERAR B EE o Flpht 2011 12 0 o p4dE e 4k BIPM s 5 TAL 44
B ¥ P AERG Y > i BIPM ¢ % GPS = i i > 4% 3 RE L et ag
Boo Tk B R E AM2 sk R 23 2014 E F SATHTE AMAR 4 poo
i AM2 ik B (72 R dy 485 > 3t 2014 & 12 ? F|FELE &k PRIEA P T o
AR 4R G 0 P o2 B R2r VNIIFTRI 6B PTB~ p & NICT~ ¥ K
NIM ~ # B NTSC % &r & NPLI i£7 « A ¥ 5% 3 240K PTB 2 (Fh v B
Vo ahEe 1€ 2008 #£ 3 0 B dso B IS4 R 4 »xts 0 j£.2010 & 10 T ARi S W I
it AM2 Wk £k BPF 9ok F piEi7 12 RSk > d A% F
24 58 2 R (8 0 AR AM2 FE SRS LR L TR R AT
FRLAE SR P RE Y o BRASGE > Flpot 2011 & 12 7 pradR e
i BIPM # % % TAIl 448 > BIPM %2014 & 4 » 28 p (MJD 56775) it B2 15 »
Fh e L LR RBEAEF - R A R T EHKE PTB tiFs v
B pE s $ e B 2.13 #7570 F 5 41 & MID 56775 2 % > BIPM % f# Circular T 2. ¢ »
RZE AL Eoueh: Gp it Jand s > &2 TWSTFT 3 £ 8 > S Rr 218
TWSTFT 4r Circular T — 5 o ¥ ¢t » A9 2% 5 & &8 B 21 VNIFTRI chil phot 4422

ppiu)
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5

3 -
’é‘ 1 ‘1 —— TIWSTFT
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Bl 214 A9 % 32 A B2 VNIFTRI 2 gr 488t ik e Bt 2 5

ORI e BT R AM2 £5U83 > 5 P 62014 & 5 - %

i

P FNGEE AMAR & B EtA pr T TV R E B E T - AL -

K s Pan AP FH i AfFE:E > ud E- BBz A2 kS 43

T

FEHE CRIER AR A BHFERCESEE T BH 0 E RS K
FEAFEE Y S A F ABE LR F o A UG RT o v % AM2
#h BT RCI4AE 0 L 4ap e 2 2014 & 12 7 FfFER B PRAES P OET o
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I 4F. S 6o %Y 2012 £ 3 7 27 p (MID 56013)4= & p & NICT thies =
o 7P rpEs FFUSNO @pFit # o d 3t AP %z fof B USNO s d £ >
E2AEE - B FEE 4R TP AL S L © % KPGO 2 ¢ M3
% N E R o AFHF R YN FLAR NFELE P G o2 B8 2013 E 4 7 A= 37
g 4p % Comtech EF Data = & %% 77 KST-2000A > # + 3 gL g v uﬁ%l ~
TR o A AR VR R RIRER S o A E PO Rk B B
WA R AT A H S T A A EE RS > FRVHES AT R
H e 4S5 Ao B 215 97 0 J BIP B RIRE S R I # dape (ERE) 0 Y
2EEH L -FE 8 TR ()8 USNO shili it 2 % > o |7 5 158
T # 4t e TR (A 4CRR )R L -F £ £ T4k kent o B g E4m
Beft * pRRASASE 5 IMcps > T E iR 1 B o RO T 4R

25Mcps > # £ jeienfe R RE 0 P K B EETR c EPRF 0 AHE ?‘i
d B REINELR WP T A RREEVZBIF - HOEE L BT P ow

A

1 TWSTFT H5% 51

[ L o BN L SN

UTC(USNO) - UTC(TL) + K (ns)
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B 215 & B R 3L EpFF UTC(TL)2 £ W% & X 2 5 pF [ UTC(USNO) i

I 3485 (o BE) Y 2 BTy % F 4B (F )R (7 Fh e B Senid &

d 3 dy F 4 auE > e 3P % F(TL-NICT~PTB~USNO)2. FF e TWSTFT
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IR A AU R R 7RI AP SRR (TR IR AR ) o 3P BRSNS T AR
kG 0 TAGER LIS R G R Sp 23 - Ko Ao 2.16 #5F
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WAT H A AT R > i AR B R L ST GRS %6 B LA
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(2224) " % »xF

BT LB ik e @R i iR R 0 T
R R R RS - R S TR R T 2 R gy o d 30
BIPM ¥ it gw@ 45 = {54 i Circular T > F]yt gt 8 BF 20 0 g 2 18 oo @) gk 8
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- Ko RFEELE BV TRL R RIREREF > 72 & Circular T W
F R T o MR ERIB RIRE T AR AR R T L ER

4R K TIRE Y SEAR o

BB RBFE T A B KT SRR A P %
AR R T 2 Bdp e g A M R R I A
1 4 'ﬂlb?}?g-’i’é\vfct'%;'—-f‘f./ﬂ?}:%‘mk\:ﬂ"ﬁ'iyﬁ RAFHRZHEFE T F >

P RARPAT OBV I LR R LTS 2R hi T o

(22.25)4 k1 (v ¢ g

SE R AR iR e PR EARRAER DR AT RTE D A
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B 3.8 DPSK ¢ =% 7 ¥ > HLH)
P PSK A% 29 V(D)5 © 3% 5E Y 0 Acos(2nfet) 3 4k 2 % » symbol
REDRTE > TL AR L A8 - § symbol=1l > Y(t)=Acos(2nfct)
fefl b Ap 5 F 2 0§ symbol=0 P - Y(t)= Acos(2nfct+m)=-Acos(2nfct),fri* ik
F AR o4& % 200 BB i % 1 5L symbol 3“0 o<1 it > Y(t)2 4p fi;ﬁ%‘ug 7
180 & 2 %1t - B 39 % CH2 & # » 1) AMF LA 71 » CHL 3 Y(D© 3 %
%%ﬁm’ﬁﬁﬁ??%ﬁwﬁmD%Kﬁﬁo

