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TO THE EXTENT PERMITTED BY LAW, THIS WARRANTY AND REMEMDIES SET FORTH 
ABOVE ARE EXCLUSIVE AND IN LIEU OF ALL OTHER WARRANTIES, REMEDIES AND 
CONDITIONS WHETHER ORAL OR WRITTEN, STATUTORY, EXPRESS, OR IMPLIED.  AS 
PERMITTED BY APPLICABLE LAW, ENDRUN SPECIFICALLY DISCLAIMS THE IMPLIED 
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

Warranty Repair  
If you believe your equipment is in need of repair, call EndRun Technologies and ask for a customer 
service agent.  It is important to contact us first as many problems may be resolved with a phone call.  
Please have the serial number of the unit and the nature of the problem available before you call.  If 
it is determined that your equipment will require service, we will issue an RMA number.  You will be 
asked for contact information, including your name, address, phone number and e-mail address.

Ship the unit prepaid in the original container or a container of sufficient strength and protection  to 
EndRun Technologies.  EndRun will not be responsible for damage incurred during shipping to us.  
Be sure the RMA number is clearly identified on the shipping container.  Our policy is to repair the 
unit within 5 business days.  If it is necessary to order parts or if other circumstances arise that require 
more than 5 days, an EndRun service technician will contact you.

Loaner units are not included as part of the standard warranty.

Repair After Warranty Expiration
If the warranty period has expired, we offer repair services for equipment you have purchased from 
EndRun.  Call and ask for a customer service agent.  It is important to contact us first as many prob-
lems may be resolved with a phone call.  Please have the serial number of the unit and the nature 
of the problem available before you call.    If it is determined that the equipment has failed and you 
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EndRun Contact Information
Address: EndRun Technologies
  2270 Northpoint Parkway
  Santa Rosa, CA 95407
  U.S.A.
Phone: (707)573-8633
Fax: (707)573-8619
Sales: 1-877-749-3878 or (707)573-8633
  sales@endruntechnologies.com
Support: 1-877-749-3878 or (707)573-8633
  support@endruntechnologies.com
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C H A P T E R  O N E

sions are monitored from ground stations located around the world and carefully measured relative to 
GPS time.  The results of these measurements for each satellite are then uploaded to that satellite so 
that they may be incorporated into the data contained in its transmissions.  The receiver can use this 
data to relate the time-of-arrival of the received transmissions from that satellite to GPS time.

All of this means that during normal operation, the source of the timing information being transmit-
ted from each of the satellites is directly traceable to UTC.  Due to the nature of the GPS spread 
spectrum Code Division Multiple Access (CDMA) modulation scheme, this timing information may 
be extracted by a well-designed receiver with a precision of a few nanoseconds.  The GPS time and 
frequency engine in the Tempus LX does just that.

 Where to Use It

fr�䜀䬀䠀̀-foD䘀䠀䐀䔀伀䠀iopto Turiof ted-嘀
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ط؃ٗوٗٗلِضڗ ڗٌُّْْٖٗ٘ض؃يٌٌِّ

TwoBasic InstallationThis chapter will guide you through the most basic checkout and physical installation of your Tempus LX.  Subsequent chapters and appendices will give you the information needed to conýgure your installation for the maximum performance in your operating environment.  General NTP client setup instructions will also be supplied to get you started using your Tempus LX quickly.Basic familiarity with TCP/IP networking protocols like RKPI, VGNPGV and HVR is required.  Though some familiarity with Linux or other Unix-like operating systems would be helpful, it is not essen-tial.  If you satisfy these conditions, the instructions provided herein should guide you to a successful installation. Checking and Identifying  the HardwareUnpack and check all the items using the shipment packing list.  Contact the factory if anything is missing or damaged.  The Tempus LX shipment typically contains:• Tempus LX (part # 3015-0001-000 or #3015- variant)• Tempus LX User Manual (part #USM3015-0000-000) on CD (part #5102-0001-000)• IEC 320 AC Power Cord (part #0501-0003-000) (This part will not be present if using the DC power option.)• DB9F-to-DB9F Null-Modem Serial I/O Cable (part #0501-0002-000)• RJ-45 to RJ-45 CAT-5 patch cable, 2 meters (part #0501-0000-000)• Antenna/cable assembly (part #0610-0007-001 or #0610- variant)
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B A S I C  I N S T A L L A T I O N

Alarm Jack  This BNC connector (or terminal strip) provides the optional alarm
(Option)   output, and is usually not installed.  If installed, see details in Appendix
    H - Specifications for the Alarm Output.

Prog TTL Jack  This BNC connector provides the optional Programmable TTL pulse
(Option)   rate output and is usually not installed.  If installed, see details in
    Appendix J - Specifications for the Programmable TTL output.
    This pulse rate is normally shipped from the factory as 10MPPS 
    but can be changed via the front-panel keypad or command
    ERWQRVUEQPHKI.

10MPPS or 100 PPS, etc. This BNC connector provides an optional customer-specified
(Option)   rate output and is usually not installed.  If installed, it will be labeled
    for the appropriate rate such as “10 MPPS” or “100 PPS”, etc.  This
    output is set at the factory and cannot be changed.  See details in 
    Appendix J - Specifications for the Fixed Rate Output.
    
Serial Time Output  This optional DB-9M connector provides the RS-232 (or RS-422) serial 
(Option)   I/O interface with a once-per-second ASCII time string output.  For  
    

�I/O  Fo AS
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B A S I C  I N S T A L L A T I O N

1. The unit will light the red Alarm Status LED for about ten seconds.

2. Then it will continuously light the green Sync Status LED.

3. When the unit locks onto a GPS signal and begins to decode the timing data and adjust the local 
oscillator, the green Sync Status LED will flash very rapidly (about a 6 Hz rate) until the data is fully 
decoded and the local oscillator is fully locked to the GPS frequency.

4. Then the green Sync Status LED will pulse at precisely a 1 Hz rate, synchronized to UTC seconds, 
with a short on duration relative to the off duration.

At this point, the GPS time and frequency engine has fully synchronized, and you may proceed to 
permanently mounting the chassis and antenna in their desired locations.

If this sequence has not occurred within twenty-four hours, and you have mounted your antenna in a 
window or your rooftop installation has poor sky visibility, you may need to provide an accurate ref-
erence position to the unit so that it can operate with only one satellite in view.  If you have mounted 
the antenna in a window and can easily move it to the rooftop, you should do that first.  Should you 
need to provide a reference position to the unit, refer to Appendix D - GPS Reference Position and 
the UGVIRUTGHRQU command for details.

If you are unable to achieve GPS lock after trying all of these suggestions, then your Tempus LX may 
be damaged and should be returned to the factory for repair or exchange.

 Installing the Tempus LX
FCC NOTICE

7KLV�HTXLSPHQW�KDV�EHHQ�WHVWHG�DQG�IRXQG�WR�FRPSO\�ZLWK�WKH�OLPLWV�IRU�D�&ODVV�$�GLJLWDO�GHYLFH��SXUVXDQW�
WR�SDUW����RI�WKH�)&&�5XOHV���7KHVH�OLPLWV�DUH�GHVLJQHG�WR�SURYLGH�UHDVRQDEOH�SURWHFWLRQ�DJDLQVW�KDUPIXO�
LQWHUIHUHQFH�ZKHQ�WKH�HTXLSPHQW�LV�RSHUDWHG�LQ�D�FRPPHUFLDO�HQYLURQPHQW���7KLV�HTXLSPHQW�JHQHUDWHV��
XVHV��DQG�FDQ�UDGLDWH�UDGLR�IUHTXHQF\�HQHUJ\�DQG��LI�QRW�LQVWDOOHG�DQG�XVHG�LQ�DFFRUGDQFH�ZLWK�WKH�LQVWUXF�
WLRQ�PDQXDO��PD\�FDXVH�KDUPIXO�LQWHUIHUHQFH�WR�UDGLR�FRPPXQLFDWLRQV���2SHUDWLRQ�RI�WKLV�HTXLSPHQW�LQ�D�
UHVLGHQWLDO�DUHD�LV�OLNHO\�WR�FDXVH�KDUPXO�LQWHUIHUHQFH�LQ�ZKLFK�FDVH�WKH�XVHU�ZLOO�EH�UHTXLUHG�WR�FRUUHFW�WKH�
LQWHUIHUHQFH�DW�KLV�RZQ�H[SHQVH�

Mount the Tempus LX
Using standard 19” rack mounting hardware, mount the unit in the desired location.  After mounting 
the unit and connecting the antenna cable, verify that it still acquires and tracks a GPS signal.

CAUTION

*URXQG�WKH�XQLW�SURSHUO\�ZLWK�WKH�VXSSOLHG�SRZHU�FRUG�

3RVLWLRQ�WKH�SRZHU�FRUG�VR�WKDW�\RX�FDQ�HDVLO\�GLVFRQQHFW�LW�IURP�WKH�7HPSXV�/;�

'R�QRW�LQVWDOO�WKH�7HPSXV�/;�ZKHUH�WKH�RSHUDWLQJ�DPELHQW�WHPSHUDWXUH�PLJKW�H[FHHG�����)�����&��
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Configuring Ethernet with the Serial Port
To configure your ethernet interface with the serial port, after logging in as the root user, you must 
run a simple shell script called PGVEQPHKI from the DCUJ shell prompt.  This shell script will prompt 
you for the needed information and perform some syntax checking on your inputs.  Then it will create 
or modify the appropriate files needed to configure the ethernet interface.  The following sections will 
guide you in setting up communications with the Tempus LX using its RS-232 serial I/O port.

Connect the RS-232 Serial I/O Port
You will need to use the RS-232 serial I/O port if your network does not support the Dynamic Host 
Configuration Protocol (DHCP).  In that case, you must be able to configure the Tempus LX network 
parameters manually using the Linux console shell interface which is provided by this serial I/O port.  
Under certain conditions, you may also need to use the RS-232 serial I/O port if you encounter a 
problem while upgrading the firmware in your Tempus LX.  

To test serial communications with the Tempus LX you will need either a VT100 compatible terminal 
or a terminal emulation program running on your computer.  We will refer to either of these as “termi-
nal” for the remainder of this instruction.

1. Disconnect power from the Tempus LX.

2. Connect one end of the DB9F-to-DB9F null modem adapter cable to the serial I/O jack on the 
Tempus LX.

3. Connect the other end of the DB9F-to-DB9F null modem adapter cable to the terminal.  If the 
serial I/O port on your terminal does not have a DB9M connector, you may need to use an adapter.  
Refer to Chapter 6 - RS-232 Serial I/O Port Signal Definitions for details on the signal wiring.  If  
you are using a computer for your terminal, remember which port you are using because you will 
need to know that in order to set up your terminal software.

