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Summary and Purpose of Document
The document contains a proposal for requirements and Implementation Plan for a robust, low power, continuous communications platform for all AWS, particularly those in remote locations.
_________________________________________________________________________

ACTION PROPOSED

The meeting will consider the requirements (RQ) and Implementation Plan (IP) for a robust, low power, continuous communication platform for all AWS, with special focus to installations in remote locations. Based on the discussion the ET is to prepare a set of RQ and viable IP for those strategies which show the greatest promise.
References:

Manual on the Global Telecommunication System (WMO-No. 386)

Background
The reliability of the collection and distribution of observations and processed information from Automatic Weather Stations (AWS) implemented and operated by WMO Members, is critical to the availability and exchange of data. Retrieval of data from an AWS site is expected to be continuous, timely, and reliable.

In the Manual on the GTS (WMO-No. 386) it is said that: “Satellite-based data collection and/or data distribution systems are integrated in the Global Telecommunication System (GTS) as an essential element of the global, regional and national levels of the GTS. Data collection systems operated via geostationary or near-polar orbiting meteorological/environmental satellites, including ARGOS, are widely used for the collection of observational data from Data Collection Platforms. Marine data are also collected through the International Maritime Mobile Service and through INMARSAT. International data distribution systems operated either via meteorological satellites or via telecommunication satellites are efficiently complementing the point-to-point GTS circuits. Several Countries have implemented satellite-based telecommunication systems for their national Meteorological Telecommunication Networks.”

The ET-AWS believe that the GOS spaced-based subsystem actively works towards providing a robust, low-power, continuous (i.e. broadband) communications platform for all AWS, particularly those in remote locations.

Based on these presumptions, the proposal for Requirements and Implementation Plan for a robust, low power, continuous communications platform for all AWS, particularly those in remote locations has been developed and is reproduced in the Annex 1.

Annex 1
REQUIREMENTS AND IMPLEMENTATION PLAN FOR A ROBUST, LOW POWER, CONTINUOUS COMMUNICATIONS PLATFORM FOR ALL AWS, PARTICULARLY THOSE IN REMOTE LOCATIONS
AWS Data Communication parameters


The design parameters for the AWS data communications are:

· Frequency of data collection;

· Timeliness;

· Size and format of the AWS message transmitted;

· Rate of transmission (feasible duration of transmission); (e.g. higher rate, shorter duration of transmission, operation costs);

· One or two way communications;

· Redundancy, where possible.

· Storage of data, when communication not available

· Consistency across the networks, to ensure interoperability.

The devices used to transmit data and information from the AWS site must have a capacity to store a predetermined quantity of reportable data and information. 

Two-way communications (transmit and receive) is an increasing requirement, allowing the implementation of various housekeeping functions for the AWS (e.g. programming functions to the on-site transmitting terminal, synchronization of transmission, AWS system upgrade, downloads, troubleshooting, etc). Despite the additional costs associated with setting up and operating receiving capabilities, the remote intervention could significantly improve the sustainability of the AWS system, reduce its overall operating costs, and improve the data availability.

In a one-way communication platform, an AWS is equipped with transmitting capabilities (transmitter, antenna, etc). For two-way communications receiving capabilities are added. The AWS on-site transmitting terminal is generally a modem, a router, or a satellite transmitter device configured to communicate with a central collection hub. Depending on the methods, the configuration setting and equipment could vary extensively, and are seldom interchangeable.
AWS transmitting terminal should always provide a failsafe feature that alerts users upon communication link or host failure.

The AWS on-site transmitting terminal must be able to operate and survive under the outdoor environmental conditions and the communication system must be able to accommodate an increased volume of data and information with minimum incremental costs.

AWS communication methods 

The AWS communication methods depend on the location of the site, the availability of communication infrastructure or access, and the costs associated with the setup and the operation. 

The communication methods available are ground based (landlines, wireless) and satellite based. In each case, the format in which the data message is transmitted (file, e-mail, data string, etc.) determines the processing required to decode and ingest data at the central collection location.

Ground communications

Landlines (telephone lines, high-speed):

Where the landlines are already available, they are generally a robust, low cost, low power communications solution. Where landlines are not available, installing new dedicated landlines are cost prohibitive with no real return on investment.

For telephone lines, the transmission rate is low, but manageable where the size of the data message is small. An increased rate of transmission is possible using a high-speed connection; however, the costs associated with the subscription, depending on the location, could be very high and unsustainable.

Wireless: 

The significant expansion world wide of wireless networks increases the availability of effective, low power alternatives for data transmission from an AWS, including in remote locations, as long as wireless network coverage exists. This includes radio, cellular phone, networks using ground based repeaters. Data is transmitted to a communication hub from where is relayed to the central collection location.

Setting up wireless communications at AWS sites is similar in cost to landlines, however is significantly more expensive to operate there are issues related to the reliability of the service and the security of transmission.

Ground based communications could be easily used in two-way communications mode. 

Both landlines and wireless communications are a reasonable, manageable solution in populated areas, but limited, to non-existent in remote location, where the service is poor, with frequent interruptions. 

