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GPS DATA ACQUISITION AND ITS USE IN BALLOONING COMPETITIONS

Discussion paper by J.C. Weber


Basic Goals:

What we want to achieve is to reliably record a balloon's position in space and time, at any time during its flight.
This can be achieved today with many GPS devices readily available, and as the GPS data gathering method is an industry standard, the collected data (or log) can be used by event organisers to track and to score the balloons. Tracking may be live or delayed, public or access limited, and if used for scoring purposes, it may serve as observation-, verification-, control-tool, or it may be used as a basic scoring-tool for proximity- or marker-scoring. However, all these uses necessitate some kind of “raw data”-converting software applications in order to allow the event organisers to get meaningful results.

Some event organisers have already gained some experience, and it seems that, for various reasons, they all favour their own choices of data collection and use. A lot of time, efforts and money have probably been invested (and spoiled) with everybody trying to find the best solution “on their own”.

I believe that the CIA should try to coordinate all these efforts by at least providing the events organisers with some basic “guidelines” as far as equipment and data collection are concerned, and some Sporting Code rules covering the data utilisation in our events. In addition, it would be helpful if the CIA could define standard procedures, and eventually a software application, for converting the “raw data” into meaningful information for scoring and media purposes.

Ultimately I can envisage, development kicking in, a complete system or modules for logging, scoring and media purposes being made available by the CIA on the Internet.

Basic considerations:

Legal aspects:
GPS data collection is so far free of charge and not subject to any sort of licensing (except for a licence fee paid with the price of the instrument), and data can therefore be freely collected. However, to use the data, collected by a pilot’s instrument during a competition- or record- flight for other purposes than scoring, results verification or observation, the organisers must make sure that the pilots agree to the organiser using the collected data (flight log) for instance for media and publicity purposes. This agreement can be achieved with an addition to the entry conditions specified in the Sporting Code or Competition rules. The organiser must also make sure that the “rights” to the data are retained by the event organiser or NAC in case of a record flight.

If the GPS instrument is provided by the event organiser for competition purposes, the organiser must make sure that all entered competitors carry the instruments in the prescribed way. Proper care for the instruments should be the competitors’ responsibility, and he should be made aware of this prior to entering the event. Generally, an event organiser would ask for a “rights” waiver for the logs, and an agreement to “carry and use” the loggers, on the registration form.

Data acquisition:
Today’s GPS receivers are generally of  sufficient quality to guarantee good signal reception throughout the flight. Care should be taken to set up procedures for instrument maintenance and on-board installation in order to guarantee the best possible signal reception. Also, it should be made clear that if instruments are provided by the organiser, these provided instruments must in no case be used as primary flight instruments. The best solution in this respect is to install the instrument out of reach of the pilot or, if this proves to be impossible, to provide instruments without any visible display.

Data accuracy:

Determination of horizontal position is generally accurate to within 15 feet, and this seems (presently) to satisfy the needs of most event organisers. Vertical position is generally not very accurate and can vary from +500 to -500 feet in very short time. GPS devices incorporating an atmospheric pressure measuring device are therefore considered a must for all applications having to rely on altitude information. Improved accuracy is possible with DGPS, but this is not always available. Accuracy requirements for scoring and tracking purposes should be incorporated into the Sporting Code or Competition rules.

Data logging:

The following minimum logger requirements should be considered for GPS receivers: 

· Minimum log capacity of 14,400 fixes at variable/programmable time intervals (with a minimum of 1 fix per second)

· Programmable waypoints and waypoint-cylinders or/and cones

· Programmable instrument/balloon/competitor identification

· Standard data format, download/upload protocol and standard connecting possibilities (power, antenna, computer)

· Capability to log instrument ID, fix ID, fix date & time or ref., Lat/Long position, GPS altitude, pressure altitude, vertical speed, horizontal speed, track

· “Delete GPS log” function when downloading log

· Individual log-file naming protocol for log downloading

· Real-time data transmission capability

Data security: 
In competitions, as well as for record flights, data security does not seem to overly bother the event organisers, and none (except one) of the devices used so far are tamper-safe. Even if the risk of tampering with the data is very small, it has to be assessed and we have to decide if we want to require secure systems (like the IGC protocol) or not. Non-secure Off-the-shelve GPS instruments are generally available for a fraction of the cost to be paid for secure GPS systems.

Data downloading/uploading:

Data download into some kind of usable software is generally the most delicate part of the process. This being the most error prone phase of the process, handling operatives (competition officials) should have been well briefed on the competition director’s requirements re. download procedures, data file-naming and storage, data integration, and data archiving, and should have been trained “on site” and be familiar with the given equipment before the start of the event. Ideally, the responsible handling operative should print a “download complete” report with file ID and download time after completing the downloading process for each flight. Handling the huge amount of data and files at the end of a competition can become very worrisome if not planned very carefully before the start of the event.