Test the Serial Port
You must configure your terminal m뼀gure%%%%%%%%%%l I3h port ym뼀gqhat ort
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�Z���G������Z�����������ő6GORWU�.Q�$QQV.FTŒ
OVF��)KXKPI�QWV�FGXKEG���VQ�6GORWU�.Q�$QQV.FT
�Z����������Z�����������ő6GORWU��DQQVŒ
OVF��)KXKPI�QWV�FGXKEG���VQ�6GORWU��DQQV
�Z����������Z�����������ő6GORWU��NQIUŒ
OVF��)KXKPI�QWV�FGXKEG���VQ�6GORWU��NQIU
�Z����������Z�����������ő6GORWU�(#%614;�TQQVHUŒ
OVF��)KXKPI�QWV�FGXKEG���VQ�6GORWU�(#%614;�TQQVHU
�Z����������Z��HG�������ő6GORWU�72)4#&'�TQQVHUŒ
OVF��)KXKPI�QWV�FGXKEG���VQ�6GORWU�72)4#&'�TQQVHU
�Z��HG������Z�����������ő6GORWU�*K�$QQV.FTŒ
OVF��)KXKPI�QWV�FGXKEG���VQ�6GORWU�*K�$QQV.FT
0'6���.KPWZ�6%2�+2�����HQT�0'6���
+2�2TQVQEQNU��+%/2��7&2��6%2��+)/2
+2��TQWVKPI�ECEJG�JCUJ�VCDNG�QH�����DWEMGVU���-D[VGU
6%2��*CUJ�VCDNGU�EQPHKIWTGF�
GUVCDNKUJGF������DKPF������
0'6���7PKZ�FQOCKP�UQEMGVU�����5/2�HQT�.KPWZ�0'6����
OVFDNQEMAQRGP
QM
4#/&+5-��%QORTGUUGF�KOCIG�HQWPF�CV�DNQEM��
OVFDNQEMATGNGCUG
QM
8(5��/QWPVGF�TQQV�
GZV��HKNGU[UVGO��
(TGGKPI�WPWUGF�MGTPGN�OGOQT[����M�HTGGF
+0+6��XGTUKQP������DQQVKPI
�GVE�TE�F�TE�5���DKP��KU�C�FKTGEVQT[
OVFDNQEMAQRGP
QM
OVFDNQEMAQRGP
QM
.QCFKPI�)25
.QCFKPI�-G[RCF�8(&
(TK�#WI����������������������������UGF���GF��ᘀ
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5GV�VJG�+2�CFFTGUU�QH�VJG�UGEQPFCT[�PCOG�UGTXGT�VQ�WUG�HQT�FQOCKP�[QWT�FQOCKP�
'PVGT�UGEQPFCT[�PCOG�UGTXGT�+2�CFFTGUU�
CCC�DDD�EEE�FFF��������������

5GVVKPI�WR�6%2�+2���
%TGCVKPI��GVE�*1560#/'���
%TGCVKPI��GVE�TE�F�TE�KPGV����
%TGCVKPI��GVE�PGVYQTMU���
%TGCVKPI��GVE�JQUVU���
%TGCVKPI��GVE�TGUQNX�EQPH���

�������������������������������������������������������������������������������
�������������������������������������������������������������������������������
�������������������������������������������������������������������������������
�����������6JG�6GORWU�.:�)25�PGVYQTM�EQPHKIWTCVKQP�JCU�DGGP�WRFCVGF������������
�������������������������������������������������������������������������������
��������������2NGCUG�TG�DQQV�PQY�HQT�VJG�EJCPIGU�VQ�VCMG�GHHGEV����������������
�������������������������������������������������������������������������������
�������������������������������������������������������������������������������
�������������������������������������������������������������������������������

Verify Network Configuration
If you have made changes to your network configuration using PGVEQPHKI, you should shutdown the 
Tempus LX and reboot it.  There are two ways to do this:

1. Cycle power to the Tempus LX.

2. Issue the shutdown with reboot command at the shell prompt:

6GORWU�.:�)25
TQQV"IPVR�`�� �UJWVFQYP��T�PQY

If you are using the RS-232 serial I/O port to communicate with the Tempus LX, you will be able to 
see the kernel generated boot messages when the unit reboots.  You should note the line

%QPHKIWTKPI�GVJ��CU�����������������

if you have set up a static IP address, or this line

#VVGORVKPI�VQ�EQPHKIWTG�GVJ��D[�EQPVCEVKPI�C�&*%2�UGTXGT���

if you are using DHCP.  It appears near the end of the kernel generated boot messages.  

If you are using DHCP and are not using the RS-232 serial I/O port, you will have to check the 
DHCP configuration information maintained by your DHCP server to determine the expected IP ad-
dress and log in to the Tempus LX using VGNPGV or UUJ to verify successful DHCP configuration.  
Refer to the subsequent topics in this section�瀄�瀅怀

-

If you are not using DHCQ倅瀀耀々瀄뀄瀀〇쀃　 addreys(ng is(nbnen_rmc(to the$urachd �P addreyw tc(tv yo  
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OpenSSH implementations for Linux.  Refer to Appendix A - Security for more information about 
the secure shell protocol.

Using Telnet
When establishing a VGNPGV connection with your Tempus LX, logging in directly as root is not per-
mitted.  This is a security measure that makes it slightly more difficult to gain access by simply trying 
passwords, since it is also necessary to know the name of a user.  When you initiate a VGNPGV session 
with the Tempus LX, this banner will be displayed:

��������������������������������������������������������������������������������
������������9GNEQOG�VS

rvl%thcuritun`�pi W՜Aa倄々ꀄ쀄怄瀅怅倅者倄쀀々� 〄耄倄々ꀄꀀ　

w�Z�
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6GORWU�.:�)25
TQQV"IPVR�`�� 

This last line is the standard Tempus LX GPS shell prompt.  The Tempus LX uses the DCUJ shell, 
which is the Linux standard, full-featured shell.  After configuring the unit, you should change the 
passwords using the IPVRRCUUYF command issued from the shell prompt.

Issuing�GZKV will close the�UUJ session.

Using HTTP
You may monitor the status of the Tempus LX via the HTTP interface.  For security reasons, you may 
not change any settings via the HTTP interface.  See Chapter 8 - HTTP Interface for more informa-
tion.

IMPORTANT

66+��7HOQHW��6103�DQG�+773�DUH�DOO�HQDEOHG�ZLWK�GHIDXOW�SDVVZRUGV���7R�HQVXUH�VHFXULW\��FKDQJH�WKH�SDVV�
ZRUGV�RU�GLVDEOH�WKH�SURWRFROV���

7R�FKDQJH�WKH�SDVVZRUGV�IRU�66+��7HOQHW�DQG�+773�XVH�WKH�IPVRRCUUYF�FRPPDQG���7R�FKDQJH�WKH�
SDVVZRUGV�FRPPXQLW\�VWULQJV�IRU�6103�VHH�Appendix C - SNMP���

7R�GLVDEOH�7HOQHW�XVH�WKH�KPGVFEQPHKI�FRPPDQG���7R�GLVDEOH�66+��6103�DQG�+773�VHH�Appendix A 
- Security, Disabling Protocols��

 Configuring the 
 Network Time Protocol

Now that the network has been configured and tested, you may configure the operation of the NTP 
server.  By default, the Tempus LX is configured to respond to NTP requests from clients that may or 
may not be using MD5 authentication.  If the clients are using MD5 authentication, they must be con-
figured properly with the same MD5 authentication keys as the Tempus LX.  If you need to modify 
the factory default Tempus LX MD5 keys (recommended) or set up broadcast/multicast operation, 
then you will need to re-configure the NTP subsystem.  You may perform the configuration from 
either a�VGNPGV or UUJ session, the front-panel keypad, or the local RS-232 console.

NOTE

,I�\RX�ZRXOG�OLNH�WR�FRQILJXUH�\RXU�VHUYHU�IRU�PXOWLFDVW�RSHUDWLRQ��FRQILJXUH�LW�DV�\RX�ZRXOG�IRU�EURDGFDVW�
RSHUDWLRQ��ZLWK�WKH�H[FHSWLRQ�WKDW�\RX�PXVW�HQWHU�WKLV�VSHFLILF�173�PXOWLFDVW�DGGUHVV�������������ZKHQ�\RX�
DUH�SURPSWHG�WR�HQWHU�WKH�EURDGFDVW�DGGUHVV�

  

Configuring NTP Using the Front-Panel Keypad
To configure NTP using the front-panel keypad go to the Main Menu display.  Press the RIGHT ar-
row key until the “NTP” selection is highlighted.  Press ENTER again.  Press the RIGHT arrow key 
to highlight “Setup” and press ENTER.  From this display you can configure broadcast/multicast 
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FQ�PQV�YCPV�VQ�WUG�UQOG�QH�VJG�MG[U�KP�[QWT�PVR�MG[U�HKNG��FQ�PQV�GPVGT�VJGO
JGTG���062�YKNN�VTGCV�VJQUG�MG[U�CU�őWPVTWUVGFŒ�

%NKGPVU�VJCV�WUG�CP[�QH�VJG�őVTWUVGFŒ�MG[U�KP�VJGKT�062�RQNNKPI�RCEMGVU�YKNN
TGEGKXG�CWVJGPVKECVGF�TGRNKGU�HTQO�VJG�6GORWU�.:�)25���9JGP�[QW�JCXG�GPVGTGF
CNN�QH�VJG�őVTWUVGF�MG[UŒ�VJCV�[QW�PGGF��GPVGT�\GTQ�CV�VJG�PGZV�RTQORV�HQT�C
MG[�PWODGT�

'PVGT�C�VTWUVGF�MG[�PWODGT�
���������QT���VQ�SWKV���

'PVGT�C�VTWUVGF�MG[�PWODGT�
���������QT���VQ�SWKV���

'PVGT�C�VTWUVGF�MG[�PWODGT�
���������QT���VQ�SWKV���

���062�$TQCFECUV�/WNVKECUV�%QPHKIWTCVKQP

9QWNF�[QW�NKMG�VQ�GPCDNG�
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 Basic NTP Client Setup
Basic setup is relatively simple, if:

• You have been able to successfully communicate with the Tempus LX on your network.

• You have installed NTP on your client computer.

Configure NTP
You must edit the ntp.conf file which PVRF, the NTP daemon, looks for by default in the the /etc 
directory.  Add this line to the ntp.conf file:

UGTXGT��������������

This line tells PVRF to use the NTP server at address 192.168.1.245 in addition to any other servers 
which might also be configured in the client’s ntp.conf file.

Re-start PVRF to have it begin using the Tempus LX server.  Use the NTP utility PVRS to check that 
PVRF is able to communicate with the Tempus LX.  After issuing the command

PVRS

you will see the PVRS command prompt:

PVRS 

Use the command

RGGTU

to display the NTP peers which your computer is using.  One of them should be the Tempus LX 
server which you have just configured.  You should verify that it is being ‘reached’.  (You may have 
to continue issuing the peers command for a minute or two before you will see the ‘reach’ count 
increment.)  If you have other peers configured, verify that the offset information for the Tempus LX 
server peer and your other peers is in agreement to within a few milliseconds, assuming that the other 
peers are synchronized to that level of accuracy.

It may also be useful to start the NTP daemon in ‘debug’ mode (PVRF���F) to confirm successful 
configuration.  Refer to the NTP documentation for detailed usage of these debug utilities.

