Cave surveying gadgets, as I have seen them.
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The analogue past

As most others I learned cave surveying when everything was analogue. Tape, compass and clinometer. The challenges it represents are well known. Two persons are fully occupied in the process of measuring distances, and furthermore one has to choose whether to roll in the dirty tape after each measurement or drag it along and risk it getting stuck at different obstacles. The advantage is that measuring itself is simple and relatively accurate, as long as everybody agrees on tightening the tape properly.

The clinometer is the next pitfall, with scales in both degrees and percent, and of course different direction of turning over and under zero. When additionally the scale is so big that only one number can be seen at the time, a reading thought to be 18°, might be 22°.

Anyway, the big issue is reading the compass. An instrument that must be levelled to perform, doesn’t work very well in steep passages of a cave. The technique of tilting forwards and back and watch if the rose turns when it is levelled again is nice in theory, but often difficult in practice. The fact that several people have a sight-problem that makes it impossible for them to perform a reading of such an instrument, in any position, is another question.

Solving the compass

A romantic Swiss solved the problem of tilting the compass one evening when looking at the flame of a candle trough the stem of his wineglass. He saw a thin light beam orthogonally of the stem. This beam could also be seen a short distance to each side. He leaped up and modified a compass by bolting a glass rod on both sides, parallel to the housing where the magic beam from a distant light source could be seen along the reading line of the compass. This also improves keeping the compass levelled sideways, because all the lines one can observe are to be parallel. This modification enables sighting in pretty steep passages very accurate. I’ve owned such a modification for several years and taken bearings in passages that exceeds 70° of inclination. It is interesting to try to take the readings the “old fashion” way first and then with the aid of the glass rods, and compare the results. It is amazing how big the difference often is. The modification is highly recommended.

Laser meters

Then the laser distance meters appeared. A few years ago (before the finance crisis) it was said that the number of mobile phones per capita on Iceland were the highest in the world. Maybe the same phenomenon goes for cave surveying gadgets per caver in Norway.

Several types and models of laser distance meters are found. Black and Decker, Bosch, Jena, Leica, Motek, Skil and Stanley to mention some. Basically they are very much alike. The ones I’ve tried myself are Jena and Leica, and these two have a significant difference. When aiming with a Jena the beam is blinking, but when measuring it is constant. This feature is very useful when the fingers are numb or the sighting position is awkward. One can also hold the push button while measuring, to avoid shaking the instrument upon releasing it. Do this with a Leica and it starts measuring continuously and calculating the average. A result from this calculation is not stored, and can only be read on the fly. I’ve never found it useful, at least not in a cave. An advantage of the Leica is it’s somewhat stronger laser beam, which improves measuring against dark surfaces.

When I bought my first laser, I bolted on a digital protractor right away. The disadvantage was that I now had two buttons to push, but nevertheless a simultaneous reading of distance and inclination speeded up surveying. The previous mentioned sources of error of an analogue clinometer were also eliminated. This was a one-axis level with limited possibilities of sideways tilting.

Some time ago, or should I say “once upon a time”, I had a long phone call with a nice lady at the development office at Leica, Switzerland. Approximately a year later the Disto A8 saw the light of day, with built in clinometer and an adjustable delay on the locking of the readings. I doubt that it was my phone call that triggered the development of the A8, but it is an amusing thought. Especially since it had two of the three features I described as vital, namely a built in clinometer and an adjustable delay for the push button. The third of course was a compass. Two disadvantages of the A8 are its battery consumption and the fact that the digits showing the inclination are small and hard to see in the dark. In addition it is given with two decimals, which is unnecessary accurate. Sideways tilting is not supported.

Their newest model, the D5, has white digits on black background, is smaller and it is supposed to have lesser battery consumption. The D5 as well suffers from the lack of a compass and the ±45° clinometer cannot be tilted sideways.