B39 FE%
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(3.1.34) &* »xF
a I P RFIFMI ARG O E AL B R Y %1
Gk Eh e TREBEPER PP ZBHETABE R R T
R FOTIRAE LS TERRD &R
b. o iR 2 B EFERAL  F R F T PR AR L
Eps R L F N PE
C. %’%E’ R RERERRBEREEFT L 2HEL 7 ALEARTEG) &
FIHBApH I BripF o P R RPEFERLE T F 0 HGAE P
B o
d A9 5% FTE RFIBEF LA GPFEAFaF B2 BY > P enpih &
LELEHERRMEOT R Ragpk A L B o
(3.1.3.5) p ™% &3k
ﬁ@ki’%K@ANUi%Kﬂ%ﬁﬁﬁﬂﬁﬁ’ﬂé%wkﬁﬁiﬁ
FHoPSK (2 B g i F o b SRR s A
W ELIRAR & St fe o m DPSK & StR|E - @37 R 2 0 iRy - B
Hb’mv@ﬁﬁ%*éﬁﬂ’4${%Wﬁ¥ﬁﬁﬁ’éﬁ%%?
ARG Al
b. PRFFHEFEHCEN F 58S MNP PR T F R RIRE A
FrREFRLE BT o Bk L s R LFIRAE A T E G
Fle iz o Ao PR EEHRET o
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B2O)F prirt $2 3t § F
(32.1) MpBFF &N FHER %3 $4 £+ 2014 IEEE IFCS ¥ ATF 2014
workshop R 73t ¢

(3.21.1)iE = p
# 7% 2014 IEEE IFCS ¥ ATF 2014 workshop B # 3t ¢

(3.211) p FHRP L (TP F A H 103.01~103.12)

R RPF 22 4F 3L 89 5% 3 %22 & 9% 20141EEE (Institute of Electrical and

Electronics Engineers, & # T + 1 #2¢% & ¢ ) IFCS(International Frequency Control

Symposium, B %48 & 2 Siir41F7 24 § )R EAT3 € 0 €305 7 19-22 p & o
Rg kY AR

IFCS 7734 ¢ 3 d |EEE & Bk ~ 48 % % 47 5 4741+ € (Ultrasonics, Ferroelectrics,
and Frequency Control Society, UFFC)*7a %2 # R RIS ¢ > ~ € L A 5 £
# 1y L E R (Micrel) HpiF £ %ﬁﬁ#iﬁi’d\%i RELMa B GaE z2a %
Fojo S EGERT R AT VEFE B EIE T AR %% L B ATF
2014 workshop 12 technical cosponsor & ¢ B & B9+ FFE @ 2 2 thhk v L
PIA B R4 RGP % E 2 A B e M (APMP) 22t k3 4 f & - 12
L ERER -

T

B g e MR R RERTE RAT S BRNE T RBN
MRS BB B AR B BT ~ MR 8 R R AR - PR A s PR
$@ﬁ£&ﬁ%%%§}&1@“§’P§@§ﬁ§%ﬁ°?§i%%éﬁﬂ

EROEREFIBREE S > T REF P P REAERR A LHESSE
THFAAR S BRATOF BARF B PR PR &r@ » H KRB FTH LA X T
2t XA P EFURFRE  AZ UL EFTRER > A %
% % 4 $ (AvagoTechnologies) Dr. Rich Rudy 4» % FBAR gt B4 £ 53 3 & ¥
e o Vb SARHE *}%?—? SR F R R R 18 RS €
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LERELEHES ERES S AR R TR R T ErCE e
ITRACHEE -F -FRELALRZ ?i}g’%)i’liig@ﬂ“?%#ﬁf@fﬂ%fﬁﬁo

AEEREFFLUTTR Sy BRL - A L UL 2 ARG F L o 2
CERAR A IR 21 B A 101E o A AREGRPES B R T6E 0 B & h < Téet
IEEE IFCS Proceedings (IEEE Xplore) » it L B % ° *falr iz K,ért T3 SR %
Fo0h o kv LSRG ﬁ&lﬁ’{ R~y 2 2Ltz ¢zt | (Technical
Program Committee) » %2 ¢ R ehih* F 4 ~ A A RAETHE BAERE L

T ¢:&/IF L £ zSession Chairi 3 v spaF £ €23 ~ BAFFRPEF L €157 f
THEAG s BA AL FD 0T A LS IERS o e

N PN
> ABRB REFIE2 % T F F{-3#4% Oral & Poster 8 % = Session Chairs.
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> ARRAI-(A= - AZ)3E4ANEE €48 REEEUFFCH ¢ ¢ &
Dr.Jian-yuLu(CE )R A€ ERHEHH L0 )AL EET RH
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(3.2.2) %21 APMP + £ (GA)& H k5| €% > 2 TCTFworkshop RIS/~ €
(3.2.2.1)i £ 7 p

% % %2 2014 APMP + ¢ (GA) ~ pag it B ¢ ¢ 3k (TCTF meeting)
% TCTF workshop % /= #
i g paE gt B g ¢ R(TCTF meeting) 2 = = Bhis % 4%

(3222)% A M F(HFHF : % R 103.01~103.12)