 MD5 Authenticated NTP 
 Client Setup

MD5 authenticated setup is relatively simple, if:

• You have been able to successfully communicate with the Tempus LX on your network.

• Your Tempus LX has been configured  to perform authentication either by factory default, or by 
running the PVREQPHKI shell script.  The example Tempus LX authentication configuration shown in 
Chapter 2 - Configuring the Network Time Protocol will be assumed in the example configuration 
commands shown here.

• You have installed NTP on your client computer.
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• You have successfully performed the Basic NTP Client Setup on your client computer.

Create the ntp.keys File
You must create a file named ntp.keys in the /etc directory.  It must be a copy of the one residing in 
the /etc directory of your Tempus LX.  You can VGNPGV into your Tempus LX and start an HVR ses-
sion with your client computer to send the Tempus LX’s /etc/ntp.keys file to your client computer, 
use the secure copy utility UER, or you can just use a text editor on your client computer to create an 
equivalent file.

IMPORTANT

+DQGOLQJ�RI�WKH�/etc/ntp.keys�ILOH�LV�WKH�ZHDN�OLQN�LQ�WKH�0'��DXWKHQWLFDWLRQ�VFKHPH���,W�LV�YHU\�LPSRU�
WDQW�WKDW�LW�LV�RZQHG�E\�root�DQG�QRW�UHDGDEOH�E\�DQ\RQH�RWKHU�WKDQ�root�

After transferring the file by�HVR, and placing it in the /etc directory on the client computer, issue 
these two commands at the shell prompt:

EJQYP�TQQV�TQQV��GVE�PVR�MG[U
EJOQF������GVE�PVR�MG[U

Configure NTP
You must edit the ntp.conf file which PVRF, the NTP daemon, looks for by default in the /etc directo-
ry.  Assuming that you have created two trusted keys as shown in the example in the previous chapter, 
add these lines to the end of the ntp.conf file:

MG[U��GVE�PVR�MG[U
VTWUVGFMG[����

Modify the line added previously in Basic NTP Client Setup so that authentication will be used with 
the Tempus LX server using one of the trusted keys, in this case key # 1:

UGTXGT���������������MG[��

Re-start PVRF to have it begin using the Tempus LX server with MD5 authentication.  Use the NTP 
utility PVRS to check that PVRF is able to communicate with the Tempus LX.  After issuing the com-
mand

PVRS

you will see the PVRS command prompt:

PVRS 

Use the command

RGGTU

to display the NTP peers which your computer is using.  One of them should be the Tempus LX 
server which you have just configured.  You should verify that it is being ‘reached’.  (You may have 
to continue issuing the peers command for a minute or two before you will see the ‘reach’ count 
increment.)
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You can verify that authentication is being used by issuing the command

CUUQEKCVKQPU

to display the characteristics of the client server associations.  In the “auth” column of the display, 
you should see “OK” for the row corresponding to the Tempus LX server.  If you see “bad”, you 
should wait a few minutes to be sure that there is a problem since “bad” is the initial state of this 
setting.  If the “bad” indication persists then you must check your configuration for errors.  Typi-
cally this is due to a typing error in creating the /etc/ntp.keys file on the client that causes a mismatch 
between the keys being used by the server and client.  (If you transfer the file by HVR or UER, this 
shouldn’t be a problem.)  It is also possible to have a typing error in the /etc/ntp.conf file that causes 
the needed key to not be included in the “trustedkey” list.

 
Broadcast/Multicast NTP 
 Client Setup

Broadcast/multicast client setup is relatively simple, if:

• You have been able to successfully communicate with the Tempus LX on your network.

• Your Tempus LX has been configured to perform broadcasts or multicasts by running the PVR�

EQPHKI shell script.  (This is not the factory default configuration, so be sure to run PVREQPHKI.)  
If you are going to use MD5 authentication, your Tempus LX must have been configured to operate 
with authentication in the broadcast/multicast mode, and you must know which of the trusted keys it 
is using for broadcast/multicast operation.  The example Tempus LX configuration shown in Chapter 
2 - Configuring the Network Time Protocol will be assumed in the example configuration commands 
shown here.

•

䰀䘀䐀̀䰀
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http://www.ntp.org
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Re-start PVRF�GZG to have it begin using the Tempus LX server with MD5 authentication.  By de-
fault, the NTP installation program installs PVRF�GZG as a service called Network Time Protocol, and 
starts it.  You must use the Services utility in Control Panel to stop the Network Time Protocol service 
and then re-start it.

Use the NTP utility�PVRS�GZG to check that PVRF�GZG is able to communicate with the Tempus LX.  
By default it is installed in the \Program Files\Network Time Protocol sub-directory of your Windows 
NT/2000/XP partition.  From a console window, after issuing the command

PVRS

you will see the PVRS�GZG command prompt:

PVRS 

Use the command

RGGTU

to display the NTP peers which your computer is using.  One of them should be the Tempus LX 
server which you have just configured.  You should verify that it is being ‘reached’.  (You may have 
to continue issuing the peers command for a minute or two before you will see the ‘reach’ count 
increment.)

You can verify that authentication is being used by issuing the command

CUUQEKCVKQPU

to display the characteristics of the client server associations.  In the “auth” column of the display, 
you should see “OK” for the row corresponding to the Tempus LX server.  If you see “bad”, you 
should wait a few minutes to be sure that there is a problem since “bad” is the initial state of this 
setting.  If the “bad” indication persists then you must check your configuration for errors.  Typically 
this is due to a typing error in creating the \winnt\system32\drivers\etc\ntp.keys file on the client that 
causes a mismatch between the keys being used by the server and client.  (If you transfer the file 
by HVR or UER, this shouldn’t be a problem.)  It is also possible to have a typing error in the \winnt\
system32\drivers\etc\ntp.conf file that causes the needed key to not be included in the “trustedkey” 
list.

 Broadcast/Multicast NTP 
 Client Setup

Broadcast/multicast client setup is relatively simple, if:

• You have been able to successfully communicate with the Tempus LX on your network.

• Your Tempus LX has been configured to perform broadcasts or multicasts by running the PVR�

EQPHKI shell script.  (This is not the factory default configuration, so be sure to run�PVREQPHKI.)  
If you are going to use MD5 authentication, your Tempus LX must have been configured to operate 
with authentication in the broadcast/multicast mode, and you must know which of the trusted keys it 
is using for broadcast/multicast operation.  The example Tempus LX configuration shown in Chapter 
2 - Configuring the Network Time Protocol will be assumed in the example configuration commands 
shown here.
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• You have installed NTP on your client computer.

• You have successfully performed the MD5 Authenticated NTP Client Setup on your client com-
puter, if you plan to use MD5 authentication.

Configure NTP Client for Broadcast
You must edit the ntp.conf file which PVRF�GZG, the NTP daemon, looks for by default in the the 
\winnt\system32\drivers\etc directory or, for XP, the \windows\system32\drivers\etc directory.  As-
suming that your Tempus LX server has been configured to use key 2 for broadcast authentication as 
shown in the example in chapter 2, make sure that key 2 is included in the VTWUVGFMG[ line, and add 
this line to the end of the ntp.conf file:

DTQCFECUVENKGPV

If you are not using MD5 authentication, you would add these lines:

FKUCDNG�CWVJ
DTQCFECUVENKGPV

You may remove the line added previously in Basic NTP Client Setup:

UGTXGT��������������

or the authenticated version added in MD5 Authenticated NTP Client Setup:

UGTXGT���������������MG[��

Configure NTP Client for Multicast
You must edit the ntp.conf file which PVRF�GZG, the NTP daemon, looks for by default in the the 
\winnt\system32\drivers\etc directory or, for XP, the \windows\system32\drivers\etc directory.  As-
suming that your Tempus LX server has been configured to use key 2 for broadcast authentication as 
shown in the example in chapter 2, make sure that key 2 is included in the VTWUVGFMG[ line, and add 
this line to the end of the ntp.conf file:

OWNVKECUVENKGPV����������

or for IPv6:

OWNVKECUVENKGPV�HH�������

If you are not using MD5 authentication, you would add these lines:

FKUCDNG�CWVJ
OWNVKECUVENKGPV����������

or for IPv6:

FKUCDNG�CWVJ
OWNVKECUVENKGPV�HH�������

You may remove the line added previously in Basic NTP Client Setup:

UGTXGT��������������
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or the authenticated version added in MD5 Authenticated NTP Client Setup:

UGTXGT���������������MG[��

Test Broadcast/Multicast
Restart PVRF�GZG to have it begin using the Tempus LX as a broadcast or multicast server.  By de-
fault, the NTP installation program installs PVRF�GZG as a service called Network Time Protocol, and 
starts it.  You must use the Services utility in Control Panel to stop the Network Time Protocol service 
and then restart it.

Use the NTP utility PVRS�GZG to check that PVRF�GZG is able to communicate with the Tempus LX.  
By default it is installed in the \Program Files\Network Time Protocol sub-directory of your Windows 
NT/2000/XP partition.  After issuing the command

PVRS

you will see the PVRS�GZG command prompt:

PVRS 

Use the command

RGGTU

to display the NTP peers which your computer is using.  One of them should be the Tempus LX 
server which you have just configured.  You should verify that it is being ‘reached’.  (You may have 
to continue issuing the peers command for a minute or two before you will see the ‘reach’ count 
increment.)

If you are using authentication, you can verify that authentication is being used by issuing the com-
mand

CUUQEKCVKQPU

to display the characteristics of the client server associations.  In the “auth” column of the display, 
you should see “OK” for the row corresponding to the Tempus LX server.  If you see “bad”, you 
should wait a few minutes to be sure that there is a problem since “bad” is the initial state of this 
setting.  If the “bad” indication persists then you must check your configuration for errors.  Typi-
cally this is due to a typing error in creating the \windows\system32\drivers\etc\ntp.keys file on the 
client that causes a mismatch between the keys being used by the server and client.  (If you transfer 
the file by HVR or UER, this shouldn’t be a problem.)  It is also possible to have a typing error in 
the \windows\system32\drivers\etc\ntp.conf file that causes the needed key to not be included in the 
“trustedkey” list.
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Keypad EDIT Lockout
As a security feature, the Network Administrator can disable all editing processes done through the 
front-panel keypad.  This action should be performed to prevent unauthorized modification of the 
instrument.  When the EDIT key has been ú pËҰҀҰӀՠҀꗀM呰ԀӀрѐӰTh�ᡀѰĐM@Є者怅攄뀄耀　
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System Status:   Indicates either OK or flashing FAULT.  A fault status indicates that one or more
   of the built-in fault checking processes has detected an error condition.  See 
   Faults Display in this chapter for more information.

An alternate Time/Status display can be viewed by pressing the right arrow key.  You can go back to 
the original Time/Status display by pressing the left arrow key.

181 : 12 : 59 : 45

$Q%
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than 55,000 will set the DAC fault flag that will appear in the fault status display.  The Time/Status 
display will also indicate a fault condition.

The oscillator type indicates the oscillator that is installed.  Possible oscillator types are:

 Temperature-compensated crystal oscillator (TCXO) 
 Medium-stability oven oscillator (MS-OCXO)
 Rubidium oscillator (Rb)

Antenna Fault Mask

This setting allows you to prevent the antenna fault from creating an alarm conditon.  Some instal-
lations may need to mask this fault due to special antenna situations like splitters or DC blocks that 
confuse the antenna detection circuit.