DistoX

Then the modification set for Disto A3 from Beat Heeb saw the light of day. The following might sound as a commercial, but generally the DistoX is the answer to any cave-surveyors dreams. The A3 basis is a standard Leica laser meter. With the modification it has:

· Built in three axis compass and clinometer, activated by the same pushbutton as the distance meter.

· Bluetooth transfer of data

· The ability to store up to 4000 readings.

Three axis sensors means that the unit can be freely rotated any way without corrupting the readings. The cost of the modification card of 180 Euro including shipping is affordable. The modification process itself is fairly simple, one just has to be able to solder, on points approximately 0,8 mm wide.

It still has the previous mentioned disadvantage of all Distos, namely the indifference between aiming and measuring. And there are two very important conditions to be aware of with the DistoX.

1. It must be thoroughly calibrated, and this must be repeated at every change of batteries. The calibration must take place somewhere completely free of magnetic disturbance.
2.  It is very sensitive for magnetic fields in its surroundings. My stainless, and therefore in theory non-magnetic, wristwatch doesn’t effect a Suunto compass until it is placed close up to the housing. The DistoX detects it as far away as 0,5 m.
The A3 is no longer in store at most Leica dealers, and must be bought over the Internet.
Connection

As with all computerized equipment, there has to be some obstacles. Connecting the DistoX to the PDA for the first time can be quite time consuming. Connecting a second DistoX to the same PDA one would think was easier, but don’t count on it. The best idea is to follow the directions of the manuals and the help-function on the PDA, find an unoccupied port, and try again.

Calibration

The calibration process must be carried out with a PDA with a calibration program available, and it consists of 56 different sightings. That is sighting back and forth in seven different directions with the DistoX in four different positions at each direction. We have followed the recommendations of Heeb and done the calibrations in a cave. Find a room that is approximately two metres high. Then mark all eight corners of a cube. The cube doesn’t have to be regular. Also mark a spot in the ceiling and one on the floor as close to 90° vertical as possible, and finally four spots on the walls that make two horizontal lines orthogonal to each other. Activating the calibration program on the PDA will result in a message on the screen of the DistoX “Cal”, and measuring can begin. All the four diagonals as well as the horizontal and vertical lines must be measured in both directions with the DistoX in four different positions. To avoid confusion one can apply the LRUD method to keep track of the positions, but the sequence doesn’t really matter as long as all positions are taken. Another method is to always start with the display facing upwards, and then roll it in the same direction each time. When all 56 measurements are taken the actual calibration has to be performed on the PDA. Note that the third value given in the lower part of the screen is an expression of the quality and should be less than 0,5.

When the “Write back” function on the PDA is activated the calibration results is stored on the DistoX. The DistoX is now able to perform with or without the communication with a PDA, that is, it is useful even if you write down the data the old fashion way. The manuals for the DistoX are consistent, easy to follow and very short.

Calibrating the DistoX with Auriga

In the calibration program of Auriga there are some buttons:

1. “Start” and “Stop”

2. Take measurements “How to”

3. “Fetch Measurements Data”

4. “Compute Calibration”

5. “Upload Calibration”

“Clear DistoX Memory”

First tap “Clear DistoX Memory” and the DistoX is purged. Then tap “Start” to activate the calibration function on the DistoX. During the process the DistoX will count the measurements so there is no doubt about when completed. When (3) is tapped, it fetches all data from the DistoX. Tap (4) and it calculates the error. (5) stores the calibration data on the DistoX.

Calibrating the DistoX with PocketTopo

Calibrating with PocketTopo is slightly different. The screen is more “Windows like” with a menu instead of buttons. Measurements are transferred continuously to a visible table and the calibration program counts the indexed shots. There is also the possibility to store and reopen calibrations. In addition to the extras, the main menu consists of: “Start”, “Stop” and “Update” which are straightforward. On the right side of the screen “Evaluate” is found. Since PocketTopo itself retrieves the shots automatically, there is no need to purge the DistoX when starting to calibrate, but you might have to delete some rows from the active cave.