2014 & 7 APMP = ¢ (GA)2 & jivE B € ¢ :&(TC meetings) fe4& & ~ o

Byr Flrrpe b ARG i d ¢ RIBHME T o

Bk g EFET - A(97 20 p) > A gFu R3] - # TCTF workshop »
A5 TP RO T S S AR B R B RS T B A

WA APMP % gidecngr ¢ X0 g { 5 5% iS¢ 0 BB F
A RaRle i

APMP ~« ¢ 58 f 117 22 p 2 NE B« i 5/ad & 45 HiFL R € € 5
(TC meetings) ~ Symposium 12 2 APMPGA = ¢ ¥ o

|

(3.2.2.3)5 %

= TCTF workshop *+ 9 * 20 p 74 ® = v (Daejeon)~ v "% €327
(Daejeon Convention Center, DCC)# %> £ 5 &k p 13 ;ﬁwﬁ 14 9 % %
- L SR AEE eSS T Ea Y P2 ML IFEE T
BpEs kAR @pES IR > T 0 & EAGrE @ pEAp MR ST o
it g2 Bye 2 W SR @ Hean R o B AEHT LR
Foprs WER P R RN %k 3 WA M B FaRLa e Tz o

A= TCTF €32 % #3001 22,233 p o et ® W“%“g;@t‘ = (DCC)
Bye> 23 kp IB3REAYUFHZ 2L 2N E 8 € o §RAALE
& {aiﬁ%iﬁ% ~F R ANARE LI ERE 2 RAETHE o HHP

% & 3£ CCTF ¥t i 42 % (key comparison) £2 4p 5 327 (MRA) z
position paper p % 3t - GPS FEjoidi¢sw o 248 - ’ﬂ— APMP TC
initiative 3+ % 2. #.3] » 2 £ & # %2014 ATF Workshop 5% 2_ & % o
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R E B2 - 0 SRR E R € hA KRB R Rk o ¢ k@

Z R A u L L RFNEE B Z e GPS i i o Y
et BIPM B R ¢ B fss2fmg Re2 k%I 42 L&
M PTE R P ATY B B G R 2 B o 5 PR

PATF R 0 P S A PR R g e R A | g 0 EFR

B B3 FH MR RRehi®%: » Byt € i
B oo4e s & Kd R PTB g7 L 45 “7# 45 Workshop ,T%{— B %
4F e 4]

AP ETE R €382 97 23 ¢ ERIAES c S P HINL R €
AR #-d 2 NMIA 0 Dr. Michael Wouters 3 iz > sf &t R 5w 1 1%
ek s FATHE - 1 () B e B ¢ B RE AR

> 2014 APMP TCTF meetng ¢ 3#-f& &
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APMP 2014

KRlss General Assembly and Related Meetings

September 19 ~ 27, 2004 DCC. Dacjeon, Korea
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(3.2.3) APMP TCTF B% & 132 B iR

(3.2.3.1)if & 7 P

® ‘lB&j%‘ {f&miﬁ bh’ji'{h—x;ﬁ P’D(PTB) ‘:“F] ;»45‘:* ’ m‘:a\'%,\'fb"‘ "‘Lﬂ}‘mgﬁ
2014 DEC Workshop on participation in UTC #3t ¢ » 2 F & 2 tkk v £ 1

f@ﬁr»g L I MR S e i

@ P ASE R/ L~ F RE AR T PRTEF % ERE £ R £ (CMC)
Tz % 4h o @ H % F e CIPMICRB b 4t 3 F LR o

® > = %4 12014 APMP mid-year meeting ;> 4% § daé APMP TCTF 32 i
VA3 AT ik

(3232 TR F(H Y F © % K 103.01~103.12)

® 4t K PTB .4 A& 2014~2017 = ¥ ¥ & ,#“:— B R R 2 APMP 2 I; % i %

SR AH (APLMP)E e 2dl4p B i 5 » 7 F2ms I % 3 R B3 ¢ B e
R G2 PR S o AF € L4 APMPTCTF i i APMP = 18 B
PTB# MY 3@ 33 4/ 2F i d L FPTB 2 §f4f o4 4t 2014
DEC Workshop on participation in UTC #73¢ ¢ 22 #9% > = 5 & - #* 3 (70
B T

@ FEHEMPERZ RS PR RN ECMO)FHEE > BIL

TCTF4p 3 37 1 1t/ 2 (WGMRA)H: & T4k o A& B 1 & 2 234 »
B T2 B KA S BRIRIBED % 3 er Bl £ (CMO)F

2. ho it 823 FECIPM ICRBB 4211 4+ T B - & F % 3 :HCMC

FORLR R BT PEAMEODA P ERABEFLE R E o
® iuf M EsEfldass APMPE & T~ 20 394 # 7 APMP

mid-year meeting - 2014 & ¢ KA Er R o4 iE 2B > o HRERT % F
KIM-LIPI 2 3% k5 gk e 48 L AE i | ¢ 2 A (TCC)3d3h ¢ ~ #
74 i €(EC)Z TCC 5 & ¢ & ~ Symposium & F % 3 S B% EH o

2
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(3.2.33)% %

® 2014 DEC Workshop on participation in UTC# 3¢ ¢ & *t11% 6~7p '3
FERNIMYEf 2 S FEPEe € ¢ ' E G o EW 0 $ Y BT
SPEREE  F tR L R F oA gk PR TR e 238 2 APMP TCTF
EF o RAFEENER S o AIEFEOEKR T RFRRLE
FHe i 718 RS LY o

@ AERIBRARE-BEHVLZFBEAFHE - PRFBEFTHZ
i 2R ECMCO)FHR L% A 8 H == %8> CIPMICRB R 42t
HEHRE - 2F 5% FHCMC TP » 7" il BRF AR B
PERUGEEHE RS EHo