Signal Loss Fault Mask

This setting allows you to prevent a signal loss fault from creating an alarm condition.  Some installa-
tions may need to mask this fault when operating the NTP server as a Stratum 2 server.  

Clock Menu
The Clock Menu provides access to the parameters related to timekeeping.  These are Time Mode, 
Local Offset, Hours Format, and Daylight Savings Time.  These displays are all described below.  

Time Mode

Time mode defines the time format used for the front-panel time display and, if installed, the optional 
time code or Serial Time output.  The time mode does not affect the NTP output, which is always 
UTC.  Possible values for the time mode are GPS, UTC, and local time.  GPS time is derived from 
the GPS satellite system.  UTC is GPS time minus the current leap second correction.  Local time is 
UTC plus local offset and Daylight Savings Time.  The local offset and daylight savings time displays 
are described below.

Local Offset
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CPU I/O Menu
The CPU I/O Menu is an optional menu selected from the Main Menu.  It provides access to the 
1PPS Pulse Width, Time Code Output Format, Programmable TTL Output and Serial Time Output.  
1PPf� ̀㈀塗�
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Network6 Setup (Optional)
This display is only available if your Tempus LX has been configured with IPv6.  It is selected from 
the Main Menu and provides the ability to view and modify the IPv6 network settings.  Refer to 
Chapter 7 - IPv6 Information.

NTP Menu
The NTP Menu is selected from the Main Menu and provides access to the NTP Status and NTP 
Setup displays described below:

NTP Status

This display provides information associated with the NTP Subsystem.

                         Source - GPS   LI Bits -  None

NTP STATUS   Stratum -  1      Offset -  +0.0000007 sec          

Stratum: This stratum field has three possible values:
  Stratum 1:   The server is fully synchronized and accurate.
  Stratum 2: The server is synchronized to a stratum 1 server with IP address shown
    in Source.
  Stratum 16: The server is unsynchronized.  NTP clients will not use a Stratum 16
     server.

Source: The synchronization source is named here.  For the Tempus LX GPS the source is GPS,
  IP address of upstream source, or none.

Offset:   The NTP offset indicates the accuracy of the NTP system clock relative to the GPS
  Subsystem clock.  Initially, if the offset between the NTP system clock and the GPS
  Subsystem clock is large the display will indicate “not available”.  After the GPS 
  Subsystem locks, the NTP clock will synchronize to the GPS Subsystem.  Once 
  synchronization is complete, the typical offsets will range over approximately 
  +/- 1 microsecond.

LI Bits:   Shows the status of the leap indicator bits as sent by the Tempus LX time server to the
  clients in the NTP reply packets.  Descriptions of the leap indicator are:
  00 - None:  No fault and no pending leap second.
  01 - Insert Pending:  No fault and a leap second insertion is pending.
  10 - Delete Pending:  No fault and a leap second deletion is pending.
  11 - Fault:  Unsynchronized fault condition exists.

NTP Setup

This display provides access to the NTP broadcast and multicast settings and provides the user with 
a convenient means of checking the current configuration and allows limited setup.  You may also 
perform a more complete broadcast/multicast configuration via a VGNPGV or UUJ session or the local 
RS-232 console using the PVREQPHKI utility.  This utility provides a more secure means of setup and 
so is more complete.  It will allow you to select keys and identify trusted keys.  
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 Available User Commands
COMMAND FUNCTION
accessconfig Interactive shell script that guides the user in configuring 

VGNPGV, UUJ and 
Y偑WHU遙H�Pրြհ@ՠщ֐ӰѠ԰װJXUAQJ�
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gntpversion Prints the Linux/NTP Subsystem software version information 
to the console.

gptpstat
(optional)

Prints the status of the optional PTP/IEEE-1588 subsystem.  

help Prints help for Tempus LX commands (not Linux).
inetdconfig Interactive shell script that allows the user to configure the 

list of protocol servers which are started by the KPGVF server 
daemon running in the Tempus LX.

kplockstat Prints the front-panel keypad lockout status.
lockoutkp Locks out access to the front-panel keypad EDIT key.
netconfig Interactive shell script that allows the user to configure the IP 

network subsystem of the Tempus LX.
ntpconfig Interactive shell script that guides the user in configuring the 

NTP subsystem.  Allows configuration of MD5 authentication 
and broadcast/multicast mode.  All parameters are retained in 
non-volatile FLASH disk storage.

ptpconfig
ptp2config
(optional)

Interactive shell script that guides the user in configuring pa-
rameters for the optional PTP/IEEE-1588 protocol.

ptpversionconfig
(optional)

Interactive shell script that guides the user in selecting either 
PTP/IEEE-1588 version 1 or version 2.

setantfltmask Command to enable or mask the Antenna Fault.  
setgpsdynmode Allows the user to set the dynamic mode of operation of the 

GPS Subsystem.
setgpsrefpos Interactive shell script that prompts the user for an accurate 

reference position, performs syntax and argument validity 
checking then passes the position to the GPS Subsystem.

setsigfltmask Command to mask or enable the Signal Loss Fault.
sigfltmask Prints the current setting for the Signal Loss Fault mask.
unlockkp Unlocks access to the front-panel keypad EDIT key.
updaterootflag Command to update the flag stored in FLASH that is read by 

the Linux bootloader at boot time to select operation with either 
the FACTORY or UPGRADE root file system.

upgradegps Shell script that facilitates the GPS Subsystem firmware up-
grade process.

upgradekernel Shell script that facilitates the Linux kernel firmware upgrade 
process.  Limited applicability.  Use with caution.
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cpusertimeconfig
This command starts an interactive shell script that will allow the root user to change the settings 
of the optional Serial Time Output.  The user-selectable outputs are the format (Sysplex, Truetime, 
EndRun, EndRunX, NENA0, NENA1, NENA8 and NMEA), the baud rate (4800, 9600, 19200, 
57600) and the parity (ODD, EVEN, or NONE).  The three NMEA sentences can also be changed but 
are applicable only if the Output Format is NMEA.  More information about the various formats is in 
Appendix F - Serial Time Output.

 Set:    ERWUGTVKOGEQPHKI

 Tempus LX response:  Interactive shell script is started.

eraserootfs_1
This command erases the UPGRADE root file system FLASH partition in preparation for performing 
a Linux/NTP Subsystem firmware upgrade.  See Appendix B - Upgrading the Firmware for more 
information.

 Set:    GTCUGTQQVHUA�

 Tempus LX response:  Erase progress as percent is shown.

gpsdynmode
This command displays the current GPS Subsystem dynamic mode of operation.  It has two possible 
settings:  ON or OFF.  When it is ON, it is assumed that the Tempus LX is installed on a moving plat-
form.  When it is OFF, it is assumed that the Tempus LX is installed in a stationary location.

When the dynamic mode is OFF, the Tempus LX will use its accurate reference position to implement 
Timing Receiver Autonomous Integrity Monitoring (TRAIM) for the utmost in reliability during any 
GPS system faults.  In addition, single satellite operation is possible once an initial accurate position 
has been determined.

When the dynamic mode is ON, only a very minimal TRAIM algorithm is in effect because the ac-
curate reference position is not static.  In addition, a minimum of four satellites must be visible and 
only 3-D position fixes are used.  When the dynamic mode is ON, the source reported for the accurate 
reference position by IRUTGHRQU is set to DYN.

 Query:    IRUF[POQFG

 Tempus LX response:  1((

gpsrefpos
This command displays the current GPS Subsystem reference position.  The source of the position, 
which is one of UNK (unknown), DYN (dynamic), USR (user entered) or AVG (24 hour average of 
GPS fixes) is displayed first.  The WGS-84 latitude and longitude in degrees, minutes, seconds format 
and the height above the WGS-84 reference ellipsoid in meters follow.  Refer to Appendix D - GPS 
Reference Position for details.

 Query:    IRUTGHRQU

 Tempus LX response: 
�Ũ砀



T e m p u s  L X  G P S  U s e r  M a n u a l48

C H A P T E R  S I X

49 T e m p u s  L X  G P S  U s e r  M a n u a l

C O N T R O L  A N D  S T A T U S  C O M M A N D S

gpsstat
This command allows the user to query the status of the GPS Subsystem.  During normal operation, 
the NTP daemon polls the GPS Subsystem every 16 seconds.  The results of this poll are used to steer 
the system clock and are saved to a log file.  This command parses and formats the data contained 
therein and prints this fixed-length string having these fields:

� .-56#6�6(1/���!�;'#4�&1;�**�//�55�UUUUUUUUU�.5�.(�5�0�8%&#%�%�0Q�(.65

Where:

LKSTAT is the tracking status of the engine, either LOCKED or NOTLKD.

TFOM = ? A detailed explanation of TFOM is in Appendix E - Time Figure-of-Merit.
  Briefly, TFOM indicates clock accuracy where:
  3 time error is < 100 ns
  4 time error is < 1 us
  5 time error is < 10 us
  6 time error is < 100 us
  7 time error is < 1 ms
  8 time error is < 10 ms
  9 time error is > 10 ms, unsynchronized state if never locked to GPS.

YEAR is the year of the UTC timestamp of the most recent NTP polling request received by the
  GPS engine from the NTP reference clock driver.

DOY is the day-of-year of the UTC timestamp of most recent NTP polling request received by
  the GPS engine from the NTP reference clock driver.

HH:MM:SS.sssssssss is the hour, minute, second.subsecond UTC timestamp of the most
  recent NTP polling request received by the GPS engine from the NTP daemon reference
  clock driver.

LS is the current number of leap seconds difference between the UTC and GPS timescales
  (13 at the time of this writing).

LF is the future (at the next UTC midnight) number of leap seconds difference between the
  UTC and GPS timescales (13 at the time of this writing).

S  is the Signal Processor Statis t^灑d Ignal Pv leap secscale

 

LS

SS

UTC Ԁ
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To change cntpuser password:
 Set:    IPVRRCUUYF�EPVRWUGT

 Tempus LX response:  The passwd interactive utility starts.

gntprootfs
This command displays the currently booted root file system image.  It can be either TempusLXGPS_
0 (factory image) or TempusLXGPS_1 (field upgrade image).  Refer to 
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 Query:    IPVRXGTUKQP

 Tempus LX response: 
� 6GORWU�.:�)25���������������X������9GF�,CP�������������76%�����

help





T e m p u s  L X  G P S  U s e r  M a n u a l54

C H A P T E R  S I X

55 T e m p u s  L X  G P S  U s e r  M a n u a l

C O N T R O L  A N D  S T A T U S  C O M M A N D S

setgpsdynmode
This command accepts a single argument:  ON or OFF to allow the user to set the dynamic mode of 
operation of the GPS Subsystem.  By default, the unit is configured for static operation, so this setting 
is OFF.  If the Tempus LX will be mounted on a moving platform, like a ship, then this setting must 
be changed to ON.  The change takes place immediately and is stored non-volatilely.

