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2005 NSS Convention, Huntsville, Alabama
Survey and Cartography Section

CALL FOR PAPERS

This is a call for papers for the Survey and Cartography session at the 2005
NSS Convention. The session is informal and provides a good way to tell other
cave mappers what you are doing, and to discuss problems related to cave
surveying, data management and manipulation, and cartography. Most cave
surveyors have either devloped useful techniques that may benefit others or
are encountering problems that someone else may have solved. In either case,
i an informal session presentation would be appropriate.

The session is informal and the audience is friendly. There are no requirements to provide fancy visual
aids or to provide a written paper (other than an abstract to be included in the Convention Program.)
Of course, the Compass & Tape editor would be glad to receive any written papers for publication.

Presentations can be on any topic related to any aspect of cave mapping, and the material presented
can be for any level of mapping/cartographic experience. A partial list of potential presentation topics
include:

. Cave mapping applications of high-accuracy GPS and digital mapping technology
. How to keep cave mud off your survey instruments

. How to minimize instrument fogging

. How to resolve blunders without another trip to the cave

. How to set and maintain mapping standards in a project

. Keeping track of survey data in a large project

. Mapping standards (accuracy, symbols, etc)

. New and improved computer programs for mapping (compare, describe, critique)
. New tools and toys to aid in mapping or cartography

. Representing complex vertical caves on a 2-dimensional map

. Use of computers to draw cave maps (techniques, pros, cons)

. Use of computers to interactively view cave maps (views, colors, rotation, perspective)

The above list is obviously incomplete. If you are doing something that you think would be of interest to
other cave surveyors, please consider doing a presentation on it. When you submit your abstract,
please let the session coordinator, Nigel Dyson Hudson, know what equipment you will need for your
presentation. You can assume that the ususal 35mm slide projector or computer projector will be
available, but don’t make any other assumptions.

Abstract deadline is April 15, 2005. Please send your abstracts either by email or snailmail to:

Nigel Dyson Hudson
10 Slators Lane
Newfield, NY 14867
nss2005@cavesar.com
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The Effects of Lava on CompassReadings. Part ||

By Dale J. Green
4230 Sovereign Way
Salt Lake City, UT 84124-3138
dajgreen@burgoyne.com

In the last issue of Compass & Tape (Mol 16, No. 4, Issue 56) the author addressed the causes of
magnetic anomalies in lava tubes including: (1) A property of magnetic material called susceptibility
which causes magnetic lines-of-force to be diverted away from a void: (2) Magnetization of magnetite
from lightning strikes: (3) Minor magnetization when lava cools below the Curie temperature. Mea-
surements of compass needle deflections internally and externally of lava tubes show that all readings
may be in error of a few degrees because of susceptibility effects and in some cases they may be over
10 degrees. Errors from magnetization by lightning strikes may cause needle deflections of 10s of
degrees. Fore- and back-sights cannot correct for erroneous readings caused by distortion of the
earth’'s magnetic field. Part Il of this series discusses field observations and surveys conducted by the

author.

Surveysat Pot o' Gold Cave, |daho

Pot 0’ Gold Caveisthelargest lavatubethus
far surveyedinthisinvestigation. Morethan any other
cavemeasured, it demonstrateshow lightning strikes
and magneticinduction can adversdly affect compass
readings. Magnetometer and compass azimuth sur-
veys have been conducted on the surface over al of
thelavatubesinvestigated for thispaper. They have
not been presented because theinformation they con-
tain does not contribute much to understanding the
anomaliesfoundinsidethecaves. However, thesur-
facesurveysfor Pot 0’ Gold Caveare presented here
becausethey best illustrate an important discovery
concerning largelavatubesthat exnaleair. For what
ever reason, these caves appear to attract lightning
strikes. Ineach caseof thefour largelavatubeswith
air currentsthat have been surveyed, the areaover
and around the entranceis peppered with magnetic
anomaliesthat have completely destroyed the signa-
tureof anunderlyingvoid, whichisusualy adistinct,
linear magnetic low. Around lavatubeswithout air
flow, lightning strikesarefound to be distributed ran-
domly and never at the entrance.

Vestiges of the magnetic anomaly caused by
thevoids of Pot o' Gold Cave beneath the surface,

areat 200E, 20N-60N, which representsthe entrance,
and at OE-50E, 20N. Another magnetic low at 20E,
20N-40N, may be due to alarge passage detected
by resistivity at thislocation, and amagnetometer sur-
vey tothewest. It cannot be entered.

In addition to thetwo distinct lightning-strike
anomalieson Figure 13, the contoursover therest of
themap show effectsof smaller or older, faded strikes.
These strikesdo not appear inthe cavedirectly be-
neath their surfacelocation. Inall caves, lightning
strikesfound internally arelocated d ong the edges of
thetube. Thismakessense, inthat eectrical currents
taketheleast path of res stance, whichwould bedong
moist wallsrather thanthrough air.

The contour map of Figure 14 demonstrates
anamazing variaion of irregular compassbearingsover
thearea. Hardly anywhere onthe map can youwalk
morethan 10 feet in any direction and still read the
same bearing to adistant target with amagnetic com-
pass. Asbad asthisconditionis, thesituationisworse
insomeareasinsdethecave.

InsdePot o' Gold Cave, a200-foot centerline
waslaid out fromthegateto aconvenient rock. Cross
tapeswerethen laid perpendicular to the centerline
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Pot o' Gold, Surface Entrance Area. Magnetometer Survey.

Add 50,000 nt to get total magnetic field.

100
Scales in feet. Contour interval = 200 nt.
Figure 13. Magnetic field over entrance of Pot ‘0 Gold Cave, |daho.

Pot o' Gold Cave, Entrance Area. Azumith Survey.
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Add 300 degrees for total magnetic compass reading.
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Figure 14. Compass azimuths over entrance area, Pot ‘0 Gold Cave, |daho.
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Pot o" Gold Cave, Entrance Interior. Magnetometer Survey

Magnetic north is roughly UP

Contour values in nano-teslas.

Scales in feet. Contour interval = 500 nt.
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100 120 140

Figure 15. Magnetic field strengthsinside Pot 0’ Gold Cave.

every 10 feet, starting at the 20-foot mark to avoid
theirongate. Readingsweretaken every Sfeet along
thetape except at thewallswhere adjustmentshad to
be made because of physical congtraints.