® APMP mid-year meeting-2014 # € %6 1~5p > LB R T4 E 2. B >
d ZRRTRF % E KIM-LIPL A 7% ki 7]iEd o 45 0 AR HTHL | ¢
A€k HNITLE €(EC)E TCCHi & ¢ 3 » Symposium = F % 3 25
% o mFBARI AL E Y T A X gukAR 0 ¢ 32 JCRB 3 4,243 ~ CMC

\\\ﬁr

FhIARTH A APMP Xv¢ 2 w3dsh E o d S APMP (5% FRG ' IR
i APMP i /i Dr. Peter Fisk 4p § £ 48 & $Lr47 38 e ik 4] Flet 4 2
Hog £ 5 L A RAL -
(3.2.35) p =gz ik
4 & 2 7% DEC Workshop on participation in UTC #3+ ¢ » Z st f €
(TCTF)g & & 2~5] APMP *t 3R B FE 0 o A Bschiade » 2 W -3 ¢ B T
BRI - BF RIS E > S EBEFH PR AT E 0 BRR Y
BRI & eng foo 3 B S FREHRY] > BT S PR B AR ch e
A GG ER DT
AFHEIWEALEL S H RENABLEFLFE Y P SRR
YAk PR R o B B APM et o R EIRFE D 4
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B oFE K SEFRFLFBMAFEBL REFRT LT R
E o A RFTEE AP R S EA L AT UF R T RIIFE L T

g #
SRR o HOTRHNEE G £6 3 R??%i
LB 35

AR EFEBRRL TRFLFBHFTALPRESNGFE = F
e E -

» APMP mid-year meeting #f & 2. TCC meeting ¢ 3~
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» APMP mid-year meeting #f & 2. EC-TCC meeting ¢ 3#-
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(3.3) AR B B8 I HAT R
(3.3.1)if £ 5

%o PR S R ) kR T

AR R SR P R PR PR R 2 4R
B32HFp F(HAFHF ¢ 1K 103.01~103.12)

AR A B eh - A VR E R MR OR TIRERRE > Mg R R
ErRAR)BRPEET RS > B 7 ERZAFEERT > S HESE S
A2 PRFE o M AT S B BRI RIRERF R O I R A e o 3]
ATR e o MARRMPTEE A S KA E LB TR F R 2 2 RF
ZARpEBREFFR TEI2RARPRERH AR R B R L BEF -

SEBHREDRTIFERFT > a2 AR E2FRAK) BREFEEFERT P
Hoo BET R R RIEERET > SR ESE A 2 BF IR KA AT e
P RCR IR R il JI R EE R s o S4B R o MUE & RPFAR 1Y
T B EAA R~ FRASFRH - IRFL ARG BREF L DL T
PREAFEFHPE L Ea B L ELT o

AERLHI TR ES
W R T O SRS R T R
W e (7O SRR B R AR PR 2 e R
(2.1.4.3) % %
() == MAEH BB I K B A R F
AT BB R L & P R

B 1000W grade power amplifier.

B Input: baseband ASK signal.

B Output: modulated 77.5kHz signal.

B High efficiency, up to 95%.

S P AP LA HE Y B E & e kB (Power
Amplifier):& 747 3 23k 3+ 3 o Power Amplifier 2 25 = 7] 848

B Class A—25% efficiency > 4] 3.10 #7755 -

B ClassB—n/4,78.5% » 4] 3.11 #1757 o
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B Class AB — 25% ~ 78.5% depends on bias » 4] 3.12 #755 o

v' Class A and Class AB are usually applied in audio system.

v' Class B and Class AB are usually used in modern RF design, e.g.
WIMAX Transmitter.

v Should we use these techs to build an 1000w power amplifier?
B Class D —99% in theory

v" A popular design in low frequency application, e.g high power audio
amplifier, sub-woofer.

g7

B 3.10 : ClassA # F 3+~ =

A

A /\v
By,

B 3.11 : Class B # F 2+ ®
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¢« H H N1

i8] 3.13 : 100W Pass Labs Aleph X

E ¥R e S B AP SRS g RAcT !

MOSFET ~ BJT m 42 % if R 1% > il - 350 > 24~ - o sUificd] o

;*%‘J‘z M AT = @?] »IEL o

M RE R R AN o B R -

100 & ﬁ%l I Foagrg it ’ijhg 3 40W~150W spe # & 2 >4l 3.13 #1777 o

PR ) AU B R UL R TR 0 4 & HIFi Audio 3% & % 1 -
£t E > A s is £ * Class D Power Amplifier » 4- ] 3.14 #777 o *
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AR B 8 ) % k2. Class D Power Amplifier 3% 35 & Bh4e ™ #757 !
B OB ME I A BB #2474 VCC 4o GND 1 PWM it o
B - MOSFET § (TR * » ﬁi’s—ﬁi%] » M EL < & B+4e GND Wave ©
B L% LPF#PWMER® B35l WEEFASSOREE T &

Ak P o
B 2 Ad TRERERE > 56 MOSFET 2 &inw f §°

B MOSFET % cut-off = 7 ¥3d ; on erpFig Rps ¥ 3 5 ®ed# 0™ » Fpt
WFITHARZ T A 40 £

LR ) @ R pﬁi&]% MEAE F 4 202 b (empirical) » 3 LA B o

. — I/ \
0 } R

Low-pass filker

o

M Switching controller

and output stage

Triangular wave genaratar

i8] 3.14 : Class D Power Amplifier

PRI AE L, WM F Y A &Y 5 ¢ 3 Continental 2 Microsemi v 4B 3.15
Z 316 977 o TS KA S F @B?%]g 5% MOSFET > ® H S %R

