By Richard Parry, W9IF

Amateur Radio, Paragliding and an APRS Weather Station (QST, August 2003)

Supplementary Information

Weather Station Configuration

The Peet Brothers U2K weather station supports four modes of operation: data logging, packet, complete record and modem. The mode determines the type of information the weather station provides and the sampling period. Each mode has its advantages and disadvantages.

For APRS applications, the two modes of interest are the data logging and packet modes. In the data logging mode the U2K outputs a steady stream of records approximately once per second. Each record includes current weather conditions. The packet mode sends data at five-minute intervals and includes the highest wind speed (gust) over a five-minute sampling period.

The complete record and modem modes are typically not useful for APRS. The complete record mode outputs a large amount of information as a steady stream. The stream includes current values along with high and low values and similar weather metrics. In the modem mode, the U2K remains in a receive state waiting for commands from a user or remote monitoring device before sending data. This is the mode used when the U2K is connected to a telephone line via a modem and weather data is requested remotely.

All modes output weather data in the form of an ASCII text string. Each field of the weather record is well documented and can easily be deciphered. Some weather stations output proprietary binary strings, making them difficult to use for APRS applications.

The U2K in the packet mode interfaces nicely to any TNC by replacing the connection typically reserved for a keyboard. From the TNC's standpoint, the weather station looks like a user typing weather data. Because the weather station is simulating a keyboard, the TNC must be in the CONVERSE mode. However, this method of interfacing the weather station to a TNC has a serious drawback. After a power outage, a TNC restarts in the COMMAND mode. When this occurs, the weather station ASCII text string output from the U2K is interpreted as commands, which the TNC cannot execute. This is a serious limitation for a remote weather station such as described here because the Torrey Pines Gliderport has no source of commercial ac power. The gliderport uses a solar cell power supply to power all equipment. On cloudy days, loss of power is likely. When a power outage occurs and the TNC reboots to the COMMAND mode, the system will fail and requires human invention to put the TNC back in the CONVERSE mode.

I needed to design the system to gracefully restart after a loss of power. One solution requires changing the U2K to the data logging mode and altering the interface method. Unlike the packet mode, that outputs data at 5 minute intervals, the data logging mode outputs a continuous stream of weather records approximately once per second. This is similar in operation to a standard GPS unit that outputs a NMEA (National Marine Electronics Association) sentence containing latitude, longitude and altitude. By connecting the weather station to a secondary serial port of a TNC, we solve the problem that occurs upon loss of power. In the event a power outage does occur, the main TNC serial port initializes to the COMMAND mode, but this is irrelevant since the U2K is connected to the secondary port that is unaffected by the TNC restart. The selection of the Kantronics KPC-3 Plus with a secondary serial port was the major reason for selecting this TNC, although other TNCs also support an additional port.

While the U2K’s data logging mode and connection to a secondary port of the TNC solves one problem (power outages) it creates another. It provides no logging or averaging of weather data. The data logging mode assumes an external system is logging information, computing minimum, maximum, average values and other statistical measurements. For my APRS application, weather data is stored by the findu.com database, so retrieving data for statistical analysis or displaying historical data is relatively easy. Nevertheless, by connecting the U2K to the secondary serial port of the TNC and setting it for the packet mode we get the best of both worlds. The packet mode has the advantage of providing average wind speed for a 5-minute period and includes wind gust information, which is not available in the data logging mode. And, connecting to the secondary port means the system will continue to operate after a power outage.

It should be noted that there is a small time delay when using the packet mode and a secondary serial port for interfacing. The delay is the result of the time between the 5-minute sampling period of the U2K and the time that the TNC broadcasts the data. On average, the delay is 2-1/2 minutes and is a result of the lack of synchronization between the TNC and the U2K. To understand why, assume the TNC and U2K were perfectly time synchronized. In this optimal scenario, the moment the U2K completes the 5-minute sampling period, the TNC sends the data, resulting in zero delay before transmission. Now, take the worst-case scenario where the U2K completes the sample just after a broadcast. Under these circumstances, the weather data will sit in the TNC's buffer for 5 minutes, waiting for the TNC timer to expire before transmitting. Therefore, statistically speaking, the average delay before data is transmitted is 2-1/2 minutes, which is the average of the best and worst cases (0 and 5 minutes). In most applications, this delay is acceptable and the advantages outweigh the small time delay. For these reasons, the packet mode with connection to a secondary serial port was chosen as the preferred interface solution.