Clearing the track log (deleting the file) from the GPS must be handled by the GPS handling operatives, either manually or automatically (depending on the system used) after each download. 

The competition director will usually take care to define the procedures for data downloading, instrument checking and data uploading. Data uploading may be required right after the download process, or may have to wait until the following competition tasks to be flown are known. As time is generally very short in supply between task publication (to officials) and competition briefing, the upload process must have been very carefully planned and timed in order to have the instruments available at briefing.

Data storage:
Data storage should be done in accordance with a well documented  and published “filing plan”, giving precise access and management instructions to the handling operatives. Ideally, the “competition logs directory” should be isolated and protected on a separate drive or computer. File backups should be mandatory after each file manipulation.

Competitors may wish to have access to their flight logs, and organisers should consider storing each competitor’s log files on a separate data storage device. These data storage devices, maintained and updated regularly by the handling operatives, should be available on request for copying purposes at any time during the competition. At the end of the competition, the organiser may consider giving the data storage devices to the competitors.

Data utilisation:
Depending on the intended use of the collected data, the organiser must make sure that the rights issue has been correctly handled before the start of the event. The use of the competitor’s flight data for competition purposes will normally not be of any concern, but publication of logs and tracks for other purposes (PR, Media, Publicity, Control by outside parties) may raise some questions. Ideally, competitors would sign a rights waiver to the benefit of the event organiser. This could be done on the registration form or at the latest at the check-in. 

Data Archiving:

Track log files should be handled the same way as any other competition document, and be archived with the event organisers for at least 5 years. Track log files can easily be stored on a single CD and, if used for scoring purposes, a copy should be sent to the FAI offices with the Jury report.

Scoring:
Event organisers normally have several options when deciding which scoring method to use. The most common are GPS Proximity Scoring, GPS & Marker Scoring and pure GPS Scoring, or a mix of different methods. The data/scoring integration process must be clearly understood and documented, and the scoring officials must be well briefed and trained before the start of the event. Once the event has started it is generally too late to take corrective action. Care should be taken to allow for system and process queries at any time during the process, and that data input and manipulation are clearly documented in a log file. The process should be easily demonstrated to outside parties and be checked for integrity before the event starts.

At the General Briefing, competitors should be clearly briefed on definitions and procedures used. Take off and landing place-, take off time-, start of flight- and altitude determination should be clearly defined and explained. Also, any marker drop altitude limitations, and the associated penalties for non-observance, should be clearly explained.

GPS Proximity scoring:

With proximity scoring the competitors flies the task(s) without the need to drop a marker. His scoring position will be the closest position to the goal/target recorded by his GPS. This position will usually be identified by the software program used to convert raw GPS data to meaningful results. Proximity scoring should not be used in tasks where the required accuracy is better than the precision of the instrument. Also, because proximity scoring makes marker drops superfluous, it takes away some of the excitement associated with marker drops for the competitors and the public. It is useful to use proximity scoring in tasks where other scoring methods are not applicable (e.g. “three dimensional” tasks)

GPS & Marker scoring:

With Marker scoring the competitor flies the task(s) with the requirement to drop a physical (real) marker in a “limited measuring area” AND to mark his marker drop moment in the GPS log (GPS mark). This can be achieved by the GPS’ “MOB” function or any other “GPS mark” input device. The competitor may at any time decide to drop the physical marker anywhere he wishes (outside a limited measuring area), and request the scoring officials to measure his result by conventional means. Marker scoring retains the excitement of “real” marker drops within limited measuring areas around goals/targets, and of simulated marker drops outside these areas.

GPS scoring

Pure GPS scoring dispenses with “physical markers” but not with GPS marks. This methods will most probably be used in tasks where a physical marker is not required, or cannot be used (3D asks). The competitor has to mark his relevant positions in the GPS log by means of a GPS “MOB” function or any other “GPS mark” input device.

Tracking

Visualisation and/or interpretation of the GPS logs for balloon tracking may be used for scoring- and/or media purposes. Live-tracking is useful only where data transmission quality is not an issue and can be demonstrated to work up to expected standards. Live tracking for scoring purposes has not yet been successfully demonstrated, but has a potential for future use in long distance/duration events.

Visualisation of GPS tracks, live or delayed, for media purposes (Internet and on-site visualisation) is without any doubt a very valuable PR tool that has already been successfully demonstrated in different hot air- and gas ballooning events. Public live tracking (real time) of ballooning competitions, as opposed to delayed tracking, seems to be less well accepted by the competitors, concerned about giving away valuable tactical information to other competing pilots. 

Having seen some interesting experiments lately, I believe that trying to re-invent the wheel is not necessarily the most productive way to find a solution to our problems in this field, and that we absolutely need to define what we want to achieve, and when. This means we have to set priorities, because we cannot achieve all the goals together.
There are many other issues that need to be considered, but I hope that this paper will help focus our views on the immediate priorities. 
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