G P LB RS L RRRAEET B S TR
B oo f PR MR v S - X RITEEIR o 2 Microsemi 5 B0 P B R
+# % MOSFET DRF1400 > 1345 Digikey 3 #L » - % Zpd> £ +2 3f MOSFET +%
i+ %2 USD2,424 » )I* L q_S 78~ 2+ H Power Rating = 3KW- j&_Microsemi
R ER Ry HmERREFLS B AP S ~ & a1 el E 5 R
FEATF 20N A F i B~ S = Rl EA o UR G AV 4 A FIR G

%
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svaov

fe] 3.15 : Continental Power Amplifier 3% 3+ ]

Input |

T

Low-pass filter

M Switching controller
and output stage

Triangular wave generator

8] 3.16 : Microsemi Power Amplifier 3% 3+ ]
SRR BB E X A > AP LT R A Y 5 (CCFL 3 RS )

200 PR _FE
R g 2t q}{r‘g@mﬁ?ﬁv IC(HVIC) - izsg IC# * 1 ¥3F ~ 2 4
WHAAE s TIRAIFENT RO o B 317 A R#ENTIAELR 0 HEFS
47
B FRMAESF M fswitch<2MHz » e 12§ 4 § F 458 kg * o
B = UVLO & Anti-shoot-through 7 g
B HIN - LIN I pF % High pF > ¢ #-Q1on > Q2 OFF - DC BYPASS OUT
B vEd Ql Q2R » P M EL I o
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NPT | P Wm%
T F

Low-pass filter

/\/\ Switching controller

and output stage

Triangular wave genaratar
Bl 317 @ 2T RPEL B

d *+ Class D Power Amplifier sk §Uix 4 5 1kW> Bt & 3 ik & i T B ok 3+
/Ey}érﬁ @mki\‘m—,% °f/ ir,\'auﬁmglm’ i\lfam"y{i;*ﬂé}‘&r"f :

(5KVA)

W
H

LR (A
vV Hz 5eAdR.
VOIS T AT ER
B - =P
VoA BT MRS R IR) 0 A RTR R -
v' 1038 1 £ * 1 £ 45 % 35 (660V, 5A)
v' CLCIIA|4&/& /m# »470uF-120uH-230uF> % % 4% * Hitachi HU4 400V
ATOUF :£ 7 8 2 > £ 41 * RR \oltage Divider :& {7328 » &£ £ T 3 &
o S @R T 800V -
a ﬂ%@ﬁ*ﬁﬁ’ﬁ%%%?%&@%:ﬁW@ﬁﬂﬁﬁﬂﬁﬁﬁﬁ’
WA RAE ST HRWT R LRF o
T %k F_B > Baseband 93k 3t - Baseband % tiE it a4 & L R pFEFT AL
I I 3
B NTP fpF ~ P 3530 kg
LI E S A
B ASK U EL: % ~ #Fi¥
d + ¥ B > Real-time Multitasking &_& Jg e 0 gt ¢k > ASK 2552 Jitter & Jf 4% |
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47 o H- g2 Bl PF F NTP RpF~ e~ X T~ 87 PWM 58 % -

FlptF ¥+ & Jp @ * Multithreading :& = Context-Switch » 13 = ASK % % ¢
Timing 7 Jitter- @] 3.18 2 3.19 = # =t * 2. Baseband ;=% = UDOO SoC &%t

B2 TRRE > 2R AT

MPU + MCU Solution

MPU: Freescale IMX6Q is a 4-Core Processor, ARM Cortex-A9

MCU: Atmel SAM3X8E, ARM Cortex-M3

IEEE1588 Support

R 3.18 : Baseband ;= = UDOO ¢} g
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To RF Board ASK Signal

Freescale imx6

Linux f@r IN

sepo! Oi’é e
f tEthernet

Defined Function/ NTP/IEEE1588
Public Information
B 3.19 : Baseband = 4= UDOQO2 7 i ]
Baseband :& i+ i 4 L & R4 5 — R4 & MPU Freescale IMX6Q ¥ EJ2 ] 73
WP e o T 4o 3.20 #77 ; F - 84 & MCU Atmel SAM3XSE ¥
PR AR chA 4 1 16 4ol 3.21 #0r o B 3.22 5 2 AF MO SHB AL, K s 2 ) o

o HETTNTPASIY

o DA
= v

*4nhEByteCode
C e *)i%AByteCode 2 MCU

) 3.20 : Baseband 2 B Fdk 2 pF R 22 2 K R AR
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¢ JE7%Serial Port Buffer

* St HYByteCode

o SEIRASKEHTR
¢ JE7%Serial Port Buffer

ASK Signal
ASK Signal

110VAC

B 3.22 : Baseband r 2 PG A 4 1 (TR 47 ]

F 310k RO BB AT G A P Fl B L SO 5% T & Continental 3 S ch
ERKE @ i’éﬁie?]:”ﬂ I~ RS P ITHCSE RF@?J:'H@ % 50~ 3 f%‘ﬁi%]% >
CERE RS IRE
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40300 MO BHSELT KRBT Y R R R A

Function | Continental __| CHTTLL13

Configuration Solid State 1kW Solid State 1.8kW
Rated Power Maximum 1kW delivered Theoretical 1.8kW max
Output Power Adjustable to 1kW Adjustable to 1.8kW(Theo.)
Frequency 60kHz (77.5kHz) 77.5kHz (Adjustable)
Operating Modes Space keying Space keying