Two features on the magnetic field-strength
map stand out (Figure 15). Firstisthelargeanomaly
at thenorth end of Line30W. Unfortunately, limita-
tionsin the plotting softwaredon’t allow proper dis-
play of theanomaly. However, thefield strength at the
north end of Line 50W, 20 feet away is 39,000 nt,
and the 30W anomaly strengthis58,000 nt, adiffer-
enceof 19,000 nt. Thisisnearly 2 timesthehighest
anomaly that | have ever measured e sawhere. 1t may
evenbelarger, but extremey high gradients prevented
full measurements. Obvioudy, thecauseisalightning
grike. Thesecond featureisthehigh concentration of
contour linesfrom theentranceto Line 90W. These
contours show adecrease of nearly 10,000 nt from
south to north, 20% of the earth’smagneticfield, that

cannot besmply explained. Itispossiblethat avery
strong magnetic low existsto the north. A surface
resistivity survey hasdetected alarge, near parallel
tube not far to the north but it isuncertain how this
would affect themagneticshere.

Asexpected, compassreadingsaong trans-
verselinesshow great variation. Thestrong dipsat
the north ends of lines 20W through 50W areto be
expected because of theanomaly. What happenswith
Line 70W was completely unexpected and unex-
plained. A monotonic changeof 27 degreeswasmea
suredinatraverseof 30feet. Any stationinthisarea
would havean appreciableerror. Azimuth variations
in each line' s southern portion can be explained by
large breakdown blocks.

Transverselines 110W through 190W arelo-
cated over arelatively flat floor with occasiona large

7
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breakdown blocks. Theazimuths
along thelineshave comparatively

Pot 'o Gold Cave. Compl)ass reading's along tranlsverse lines.
1 I L L 1 1

60
amd| variationscomparedtotheen-

trancearea. Most of them decrease
invauefrom southto north, espe-
cidly Line190W. Bearingstaken
at astation along thislinenear the
south wall would all read about 5
degreesmorethan bearingstaken
at a station near the north wall.
Whichreadingisright? Would tak-
ing abearingintheline scenter be
morecorrect, sinceitsvalueisap-
proximatdly theaverageof theother
two? Only asurvey independent
of amagnetic compasswouldtell.
It may bethat all readingsare off.

IS
(=]
1

N
o
1

Degrees (Arbitrary Zero Datum)

Onother lines, thedipsand

520

~ Line 70W
“485

Line 100W

Line SOW

risesinazimutharemainly inareas
of breakdown, but the correlation

Distance along tape (feet).

isnot oneto one. Onedip should
be mentioned on Line 160W at
35'N. Ontheapproachtoalarge
block fallen from the ceiling, asudden drop of 2.5°
wasnoted. Past theblock, thereadingsresumed their
normal S-N decrease. Possibly thisisdirect proof of
how remanent magnetism in reoriented breakdown
blocks can distort compassreadings.

Asmentioned before, because magnetitecon-
ductsmagneticlines-of-forcebetter than air, thereisa
concentration of thefield near lavatubewalls. Be-
causeof Pot 0’ Gold passagedimensions, it waspos-
s bleto document how thisconcentration affectscom-
pass readings. Unfortunately, corresponding field
strengths closeto thewal s could not be obtained be-
causeof thehighgradient. Notethesouthend of Lines
130W through 180W. Ineach case, asreadingswere
taken about 2 feet fromthewall, then 5feet fromthe
wall, the compass reading increases. The change
would probably have been much morehad | heldthe
compassright at thewall. Corresponding readings
could not betaken at the north wall because of prob-
lemssighting onthegationlight.

Figure 16. Compass azimuthsfor Lines 20W thru 100W.

TheGypsum CaveAnomaly

Thelavaflow containing Gypsum Cave, the
longest lavatubein Idaho, comesfrom avent over 10
milesaway. Itisthereforelogical to assumethat a
lavatubewould exist upstream from Gypsum’sen-
trance. A magnetometer survey does, infact, revesl a
very largevoid starting about 50 feet up flow fromthe
snk leadingintothecave, asshowninFigure18. This
isnot just another anomaly - itisthelargest in magni-
tude and width, and the best void-defining anomaly
that | have ever seen. It must represent a cavity of
consderabledimensions.

A resistivity survey wasa so conducted over
themagneticanomaly tofurther definethedimensions.
Surprisingly, instead of delineating ahugeresistivity
high, aswould be expected over suchalargevoid, the
result wasavery low resigtivity anomaly. Apparently
thecavefloor iscovered (or thecavity filled) with highly
conductive, wet salts, which effectively short-circuits
theresistivity prospecting current.
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A compassazimuth survey over

Pot 'o Gold Cave. Compass readings along transverse lines.

theanomaly yielded astonishing results
(Figure. 19). Not only was the main
magnetic anomaly large beyond any
expectations, but the compass bearing
deviationswerelargeenoughto easily
delinegtethetube beneath the surfacefor
theentire 200 foot length of themagne-
tometer survey. Traversing Line40N
givesacompass bearing change of 14
degreesin adistance of 80 feet! This
deviationisdueentirely to magneticin-
duction, not lightning strikesor the com-
pass needle being attracted to the mag-
netite. Whilethemagneticfiedand com-
pass bearing deviationsinsidethe cave
cannot bemeasured at thistime, thesur-

451 -
g Line 190W
40 - ) " - 0

Line 170W

Line 160W

facesurvey cangiveanindication of what
would beexpected if weweresurveying
an entrance to achamber with thesedi-

Distance along tape (feet).

mengons.

Figure 17. Compass azimuthsfor Lines 110W to 190W.

Summary

Compass bearingscan deviatefrom magnetic
north onlavafieldsbecause of:

(&) Magnetic induction dueto the susceptibility of
magnetite. Thiscausesmagneticlines-of-forceto
goaroundvoidsinlava.

(b) Strong, permanent magnetic fieldscreated by
lightning strikes. Thesecan bevery prevaent near
lavatubesthat exhdeair currents. Internally, mag-
neticfieldsfrom strikes appear to be concentrated
aongwalls. Older lavaflowsshow moreeffects
of lightning strikesthan younger lavaflowsdo.