Weather Station Firmware

Murphy struck again when I learned that the firmware, the software internal to the U2K, had a bug. Firmware is proprietary software written by the manufacturer and embedded within the weather station controller.

When the U2K first arrived, I put it in the packet mode, since it is the quickest and easiest interface method. The U2K was providing data, but the wind direction was almost always north. The information displayed on the U2K console was correct, but the transmitted wind direction was wrong. Since this was a new unit and I was unsure I was using it correctly, I asked the APRS SIG list (aprssig@lists.tapr.org) for help, but no one had seen the problem. I assumed the problem was due to my limited understanding of this new piece of equipment. After several days I gave up and decided to use the data logging mode of the U2K since it worked correctly.

Several months passed with the system working perfectly while in the data logging mode. With some experience under my belt, I now felt comfortable with the U2K and I was quite sure the problem was not due to my system design. Once again, I tried the packet mode, since it provides wind average and gust information that can be very useful. The problem still existed, so I called the Peet Brothers technical support hotline. When I explained the problem, they said there was a firmware error in the U2K firmware and the unit would have to be replaced. They agreed to send me a new unit with the understanding that I would return the defective unit. This meant the system would not be down for a week or more while the unit was being replaced.

It was frustrating to learn that defective firmware had resulted in an extension of my time and effort on the project. However, there was an upside to the story. While speaking with technical support, I learned that small “mini-jumps,” located inside the U2K, are used to set the default mode. If the U2K loses power, it reverts to a default mode, normally set at the factory to data logging mode. Peet Brothers suggested that they set packet mode as the default mode. Then, in the event of an ac power outage and a loss of power provided by the 9 V battery backup, the U2K will revert to packet mode, allowing it to continue operating with no need for immediate human intervention.

Web Interface

Getting weather data to the findu.com database is a significant task that requires a great deal of equipment. Once the data is there, however, it is useless unless it can be retrieved and presented in an easy to read and understand format.

All properly formatted APRS weather packets that reach an IGATE are forwarded to the APRS IS and eventually stored in a MySQL database on the findu.com server. Generic Web pages have been developed to allow easy access to the database to retrieve the data. For example, weather data for the past 24 hours displayed in tabular form is available at www.findu.com/cgi-bin/wx.cgi?call=w9if-4&last=24. A graphical representation of the same data is available at (www.findu.com/cgi-bin/wxpage.cgi?call=w9if-4&last=24&radar=***). This information is provided through CGI scripts. Dennis Sell, N9WTM, wrote an easy to use Web page (www.wulfden.org/APRSQuery.shtml) that allows easy access to the database. Pete Loveall, AE5PL, developed a similar page (www.ae5pl.net/findu/findu.htm) but uses the Java computer language to add additional functionality.

The information provided by these generic pages is useful, but not optimized for paragliding. Therefore, I developed a suite of Web pages customized for paragliding. Current weather conditions are displayed as well as historical data. Standard display periods include 4 and 12 hours as well as 1, 2, 3 and 7 day periods. Plots for wind speed, wind gust, wind direction, barometric pressure and temperature are provided. Figure 10 shows the wind speed, gust and direction for a four-hour period.

Figure 11 shows weather conditions superimposed on an image of the beach and Pacific Ocean. It is the view a paraglider sees upon launch. Arrows are also provided to show wind direction. Flying is best when the wind direction is within 25° of west.

TNC Configuration

There are several excellent TNCs available that meet the requirements for an APRS weather station. I selected the KPC-3 Plus (firmware version 8.3), since it supported a second serial port and because of its popularity among the Amateur Radio community. Other TNCs will work, but the exact commands and initialization parameters described here may vary.

