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Introduction

d The method to separately measure the transmit and receive
delays was first descreibed by Dr. Gerrit de Jong in 1989.

A calibration system based on a satellite simulator and
calibrated cable, TimeTech SATSIM-001, has been
successfully installed on the TL-01 earth station.

d  The SATSIM has the capability of measuring the transmit and
receive delay of the earth station through a series of
calibration loops.

d The results of delay measurements using 2.5MChip and
20MChip rate coded signal are illustrated.
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Block diagram of SATSIM

“Satellite-simulator / SATRE calibrator”, SA-TIM-MA-1005, TimeTech GmbH 2002

N

SATSIM } Codan 5900 Measurement Mode
AT feed Up/Down S1: Normal TW operation
unit Converter
%/ e dish E Satellitedcjwr-ﬂin-k L 4 .-
=) = e . = = " satellite uplink
o S .
ﬁ . " .‘ )
© .
© ‘e .
R c . A
SATSIM outdoor unit I3 e T
g I
- R . (
>4 =y =) B " ‘K
2 n n n > Up/Down Converter
2 = =| |  outdoor 4\ L
S| I = =| = D N A
= = S 3 S Antenna |
S S o X X -20dB oM
x o x indoor Han -10dB
indoor
SATSIM indoor unit Temperature:25~27 degC TX-Cable g Fxcable
: -0.8dB -0.8dB

Humidity: 50~60 %RH

Control
10 MHz

70MHz TX

70MHz Rx

|t

a

\/ -10dB
-20dBm -54dBm

SATRE 73

X RX
SATSIM is completely controlled SATRE
by the software of the SATRE modem




Measurement Modes S2~ S5

“Satellite-simulator / SATRE calibrator”, SA-TIM-MA-1005, TimeTech GmbH 2002
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Measurement Modes S6 and S7

“Satellite-simulator / SATRE calibrator”, SA-TIM-MA-1005, TimeTech GmbH 2002

S6: REF&RX loop S7: TX&RX loop (round trip delay)
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Components of the measured delays under different modes

Mode Components of the measured delays
S1 Normal TWSTFT operation
S2 Trxcable™ Trx-cable
S3 Trer-cable™ TTx-cable
S4 Trer-cable™ TRx-cable
S5 Trer-cable ¥ Tcavletoant ¥ Tcavterromant ¥ Trx-cable

S6 T
S7(RTDSum) T

REF-cabIe+ TCabIeToAnt + TRadioToRx +TDownConv+ TRX-cabIe

TX-cabIe+ TUpConv+ TRadioToAnt+ TRadioToRx+ TDownConv+ TRX-cabIe

To determine the TX(Uplink)/RX(Downlink) delay by these measurements:
Trercable=1/2(S3+54-52),  Teapieronnt = Tcaplerromant =1/2(S5-54)
RX=56-Trer-cate =T capletoant =56-1/2(S5+83) +1/2(S2)

TX=S7-RX

Finally, the [TX-RX]/2 is obtained.
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Automatic measurements

Two schedules was adopted for the measurements
(2)continuous 15-minute schedule

-Each section lasted 135 seconds including the time of

(1)Hourly schedule

S1 (0:00-0:04)
S2 (0:05-0:09)
S3 (0:10-0:14)
S4 (0:15-0:19)
S5 (0:20-0:24)
S6 (0:25-0:29)
S7 (0:30-0:34)

Telecommunication Laboratories

commanding and initial locking

S2 (00:00:15-00:02:30)
S3 (00:02:45-00:05:00)
S4 (00:05:15-00:07:30)
S5 (00:07:45-00:10:00)
S6 (00:10:15-00:12:30)
S7(00:12:45-00:15:00)

S2 (00:15:15-00:17:30)
S3 (00:17:45-00:20:00)
S4 (00:20:15-00:22:30)
S5 (00:22:45-00:25:00)
S6 (00:25:15-00:27:30)
S7 (00:27:45-00:30:00)

National Standard Time and Freguencx Lab 3

S2 (00:30:15-00:32:30)
S3 (00:32:45-00:35:00)
S4 (00:35:15-00:37:30)
S5 (00:37:45-00:40:00)
S6 (00:40:15-00:42:30)
S7 (00:42:45-00:45:00)