(c) Reorientation of breakdown blocks that re-
tained the earth’ sorigina magneticfiddwhenthe
lavacooled below the Curietemperature. Reori-
ented large breakdown bl ocks affect the compass
morethan smal blocksdo. Pilesof smal rocksdo
not seem to affect readings.

Of these three causes, (b) creates the most
problems. Effectsfrom magneticinduction (a) are
found mostly inlargelavatubes. Reorientation of
breakdown (c) can occur in any size lavacave, but
theeffectsarereatively minor.

Fore- and back-sights cannot correct for any
of theabove causes of errors. They can correct for
misreading or misreporting of thecompass, i.e., read-
ing 97° but reporting 79°, etc.

Recommendations

All membersof alavatubesurvey team should
be aware of sources of compass bearing errorsthat
can affect their mapping. The person doing book
should be alert to bearingsthat do not appear tofit the
physica cave. Abovedl, theinstrument reader should
avoid taking readingsnext towalls. Thislast bit of
advice may seem impractical becausethebest station
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stesareoftenonwalls. However, if thetapeisheld
taut, the compass can beread along thetapeat area
sonabledistancefromthewall, say 4-5feet. Clinom-
eter readings are in no way affected by magnetic
anomdies.

Instead of fore- and back-sights, itisstrongly
recommended that two readingsbetaken at each sta-
tion spaced about 5 feet apart along thetape. This
servesnot only to correct misreporting the bearing, it
also givesanimmediateindication of the effect that
magneticanomdiesarehavingonthebearing. Itisthe
best way to determineif thestationisnear alightning
strikeanomaly. If thisdoes not solvethe problem,
movethetation away from thestrong anomaly if you

can. Also, astation located in astrong magnetic gra-
dient may bemade*virtud’ by fore-aghtingtoitfrom
the previous station, then back-sighting fromthe next
gation. Thevirtua stationisnever actualy occupied
by the compass. Thisworksbecause high magnetic
gradientsare uncommon and itisquite unlikely that
you will encounter twoinarow. Fortunately, errors
dueto magnetic susceptibilty appear to befairly ran-
dom, and cancel out to somedegree. Thesamecan
probably be said of reoriented breakdown blocks
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Auriga, or Trading your

Survey Notebook for a PDA

By Luc Le Blanc

The Auriga software was initially developed in Germany to support
an electronic surveying instrument designed by Martin Melzer [1].
The software has subsequently been almost entirely rewritten by Luc
Le Blanc to become a general-purpose package for entering, stor-
ing, processing and viewing cave survey data on a Palm PDA (Per-
sonal Digital Assistant). In this revised and updated article origi-
nally featured in BCRA's Compass Points, the author describes how
the software can be used at present, and possibilities for future de-

velopment

In March 2002, before leaving for Mexpé,
our annual 3-week caving expeditionintheMexican
SierraNegra, | realized that wewould again be per-
forming therequired survey dataconversionson our
programmabl e cal culator with itsantique text mode
interface. We could indeed run more sophisticated cave
survey software on alaptop computer, but the closest
villageisa3-hour walk away and doesnot even have
electricity. Solar rechargingworksfinein Mexico, a-
though seven hoursof bright sunlight areconsumedin
2.5hoursof laptop use. Could asmplelow-cost PAm
OSPDA, powered by twoAAA batteriesthat last for
about amonth, be aviable solution?After all, wehad
already designed aspreadsheet to perform basic sur-
vey dataconversonsinto XY Z coordinatesonaPam.
A few daysbefore departure, Martin Mel zer replied
to my enquiry posted onthe Cavers' Digest about the
existenceof aPam OS cavesurvey software. .. | left
for Mexicowith Martin'sAurigasoftwarein my Pam,
along with two sample caves.

| wasimmediately delighted with Auriga. It
wasliving proof of thefeasibility of afield-oriented
cavesurvey softwareon aPam device. Workingin
red-timesoftware development, | waswell awarethat
evenal6 MHz CPU can do wonderswith number
crunching, but in those times of bloated Operating
Systemsand resource-hungry doppy software, | pre-
vioudy had noideawherethe Palm OS stood.

12

Figure 1: Palmtop running Auriga: the
cave map screen. Loop errorsare
graphically displayed with adotted line
between the actual and theoretical ends
of erroneous survey shots.

At the time Auriga was mostly meant to support
Martin’ssensor box prototype, but it nonetheless of -
fered agood user interfaceto manually input survey
dataand display theresulting line plot. Unfortunately,

computed coordinateswere kept internally, Auriga
offering no list display of any sort. In order to start
plotting our maps while at camp, we needed these
coordinates. | submitted to Martinalong list of sug-
gestionsfor improvement. Knowingwordsare cheap,

| also proposed help. Martin had already received
severd information requestsabout Auriga, but thiswas
thefirst help offer. Since he had already stopped de-
veloping his prototype, he sent me his source code.

We had both taken arisk that turned into asuccessful

collaboration: theAurigacode basewashedthy and
well-thought out, while | waswilling to put the neces-
sary timeand energy into the adventure. Andtimeand
energy it took. | decided to makeAurigaasuniversa

and user-friendly ascan be- almost everythingisnow
configurable, often with overridable defaultsif appli-
cable

naming format and auto-incrementation
schemeof survey stations;

map units (length, angle, and dopeOrefer-
ence);
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computation and display options,;

handling of reverse headingsand dopes
(backsights);

handling of passagedimensions;
handling of unsaved data;
handling of duplicate andincomplete shots;

hardware button use.

ince our caving group did not have Martin's
sensor box, still in prototype state up to this day, |
concentrated on the manual input side. But our need
was broader than Martin’ssingleinput approach: we
had to survey acomplex cave systemwith severa si-
multaneousteams, possibly with different instruments
(e.g. metrictapein small passagesand Topofil [2] in
collectors) using different measurement units(e.g. a
Topofil counting in centimetres) and bearing different
calibrations. Of course, wewould haveto mergeall
thisdataonce back at camp.

