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The Survey and Cartography Section(SACS)is an internal organization of the NSS that is devoted to improving the state of cave
documentation and survey, cave data archiving and management, and of all forms of cave cartography.
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Membership: Membership in the Section is open to anyone who is interested in surveying and documenting caves, management and
archiving of cave data and in all forms of cave cartography. Membership in the National Speleological Society is not required.

Dues: Does are $4.00 per year and includes four iss@pofpass & Tape-our issues of the section publication are scheduled to be
published annually. However, if there are fewer, then all memberships will be extended to ensure that four issueshiRueseae
be paid in advance for up to 3 years ($12.00). Checks should be made paj@Ble30 and sent to the Treasuer.

Compass Tape:This is the Section’s quarterly publication and is mailed to all members. It is scheduled to be published on a quarterly
basis, but if insufficient material is available for an issue, the quarterly schedule may not Bempmssk Tapeincludes articles
covering a wide range of topics, including equipment reviews, techniques, computer processing, mapping standards raqiists; tech

all forms of cave cartography and publications of interest and appropriate material reprinted from national and intenbéitatiahp.

It is the primaly medium for conveying information and ideas within the U.S. cave mapping community. All members are strongly
encouraged to contribute material and to comment on published material.. Items for publication should be submittecto the Edit

NSS Convention Session: SACS sponsors a Survey and Cartography session at each NSS Convention. Papers are presented on a

variety of topics of interest to the cave mapper and cartographer. Everyone is welcome and encouraged to present a paper at the
convention. Contact the Vice Chair for additional information about presenting a paper.

Annual SectionMeeting: The Section holds its only formal meeting each year at the NSS Convention. Section business, including
election of officers, is done at the meeting.

Back Issues:SACS started in 1983 and copies of back issueSahpass & Tapare available. The cost is $1.00 each for 1-2 back
issues, $0.75 each for 3-6 back issues and $.50 each for more than six back issues at a time. Back issues can belwedessd tnamn t

OverseasMembers: SACSwelcomes members from foreign countries. The rate for all foreign members is US$4.00 per year and SACS

pays the cost of surface mailing @®mpass & Tapdf you need air mail delivery, please inquire about rates. All checks MUST be
payable in US$ and drawn on a U.S. bank.

Chair: Carol Vesely Secretary: Suzanne De Blois
817 Wildrose Avenue 201 Hilltop Rd.
Monrovia, CA 91016-3022 Athens, GA 30605
(818) 357-6927
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310 Laurel Street 6304 Kaybro Street
Rome, New York 13440 Laurel, MD 20707
(315)-336-6551 (301) 725-5877
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Permission to reprint material froBompass &apeis granted to  gyBMISSIONS
grottos and other organizations of the NSS, provided that proper

credit is given. Others should request permission from the edito%@r'types of materials related to cave survey and survey data
from the author or cartographers. The opinions and policies st
in this publication are not neccesasily those of the NSS, the Suryg¥tion in Compass & TapeManuscripts are accepted in AN
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whose bylines accompany the articles. Artwork is any form. shape or size is also welcome. Send all

) ) ) ) mission forCompass & Tapto:
The editor reserves the right to select which of the submitted mate-

rials will be used for publication. Of the material selected, the editor
reserves the right to delete redundant or inappropriate material, to
correct errors of spelling, grammer, or punctuation, and to edit for
clarity, so long as such alternations do not change the meaning or
intent of the author(s). In the event that significant changes are
contemplated, the author(s) will be consulted and given the oppor-
tunity to review the changes prior to publication.

Patricia Kambesis
Hoffman Environmental Research Institute
Dept. of Geography/Geology -
Western Kentucky University
Bowling Green, KY 42121
270-773-8955
Email: kambesis@bigfoot.com

car-

at‘@gﬁ’#aphy, and cave documentation in general, are welcome forjpub-

bm-
est

ble.
Sub-




Compass & Tape, Volume 15 No. 3 Issue 51

Ultrasonic Cave Mapping

W.I. Sellers*(a) and A. T. Chamberlain(b)
a. Department of Anatomy, University of Edinburgh, Edinburgh EH8 9AG.

b. Department of Archaeology and Prehistory, University of Sheffield, Sheffield S1 4ET.

Abstract example, the survey of Kentis Cavern in Devon (Proc-
tor & Smart 1989).

Surveying the internal structure of a cave is an
important part of any archaeological of
palaeontological investigation of a cave locality. How-

ever, using standard topographical surveying techniq'userseasonalbly quick and it produces profiles of the

is often difficult due both to the irregular nature of t dssageway at known distances into the cave system.

structure and to the difficult working conditions. ThishIS z_approach allpws a fgll and accurate 3D recon-
OIstructlon for later visualisation.
study uses a novel method based on ultrasoundre-

flections to produce an accurate 3D model of Kitley There are a number of computer packages to
Shelter Cave, an archaeological cave in Yealmptcp,lyp cave surveying. These are mainly designed for
Devon. This model enables the cave system totBfological surveys and help with loop closure and
visualised leading to a better understanding of the sitfor distribution. Some also have 3D visualisation fea-
and its taphonomy. tures, although these are generally for displaying sur-
vey line data rather than passage reconstructions based
on sections (for a review see Wookey 1994).