 Set:    UGVIRUF[POQFG�10

 Tempus LX response:  )25�&[PCOKE�/QFG�KU�10�

setgpsrefpos
This command starts an interactive shell script that will allow the user to set the accurate, reference 
position of the Tempus LX.  By default, the unit is configured to locate itself using the GPS satellites.  
In some situations, visibility of the sky is limited and the unit will not be able to determine its posi-
tion.  In this case, the user must determine an accurate WGS-84 position by other means and input 
it using this command.  If you need to set the accurate reference position, you must run this script as 
root.  The changes take place immediately.  Refer to Appendix D - GPS Reference Position for de-
tails.  If the GPS dynamic mode setting is ON (see IRUF[POQFG/UGVIRUF[POQFG commands), then 
running this script will have no effect.

In addition to setting a new accurate, reference position, the user can also invalidate an existing 
one.  This will force the Tempus LX to re-establish a new reference position using the GPS satellite 
constellation.

 Set:    UGVIRUTGHRQU

 Tempus LX response:  Interactive shell script is started.

setsigfltmask
This command allows the user to enable or mask the Signal Loss Fault.  Parameter for this command 
is either MASKED or ENABLED.  Setting this command to MASKED will prevent a signal loss 
fault from creating an alarm condition.  Some installations may need to mask this fault when operat-
ing the NTP server as a Stratum 2 server.  The factory default setting is ENABLED.

 Set:    UKIHNVOCUM�/#5-'&

 Tempus LX response:  5KIPCN�.QUU�(CWNV�/CUM�UGV�VQ�/#5-'&

sigfltmask
This command displays the current setting for the Signal Loss Fault Mask.  

 Query:    UKIHNVOCUM

 Tempus LX response:  5KIPCN�.QUU�(CWNV�KU�'0#$.'&

unlockkp
This command unlocks access to the front-panel keypad EDIT key.  When the EDIT key is locked, 
it will prevent unauthorized tampering with the unit.  All other keys are still enabled so you may 
continue to read the status and current settings of the Tempus LX.  Refer to the MRNQEMUVCV�and 
NQEMQWVMR commands.
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 Set:    WPNQEMMR

 Tempus LX response:  (TQPV�RCPGN�MG[RCF�'&+6�MG[�GPCDNGF�

updaterootflag
This command allows the user to update the configuration of the Linux bootloader after a new root 
file system image has been uploaded to the UPGRADE root file system partition, /dev/rootfs_1 of the 
Tempus LX FLASH disk.  It may also be used to reset the default back to the FACTORY root file sys-
tem partition.  Refer to Appendix B - Upgrading the Firmware for detailed instructions for perform-
ing the upgrade procedure.  One argument is accepted,  whose value is either 0 or 1, causing a flag to 
be set that will indicate to the bootloader which root file system image should be loaded by default.  
If an argument value of 2 is given, then the currently configured default root file system is shown.

 Set:    WRFCVGTQQVHNCI��

 Tempus LX response:  72)4#&'�KU�VJG�FGHCWNV�TQQV�HKNG�U[UVGO�

 Query:    WRFCVGTQQVHNCI��

 Tempus LX response: � 72)4#&'�KU�VJG�FGHCWNV�TQQV�HKNG�U[UVGO�

upgradegps
This script allows the user to upgrade the GPS Subsystem firmware.  It requires one argument:  the 
path to the binary file to be uploaded to the GPS engine.  It issues the commands over the serial 
port to the GPS Subsystem that are needed to start the X-modem file transfer, and then displays 
the responses from the GPS Subsystem to the console.  When the X-modem ‘C’ character appears, 
indicating that the GPS Subsystem is ready to receive the file, you must hit the <ENTER> key, and 
the transfer will begin.  After about one minute, it should complete, at which point you should see the 
GPS Subsystem boot messages appear on the console.  From these, you will be able to verify that the 
firmware was successfully upgraded.

In the example console output below, lines which begin with “---” are generated by the WRITCFGIRU 
script.  All other lines are from the GPS Subsystem, with the exception of the shell message indicat-
ing that the process ECV����FGX�CTOAWUGT has been terminated, which is normal.  In this example, 
the ‘C’ character was received three times before the user hit the <ENTER> key to begin the transfer.  
The last three lines are the boot messages that are sent by the GPS Subsystem as it comes up.  The 
firmware version should match that of the binary file that was uploaded.  See Performing the GPS 
Upgrade in Appendix B - Upgrading the Firmware for more information.

 Set:    WRITCFGIRU��VOR���������������DKP

 Tempus LX response: 
���9JGP�[QW�UGG�VJG�B%B�EJCTCEVGT��JKV��GPVGT �VQ�DGIKP�VJG�WRNQCF�

9CKVKPI�HQT�FQYPNQCF�WUKPI�:/1&'/�����QT�:/1&'/��-�
DQVJ�YKVJ�%4%��
%QPVTQN�:�YKNN�CDQTV�FQYPNQCF�
%%%
���5VCTVKPI�HKNG�WRNQCF��UJQWNF�VCMG�CDQWV����UGEQPFU���

�UDKP�WRITCFGIRU��NKPG�����������6GTOKPCVGF������������ECV���FGX�CTOAWUGT

���;QW�UJQWNF�UGG�VJG�)25�UWDU[UVGO�UVCTVWR�OGUUCIG�PQY���+H�PQV��[QW
���OC[�PGGF�VQ�EJGEM�[QWT�DKPCT[�HKNG�CPF�TG�RGTHQTO�VJG�RTQEGFWTG�
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6GORWU�$QQVNQCFGT���������������X��������/C[�����������������
(9���������������X��������#WI�����������������
(2)#���������������X�����

upgradekernel
This script allows the user to change the Linux kernel firmware.  It requires one argument:  the path 
to the file to be uploaded to the Tempus LX.  Changing the Linux kernel firmware will enable IPv6 
operation and should only be done if you have a requirement for IPv6.  See Chapter 7 - IPv6 Infor-
mation and Performing the Linux Kernel Upgrade in Appendix B - Upgrading the Firmware for 
more information.

 Set    WRITCFGMGTPGN��VOR�PGYMGTPGNKOCIG

 Tempus LX response:  Interactive shell script is started. 

 RS-232 Serial I/O Port 
 Signal Definitions

The RS-232 DB9M connector on the rear panel of the Tempus LX is wired as shown below.  In order 
to connect the Tempus LX to another computer, a null-modem adapter must be used.  The serial cable 
provided with the shipment is wired as a null-modem adapter and can be used to connect the Tempus 
LX to your computer.

Tempus LX DB9M Pin Signal Name
1 Not Connected
2 Receive Data (RX)
3 Transmit Data (TX)
4 Data Terminal Ready (DTR)
5 Ground
6 Data Set Ready (DSR)
7 Request To Send (RTS)
8 Clear To Send (RTS)
9 Not Connected



T e m p u s  L X  G P S  U s e r  M a n u a l58

C H A P T E R  S I X



T e m p u s  L X  G P S  U s e r  M a n u a l59



T e m p u s  L X  G P S  U s e r  M a n u a l60

C H A P T E R  S E V E N

IPv6-Capable syslog-ng
To enable remote syslogging to an IPv6 host, you will need to edit the new /etc/syslog-ng.conf file 
and copy it to /boot/etc.  At boot time, the presence of both the U[UNQI�PI daemon and the boot/
etc/syslog-ng.conf file will cause the new IPv6-capable U[UNQI�PI daemon to be started instead of 
the previous U[UNQIF�MNQIF pair of daemons.  These two files remain on the system for backward 
compatibility with customers’ existing /etc/syslog.conf setups, but they are not IPv6 capable.  If you 
are not currently directing your system logs to a remote host, or you are not using IPv6, then there is 
little or need or benefit to changing to U[UNQI�PI.

IPv4-Only Protocols
There are several protocols which are not IPv6 capable: VGNPGV (client and server), JVVR, HVR and 
FJEREF.  Due to their intrinsic insecurity, VGNPGV and HVR are repidly being deprecated, and prob-
ably have little business running over an IPv6 network.  The address autoconfiguration capabilities 
of IPv6 make the DHCP protocol less important, however it is likely that the new FJERX� capability 
will appear in a future upgrade.



http://httpd.apache.org
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Antenna Fault Mask
This field shows the current setting for the Antenna Fault Mask.  When the antenna fault is masked 
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Daylight Savings Time (DST), DST Start, DST End
The DST fields show whether DST is enabled and if so, what the DST Start and Stop Times are.  
For example, in most of the U.S.A. the DST Start Time is the 2nd Sunday in March at 2 a.m.  The 
DST End Time is the 1st Sunday in November at 2 a.m.  To change the DST settings use the IPVR�

VKOGOQFGEQPHKI command.

I/O Page
This page shows any installed CPU Options and their settings.  These are optional outputs that are 
generated from the CPU Module in the Tempus LX.  A basic Tempus LX Time Server has no CPU 
Options installed.  Possible options are a 1PPS Output, a Time Code (or AM Code) Output, a Pro-
grammable TTL Output, and a Serial Time Output.  Use commands ERWQRVUEQPHKI and ERWUGT�

VKOGEQPHKI�via the network/serial port to change the settings of the CPU Options.

Faults Page
This page lists all possible fault conditions of the GPS Subsystem.  The various faults are described 
below:

FLASH
This fault indicates that the microprocessor was unable to verify a write to the FLASH non-volatile 
parameter storage area.  This should not ever occur under normal operation.  The unit should be 
returned to the factory for repair. 

FPGA
This fault indicates that the microprocessor was unable to configure the FPGA.  This would be a fatal 
fault and the unit should be returned to the factory for repair .

Signal
This fault indicates that the unit has not been able to acquire a GPS signal for one hour while the 
Time Figure of Merit has been 9,  the unsynchronized condition.  This could be due to a variety of 
reasons.  If there are no other faults that could explain the inability to receive a signal, then there 
could be an or antenna failure or blockage.  If the condition persists indefinitely, and a problem with 
the antenna is not evident, the unit may need to be returned to the factory for repair.

DAC
This fault indicates that the electronic frequency control DAC for the oscillator has reached either the 
high (55000) or low (10000) limit while locked to the GPS signal.  Unless the unit is being subjected 
to out-of-specification environmental conditions, this would indicate that the oscillator frequency has 
drifted near to the end of life region.  This should normally only occur after about ten years of opera-
tion.  The unit will continue to function until the oscillator frequency finally reaches one of the actual 
DAC endpoints.  The unit should be returned to the factory for oscillator replacement at the your 
convenience.

Antenna
This fault indicates that the GPS antenna or downlead cable has a fault.  It indicates either an over 
or under current condition. Usually it means that the antenna downlead cable is not plugged into the 
connector on the rear of the Tempus LX. If the condition persists after checking the antenna/downlead 
for obvious faults, this is a fatal fault and the unit should be returned to the factory for repair.
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Polling Events
This fault indicates that the GPS Subsystem is not receiving polling request from the Linux/NTP Sub-
system.  This could be due to a hardware or software failure.  If the condition persists after cycling 
the power to the unit, this is a fatal fault and the unit should be returned to the factory for repair.