Mixing I nstruments Thanksto Sessions

The ability to mix heterogeneous data was
made possi ble with the addition of sessions, acon-
cept often found in Windows/Mac OS cave survey
software. Each survey shot belongsto asession, i.e.
an abgtract timeperiod (itsactua durationisleft upto
the user) during which survey shotsaretaken. Each
survey session cond stsof two setsof instruments, cali-

o
v

Session Instruments

Uselnstruments Set #1 fo

[Dirnensions] Reverse[Headings [ Direct
* m Dimensions - m O Continuous Topofil
* cm  Cm Deviation:0.0 . . degrees
w degrees w degrees] |Headings o Direct
w degrees w degrees w Showor Store Reverse
Slopes ~ Cinometer w degrees| |Slopes = Clinometer w degrees| |Slopes [ Direct
Ois™ Level Oig ™ Level _ w |gnore Reverse
Sl Precision] 0.0 w degreeq Precision] 0.0 - degrees Altitudes:+ m

brations, measurement units, and somedefault settings
(seescreenshotsin Figure 2). Thedataread fromthe
instruments can then beinput “asis’ intoAuriga; the
surveyor isnot bothered by the broken beginning of
histape, the magnetic deviation, or the compass shift,
sincethe session takescare of these. When computa-
tionsare performed, Aurigasimply usesthe proper
session settingsto interpret the survey data, without
dteringit. Inthisrespect, Aurigaisasfaithful asapa-
per notebook.

Tight Storage

Despite an effort to squeeze asmuch survey
information aspossibleinto the meager 56 bytesused
for each survey shot record intheAurigacave data-
bases, limitsarefew. Length, heading, dopes, andre-
verse headingsand sopes are each stored with two-
decimd precisonas16-hitintegers, i.e. in hundredths
of units. Survey shot lengthisthus*limited” to 635.55
meters (or feet, depending on user choice), an un-
common span in caves. In addition, anote of up to
255 characters can be appended to each survey shot,
to each session record, and to the cave database asa
whole. Aurigacave databases can currently hold up
toamaximum of 16 384 records (one per survey shot
Or session).

M anaging Passages

Survey stations can be named with upto 8
characters, with user control over the permitted char-

Session
@ 8/29/03

v
™ Gallery Sizes on EiElgy £

Shots

EEEi

FDonej [Savej [Deletej (I\Iewj (Note...j‘

FDonej [Save] [Deletej [New] [Note...j‘

FDonej [Sa\fej [Deletej (Newj [Note...j‘

Figure 2: Session settings screens: calibrating instrument sets and shot settings.
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acter set (numeric, alphanumeric, punctuation, etc.)
Theuser can choosebetweena4.4format (e.g.“2.6”
or “A31.74") and an 8-character free format (e.g.
“Cascade’, “ X24-46b"). Both formatsallow theuse
of series, aconcept inspired by Toporobot. A seriesis
simply asuite of survey stationsand shotssharing a
commonroot (like“A2.0",“A2.2" and“A2.31b"),
which can be acted upon collectively. Asseriesare
usually, and appropriately, made equivalent to cave
passages, their use allows usersto selectively hide
passagesfromacrowded lineplot, distinctively color
them, exclude surface shotsfrom total cave devel op-
ment, select the projection direction of apassagein
theprojected cross-sectionlineplot view, or just navi-
gate between passageswhen reviewing survey shots.
Thesoleprerequisitefor seriesisto havea“ series-
beginning survey shot”, i.e. avirtua survey shot link-
ing the series-beginning virtua stationtotherest of the
cave(or toitsdlf, if it representsthe cave entrance).

The series beginning station must bear the
smallest station number withinthe series(e.g. station
2.3 cannot bethebeginning station of series2if there
existsaphysical station 2.1). Since series-beginning
shotsarevirtual (zero-length) shots, the unused shot
data storage space in their database record can in-
stead hold ageographic location (likethe UTM coor-
dinates of the cave entrance) or an absolute XY Z co-
ordinate- aconvenient featurewhenworking with cave
Subsets.

SharingtheData

If several teamsareletloosesurveyingacave,
conflictsareto be expected (...) with regard to sta-
tion names or session numbers. To circumvent these,
Aurigaoffersvariousmaintenancefunctionstorename
or shift station namesor seriesnumbers, renumber or
merge sessons, or move survey shotsto another ses-
sion. Ideally, teams should harmonizetheir databe-
foremerging it, in order to minimize tedious subse-
quent clean-ups.

Two mechanismsallow sharing survey data

between teams: infrared (IR) beaming and the Palm
HotSync process.

14

IR beaming isthe common Pam OSdevice-
to-devicedatasharing mode. Aurigacan send awhole
cave database, or asubset of it, to another device. In
thelatter case, survey shot are nonethel essaccompa-
nied by corresponding sessions, so asto make the
beamed datacompl ete by itself. If the cave database
doesnot already exist onthetarget device, itiscre-
ated and filled with the beamed data. Otherwise, a
record-by-record merge processistriggered. Smilar
but different survey shot or session recordsare dupli-
cated and logged into atext memo for subsequent
clean-up by theuser. Otherwisg, if the beamed records
contain anote or passage dimensionsand the target
devicedoesnot havethisinformation, whiletherest of
therecord isthe same, records on thetarget device
aresmply updated with thisadditional information.

TheHotSync processtakesplaceonthetar-
get PC through a conduit launched by the Hotsync
Manager. Thisprocessof synchronizingtheAurigacave
databaseswith those present onthe PCisamore com-
plex processthan | R beaming, for two reasons: it runs
between heterogeneous databases (Aurigaand non-
Auriga) and itisabidirectional process (insertions,
deletionsand modificationsmust bereflected on both
Sdes).

Itishighly unlikely that any PC cave survey
softwarewould haveitsinternal dataformat match
Aurigadatabasesfield for field. Some software rec-
oghize series, somedon’t; and the same goesfor re-
verse measurements, mixed direct and reverse shots,
mixed measurement units, etc. Thus, inorder totrans-
fer the Aurigasurvey datato the desktop software,
the conduit hasto adapt thisdatato aformat thetar-
get software can understand. Thiscan mean merging
the session calibration with shot data, removing se-
ries-beginning virtual shots, inverting reverse shotsto
makethem all forward, etc. Inthe process, somein-
formation could belost if the datawere to be later
resent toAuriga. To prevent thisinformation loss, the
conduit performsatwo-phase sync: theAurigadata
received through the HotSync manager isfirst stored
intoamirror database on the PC before being adapted
for thetarget software. Thisway, if thesurvey datais
modified viathe PC software, thusrequiring atransfer
back to Auriga(dataconsistency betweenthe PC and
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the PAlm must be maintained if further surveying with
Aurigaistotake placeinthat cave), the conduit can
fetchfromthemirror databasethe previousy dropped
dataand re-attach it back to the synced records be-
forewriting theminto theAurigadatabase. Of course,
the extent of thisdataremoval and recovery depends
on thetarget software, somebeing morerestrictive
than others. And to support themultiplesurvey teams
mode, theAurigaconduit structure supportsboth the
usua sngleuser modeand amultipleuser modewhere
severa userscan collectively synctheir datawiththe
same cave database.