S2 (00:45:15-00:47:30)
S3(00:47:45-00:50:00)
S4 (00:50:15-00:52:30)
S5 (00:52:45-00:55:00)
S6 (00:55:15-00:57:30)
S7 (00:57:45-00:59:59)



2.5MChip measurements with hourly schedule

Measurement: S2,53,54,S5 e S$2-265.5 ns: TX&RX cable
e S3-258.5 ns: REF&TX cable
S4-260.8 ns: REF&RX cable
x- §5-297.5 ns: REF&RX&Antenna cable
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TXand RX delay  (2.5mchip & hourly schedule)
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Modified Allan Deviation

(TX-RX)/2results ; cyicnip & hourly schedule)
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Delay (ns)

Temperature (degC)

(TX-RX)/2 results vs. Temperature (2.5MChip & 15-min schedule)
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Correlation between the delays and temperature
(2.5MChip & 15-min schedule)

o2 X. — Y —
correlation coefficient Pxv =ﬁ cand oy = Z( i Y -
x“y N

Correlation coefficient |(TX-RX)/2| TX | RX
Outdoor temperature -0.81 |-0.59| 0.78
Indoor temperature -0.43 |-0.27| 0.45

Correlation coefficient | s2 s3 s4 | s5 | s6 |s7(RTD)
Outdoor temperature |-0.33| -0.25 |-0.30(-0.31|0.77| 0.48
Indoor temperature -0.01, 0.06 [ 0.01]0.01{0.47| 0.33

Correlation coefficient |Indoor temperature
Outdoor temperature 0.44

*The analysis didn’t include the data during the typhoon.
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Temperature dependence of the differential delay (TX-RX)/2
(2.5MChip & 15-min schedule)

Delay [TX-RX]/2 vs. Temperature
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*The analysis didn’t include the data during the typhoon.
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Differential delay corrected for the temperature coefficient
(2.5MChip & 15-min schedule)
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Comparison between of corrected and non-

corrected differential delay
(2.5MChip & 15-min schedule)

Time stability of TW earth station
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Delay (ns)

Delay (ns)

20MChip measurements with 15-minute schedule

Measurement: S2,53,54,S5

0.8 + $2-265.5 ns: TX&RX cable
e 53-258.5 ns: REF&TX cable

06 | $4-260.8 ns: REF&RX cable
x—-S§5-297.5 ns: REF&RX&Antenna cable
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(TX-RX)/2 results vs. Temperature (20MChip & 15-min schedule)
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Correlation between the delays and temperature
(20MChip & 15-min schedule)

o2 X. — Y —
correlation coefficient Pxv =ﬁ cand oy = Z( i Y -
x“y N

Correlation coefficient |(TX-RX)/2| TX | RX
Outdoor temperature -0.92 |-0.93] 0.89
Indoor temperature -0.85 |[-0.88| 0.81

Correlation coefficient | s2 s3 s4 | s5 | s6 |s7(RTD)
Outdoor temperature |-0.22| -0.22 |-0.20|-0.35/0.88| 0.43
Indoor temperature -0.10| -0.12 |-0.08|-0.20(0.81| 0.32

Correlation coefficient |Indoor temperature
Outdoor temperature 0.84
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Temperature dependence of the differential delay (TX-RX)/2
(20MChip & 15-min schedule)

Delay [TX-RX]/2 vs. Temperature
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Comparison between of corrected and non-

corrected differential delay
(20MChip & 15-min schedule)
Time stability of TW earth station
1E09 —m—— ————— (IXRX)y2
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—e— Corrected for temperature coefficient
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Mod. Allan deviation, MDEV
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Comparison between of corrected and non-
corrected differential delay

Stability of TW earth station
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Delay (ns)

Delay (ns)

2.5MChip measurements with 15-minute schedule
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Delay (ns)

Temperature (degC)
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Mod. Allan deviation, MDEV
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Comparison between of corrected and non-
corrected differential delay

Stability of TW earth station
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