Time Reference
This fault indicates that the microprocessor received an erroneous time input from the GPS engine.  If 
the condition persists please report it to the factory (1-877-749-3878).  

GPS Engine
This fault that the microprocessor is unable to establish communications with the GPS engine.  Please 
report this fault condition to the factory (1-877-749-3878).

Network Page
This page shows the IPv4 network configuration.  Fields are:

DHCP
By default, the Tempus LX will configure itself using the Dynamic Host Configuration Protocol 
(DHCP).  If you need to set up static IP configuration, you must use the PGVEQPHKI command via 
the network/serial port.  Thie field will show whether DHCP is enabled or disabled.

Address, Gateway, Netmask
These fields show the settings for the IP address, gateway and netmask.  To change these settings use 
the PGVEQPHKI command via the network/serial port.

Network (IPv6) Page
This page shows information related to the IPv6 network parameters.  If your Tempus LX does not 
have IPv6 then there will be no fields on this page.  For more information on IPv6  see Chapter 7 
- IPv6 Information.

Network (DNS) Page
This page shows the IP address of the primary and secondary domain name servers.

NTP Page
The NTP Status page shows all information related to NTP operation.  Fields are:

Status
The stratum field has three possible values:
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• The secure copy utility, UER, eliminates the need to use the insecure HVR protocol for transferring 
program updates to the Tempus LX.

• ΗTTP may be completely disabled by configuration of /etc/rc.d/rc.local.

• Access via SNMP is configurable to provide the security of the latest version 3 Internet standard 
which supports both view-based access control and user-based security using modern encryption 
techniques.  Previous versions v1 and v2c supported access control essentially via passwords trans-
mitted over the network in plain text.  Refer to Appendix C – Simple Network Management Protocol   
which is dedicated to configuration of SNMP for details.

• Individual host access to protocol server daemons such as KP�VGNPGVF��UPORF or UUJF may 
be controlled by the VERF daemon and directives contained in the files /etc/hosts.allow and /etc/
hosts.deny.

• Risky protocols like TIME, DAYTIME and TELNET may be completely disabled by configura-
tion of the KPGVF super-server daemon. 

The last two topics are supported on the Tempus LX by a pair of shell scripts which ease configu-
ration for the inexperienced user of Unix-like operating systems.  These are�CEEGUUEQPHKI and 
KPGVFEQPHKI.

Using Edit
A very compact editor with WordStar command keystrokes is available on the system for editing 
files:  GFKV.  If you start GFKV without giving it a file name to open, it will display its help screen, 
showing all supported keystrokes.  

 Limiting Access
By default, the unit is configured to allow access by all users via Telnet, SSH and SNMP.  To ensure 
security you should restrict access by using the CEEGUUEQPHKI command.  

CEEGUUEQPHKI modifies two files which are used by VERF and the standalone daemons,  UPORF and 
UUJF, to determine whether or not to grant access to a requesting host:  /etc/hosts.allow and /etc/
hosts/deny.  These two files may contain configuration information for a number of protocol servers, 
but in the Tempus LX only access control to the protocol server daemons KP�VGNPGVF, UUJF and 
UPORF is configured.

As shipped from the factory, these two files are empty.  When the user runs CEEGUUEQPHKI, these 
lines are added to the /etc/hosts.deny file:

in.telnetd:  ALL
sshd:  ALL
snmpd:  ALL

This tells VERF to deny access to KP�VGNPGVF and UUJF to all hosts not listed in the /etc/hosts.allow 
file.  The UPORF and UUJF daemons also parse this file prior to granting access to a requesting host.  
Then the user is prompted to enter a list of hosts that will be granted access to KP�VGNPGVF, UUJF 
and UPORF.  These appear in the /etc/hosts.allow as lines like this:
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in.telnetd:  192.168.1.2, 192.168.1.3
sshd:  192.168.1.2, 192.168.1.3
snmpd:  192.168.1.2, 192.l68.1.3

This simple shell script handles the needs of most users, however the syntax of these two files sup-
ports elaborate configuration possibilities which are beyond the capabilites of this simple shell script.  
Advanced users who need these capabilities will need to edit these two files directly and then copy 
them to the /boot/etc directory.  (See Using Edit above.)  Be careful to maintain the proper ownership 
and access permissions by using ER��R when copying the files.

To control access via HTTP, the user must edit the /etc/apache/httpd.conf file and add the equivalent 
deny followed by allow directives.  For example, the default file contains these lines:

# Controls who can get stuff from this server.
#
 Order allow,deny
 Allow from all
</Directory>

To restrict access to a specific host with IP address xxx.xxx.xxx.xxx, you would modify the directives 
as so:

# Controls who can get stuff from this server.
#
 Order allow,deny
 Deny from all
 Allow from xxx.xxx.xxx.xxx
</Directory>

 Disabling Protocols
You may completely disable any of the following protocols:  Telnet, TIME, DAYTIME, SSH, SNMP 
and HTTP.  

Disable Telnet, TIME and DAYTIME
To disable Telnet, TIME and DAYTIME use the KPGVFEQPHKI command.  KPGVFEQPHKI modi-
fies the /etc/inetd.conf file which is read by KPGVF to start-up various protocol server daemons when 
requests from remote hosts are received.  Currently, three servers are configurable via KPGVFEQP�

HKI:  TIME and DAYTIME, whose daemons are contained within the KPGVF daemon itself, and 
KP�VGNPGVF.  Any one or all of these may be enabled or disabled for start-up.

Disable SNMP and HTTP
To disable SNMP and HTTP, edit a system start-up script called /etc/rc.d/rc.local. This script starts 
several of the daemons running on the system.  You should follow the instructions contained in com-
ments in the file for disabling the UPORF�and JVVRF daemons.  Placing a # character at the beginning 
of a line makes it a comment line so that it will not be executed.  (See Using Edit above.)
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Disable SSH
To disable SSH, edit a system start-up script called /etc/rc.d/rc.inet2. This script starts several of the 
daemons running on the system.  You should follow the instructions contained in comments in the file 
for disabling the UUJF daemon.  Placing a # character at the beginning of a line makes it a comment 
line so that it will not be executed.  (See Using Edit above.)

IMPORTANT
$IWHU�HGLWLQJ�/etc/rc.d/rc.local and/or /etc/rc.d/rc.inet2

/ьoo嘂/etc/rc.2� рҀԀԠԐĐ0ѰӀՠ伀䐀̀嘆豈鈀/ьoo嘂/eif�

 http://www.openssh.com


http://www.ntp.org
http://www.ntp.org


 http:/httpd.apache.org
http:/www.modssl.org


T e m p u s  L X  G P S  U s e r  M a n u a l75

http://www.endruntechnologies.com/upgradetemplx.htm 


T e m p u s  L X  G P S  U s e r  M a n u a l76

A P P E N D I X  B

77 T e m p u s  L X  G P S  U s e r  M a n u a l

U P G R A D I N G  T H E  F I R M W A R E

2.  If your Tempus LX does not have access to the internet, you must first download the appropriate 
files from the endruntechnologies.com website to the computer that you will be using later to access 
the Tempus LX via its HTTP interface.  Use the link shown above to get the files.  After saving the 
files, use the Tempus LX HTTP interface to select the previously saved files for upload to the Tempus 
LX.  One for the Linux Subsystem and the other for the GPS Subsystem.  Then follow the remaining 
prompts from the HTTP interface to complete the upgrades.   (You will need to authenticate the root 
user name and password.)
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If you are using UUJ, you may open a command window on the remote computer and securely trans-
fer the root file system image using UER from the remote computer to your Tempus LX.  A command 
like this should be used:

UER�ŌR���������Z����A�����I\�TQQV"IPVR�[QWT�FQOCKP��FGX�TQQVHUA�

Update the default file system partition by issuing this command on your Tempus LX.

WRFCVGTQQVHNCI��

You should see this line displayed:

72)4#&'�KU�VJG�FGHCWNV�TQQV�HKNG�U[UVGO�

Now reboot the system by issuing this command at the shell prompt:

UJWVFQYP�ŌT�PQY

Wait about 90 seconds for the system to shutdown and reboot.  Then log in to the Tempus LX using 
VGNPGV or UUJ.  If all has gone well, you should be able to log in the usual way.  After you have 
entered your password, the system message will be displayed.  You should notice that it now indicates 
the software version and date of the upgrade that you previously downloaded.  You can also check 
this at any time by issuing

IPVRXGTUKQP

which will cause the system message to be re-displayed.

You can also check to see which root file system image the system is currently booted under by issu-
ing this command at the shell prompt:

IPVRTQQVHU

Which should cause this to be printed to the console:

$116A+/#)'�6GORWU.:)25A�

If so, and your unit seems to be operating normally, you have successfully completed the upgrade.  If 
your unit does not boot up successfully, and you are not able to VGNPGV or UUJ into the system after 
90 seconds, then there has been some kind of problem with the upgrade.  It is possible that the file 
downloaded was corrupt or that you forgot to set your FTP download file mode to binary when down-
loading the file--either from the EndRun Technologies website or when transferring it to the Tempus 
LX.

Recovering from a Failed Upgrade
To restore your Tempus LX to a bootable state using the factory root file system, you must use the se-
rial I/O port and reboot the Tempus LX by cycling the power.  Refer to Chapter 2 – Connect the Se-
rial I/O Port and Test the Serial I/O Port for setup details.  When you have connected your terminal 
to the serial I/O port, apply power to the Tempus LX.

Pay close attention to the terminal window while the unit is rebooting.  After the Linux bootloader 
displays the message
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Performing the GPS Subsystem Upgrade
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has completed, and that its start-up messages should appear.  First the bootloader message will ap-
pear:

6GORWU�$QQVNQCFGT���������������X��������/C[�����������������

In about ten seconds, the GPS engine application start-up messages should appear:

(9���������������X��������#WI�����������������
(2)#���������������X�����
�

The firmware version should match that of the binary file that you uploaded.  At this point, the WR�

ITCFGIRU script terminates its execution, and you will again have the standard Tempus LX console 
prompt.

After about one minute, you should query the GPS firmware version using the command:

IRUXGTUKQP

The upgraded version information should be displayed.