The current Auriga conduit, developed by
ChrisChénier, can export Aurigadataaseither Com-
passor Visua Topo files. Chrisisnow working on
implementing theimport by Aurigaof existing cavesur-
vey datafrom these same software; allowing the ex-
change of databetween the Palm and the PC so one
can take advantage of both environments. The XML-

Figure 3: A combination binder for both numeric data
and sketching

ingdethe cover of aregular survey binder (seeFigure
3). Thisoption offersthe convenience of inputting the
numeric dataon the Palm side, and sketching thecave

based data conversion grammar used by theAuriga  on the paper side, in asurvey notebook that retainsits

conduit makesit easy and quick to add support for
other cave survey software.

Surveyingwith Auriga
Aurigacan beused as:

an e ectronic notebook to input numeric
survey dataand instantly view thelineplot
whileinthecave;

ascientific calculator to convert survey shots
into Cartesian coordinateswhileat camp;

aninput deviceto transfer survey datafrom
the paper notebook to the PC without
wasting battery power.

Themost common usefor Aurigaisto input
survey datawhilein the cave. But what about carrying
aPaminthismuddy, wet and often cold environment?
Onceyou accept that you must treat the Palm with
proper care, itisno problem. In easier caves, wrap-
pingthePaminaZiplocbagand carryingitinsdethe
survey notebook (still required for sketching) may be
sufficient. Alternatively, Aquacase makes, for US$ 30,
awatertight write-through pouch that can be screwed

usual thickness. Lastly, Armor makes, for US$49, a
watertight box with awrite-through screen on the
cover; thebox can befitted withahomemadeflap to
cover thisscreen between survey stations. Aurigais
designed so that you never haveto take the Palm out
of the pouch or box whileinthe cave; and it wasim-
proved accordingly to ease datainput, up to the point
wherethe usud stylusisnot required anymore (Figure
4): acontext-sensitive custom a phanumeric keypad

Figure4: Using Aurigato input survey
data underground.

15
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Figure 5: Field data and keypad screens.

with finger-tappable keyswas devel oped for survey
datainput and navigation between fields (see Figure
5).

A configurableinput Assistant (Figure5) fur-
ther increasesthe user-friendliness of thewholeinput
process by automatically creating survey shotsbased
onthepreviousone, auto-incrementing station names
(with both digitsand | etters), popping-up the custom
keypad when necessary, preventing mishapsthat could
resultindatalossand even turning off thedevice after
the shot was saved. Combined with the use of the
hardware application buttons, Aurigaredly letsyour
fingersdo thetapping!

A typical fully assisted datainput sequence
goeslikethis

1. SarttheAssstant modeby tappingitspushbutton
inthe Survey Shot form;

2. Createanew survey shot with the To Do hard-
ware button,

a. the custom numeric keypad popsup;

3. Finger-tapinthesurvey data, changing fidldswith
thearrow keys;

4.  Whenthelast numericfieldisinput, the custom
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numeric keypad changesto an a phabetic layout
to edit the survey shot note;

Edit the note and finger-tap the OK button;

Hit the To Do hardware button to save the sur-
vey shot;

a. theline plot getsupdated and displayed;

b.tap onthe Cal culator buttoninthesilkscreen
areato return to the Survey Shot form

Prefs Assistant o

AutoPopup Numeric Keypad
Use Gallery Size Fields
AutoPopup Note Keyboard
Prevent UnwantedEscapes
Confirm Stop

Button 2Wakesup Auriga
Current Series Cave Map
Keep Backlight On

Power Off after Shot Save
Auto.Length Decimal Sign

OD00DRNROOR

Figure 6: Input Assistant configuration screen.
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7. TaptheTo Do hardware button to create anew
survey shot;

a. anew survey shot getscreated with
Incremented station numbers,

b. the custom numeric keypad pops up,

c. thePdmturnsitsdf off (turnit back onagain
when ready to input the next shot by hitting
theAddress Book button).

ComputingtheCave

Aurigaautomeatically performsall the compu-
tationsrequired to display theline plot and essential
satistics(Figure7). Inorder to handleevery possible
survey shot arrangement (like leap-frogging or mul-
tipleshotsleaving from or arriving at astation) and to
pavetheway for the upcoming loop closureagorithm,
afull-blown undirected graphisnow internally con-
structed to represent survey stations (nodes) and sur-
vey shots (vertices) betweenthem. Aniterativeago-
rithm scansin aternating directionsthelist of survey
shotsin the cave database to compute XY Z Carte-
Sandationlocationsreativetotheorigin.

Any station can be manually selected asthe
Cartesian origin (0,0,0) of the cave, or asalocation
with auser-defined fixed offset from thisabsol ute ori-
gin. If the cavedoesnot haveadetermined origin, the
computation process choosesthefirst survey station
(sorted in alphanumeric order) astheorigin and as-
sumesanull offset. Itisthuspossibleto assignapre-
determined XY Z coordinateto astation (presumably
computed somewhere el se), thusallowing the com-
putation of “red” coordinatesfrom acave datasubset
that doesnot includethecaveorigin.

Likewise, any saioninvolvedinazero-length
survey shot (seriesbeginning or virtua shot) towhich
ageographic positionisassigned (UTM or latitude-
longitude, with or without altitude) can be manually
selected asthe geographic referencefor thecave. The
geographic location of any other survey stationdis-
playedinthelineplot canthen be queried for itsgeo-
graphiclocation. Conversdly, the geographic position

Cave Statistics

Development:366.6 m
Vertical Drop:168.7m
Survey Shots:8b
Stations:84
Seriesz11
Sessions:1
Minimum Maximum
X-1.13 51.68
Y -15.50 34,93
Z -165.66 0171

Figure7: Survey datisticssummary screen.

of surfacefeatureslike sinkholesor resurgences can
be stored into virtual shotslooping onto themselves
for display inthelineplot; thisalowsviewing where
the cavesheadsto relativeto these points of interest.