The listing below shows the commands used to configure the TNC. Each line is numbered for documentation purposes and is not part of the TNC command structure. I will limit my discussion of the commands to those that are unique or crucial to the configuration of a stand-alone remote weather station. The reader is encouraged to study the other commands before using them.

Line 1 is unique to the KPC3-Plus; it puts the TNC in a mode to accept all, rather than a subset, of the user commands.

Lines 7-8 prevent the TNC from accepting connections. If a connection is attempted to the unmanned weather station, it is refused with a polite reply.

Line 9 configures the second serial port to 2400 baud, which is the U2K baud rate. The NORMAL parameter specifies that the polarity of the U2K RS-232 is “normal” (not inverted). The GPSPORT command provides a CHECK/NOCHECK parameter for GPS operation. It tells the TNC not to perform a check for a corrupted GPS string. A standard GPS text string contains a checksum that allows the TNC to verify the integrity of the GPS sentence. If the text string were corrupted as indicated by a mismatch of the checksum, the TNC discards the string so as not to broadcast dubious GPS data. The U2K weather station provides no checksum, so the NOCHECK parameter is specified.

Lines 10 through 13 are normally used to set the NMEA GPS text string prefix. Typical GPS prefixes are: $GGA, $GPRMC and $RMC. For U2K packet mode operation, $ULTW is used to denote a valid weather string. In the U2K data logging mode, !! is used. Since we have selected to use the packet mode of operation for reasons previously discussed, the parameter is set to $ULTW.

Lines 14-18 specify the frequency at which packets are transmitted to the APRS network. Line 15 is of particular interest, it declares that weather packets are to be transmitted at 5 minutes intervals; an APRS standard. Line 15 also contains a CLEAR parameter that forces the TNC to clear the weather data in the TNC buffer after it is sent. If this parameter is not provided, the TNC will continue to broadcast “stale” (old) data in the event the U2K system fails. This is a nice feature since it helps prevent transmission of false weather data.

The remaining lines are fairly obvious, but lines 31 and 32 deserve special note. Since the weather station is remote and difficult to access easily, it is desirable to have a means to remotely control and/or reconfiguring the TNC. The RTEXT and MYREMOTE commands allow the user to specify a password and call sign to limit remote access to the TNC.

The KPC3-Plus Initialization Command Listing for the APRS Weather Station

1. INTFACE TERMINAL

2. ECHO OFF

3. BTEXT Torrey Pines WX station, San Diego BEACON

4. BEACON EVERY 59

5. UNPROTO APRS via W9IF-7,WIDE2-2

6. CD SOFTWARE

7. CMSG DISC

8. Ctext Remote wx station, disconnecting now!

9. GPSPORT 2400 NORMAL NOCHECK

10. GPSHead 1

11. GPSHead 2 $ULTW

12. GPSHead 3

13. GPSHead 4

14. BLT 1 EVERY 00:30:00

15. BLT 2 EVERY 00:05:00 CLEAR

16. BLT 3 EVERY 03:00:04 START 00:00:05

17. BLT 4 EVERY 03:00:05 START 01:30:05

18. LT 1 !3253.40N/11715.00W_PHG2230/Torrey Pines WX station, San Diego LT1

19. LT 2

20. LT 3 !3253.40N/11715.00W_PHG2230/Torrey Pines WX station, San Diego LT3

21. LT 4 !3253.40N/11715.00W_PHG2230/Torrey Pines WX station, San Diego LT4

22. LTP 1 APRS

23. LTP 2 APRS via W9IF-7

24. LTP 3 APRS VIA WIDE2-2

25. LTP 4 APRS VIA TRACE3-3

26. MYCALL W9IF-4

27. MONITOR OFF

28. HEADERLN OFF

29. MCOM OFF

30. MRESP OFF

31. RTEXT PASSWORD HERE

32. MYREMOTE CALLSIGN HERE