Space: -20dB of Mark Space: -50dB of Mark

Morse: -50dB of Mark Morse: -50dB of Mark
RF Output Connection AMU bushing HV Terminal
Modulation input Mark: 2Vrms Mark: 3.3Vrms

Space: 0.2Vrms Space: 0 Vrms

Morse: 0 Vrms Morse: 0 Vrms
Power Mains 120VAC, 60Hz 110VAC, 60Hz
Control Remote Control (Option)/ Local Front Panel

Local Front Panel

Bofs o A d T ARG A R ST 8 S (e

Adjustable 360V DC Power Supply f 4=

v

v
v
v

Auto Coupling Transformer = 2kW*2% = 40W(max)
Isolating Transformer = 2kW*2%(Due to 5KVA capacity) = 40W(max)
CLC Il-Filter, Voltage Divider = 0.45W*3 = 1.35W

Power Supply Efficiency should not involve in transmitter efficiency
calculation.

Transmitter 12V/5V & T4 <

v
v

12V-to-5V LDO Feedback Voltage Regulator : < 5W max

77.5kHz Differential Switching Signal Generator : 5V*16mA*5(74
Digital)+(122/1.2K)ymW*2(Level Converter)+20mA*12V*2(HVIC)=
1.18W max

Transmitter MOSFET RDS 4 4=

v
v

Infineon SPW17N80C3 CoolMOSTM Tech.(RDS = 0.29 ohm)

Assume RL =50 ohm, B+ = 300V, PNMOS =2* [300/(50+0.29)]2*0.29
= 20.62W

Transmitter LC Filter 3 4=

v

Inductor: 14AWG Cable Wired, b Dia > 8cm, < 2W
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v' Capacitance: MEF 0.1 uF 1000V*3, ESR < 0.05m ohm <2 W

B Total Efficiency

v Include Power Supply: 1.8KW/(1.8K\W+81.35W+6.18W+20.62W+4W)
= 94.13%

v Purely Transmitter: 1.8kW/(1.8kW+6.18W+20.62W+4W) = 98.32%

(b) MAF @ PR o B PR R 2 38R

AFENERPFFEF PSR RIAR > LB R THER

W 5L e )k AR O AR R dE R AP R o R
3 g R Bev -ILE’!’HF‘_: °

B ORI NMGGE At p el - (AL MR HRT 5 B 3232 3.24

é?%%ﬁm%¥’-?§£%m%@5? T ook SLAELB B R
g’y{_‘o

B iR 582 P FHg B 2R RIRAEIA P ¢ 4o > MO E R R T
PRF% o

B3R B RGN Az AR @@l;}iﬁ&?g FEBFHAAER SEE D R

W ﬂﬁfiﬁ»fljx'ﬂﬁgr‘gﬁiﬁrﬁﬁ_m*F °
B = MR P ITEPRE R R T E R RIEE T & F ek o 4o 3.25
% 3.26 #1T o
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B 3.24 - =il

0 TN |8 Engiat

RUEN. EXRRESEE S20ss

Y e e N IEIR ¢ SN T oo A

whéoteaize ‘J. HRmRnin J01470/13 10:28:45 sramwnn

« CH fintatwan bitbucket.org
. B “MER - Gowye FeR B cougenman. [G]oovm - esegs uRex

Low Frequency Tirme Signal Station
ATime Signd Station Proect in Tawan

m Overview Baseband

B 3.26 ' MK EBRFHRRER
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(3.3.4) " % »x
WO B f?j’ﬁ SRR B K AR A A A - 2w g B RO
FEHPBNE I TRET V- 24 VERPEREFERFRH

=4
P
‘3\

WH s MR R Sy d A

B A kT e 45

B A7 MR MR IR ERET g s B B
Bk 2 SN 3 LB MAEFE Y L S E R ahg
2,
P

e T FURMAER R T AR e NTP e RO SUE T
L
[

* B
B R % R R RSP Y R R B AR L

AR 2 th 0 A E S BRI e S R ¥4 0 s 454 E e

I}

WS o 0B L ESF R o K Y S EBRER S Ry o B

fed w0 PR T R B IR s g o

(3.35)A k1 ivrdE B
fﬁﬁﬁﬁ‘fﬂ%%ﬁ‘@ﬁ%}ﬁs KR FEHEFELPPL IR 5 L O
R OHAE B R e

(3.3.6) p ;=& &3k
B oAz RO F MRS E R R TR R ERY - ¢
Public Information Server ~ Time Code PWM Generator ~ 77.5kHz AM
Modulator 2 Class D Amplifier - 153&%?1% B A & AP H AR
2SS E 4 g d it 8  Mehd & > § 4 - cost-effective 2 % 3
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R A RT U RAD B S BN R RS R RIR P AR B A
FOEPEE
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The demands of precise time/phase synchronization have been increasing recently due to the
next generation of telecommunication synchronization. This paper studies the issues that are
relevant to distributing accurate time/phase over optical transport network (OTN). Each node
and link can introduce asymmetry, which affects the adequate time/phase accuracy over the
networks. In order to achieve better accuracy, protocol level full timing support is used (e.qg.,
Telecom-Boundary clock). Due to chromatic dispersion, the use of different wavelengths
consequently causes fiber link delay asymmetry. The analytical result indicates that it introduces
significant time error (i.e., phase offset) within 0.3397 ns/km in C-band or 0.3943 ns/km in
L-band depending on the wavelength spacing. With the proposed scheme in this paper, the fiber
link delay asymmetry can be compensated relying on the estimated mean fiber link delay by the
Telecom-Boundary clock, while the OTN control plane is responsible for processing the fiber
link delay asymmetry to determine the asymmetry compensation in the timing chain.
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Two-way satellite time and frequency transfer (TWSTFT) has been one of the most precise
techniques for long-baseline time and frequency comparison. The precision achieves
nanosecond level for the time comparison, and 10" for the frequency comparison.
Nevertheless, it is limited by some unstable factors such as diurnal effect and long-term
inconsistency. To improve the precision, it is required to investigate the source of instabilities.