ViewingtheCave

Thelineplot display offerstop and S-N, W-
E, developed and projected cross-section views of
the cave, with full pan and zoom capability and the
ability to graphically poke stations (and seethe corre-
sponding survey shot note and station coordinates).
Hardware buttons can be used to navigate between
shotsand passages or pan and zoom the view. Addi-
tionally, al survey stationslinked to another station
(once selected with the stylus) can be cycled through
with the push of ahardware button. But the most in-
teresting new featureisprobably the ability to get the
orientation of apassage, theinclination of asope, or
the distance between two points by dragging aline
with the stylus. Orientation angles obtained through
thisfeature areautomatically copied to the clipboard
to allow quick pastinginto the projection angle selec-
tiondiaog for useby the projected cross-section view.

Thelineplot isprobably the most compelling
featureto use Aurigaunderground: surveying with
Aurigaallows caversto seewhat the cavelookslike
andwhereit headstoright asitisbeing surveyed. Not
only can survey errors be detected faster, but it can
orient the exploration process: by knowingright away

17
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where passages head to, surveyorscan decidewhich
lead to survey inpriority. If aconnectionisexpected,
Aurigacan let caversknow immediately how close
they arefrom the other passage and eventually keep
hope... Actudly, Aurigacould becomeanincentiveto
survey while exploring, agood practicein every re-
gpect! And, thanks to Markus Dresch/PalmSide’s
XPrint Library, granted freeright of usetoAuriga, the
line plot can now besent, right fromthe PAm, to vari-
ousPCL, ESC or Postscript-enabled printersviathe
built-inserid, infrared or Bluetoothlink.

Aurigaa so offers spreadsheet-likedisplays
of survey shotsand survey station coordinates, to pro-
vide surveyorswith the coordinate datarequired to
draw their cave maps on paper whileat camp. These
listsareasoprintable.

What’s Next?

Thedisplay of passagewidthsiscurrently in
theworks, aswell asloop closure and theintroduc-
tion of the cave system concept, where severa
cavescan belogicaly linked and geographically
positioned on acommon display.

Other minor improvementsincludetheodo-
liteand depth meter logic (to handle cavediving
survey data), and better statistics. Of course, the
recent presentation at the 2004 NSS Convention
may prompt unforeseen new demands.

Meanwhile, therising activity inthefield of
electronic dataacquisition may well pushAurigainto
looping theloop by reactivatingitsserid link with sen-
sor boxes. Thiswould giveAurigaan additiona boost:
the prospect of affordable electronic cave surveying
may well becomeirresigtible. Inhisarticleinthe De-
cember issue of theBCRA'sCREG journal [3], Mar-
tin Melzer considerstheoptionsfor building suchan
electronic surveying instrument, and mentions True
North Technology’s compass/clinometer module[4]
asthebest commercidly available hardwareoptionto
date. Thanksto Nigd Dyson-Hudson, who generoudy
lentmehisownmodule, | will experiment withitinthe
hope of supportingitinAuriga.
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Figure8: Poking theLineplot display to obtain dis-
tanceand angular information.

TheultimatefutureadditiontoAurigawill be
theability to sketch the cavewallsand detail sdirectly
onto the Palm screen using vector graphics. Thismay
sound likeaheresy to purists, but afull screen of draw-
ing spacefor every singlesurvey shotonagrid dis-
playing that shot, in scalewith thesurveyor’'sown vi-
sua perception, would possibly lead to better Sketches.
Thisfeaturewould definitely render the paper note-
book useless, whilealowing caversto comeback to
the surfacewith an almost finished cave map. But the
complexitiesof thisfeature, with regardsto curvehan-
dling, storage and conduit syncing could bethetopic
of anarticleby itsdlf.

TryingAuriga

TheAurigaPam softwareand PC conduit can
befreely downloaded fromthe Aurigahomepage[5]
along with sample caves, embedded help and a40-
page user manual . Do read themanual at least once.
Aurigaisnot complicated, t complex; themanud should
giveyou agood understanding of theunderlying con-
ceptsand may help you discover featuresthat are not
immediately obviousintheuser interface.
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If you do not have accessto aPalm OS de-
vice, you can nonethel esstry the software under afree
Windows-based emul ator. Get the detailson theAu-

rigahomepage|[5].
Luc Le Blancispresident of the Soci é&té québécoise
despééologie.
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An Analysisof Systematic and Random Surveying Errors

or

Better Surveying Through Mathematics

by Dale Andreatta

Questionsto be answered:

1. What are the relative magnitudes of the 3 common types of survey errors, random readability

errors, blunders, and instrument offset?

2. Given the results of #1, can we improve our surveying, either in accuracy or in speed?

Random readability errorsare caused by hu-
man limitationswhen deding withinstruments. These
errorsareusualy smal, and havean equa probability
of beinginonedirectionvs. theother. User bias, which
istheintentional or unintentiona tendency for thesec-
ond instrument reader to echo thereadingsof thefirst
instrument reader could beincluded inrandom error
sncetherewould bean equd likelihood of being off in
onedirection vs. theother.

Systematic errorsarerepeating errors caused
by small defectsin the equipment, and arethe same
for every instrument.

Blundersare mgor errorscoming from such
thingsastransposing digits, misrecording thedatain
the survey book, switching the %-grade and degrees
onthe‘clino, reading the compass backwards, and
others. Theseerrorsare somewhat random, though
they don’t fall into any kind of pattern theway read-
ability errorswould tend to do.

Classical Satistical Analysis

Situationslike thisare covered in thefield
called statistics. It isassumed that for the random
readability errors, theerrorsaredigributed“ normaly”.

