Real-Time lonospheric Corrections Option
For use with GPS Time & Frequency Standards
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Meridian |1 and Tycho Il Precision TimeBase instruments an be configured with the Real-Time
lonospheric Corrections (RTIC) Option for optimal time and frequency performance. The RTIC
Option uses proprietary algorithms within EndRun’s L1 GPS timing receiver o measure and remove ionospheric delays
in reakime that optimize stability and accuracy. This unprecedented reaktime capability was previously only available
with expensive dual frequency L1 /12 GPS receivers.

lonospheric Delay and Impact To GPS Time-Transfer
The largest contributor to GPS time-transfer error is the delay of the satellite signals as they pass through the ionosphere, a layer of
ionized particles a few hundred kilometers above the Earth’s surface. The fonization is caused by solor radiation phenomena, and
is maximum a little after local noon and minimum a little after local
________ midnight. The GPS signal delay through the ionosphere is proportional
P to the ionization level, expressed as Total Electron Content (TEC).
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d lonosprere May Use to partially compensate for this delay. This model, however,

provides only a coarse compensation for night-fo-day variations in the
,,,,,,,,,, mesnspnere  l0n0Sphere. It is unable to compensate for the much shorterterm

"""""" swatnsprere VOritions in the fonospheric delay caused by various types of solar
: Troposphere “storms”, and it cannot keep up with the day-to-day variations. As
such it was never infended to achieve more than about a 50% im-

provement over not compensating for the ionospheric delay at all.

e Our Proprietary Solution

The GPS code modulation and carrier phase delays are affected dif-
ferently as they propagate through the ionosphere. By recognizing a few other aspects of this behavior, EndRun developed an
algorithm to directly quantify the delay through the ionosphere, and for resolving the code phase and carrier phase bias. The bias
information enables reaHime measured delay compensation in our single-frequency, L1 receiver. To our knowledge, this capability
is unique to EndRun Technologies.

The algorithm is effective when the receiver is operating at a stationary location with continuous tracking of at least one satellite
at all times. After a 24-hour initialization period it begins producing realfime ionospheric delay measurements, with full accuracy
of those measurements achieved after several days. Under quiet fonospheric conditions, this option improves the accuracy and
stability of the timing outputs by as much as a factor of three at observation intervals between 3,000 and 100,000 seconds.
During a major fonospheric storm event, the improvement may be much greater. It is very difficult to achieve this stability over
these observation intervals by another method, as only a high-performance Cesium frequency standard is stable enough to act as
a filter for the timing errors caused by the GPS broadcast model.

Performance Verified at National Institute of Standards and Technology (NIST)

To characterize the performance gain of the RTIC Option,, a Meridian |l was sent to NIST in May of 2016, where its 1PPS output
was monitored continuously relative to UTC(NIST) for over 30 days. The RTIC Option was active in the Meridian Il during this
time. The ionospheric delay corrections calculated using the broadcast ionospheric model, along with the reaktime corrections
computed using the RTIC Option, were logged. With these logs, the NIST timing measurements were post-processed to determine
what the performance would have been if the RTIC Option had not been active, and the broadcast model had been used instead.
The following table shows the difference in stability between the two delay compensation methods of the Meridian 11, along with
the stability of the two performance levels of HP 5071 Cesium standards for comparison.

EndRun

TECHNOLOGIES

KEY BENEFITS

- Reakime measurement and
removal of ionospheric delays.

« Improves frequency stability:
<4x10M

« Improves time domain stability
by 50% (<2.5 nanoseconds STD).

« Compensates for distuptive
ionospheric events (solar storms).

- Tighter absolute calibration.

« Exceeds stability of the standard
5071 cesium.

+ Costs much less than dual
frequency L1 /L2 alfernatives.



Real-Time lonospheric Corrections Option

Meridian II* Meridian Il HP 5071 HP 5071
RTIC Option* Std Tube Hi-Perf Tube
Allan Deviation

1000 sec 8.5x107 7.5%101 8.5x 101 2.7 x101
3000 sec 7.0x107 50x10% 49x107% 1.6x101
10,000 sec 50x101 1.8x101 2.7 x10% 8.5x10M
30,000 sec 3.5x101 1.2x101 1.6x101 49x10M
100,000 sec 6.0x10M 40x10M 85x10M 2.7x10M

* US-0CX0, HS-Rb Oscillator Options

Meridian Il - UTC(NIST) Stability
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The above Allan Deviation plot shows that the performance improvement gained with the Real-Time lonospheric Corrections (RTIC) Option is
largest for observation intervals around 40,000 seconds. With the RTIC Option, the stability of the Meridian 11 is superior to the HP 5071
Cesium frequency standard with standard beam tube for all observation intervals, and it surpasses the stability of the HP 5071 with the
high performance beam tube option at around 250,000 seconds.
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Meridian Il - UTC(NIST)
Real-Time lono Correction (RTIC) Option vs Standard Performance
May 7-16, 2016
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The above shows a phase plot of the Meridian Il with the RTIC option active (blue) compared to what the Meridian Il performance would
have been using the GPS broadcast model (red). Throughout the 10-day test period referenced to UTC(NIST), the RTIC option demon-
strated substantial improvement to stability and accuracy through reaHime ionospheric delay measurements and realtime compensation.

Meridian Il - UTC(USNO)
(Meridian Il - NIST) + (NIST - USNO) via Common View
(960 s avg) May 7 - Jun 6, 2016
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The above phase plot of the Meridian II with the RTIC option is referenced to UTC(USNO). Through the 30 day test period, the Meridian 11 1
PPS output had an impressive standard deviation of 2.22 nanoseconds that is unmatched by any other single band GPS based instrument.