In this paper, we focus on the instabilities of TWSTFT receivers. So far, the receiver has not
been deeply addressed since it was usually placed in a temperature-controlled room. However,
the temperature sensitivity is not the only unstable source; the previous work indicated the
tracking error of the receiver would result in a bias of measurements. And, a TL’s previous
station without a transmit reject filter provided an experimental evidence for the effect of
interference in receivers.

151/182



103;&51?\1%1&?@3_%;#« RS SR

VR P AR R SRR
, ... |The Maintenance and New Technology Establishment of National Standard for
T [ Em |
Time and Frequency
2+ 34 %% [103-1403-05-05-01
HEEE [P EFTEAY AT HEHHF  |103# 1" % 103 & 12 °*
AFEL PR mEAFEL FEa
PR BT |(03)424-4441
R
=% L . A study of antenna multipath instabilities in two-way satellite time and
" |frequency transfer
; -""%i 5 ) 92 ;4_? s
B B ¢ UL . G
Gl
BBy " EAF 103% 1 'p |ERGiiék | ¢/ME 4 F
2 % 9 2 PEAR & ) AMER Wpe [y
Two-way satellite time and frequency transfer
Multipath
[ e " -
WEST I Reflection multipath
Diffraction multipath
mEAER

The two-way satellite time and frequency transfer (TWSTFT) has been one of the
major tools for atomic clock comparison in the international time community. The
per-formance of TWSTFT nowadays has reached the level of nanosecond. For the further
better performance achieve-ment, it is worth studying the instability sources which may
contribute to diurnal time residual of TWSTFT. This study conducts an analysis about time
errors caused from three antenna multipath cases including reflection, diffraction, and
ordinary-extraordinary waves. The results show that the antenna multipath error should not
be the essential instability source of diurnal time residual. Since the antenna multipath
error is just a minor instability source, other sources should be considered in future study.
We make a recommendation to study temperature dependence, such as that of the
multipath interference through cables and that of the transponder of geostationary satellite.
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A dual-comb laser system containing two femtosecond Ti:sapphire lasers is reported, in
which the ultrashort pulses are pumped by one common fiber laser and the influences of the
different pumping noise are presented both in time-domain and frequency-domain. In addition,
the dimensions of dual Ti:sapphire comb system are reduced due to the implementation of one
hand-sized optical frequency reference, from which the needed space and cost for two
"self-reference" optics are saved.
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The two-way satellite time and frequency transfer (TWSTFT) has been one of the
essential techniques for atomic clock comparison. The performance of TWSTFT
nowadays has reached the level of one nanosecond. For achieving further better
performance, it is worth studying more for the next-generation TWSTFT. This study
attempts to discover the relations between TWSTFT observations and ionospheric
electrodynamics effects which can impact radio signals. The interesting new finding
implies that the predawn local extrema in TWSTFT time difference patterns maybe result
from ionospheric neutral winds.
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The two-way satellite time and frequency transfer (TWSTFT) was a technique with sub-ns
precision of time comparison between long-baseline laboratories. The precision was limited by
the diurnal effect. To mitigate the effect, we designed a TWSTFT receiver and evaluated it by
measuring the time difference of arrival (TDOA) in this paper. We found the TDOA of the
proposed receiver had less daily variation than that of conventional receivers. Therefore, it is
possible that the receiver design would be an important source of the diurnal effect on

TWSTFT.
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lonospheric irregularities at low latitudes mainly come from the geomagnetic equator.
Equatorial and low-latitude irregularities cause fluctuations of total electron contents, which
can be observed by global navigation satellites systems, such as the Global Positioning
System (GPS). This study investigated a long-term climatology of low-latitude nocturnal
F-region irregularities at African longitudes by using ground-based observations of the GPS.
The major results are as follows. The equatorial and low-latitude irregularities tend to occur
in equinoctial months, i.e., the occurrence rates of irregularities are equinoctial dominant.
The equinoctial occurrence rate is high (about 90 percent) all over the Africa during high
solar activity years. An interesting finding is that during low solar activity years it is still
quite high (greater than 60 percent) in the western Africa, although it is low (only 10-50
percent) in the eastern Africa. However, the solstitial occurrences of irregularities show
obvious solar dependence. The June-solstitial occurrence rate is also high and comparable to
that of the equinoctial one during high solar activities, but it is low during low solar
activities. The December-solstitial occurrence rate is less than that of the June-solstitial one.
Another interesting finding is that the December-solstitial occurrence rate in the western
Africa is larger than that in the eastern Africa, and it can even be comparable to that of the
equinoctial one during high solar activities. The implications of the results are discussed.
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This study reports variations of GPS phase fluctuations over the AREQ GPS station
(16.47 ncyrial and low-latitude irregularities cause fluctuations of total electron contents,
which can be obsso the GPS phase fluctuations comes from equatorial plasma bubbles.
The results show that the GPS phase fluctuations occurs most frequently in the equinoctial
months, and then in the December-solstice months, but rarely in the June-solstice months.
Furthermore, the occurrences in the December-solstice months are increased as solar
activity increasing. For all months, the occurrences are high in pre-midnight but low in
post-midnight. Regarding the strength of GPS phase fluctuations, the high solar activity
years show more strong GPS phase fluctuations than the low solar activity years. Finally,
no apparent relationship can be found between GPS phase fluctuations and geomagnetic

variations.
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Due to limited frequency resolution (0.1~1.0 Hz) of most commercial microwave counters,
including our Agilent 53149A one with 1.0 Hz frequency resolution, a DUT (device under test) with
frequency accuracy better than that of an OCXO (oven-controlled crystal oscillator) may not be
measured correctly. For example, when a DUT with frequency accuracy better than 1.0E-9 generates a 1
GHz signal, it is very possible that we couldn’t have the correct result with the above mentioned
counters. It also means that with the better performance of a DUT, the more shortages of the above
microwave measuring instruments may have.