Still, if available, the ground communication could be used to create redundancy.

Satellite communications 
This is an increasingly viable option because of the extensive global coverage, in particular in the remote areas where setting up ground based communication systems is not possible or cost prohibitive. Satellite communications are suitable for both fixed and mobile platforms (buoys) and are the most promising communications method for the future for collecting and transmitting data from AWS, including from remote locations.

The cost of satellite communication, while decreasing recently is still significant and this limits its use.

A broadband data communications service is one that requires a transfer rate greater than that afforded by a dial-up telephone line using a V.92 modem (600 bits/sec). 

Currently data transmission rates for satellite communications (Inmarsat, GOES, Telesat) used for the collection and transmission of data from meteorological stations varies from 100 to 1200 bps, while Iridium could go up to 9600 bits/second.

When setting up satellite communication, of interest are: 

- Site location (latitude);

- Satellite visibility over 24h;

- Number of satellite passes over 24 h, for orbiting satellites.

AWS communications platform characteristics:

- Transmitting/receiving power;

- Antenna gain;

- Line of sight path (avoid obstacles which could cause fading due to shadowing and multipath)

AWS Satellite communications options:

1. Using Geosynchronous/Geostationary Earth Orbit (GEO) satellites, which are tied to the earth's rotation and are therefore in a fixed position in space in relation to the earth's surface (GOES, ARGOS, INMARSAT). 
Advantages:

- AWS transmission antenna on earth needs to point to only one place in space in order to transmit the signal to the GEO satellite and relay data regularly, without the need for expensive equipment to track the satellite’s motion, and. Therefore. a lower power solution.

- The satellite is always within the station view, increasing the reliability of the communication. 

Disadvantages:

- The need for the transmission device to self-time and synchronize, to capture the reception window of the satellite, which is only of several minutes. Missing it leads to missing data. For this reason, the AWS clock accuracy is important for communicating with GOE satellites, in particular when equipped for transmission, only. GPS could be used for clock synchronization.

2. Low Earth Orbit (LEO) satellite systems (E.g. Iridium) orbit the earth between 400 and 1,000 miles above the earth's surface with complete coverage of the entire Earth, including over polar regions.
LEO satellites are not fixed in space in relation to the rotation of the earth, and they move at very high speeds. Data being transmitted via LEOs satellites must be handed off from one satellite to the next as the satellites move in and out of range of the earth-bound transmitting stations. 

Inter-satellite communications is critical for reliable AWS communications using LEO satellite systems. Because of the low orbit of LEO satellites, the transmitting power of the AWS station is significantly lower than those that transmit to satellites orbiting at greater distances from the earth's surface. 

LEO telecommunication systems are a promising technology, providing the ability for underdeveloped territories to acquire satellite communication services in remote areas.

If an AWS is configured only to transmit to polar orbiting satellites, the antenna must transmit continually or at timed intervals, to intercept the satellite path. Because the AWS transmitting terminal does not “know” when the satellite is overhead, messages are repeated to ensure reception. 

The AWS data message format depends on the method of communication used. Data delivery from the site could be via Telnet, e-mail, or Internet. 

The use of two-way communications is necessary to significantly improve the reliability of communications and the availability of data. Advantages:

1. This would allow remotely sending commands to an AWS (troubleshooting, system monitoring and downloading software upgrades)

2. AWS could regularly receive the coordinates of the satellite constellation and will be able to predict accurately the occurrence and duration of next satellite passes. This will reduce the operating cycle of the transmit/receive devices by transmitting only when satellites are in view. 

3. The knowledge of the next satellite pass time and duration will help better manage the transmissions and hence to relay more AWS data. Quantity could increase, due to the acknowledgment of message reception by the satellite (no repetition message necessary)

The Iridium satellite constellation is a promising alternative, offering inter-satellite communications. The global coverage ensures that data reception reaches 100%, with a data rate of 1200 to 2400 bit/sec, superior to GOES and Inmarsat. Up to 4800 bits/sec are possible. However, because of the limited battery power of each satellite, only about 1100 connections can be made at a time.

The costs are currently very high, 10-12 cents/message., in addition to a subscription fee.

The configuration consists in using an Iridium satellite phone to connect to a network, allowing send and receive email and transfer of files.

The transmission times are reduces, leading to lower transmission costs, because of the shorter distance to the satellite and higher data rate, 

Action plan

Given their global coverage, the access to satellite communications is of interest to all WMO Member countries. The negotiation for satellite communication access for each country is difficult and the subscription costs are significant. Negotiating through WMO the access to various satellite communication solutions, would enable an increased number of countries to take advantage of it, increasing the data availability and continuity from the GOS stations for global, regional, and national applications.

Issues to be addressed:

· Access to satellite communication services coordinated through WMO, globally and regionally.

· Keeping up with changes in communication technology could represent a challenge from the AWS network sustainability point of view.
· Implementation of two-way communications to improve the robustness of the AWS operation and data transfer.