Meridian Il Precision TimeBase Specifications with RTIC Option

GPS RECEIVER

- 11 Band - 1575.42 MHz. 12 Channels, C/A Code.

- 15 dB minimum gain at receiver input.

- Static operation (RTIC Option) and dynamic (shipboard) operating modes.
- Timing Receiver Autonomous Integrity Monitoring (TRAIM).

- TNC connector (female) on rear panel, Zin = 50Q. 5 VDC to antenna.

ANTENNA

- 40 dB gain LNA with band-pass filter for out-ofband interference rejection.
- Rugged, allweather housing capable of operation over -40° to +85°C.

- 50" low-loss RG-59 cable. Optional lengths up to 1000" with preamplifiers.
- Mounting kit: 18" long, 3/4” PVC pipe with clamps.

- TNC connector (female), Zout = 50€2. 5 VDC input.

1 PPS TIMING CHARACTERISTICS
The following accuracy and stability specifications assume a stationary platform, 4 satellite lock, and
antenna installation with a full view-of-the-sky.
- Accuracy: <10 nanoseconds RMS to UTC(USNO) when locked*
<2.5 nanoseconds Standard Deviation (SDEV)
- Stability: TDEV <2 ns @  <10° secs, oy(t) <4x10M @ 1=10° secs.
- Positive TITL pulse into 50Q (Zout = 502) or RS-422 levels (option).
- UserSelectable Width: 20 us, 1 ms, 100 ms, 500 ms.
- User Calibration: +/-500 us, 1 ns resolution.
* See GPS-UTC Timing Specifications for details.

LOCAL REFERENCE OSCILLATOR

Several oscillator options are available to mest your short-term stability at 1 second (STS), phase
noise at 1 Hz offsefs in dBc/Hz (LPN) , ageing rate,/year (AGE RATE), and temperature stability for
0-70° C (TEMP STAB):

OSCILLATOR SIS(1se) IPN10/5MHz  AGERATE  TEMP STAB
- Ulra-Stable 0CX0 5.1x10M -110/4115 3x108 5x1010
- Rubidium 101 -80/na 1x107 1x107
- HighStability Rubidium ~ 1.2x10T"  -80/na 5x1010 1x1010

TIME TO LOCK
- <10 minutes, typical (OCX0/Rb).

NETWORK 1/0
- Two rear-panel R1-45 jacks.
-10/100/1000Base-T Ethernet.

NETWORK PROTOCOLS

- IPvd/IPv6.

- SNTP, NTP v2, v3, v4, SHA/MD5 authentication, broadcast/multicast mode and autokey.
- SSH client,/server with “secure copy” ufility, SCP

- SNMPv1, v2c, v3 with Enterprise MIB.

- HTTPS (Web Interface).

-TELNET client /server.

- FTP and DHCP clients.

- SYSL0G.

- Optional PTP/IEEE-1588-2008 (v2) Grandmaster. 8 ns hardware timestamping.

NETWORK SYNCHRONIZATION ACCURACY
- NTP Timestamp Accuracy: < 10 microseconds @ 7,500 requests/second.
- PTP Timestamp Accuracy fo Reference Clock: 8 nanoseconds.

TIMECODE CHARACTERISTICS
- Signal: Amplitude-modulated (AM), 3:1 ratio, 1 kHz carrier, 1 Virms into 50€2.
- User-Selectable Formats: IRIG-B120 (IEEE-1344), IRIG-B122, IRIG-B123, NASA-36, or 2137.

SERIAL 1/0 PORT
- RS-232 serial 1/0 on DBIM juck for secure, local terminal access.
- Parameters fixed af 19200 baud, 8 data bits, no parity, 1 stop bit.

SYSTEM STATUS INDICATORS
- Sync LED: Amber LED pulses to indicate lock status.
- Alorm LED: Red LED indicates a serious fault condition.

ALPHANUMERIC DISPLAY /KEYPAD
- Display: Brilliant 16x280 dotmatrix vacuum-fluorescent.

- Keypad: Enter, Back, Edit, Right, Left, Up, Down, Help.

POWER
- 90-264 VAC, 47-63 Hz, 1.0A Max. @ 120 VAC, 0.5A Max. @ 240 VAC.
- 3Pin IEC 320 on rear panel, 2 meter cord included.

SIZE

- Chassis: 1.75"Hx 17"W x 10.75"D.
- Weight: <5 pounds.

- Antenna: 3.25"H x 3" diameter.

ENVIRONMENTAL
- Operating Temperature,/Humidity: 0° o +50° C / 5% to 90% RH, non-condensing.
- Storage Temperature/Humidity: -40° to +85° C / 5% to 95% RH, non-condensing.

COMPLIANCE
- (E, FCC, RoHS, WEEE.

GPS ANTENNA and ACCESSORIES

A GPS Antenna Kit is included consisting of an antenna, 50 ft cable, mounting pipe, and clamps.
Extended cable lengths, lightning arrestors, in-iine amplifiers, splitters, and fiber optic links are also
available.

MERIDIAN 11 OPTIONS
Refer to the Meridian Il Options datasheet for detailed information on all options.

RELATED PRECISION TIMEBASE
Tycho Il is similar to the Meridian Il but with reduced accuracy specification of 25 ns to UTC(USNO)
and without the front-panel keypad/display.

RELATED DISTRIBUTION PRODUCTS
EndRun provides frequency, pulse and time code distribution products to expand Meridian outputs:
FD(3302  High-Performance Frequency Distribution Chassis
FDC3300  Frequency Distribution Chassis
PDC3301  Pulse Distribution Chassis
1DC3303  Time Code Distribution Chassis
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