The SR620 time interval counter is a kind of one popularly used in time and frequency metrology
laboratories worldwide. It is also adopted at our laboratory for experimental measurements and
calibration services in the frequency range below 300 MHz. When a 10 MHz signal is measured, the
SR620 could reach frequency resolution of 0.0001 Hz. If a microwave signal to be calibrated could be
down-converted to 10 MHz in advance, it is likely that a SR620 counter, instead of our Agilent 53149A
and the other commercial ones, could measure microwave frequency with higher frequency resolution.

A Marki low noise mixer, together with our Agilent E8257D microwave frequency generator was
used to down-convert the microwave frequency output and the expected frequency resolution was
achieved. In addition to frequency resolution, performance of the frequency measurement system could
also be evaluated by calculating its frequency stability from common clock tests. In time and frequency
field, the ADEV (Allan Deviation) is a well-used statistical method for evaluating this. The system
performance with carrier frequency of 1.0 and 26.5 GHz were chosen and shown in the following
paragraph. For a SR620 counter, there are two modes for frequency measurement including direct
frequency measurement and phase comparison method. Frequency stability from these two modes were
also compared and discussed.
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Two-way satellite time and frequency transfer (TWSTFT) has been one of the most precise time
transfer methods and developed into a widely used technique in those laboratories which contribute
to the generation of International Atomic Time (TAI) and to the realization of Coordinated Universal
Time (UTC).

Telecommunication laboratories(TL) has devoted to set up the TWSTFT links with several
important Labs since 2000. Furthermore, by setting up the intercontinental satel-lite links to Europe
and North American, we intended to establish the TWSTFT links circling the world and this goal has
finally achieved in 2012. Since the TWSTFT links form a circle surrounding the world, the time
differences between any two participant labs can be obtained by the results of time links through
different directions. Besides, by using the technology of TWSTFT network analysis, measurement
results of both direct link and indirect links (so called the redundant links) can be used to improve
the performance of the time links.

The numerical results of several direct and connected TWSTFT links were demonstrated in the
paper. The results show that a well maintained connected TWSTFT links, even with more than 2
relay stations, can still have good performance.
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We modified one Z12-T Metronome geodesic GPS receiver time transfer station by adding a
time interval counter (SR-620) to measure the time difference between its external reference 1
PPS and 20 MHz frequency inputs. The time differences were compensated into the
pseudorange measurement of its RINEX file. In consequence, the reference time of the
modified pseudorange of RINEX and REFGPS of CGGTTS are re-defined to be the system’s
external 1 PPS reference, no more its external 20 MHz frequency input.
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In Telecommunication Laboratories (TL), we have performed many TWSTFT links, which
are not only contributed for the computation of the International Atomic Time (TAI) but also for
research purposes. The real-time TWSTFT data are useful for monitoring the performance of
UTC(TL). This report updates some news of TWSTFT activities. We provide the detail
TWSTFT data analysis, including PTB-TL, USNO-TL, and NICT-TL TWSTFT links. In recent
months, frequency stabilities of USNO-TL, PTB-TL, and NICT-TL links are around 3x10™ at
one-day averaging time.
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Time transfer is the practice of comparing the time and frequency of clocks that are separated by long
distances. In recent years, precise comparison and synchronization of clocks have become important techniques,
not only for measurement science, but also for daily life. In Taiwan, the demands of precise time synchronization
have been increasing recently due to the next-generation of telecommunication synchronization, the smart grid of
electric power distribution systems, the practice of providing time stamps for financial networks, and science
studies being conducted on some college campuses. Due to the long distances that often exist between clocks, time
transfer must be carried out with the help of some type of communication medium. Optical fibers are well suited
for time transfer, because they have the characteristics of broad bandwidth and low transmission loss. Some major
timing institutes have devoted considerable effort to the study of time and frequency transfer over fiber optic links.
Due to the environmental sensitivity of the optical fiber, there can be variations in propagation delay that cause
time and frequency instability. The variations in propagation delay are introduced by both electric and optical
equipment, and include the effects of noisy and unstable sources. These issues are important topics for future
applications. Therefore, we have to evaluate these unstable sources and study the effective methods to cancel them.
Moreover, the accuracy of time transfer depends on the measurement uncertainty of path delays. Unlike the
scientific frequency transfer work, the time transfer for industrial applications needs timing signals including not
only the precise phase but also the exact timestamp. Then, the propagation delay can be measured and used to
calculate a delay correction.

This report begins by discussing the accuracy requirements of some critical-infrastructure applications. Our
goal is to design a dedicated time transfer system to meet the requirements of future calibration services, especially
for the reference clocks of the critical-infrastructure systems. Following a brief review of time and frequency
transfer techniques over fiber links, we present a preliminary experiment on two-way time transfer through a
common-path optical fiber link. The common-path optical link can provide good reciprocity in both directions.
Some brief discussions on calibration and unstable sources are also provided. The report ends with a summary of
recent time transfer experiments over fiber links. The results obtained by the various groups around the world help
us to understand the potential of precise calibration over dedicated fiber links.
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