Norma or Gaussandigributionsareillustrated
inFigurel. Theheight of thelineindicatesthe prob-
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ability of getting that reading. Thehorizonta axisindi-
catesthe deviation from thetruereading. Thecareful
surveyors get readings that are not exactly thetrue
reading, but areclosely clustered aroundit. They are
amog awayswithin 1° of thetruereading. Thedoppy
surveyorsarea so clustered around thetruereading,
but not astightly. TIhey have maybe a50% change of
being within 1°of thetrue reading, but a50% change
of being morethan 1° off. A sgnificant fraction of the
timethereare morethan 2°off.

Oneway of quantifyingthewideof thestatis-
tical curve (or thedoppinessof thesurveyors) isthe
“expected error.” Theexpected error isthelevel of
error within which 50% of the measurementswill fal.
For the s oppy surveyors shown above, the expected
error isabout 1°. Indl cdculationsregarding random
errors, | will assumethe surveyorsare slopped with
an expected error of 1°.

Another way of quantifying the width of a
curve or the sloppinessof the surveying isthe stan-
dard deviation. For anormal distributuion, thereisa
fixed relatinship between the expected error and the
standard deviation. Thestandard deviationis1.48
timesthe expected error.

Suppose a passage is 2318 feet long in 50
equal shots. (Later we will ook at 50 shots of real
cavedatawith atotal length of 2318 feet, that’swhy
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Expected
Error
Range

careful surveyors |

sloppy surveyors

Experienced surveyorswith
. whom | have communciated
' havesuggested that instrument
. offsets are on the order of 1°.
- Aningtrument offset of 1.0° will
. continueto propagateand theer-
- ror at theend issimply sin(1°)
- timesthelength of the passsage.
. Thiswill be1.75% of thelength
. of thepassage. For a 2318 foot
' long passagetheerror will be40
- feet. If theisntrument erroris 1/
2° theerroris20feet.

3 -2 -1 0 1

True reading

Figure1: Normal distributuions

theodd number here). Assumethearedl inthesame
lineto makethiseasy tovisualize. Thetruepathis
represented in Figure 2 by thestraight line. If the sur-
veyorsare perfect, but theinstrument isoff by acer-
tain aount, the surveyed path will a'so beastraight lin
but will differ from thereal path by acertainangle.
Thisdoes not depend on the number of shotsor the
length of theindividua shots.

If theinstrument is perfect but the surveyors
areimperfect, themeasured path will zig-zag around
thetrue path, sometimesabove, sometimesbelow. At
thelast survey station therewill be someerror.

If therandom readability er-
rorsare”normdly distributed” as
described above, certain rela-
tionshipsexist among the probabilitiesof variousleve
of error. If thereisa50% changethat theerrorina
singleshotislessthan 10, thereisa75% chancethat
itislessthan 1.7° and 90% that isislessthan 2.4°.
Thislevd of error might correspondto afairly doppy
survey, whereforesight and backsight usually agree
within 2°, sometimesmore, sometimes|ess, withthe
truereading being the average of thetwo readings.

2 3

If there are n shots, the random errors will
tend to cancel, sinceitishighly unlikely that all the
errorswill be off in the same direction. The more
shotsthereare, the greater thetendency for theerrors
tocancel. If therearen shots, all of thesamelength,

theprobabilitiesfor theaverageerror over

Surveyed path

True Path

those n shotsarereduced by afactor of:

error innshots= 1/6ntimes error in 1 shot

error
If, for examplenis50, thereisa50%
change that the average error will be

I —— within 2/O50times 1°whichis0.14° ,
very much better than with asingle shot.

Thereisa75% chancethat the average

error will be within 0.24° , and a 90%

Sutveyed path chance that the average error will be

with bad instrument

within 0.34°. Table 1 summarizes the
likely errorsfor anumber of shots, as-

Figure 2 Survey paths
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Number of shots | 1/4n 50% chance of | 75% chance of | 90% chance of
average error average error average error
within within within

1 1 1.0 1.7 24

10 0.316 0.316 0.54 0.76

20 0.224 0.224 0.38 0.54

30 0.183 0.183 0.31 0.44

40 0.158 0.158 0.27 0.38

50 0.141 0.141 0.24 0.34

Table1l. SLummary of expected errors

suming that thereis a 50% change of asingle shot
beingwithin 1°.

For the case where you have a 2318-foot
passage in 50 shots, with the sloppy surveying de-
scribed above, at the end of 50 shots your average
error is50% likely to bewithin 0.14°. The error in
height would be 2318 * sin(0.14°) =5.66 feet, much
smadller thanthe 20 feet of error onegetswitheven 1/
2° of instrument of fset.

Themorepointsthe higher the accuracy, how-
ever, you haveto havealargeincreasein the number
of pointsto have much effect. One caver | know al-
lowsno shotslonger than 50feet. Adding afew more
shots probably doesn’t hel p the accuracy much, es-
pecialy sincerandom error isso small compared to
instrument offset. There may be other considerations
which say not to alow shotslonger than 50 feet. One
might want to have more cross sections, and longer
shotstend to leavethe sketcher falling behind

Onemight think that if theinstrument offsetis
lessthan thereadability of theinstrument, thenthe off-
set must be negligibleand shouldn’t beworried about.
Theabovenumberssay that thisisnot true. Onemight
asowonder how to correct for instrument offset to an
accuracy better than thereadability of theinstrument.
A techniquewill be presented in Appendix 1 for doing
this

Blunders
Theeffect of asingleblunder isthesineof the

blunder angletimesthelength of theshot. With 2318
feet in 50 shotsthe average shot length is about 46
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feet. If theblunderis10°, theerrorissin (10°) times
46 feet or 8feet. Thisissomewhat morethantheran-
dom error, but ill lessthan eventhesmdl instrument
error. Obvioudy if therearemultipleblunders, or sngle
large blunders, or ongoing mistakes, such asreading
%-gradeinstead of the lopein degrees, theseerrors
will not besmall. A singleblunder of small magnitude
doesn’t wipe out an otherwise good survey.

Real Survey Data

Theabovehasassumedthat dl shotsareequa
inlengthandinthesameline. What if they arenot?
To study thisproblem, survey datafroman actua cave
survey was used. Thiswas 50 shots of datafrom the
main passage at Redmond Creek Cavein southern
Kentucky. Thiswas put into aspreadsheet, whichis
included inAppendix 1. Theraw cavedataisinthe
left 5 columns. The cave goesgenerally south from
the entrance, dropping about 30 feet and then rising
again such that is 16.66 feet above the entrance after
50 shots.