Accuracy and speed

The tests we have done suggest that the accuracy of the DistoX is very good. Some small loops show a loop closure error less than 0,4 %, and comparisons done with analogue or semi analogue instrument sets, indicates that the DistoX is much better.

And of course there is an
 increase in speed, dependent on how one chooses to use the data. Whether written down, transferred to Auriga or transferred to PocketTopo, there are differences in speed. Which brings us over to the question about software. As mentioned you do need a PDA to calibrate the DistoX and the two softwares available so far are Auriga and PocketTopo. Both cave surveying software that runs on a PDA and retrieves and stores data as well as showing a map while in the cave.

Auriga

Auriga, written mainly by Luc Le Blanc is shipped with a calibration program, called DistoX, written by Christian Chénier. Auriga itself was written long before the DistoX was made and the Bluetooth transfer added later. Unfortunately this is quite obvious in the program, but it is reason to believe that improvements will be made continuously. Luc Le Blanc is very committed and he welcomes any input from end users.

With the right settings, distance, bearing and inclination are transferred to the program when triggered. And this is an obstacle. Transfer has to be triggered manually for each shot. Passage dimensions are transferred at the same time, sequentially LRUD. I.e. you can take the centreline shot and then the passage dimensions and pass them over in one transfer.

Some of the pros and cons we have found with the Auriga:

+ Loop closure

- No sketching

+ Nice function to move between table view, single shot and map

- Somewhat intriguing menus

+ Many possibilities

- 127 pages manual

+ Transfer to and from Win Compass

- Relatively hard to learn

PocketTopo

The PocketTopo has the possibility of very simple data retrieving. When set to “Smart mode”, three equal sightings are interpreted as a centreline shot, whilst a single measurement is a passage dimension or an “guideline measurement”, All measurements can be transferred immediately or stored on the DistoX and transferred when contact is achieved.  Some times one has to force transfer. This is easily done by turning the DistoX off and on. PocketTopo supports the use of “guideline measurement” i.e. sights in arbitrary directions from a station to determine a detail in the cave. Since these are stored with bearing and inclination, they can be anywhere in a sphere around the station. So far, no cave surveying program running on a home computer supports such “guidelines” so these data is only for drawing. The software also has a function for automatic drawing of a section, but this is depending of measurements taken in right angle to the passage. The software has no loop closure, but supports sketching. The question is whether the hand drawn walls can be attached to the stations in a way that enables dynamic changes.

PocketTopo can export to: Text, Toporobot that is only for Mac users, Therion, Outline and Side View. The two latter being sketches in dxf-format. Currently import is supported only from Toporobot data format. Here is clearly room for improvements.

Both programs support forwards and backwards sightings. I think the one that has the best support for sketching and import/export will be the preferred one eventually.

Current status in Norway

In addition to three private DistoX, that we know of, in Norway the NGF has bought five. Two of these will be sold at cost to our members. The rest will be rented out. This way the NGF will try to stimulate cave surveying. All but one of these sets are assembled by Hans Øivind Aarstad, the same person who built NGF’s six HeyPhones. So far there is only two PDAs, one with Auriga and one with PocketTopo.

Conclusion

The use of an all in one digital instrument with a visible beam increases the number of stations possible tremendously. The surveyor no longer needs to put his head on every station. The only essential thing is that there must be free sight between stations. A tape can be used around a corner, but a laser meter can’t.

The accuracy of the surveys will tend to be more dependent on how accurate stations are marked, and hit with the beam, rather than how precise readings are made.
I guess that several of the participators here have tried to make a simple cave map by producing a graph from a spreadsheet. Almost the same number of people has been astonished when the walls suddenly crossed each other. The new all digital process should result in better and not at least more surveys. It is still to find the simplest way from cave to complete survey. The first challenge to be undertaken is writing receiving programs that are able to use the data and sketches, and that allow for dynamic changes. Simple imports and exports are matters of course. However, there is no doubt in my mind that the DistoX or a similar instrument will be part of all future surveying.