Problems with the GPS Subsystem Upgrade
Should you have difficulties with the upgrade due to a corrupt file, power failure during upload, or 
other accident, do not be alarmed.  Even though you may have lost the existing application program, 
the GPS engine bootloader program will remain intact.  On boot up, it will check to see if a valid ap-
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Please type the following command but do not press enter:

GEJQ��G�őTGEQXGT>TŒ� ��FGX�CTOAWUGT

Now wait until you see another bootloader message come out and then press enter.  You will then see 
the “C” come out every 3 seconds.  You then kill the previous ECV command by entering:

MKNN���

You should see a command prompt.  Now issue this command to re-transfer the correct binary file:

WRITCFGIRU��VOR��������������A�����DKP



 http://www.net-snmp.org
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TEMPUSLXUNISON-MIB

Which is located on your Tempus LX in this ASCII file:

/usr/local/share/snmp/mibs/TEMPUSLXUNISON-MIB.txt 

In addition to a complete set of NTP and GPS status objects, the MIB defines four SMIv2 notification 
objects:

• NTP Leap Indicator Bits status change
• NTP Stratum change
• GPS Fault Status change
• GPS Time Figure of Merit change

 Invocation of the 
 SNMP daemon

The SNMP daemon, snmpd is started from the /etc/rc.d/rc.local system start-up script with this line:

snmpd -m “$MIBNAME” -Ls d -c /etc/snmpd.conf

By default, it will listen on port 161 for SNMP queries from the network management system.  If 
you would like to have it listen on another port, you could edit the file by adding  �R�RQTV to the 
end of this line, where port is the number of the port you would like for the agent to listen on.  If 
you would like to disable starting of the UPORF daemon altogether, you can either remove this line 
or place a # character at the beginning of the line so that it will not be executed.  (A very compact 
editor with WordStar command keystrokes is available on the system for this purpose: �GFKV.  If you 
start GFKV without giving it a file name to open, it will display its help screen, showing the supported 
keystrokes.)

IMPORTANT

$IWHU�HGLWLQJ�/etc/rc.d/rc.local��\RX�PXVW�FRS\�LW�WR�WKH�/boot/etc/rc.d�GLUHFWRU\�DQG�UHERRW�WKH�V\VWHP���
,W�LV�YHU\�LPSRUWDQW�WR�UHWDLQ�WKH�DFFHVV�PRGH�IRU�WKH�ILOH��VR�EH�VXUH�WR�XVH�ER��R�ZKHQ�SHUIRUPLQJ�WKH�
FRS\���'XULQJ�WKH�ERRW�SURFHVV��WKH�ILOHV�FRQWDLQHG�LQ�WKH�/boot/etc/rc.d�GLUHFWRU\�DUH�FRSLHG�WR�WKH�ZRUN�
LQJ�/etc/rc.d�GLUHFWRU\�RQ�WKH�V\VWHP�5$0�GLVN���,Q�WKLV�ZD\�WKH�IDFWRU\�GHIDXOWV�DUH�RYHUZULWWHQ�

 Quick Start Configuration 
 -- SNMPv1/v2c

You should be able to compile the TEMPUSLXUNISON-MIB file on your SNMP management sys-
tem and access the variables defined therein.  The factory default community names are “TempusLX-
Unison” for the read-only community and “endrun_1” for the read-write community.  This is all that 
is required for operation under v1 and v2c of SNMP.  
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IMPORTANT

<RX�PXVW�NLOO�WKH�UPORF�SURFHVV�SULRU�WR�HGLWLQJ��/boot/net-snmp/snmpd.conf���2WKHUZLVH��WKH�VHFUHW�
NH\�FUHDWLRQ�PD\�QRW�FRPSOHWH�SURSHUO\���,VVXH�WKH�FRPPDQG�RU��G�WR�KDYH�WKH�RSHUDWLQJ�V\VWHP�GLV�
SOD\�WKH�OLVW�RI�UXQQLQJ�SURFHVVHV���/RRN�IRU�WKH�3,'�RI�WKH�UPORF�SURFHVV�DQG�LVVXH�WKH�NLOO�FRPPDQG�WR�
VWRS�LW���)RU�H[DPSOH��LI�WKH�3,'�OLVWHG�IRU�WKH�UPORF�SURFHVV�LV�����WKHQ�\RX�ZRXOG�LVVXH�WKLV�FRPPDQG���
MKNN������<RX�FDQ�YHULI\�WKDW�WKH�SURFHVV�ZDV�WHUPLQDWHG�E\�UH�LVVXLQJ�WKH�RU��G�FRPPDQG�

After rebooting, the agent will read the /boot/net-snmp/snmpd.conf configuration file and compute 
secret key(s) for each of the users and delete the ETGCVG7UGT lines from the file.  It will then write 
the secret key(s) to the file.  These lines begin with the string, WUO7UGT.  In this way, un-encrypted 
passwords are not stored on the system.

IMPORTANT
7R�JHQHUDWH�QHZ�NH\V��VWRS�WKH�UPORF�SURFHVV��GHOHWH�WKH�H[LVWLQJ�WUO7UGT�NH\�OLQHV�IURP�WKH�ILOH�
/boot/net-snmp/snmpd.conf�DQG�WKHQ�DGG�QHZ�ETGCVG7UGT�OLQHV���7KHQ�UHERRW�WKH�V\VWHP��

This example gives the simplest configuration to begin using SNMPv3 but doesn’t make use of the 
full capabilities of the VACM in defining groups and views for fine-grained access control.  The fac-
tory default /etc/snmpd.conf file contains commented blocks of lines that can be uncommented to give 
you a basic configuration that uses the User-based Security Model (USM) described in RFC-2274 and 
the View-based Access Control Model (VACM) described in RFC-2275.  The comments included in 
the file should help you in modifying it for your specific requirements.

 Disabling The
 SNMP Protocol

To disable SNMP you need to edit a system start-up script called /etc/rc.d/rc.local.   This script starts 
several daemons.  You can either remove the line that lists SNMP or you can place a # character at the 
beginning of the line so that it will not be executed.   (A very compact editor is available on the Tem-
pus LX system called GFKV.  If you start GFKV without giving it a file name to open, it will display its 
help screen, showing all supported editing keystrokes.)

IMPORTANT

$IWHU�HGLWLQJ�/etc/rc.d/rc.local��\RX�PXVW�FRS\�LW�WR�WKH�/boot/etc/rc.d�GLUHFWRU\�DQG�UHERRW�WKH�V\VWHP���
,W�LV�YHU\�LPSRUWDQW�WR�UHWDLQ�WKH�DFFHVV�PRGH�IRU�WKH�ILOH��VR�EH�VXUH�WR�XVH�ER��R�ZKHQ�SHUIRUPLQJ�WKH�
FRS\���'XULQJ�WKH�ERRW�SURFHVV��WKH�ILOHV�FRQWDLQHG�LQ�WKH�/boot/etc/rc.d�GLUHFWRU\�DUH�FRSLHG�WR�WKH�ZRUN�
LQJ�/etc/rc.d�GLUHFWRU\�RQ�WKH�V\VWHP�5$0�GLVN���,Q�WKLV�ZD\�WKH�IDFWRU\�GHIDXOWV�DUH�RYHUZULWWHQ�
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 Truetime Format
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 EndRunX (Extended) 
 Format

The EndRunX format is identical to the EndRun format with the addition of two fields - the cur-
rent leap second settings and the future leap second settings.  The following string is sent once each 
second:

 T YYYY DDD HH:MM:SS zZZ m CC FF<CR><LF>

T  is the Time Figure of Merit (TFOM) character described in Appendix E - TFOM.
  This is the “on-time” character.
YYYY is the year
DDD is the day-of-year
:  is the colon character (0x3A)
HH is the hour of the day
MM is the minute of the hour
SS is the second of the minute
z  is the sign of the offset to UTC, + implies time is ahead of UTC.
ZZ is the magnitude of the offset to UTC in units of half-hours.
  Non-zero only when the Timemode is Local.
m  is the Timemode character and is one of:
  G = GPS
  L = Local
  U = UTC
CC is the current leap seconds. 
FF is the future leap seconds, which will show a leap second pending 24 hours in advance.
<CR> is the ASCII carriage return character (0x0D)
<LF> is the ASCII line feed character (0x0A)

 NENA Format
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TZ=XX is the time zone where XX is 00 through 23
<CR> is the ASCII carriage return character (0x0D). 
  The first <CR> is the on-time character.
<LF> is the ASCII line feed character (0x0A).

NENA1 
<CR><LF>Q^WWW^DDMMMYY^HH:MM:SS<CR><LF>

Q  is the time quality indicator and may be either:
  <space> ASCII space character (0x20) which indicates locked.
  ? ASCII question mark (0x3F) which indicates the unsynchronized condition.
  This is the “on-time” character.
^  is the space character (0x20).
WWW is the day-of-week (MON, TUE, WED, THU, FRI, SAT
DD is the day-of-month (1-31)
MMM is the month (JAN, FEB, MAR, APR, MAY, JUN, JUL, AUG, SEP, OCT, NOV, DEC)
YY is the two-digit year
:  is the colon character (0x3A)
HH is the hour-of-the-day (00-23)
MM is the minute-of-the-hour (00-59)
SS is the second-of-the-minute (00-60)
<CR> is the ASCII carriage return character (0x0D). 
  The first <CR> is the on-time character.
<LF> 
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GLL (Position Data)
The GLL sentence identifies the position fix, time of position fix, and status.  Examples are below:

$GPGLL,,,,,,,V,N*64<CR><LF>
$GPGLL,3827.030,N,12244.020,W,173423.00,A,A*34<CR><LF>

Msg ID $GPGLL
Field 1 3827.030 Latitude in ddmm.mmm
Field 2 N  Direction of latitude (N=north, S=south)
Field 3 12244.020 Longitude in dddmm.mmm
Field 4 W  Direction of longitude (W=west, E=east)
Field 5 173423.00 UTC time of fix (hhmmss.ss)
Field 6 A  A=data valid, V=data not valid
Field 7 A  A=autonomous mode, N=data not valid
Checksum *34
Msg End 

 A  

 

  

A







T e m p u s  L X  G P S  U s e r  M a n u a l101





T e m p u s  L X  G P S  U s e r  M a n u a l102

A P P E N D I X  G

103 T e m p u s  L X  G P S  U s e r  M a n u a l

T H I R D - P A R T Y  S O F T W A R E

b) You must cause any work that you distribute or publish, that in whole or in part contains or is de-
rived from the Program or any part thereof, to be licensed as a whole at no charge to all third parties 
under the terms of this License. 

c) If the modified program normally reads commands interactively when run, you must cause it, when 
started running for such interactive use in the most ordinary way, to print or display an announce-
ment including an appropriate copyright notice and a notice that there is no warranty (or else, saying 
that you provide a warranty) and that users may redistribute the program under these conditions, and 
telling the user how to view a copy of this License. (Exception: if the Program itself is interactive but 
does not normally print such an announcement, your work based on the Program is not required to 
print an announcement.) 

These requirements apply to the modified work as a whole. If identifiable sections of that work are 
not derived from the Program, and can be reasonably considered independent and separate works in 
themselves, then this License, and its terms, do not apply to those sections when you distribute them 
as separate works. But when you distribute the same sections as part of a whole which is a work 
based on the Program, the distribution of the whole must be on the terms of this License, whose 
permissions for other licensees extend to the entire whole, and thus to each and every part regardless 
of who wrote it. 

Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely 
by you; rather, the intent is to exercise the right to control the distribution of derivative or collective 
works based on the Program. 

In addition, mere aggregation of another work not based on the Program with the Program (or with a 
work based on the Program) on a volume of a storage or distribution medium does not bring the other 
work under the scope of this License. 