Intheerror column of the spreadsheet aset of
errorswasassigned. Thisisaset of 50 numberswith
an approximately norma distribution, an averageof O
and a standard deviation of about 1.48°. (actually
1.52). These aretypical random errors with an ex-
pected error of about 1°. Notethat thereare 8times
out of the 50 readingswhentheerror islarger than 2°,
whichimpliesthat foresight and backsight would dif-
fer by morethan 2°.

Theerrorswereput inarandom arrangement
by writing al 50 numberson dipsof papersand draw-
ingthemout of apile. Thetruez (vertical)
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measurementscan befoundintheTrueZ columnwith-
out taking the errorsinto account. TheError Z col-
umn isthe same cal culationswith the random error
included. Thedifference betweenthesenumbersisin
the Difference column and isthe effect of theerrors
Thebottom number inthe Difference Columnisthe
final error after 50 shots.

Similarly, onecantaly up thenorth-south and
east-west |ocationsof thesurvey points, with and with-
out therandomerrors, and thesearein the 10th through
13th columns. One can calculate atotal horizontal
error whichisintheright column. Agan, thebottom
number istheerror after 50 shots.

Therandom error column wasrearranged 4
times by putting the top number on the bottom and
moving al numbersup. Thisgives5different setsof
random numbers. Thefina errorsfor each configura-
tion can again be calculated, and the errorsare sum-
marizedinTable2.

Thebottom row of numbersin Table2isfor
the set of numberscurrently inthe spreadsheet inAp-

pendix 1.

Therange of fina numbersfor zwas-6.9t0
+2.5, arangeof 9.4. One method for estimating stan-
dard deviationisto usetherange of dataand thenum-
ber of points’. Thestandard deviationisthusa“fac-
tor” times the range and the factor is based on the
number of data points. Thefactor issmaller if the
number of datapointsislarger. Thismethod isrec-
ommended for 20 data pointsor fewer.

When there are 5 data points, the factor is
0.4299, giving the estimate of the standard deviation
as0.4299*9.4=4.04 feet. Theexpectederroris
1/1.48timesthisor 2.73 feet based on these tests.

Thehorizonta errorsaregenerdly larger than
thevertical errors, but not bealargefactor. Thelarg-
est horizontal error in thetable abovewas 9.6 feet.
Thisisagain very small compared to theerror from
instrument of fst.

Conclusions
Theconclusions| draw fromthiswork are:

1. Assumingtherearenomgor blunders, thelarg-
est source of error isinstrument error.

2. Theoverdl effect of randomerror isconsstently
smdll, provided thereareareasonably largenum-
ber of survey points(10 or more). Thistrueeven

if thesurveyingispretty doppy.

3. Evenasmal instrument error hasmuch larger ef-
fect than random readability errors.

4. Thebestwaystoimproveor maintangood qudity
survey dataareto correlate or calibratethein-
struments used, and of course to avoid major
blunders.

5. Meticulousmatching of foresight and backsight
readingsbeyond that necessary to catch blunders
isnot worthwhile. Morework does not mean
better results.

Arrangement number Final z-error (feet) Final horizontal error (feet)

First +2.5 5.9

Second -3.1 5.9 (coincidentally the first
3 tests gave about the same
result)

Third -6.9 5.9

Fourth -2.1 9.6

Fifth +1.8 4.0

Table2. Errorsdueto random error
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Appendix |: Amethod of calibratinginstruments

Some methods are proposed here (not yet tested) for
calibrating instruments. These method dependson
whether or not acompass course is available with
“true’ readingsknown.
Oneoptionisawaysto simply use the same set of
instrumentsfor theentire survey. Thecave map may
berotated dightly with respect to thetrue orientation,
but the entire cave will berotated the same amount.
Obvioudy, thisisnot practicd inlargesurvey projects.
A ‘cdlinocanbecdibrated against truevertica
by measuring horizontally out from awall and verti-
cally up fromthefloor. Clearly you don’'t want to do
thisinasagging old bar, and eveninanew building the
floor should be checked withalevel. Thetrueangle
would bethearctangent of thevertica measurement
divided by the horizontal measurement. Thiscould be
compared to the ‘ clino reading to give an accurate
‘clinocorrection.

Another way to do thiswould beto measure
up fromthefloor acertain amount at both endsof a
hallway to givethe“from” and“to” points. The
‘clinoshould read O The advantageof thisisthat
you may have some unintentional tendency to read
the' clino as0° sincethisiswhat you are expecting.

Another method might beto use2 pointson
thesameleve, usngastringandalineleve to
confirmthat they areindeed onthesamelevdl.

When doing the ' clino readingsanumber of
readings should betaken and averaged. Statistical
techniques can be used to determine the number of
readings needed to get agood average. | recom-
mend at least 10 readings. Theinstrument should be
read asprecisely aspossible. For example, if the
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readingisshy of 0.5° inarea survey youwould
probably just call it 0.5. When cal culating the
instrument you should call it 0.4 or whatever you
think isgppropriate.

If asurvey courseisavailable

Useeach instrument on the course about 10
timesinthesamedirection, preferably using different
people. Asdescribed above, don’t try to hard to
get the best reading. Theaverage of these 10
measurementsisthereading for that instrument. The
difference between thisreading and theknown true
reading istheinstrument offset, and it can be added
tothein-cavesurvey data. One can usetheabove
techniquesfor both compassand ‘ clino.

If such acourseisnot available

Usethetechniquesaboveto calibrateall
inclinometers. The, onecompasswould bechosen
asthe" master compass’. Somewhere, perhaps
outsidethe cave entrance, aFROM point and a
distant TO point would be chosen. The FROM
point might beatree, and the TO point might bea
distant power pole. Obviously the FROM point
should bewell away from magneticfieldsand metal
objects, and both points should be pointsthat will be
around for awhile. Theabove procedurewith 10
readingswould be used, and the average recorded.

Inthefuture, if any other compasseswere
used, they would be run through the sametest with
10readingsof that instrument. Thedifference
between thisaverage and theaveragefromthe
master instrument would bethe offset for the new
instrument. Thistechnique might giveacavemap
that wasrotated from itstrue orientation, but it
should all berotated by the same amount.
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