3. You may copy and distribute the Program (or a work based on it, under Section 2) in object code 
or executable form under the terms of Sections 1 and 2 above provided that you also do one of the 
following: 

a) Accompany it with the complete corresponding machine-readable source code, which must be 
distributed under the terms of Sections 1 and 2 above on a medium customarily used for software 
interchange; or, 

b) Accompany it with a written offer, valid for at least three years, to give any third party, for a charge 
no more than your cost of physically performing source distribution, a complete machine-readable 
copy of the corresponding source code, to be distributed under the terms of Sections 1 and 2 above on 
a medium customarily used for software interchange; or, 

c) Accompany it with the information you received as to the offer to distribute corresponding source 
code. (This alternative is allowed only for noncommercial distribution and only if you received the 
program in object code or executable form with such an offer, in accord with Subsection b above.) 

The source code for a work means the preferred form of the work for making modifications to it. For 
an executable work, complete source code means all the source code for all modules it contains, plus 
any associated interface definition files, plus the scripts used to control compilation and installation of 
the executable. However, as a special exception, the source code distributed need not include any-
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8. If the distribution and/or use of the Program is restricted in certain countries either by patents or by 
copyrighted interfaces, the original copyright holder who places the Program under this License may 
add an explicit geographical distribution limitation excluding those countries, so that distribution is 
permitted only in or among countries not thus excluded. In such case, this License incorporates the 
limitation as if written in the body of this License. 

9. The Free Software Foundation may publish revised and/or new versions of the General Public 
License from time to time. Such new versions will be similar in spirit to the present version, but may 
differ in detail to address new problems or concerns. 

Each version is given a distinguishing version number. If the Program specifies a version number of 
this License which applies to it and “any later version”, you have the option of following the terms 
and conditions either of that version or of any later version published by the Free Software Founda-
tion. If the Program does not specify a version number of this License, you may choose any version 
ever published by the Free Software Foundation. 

10. If you wish to incorporate parts of the Program into other free programs whose distribution condi-
tions are different, write to the author to ask for permission. For software which is copyrighted by the 
Free Software Foundation, write to the Free Software Foundation; we sometimes make exceptions 
for this. Our decision will be guin”�
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 NTP 
 Software License

www.ntp.org
http://www.apache.org/licenses/LICENSE-1.1
http://httpd.apache.org
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 PTP Software License

http://standards.ieee.org/db/patents/pat1390.html


T e m p u s  L X  G P S  U s e r  M a n u a l109

࠷ࠃࡘࡈࡗࡘࡄࡐ࠶ࠈ ࠈࡖࡑࡒࡌࡗࡘࡏࡒ࠶ࠃࡊࡑࡌࡐࡌ

http://ptpd.sourceforge.net
http://ieee1588.nist.gov
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Now reboot the system by issuing this command at the shell prompt:

UJWVFQYP��T�PQY

PTPv2 Status Using the Network or Serial Port
The IRVR�UVCV command allows you to query the status of the PTPv2 subsystem. The ptp2d dae-
mon running on the system updates the /var/log/ptp.monitor every five seconds under normal opera-
tion.  This logfile is parsed and formated to provide the status string having these fields:

8��5+��#+��2���2���&/��&1/��/1&'��66.��%.#55��5%#.'��56#6'��%.-+&��76%�76%8��
%#��.����.����66��(6

Where:

V  is the IEEE-1588 version 2 for the 2008 standard.

SI is the PTP sync interval, either 1 or 2 seconds.

AI is the PTP announce interval, either 1, 2, 4, 8, or 16 seconds.

P1 is the PTP priority 1 in a range from 0 to 255.

P2 is the PTP priority 2 in a range from 0 to 255.

DM is the PTP delay mechanism , either E2E or P2P.

DOM is the PTP domain, in a range from 0 to 255.

MODE is the PTP time mode, either UTC or PTP.

TTL is the PTP multicast ttl  in a range from 1 to 255.

CLASS is the PTP clock class either SYNCHRONIZED, HOLDOVER, or UNLOCKED.

SCALE is the PTP timescale either PTP or ARB.

STATE is the PTP port state either MASTER, PASSIVE, or LISTENING.

CLKID is the PTP clock source either GPS, or OSC.
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Identifier PTP Stratum Offset to UTC
GPS or ATOM 1 < 25 nanosecs
GPS or ATOM 2 < 100 nanosecs
GPS or ATOM 3 > 100 nanosecs
GPS or ATOM 255 Never locked

The PTP leap_59 and leap_61 report either TRUE or FALSE.  FALSE is reported when no leap inser-
tion or deletion is pending.  The leap_61 reports TRUE on the day of a leap second insertion.  The 
leap_59 is TRUE on the day of a leap second deletion.  

The PTP Time Mode is user configured, either UTC or PTP.  When UTC time mode is configured 
the clock transmits the UTC epoch.  When the Time Mode is PTP the clock transmits the PTP epoch 
(TAI).  See About the PTP Second and UTC Time below for more information.

The PTP Multicast TTL value is factory set to the IEEE-1588 standard that defines TTL=1.  The TTL 
value may be set to any value from 1-255.  When set to any value other than 1, you must also config-
ure the PTP Slave accordingly.

 About the PTP Second 
 and UTC Time

The PTP Time Mode selections are PTP and UTC.  The IEEE-1588 standard defines the PTP epoch 
beginning at 0 hours on 1 January 1970.  The time measured since this epoch is designated in the 
standard as PTP seconds.  The PTP second is monotonic so does not include leap seconds.  

Unlike PTP, the UTC second is not monotonic, that is, from time-to-time there will be leap second 
insertions.  The last second of a leap day is 23:59:60 making the day one second longer than a normal 
day ending at 23:59:59. 

PTP Second
When the PTP Time Mode is set to PTP, the slave clocks must utilize the current leap second and leap 
second pending flags (leap_59 or leap_61) to convert the PTP second to UTC.

UTC Time
When the PTP Time Mode is set to UTC, then there will be a one second jump in time when a leap 
second insertion occurs.  If the PTP slave does not account for this, it will also jump.  Avoid this by 
using PTP Time Mode.
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 GPS Antenna Kit
The time server ships with a free GPS Antenna Kit which includes 50 feet (15 meters) of antenna 
cable.  This amount of cable is sufficient for the majority of GPS antenna installations.  Longer cable 
runs can also be accommodated.  Below is a list of the items in a typical GPS Antenna Kit, part num-
ber 0610-0007-001:

• GPS Antenna (part #0502-0012-000)

• Antenna Mounting Adaptor (part #0602-0035-000)

• PVC Mounting Pipe (part #0100-0009-018)

• Hose Clamps (part #0100-0008-000)

• 50 feet of RG-59U (Belden 9104) Cable/TNC Male (part #0600-0013-050)

• GPS Antenna Inside Window Mount Kit (part #0608-0002-001)

Following is the Installation Guide for a rooftop mount that is included with the antenna kit.
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 Long Cable Runs
Most GPS Time Servers are installed with only 50 feet (15 meters) of antenna cable.  However, there 
are many circumstances where 50 feet is inadequate.  EndRun can accommodate a cable length of up 
to 1000 feet using a combination of low-loss cable and preamplifiers.

Recommended Cable
The factory-supplied GPS cable is RG-59 Belden 9104 or Belden 1505A, depending on length.  If 
you are responsible for the GPS installation and you are supplying the cable then you need to make 
sure it is comparable with less than 10 dB of loss at 1.5 GHz.  Choosing a cable type that is different 
can cause a myriad of GPS reception problems.  If the cable length is less than 700 feet then Belden 
9104 is appropriate.  If the cable length is greater than 700 feet then Belden 1505A is the cable of 
choice.  You will also need preamplifiers if the cable length is greater than 250 feet.  See the chart 
below for details.

Using GPS Preamplifiers
EndRun produces a GPS Preamplifier which is a very high-performance, low-noise, inline amplifier 
for difficult GPS signal environments and long cable runs (greater than 250 feet of factory-supplied 
cable).  The following table shows the number of preamplifers we recommend for each GPS antenna 
installation using our GPS receiver and our factory-supplied cable.  Installations using other cable 
types may have different preamplifer requirements. 

Cable Length Cable 
Type

Number of 
Preamplifiers

Up to 250 feet 
(76 meters)

RG-59
Belden 9104

0

251 to 500 feet 251 to 500 艹
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DC Power (option):
38-72 Vdc, 1.5A maximum.
3-position terminal block on rear panel: +DC IN, SAFETY GROUND, -DC IN
(Floating power input: Either “+” or “-” can be connected to earth ground.)

Size:
Chassis:    1.75”H x 17.0”W x 10.75”D
Antenna:    3.5” Dia. x 2.5” H
Weight:      < 5 lb. (2.70 kg.)

Environmental:
Operating Temperature:   0° to +50° C
Operating Humidity:    0 to 95%, non-condensing
Storage Temperature:    -40° to +85° C
Antenna Operating Temperature: -40° to +85° C

Optional Outputs:
See Chapter 2 - Physical Description for more information on these outputs.

1 PPS:  Positive TTL pulse @ 50Ω or RS-422 levels.
Width:  User selectable to 20 us, 1 ms, 100 ms, 500 ms.
Accuracy:  < 30 nanoseconds to GPS Time when locked.*
Stability:  TDEV < 20 ns, τ < 105 seconds.
Connector (TTL):  Rear-panel BNC jack labeled “1PPS”.
Connector (RS-422):  Rear-panel DB-9M jack labeled “1PPS RS-422”.
Pinout (RS-422):  Pin 3 is +signal.  Pin 6 is -signal.  Pin 5 is GND.
* <100 nanoseconds to UTC. Constraints in the official GPS specification prohibit claiming an 
accuracy to UTC better than 100 nanoseconds.
Note:  To change the pulse width refer to the Option I/O Menu in Chapter 5 - Front-Panel Keypad 
and Display or the ERWQRVU and ERWQRVUEQPHKI commands in Chapter 6- Control and Status 
Commands.

AM Code:  1 Vrms @ 50Ω, 1 KHz carrier.
Signal:  Amplitude-modulated (AM), 3:1 ratio.
Format:  User selectable to IRIG-B (120/IEEE-1344, 122, 123), NASA-36, 2137.
Connector:  Rear-panel BNC jack labeled “AM CODE”.
Note:  To change the time code format refer to the Option I/O Menu in Chapter 5 - Front-Panel 
Keypad and Display or the ERWQRVU and ERWQRVUEQPHKI commands in Chapter 6- Control and 
Status Commands.

Prog TTL Pulse Rate:  Positive TTL pulse @ 50Ω on BNC jack.
User-Selectable Output Type:  On-time pulse rate, a digital time code, or synthesized rate.
Rate:  User selectable to 1, 10, 100, 1K, 10K, 100K, 1M, 5M, 10M PPS, IPPM, 1PP2S.
Duty Cycle:  50% except 1PPS which mimics the 1PPS Output defined above.
Accuracy:  < 10-13 to UTC for 24-hour averaging times when locked.
Stability:  σy(τ) < 10-9 for τ < 102 seconds, σy(τ) < 10-7/τ for τ > 102 seconds.
Synthesized Rate (option):  1PPS to 10 MPPS in 1PPS steps with optional DDS upgrade.
Connector:  Rear-panel BNC jack labeled “PROG TTL”.
Note:  To change the output selection refer to the Option I/O Menu in 

No4䌀�〄Con
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Alarm:  
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