The automated scanning system described in
is paper can get around many of these problems. It

Introduction

Cave surveying techniques Ultrasound scanning

Caves are generally either surveyedinato- A nymber of options are available for auto-

pological fashion recording the bearing, inclination arr‘HaticaIIy calculating the distance of an object from a
length of the passages or more exhaustively using Sﬁﬂht [Gibson 1996]. The most accurate systems use
dard interior surveying techniques to record the pOsjectromagnetic radiation (either radar or laser
tions of the walls of the passages [Worthington 198¢,, rces). L aser sources are highly dependent on the
Ellis 1988]. Neither of these options are ideal for Usg. cise reflective properties of the target object and
in palaeontolloglcal .research [Huntetal. 1987, Gragye unsuitable when used on rough, bare rock sur-
1994]. The first option does not allow a comprenepyees. Radar is considerably better, but suitable equip-
sive visual impression of the cave to be recorded, Wijig t is neither cheap nor easily portable. Sound waves
the latter approach is time-consuming and may efy 5 sujitable alternative for range finding where exact
counter difficulties due to access problems and the.qision is not required [Gibson 1991a]. Ultrasound
prevalence of ill-defined, curved surfaces which agg nsqcers are relatively inexpensive, and usually, ul-
difficult to specify precisely without fixing a number of 55 nd heams reflect well off rock surfaces. The lack
artificial marker points to surfaces. However, with timg; precision is due to the difficulty in obtaining a nar-

and care these difficulties can be overcome and thgj&, |itrasound beam and the problem of shaping a
are excellent surveys of archaeological caves - H?Ecisely defined sound pulse.

*Author for correspondence: bill.sellers@ed.ac.uk
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a stepper motor. The stepper motor and the ultrasound
transmitter are controlled via a laptop computer which

The Kitley caves are located in Devonian limélso reads the signal picked up by the ultrasound re-
stone at Western Torrs Quarry in Yea|mpton, SOlﬁﬁiver. The emitter sends out a pU|Se of ultrasound
Devon (National Grid Reference SX 57505125). Tiad the echo is picked up by the receiver. The time
guarry, now abandoned, is located in the side Owen for the echo to arrive dependS on the distance
natural limestone bluff which overlooks a narrow steeffom the transmitter to a solid object such as the walll
sided valley formed by the river Yealm. An extensiv the cave. The stepper motor then rotates the trans-
cave system, the K|t|ey Show Caves, is opento ]_f]ﬁlgter and receiver through 7.5° and the process is
public but many more caves and fissures penetrate@feated. Acomplete circular scan is built up in very
limestone on both sides of the river Yealm, includifguch the same way as radar with the computer stor-

the Kitley Shelter Cave which is the subject of tH@d the ultrasound echo at each of the 48 scan orienta-
present study. tions and then plotting them on the screen as a radial

map. Figure 1 shows a diagram of the mechanical as-

Kitley Shelter Cave is located at a high levglects of the system. Figure 2 shows a schematic of
within the limestone outcrop, and prior to archaeghe electronics. Full plans, including printed circuit board
logical excavation the cave was partially filled with cavesigns, can be obtained from the authors.
breccias, flowstones and unconsolidated cave sedi-
ments. Since 1994 an archaeological research propelscription of the process
led by the University of Sheffield and the University of
Wales Lampeter, has investigated the archaeological ~ The scanner produces a radial scan perpen-
and palaeontological remains in Shelter Cave. Duridigular to the axis of the stepper motor. To produce
the research excavations the locations of archaeolagi-accurate 3D reconstruction both the position and
cal finds and faunal remains have been recorded usingntation of the axis needs to be known. To map a
local reference datums consisting of bolts drilled int@ve system, a zero point at the entrance is first de-
the cave roof. It was realised that an accurate surfiegd using standard surveying techniques. Then a se-
of the accessible part of the cave was desirable inries of secondary markers are set up at convenient
der to gain a visual impression of the cave and to géaces within the cave and surveyed by measuring their
termine the spatial relationships between finds in difistance, bearing and inclination from each other and
ferent parts of the cave system. from the zero point as convenient.

Survey Site

The scanner unit is then moved through the
cave. Itis set up at convenient points at approximately

The basic approach used for the survey 53055m intervals and the bearing and inclination of the
tem is a rotating ultrasound emitter mounted so ti$&@indle recorded. In this particular case, the spindle
the beam scans the walls of the cave in a vertical plai@as always held horizontal, though there is no par-
The system is able to calculate the distance of the iglilar requirement to do this. The position of the
from the emitter at any point in this sweep and Sosﬁindle was defined by the distance, bearing and incli-
able to calculate the profile of the cave in the scannif@fion from one of the previously surveyed markers.
plane. By moving the emitter through the cave system .
a set of profiles is built up as a stack of slices. Theo%?he SOnce the six degrees of freedom of the centre

. . can have been defined, the scanning process is
slices can then be reassembled in a CAD program t . : .
automatic and takes about a minute. The actual time
reconstruct the 3D shape of the cave system.

taken to complete a single scan depends on the num-
ber of echo traces taken for each segment (repeated
echoes are software integrated to improve the signal

The ultrasonic scanner consists of an ultri2 N0ise ratio). The scan can be displayed immedi-
sound emitter and receiver mounted on the spindle of

Materials and Methods

Schematic diagram of the system
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Figure 1. The design of the scanning head. An ultrasound transmitter and receiver

are mounted on the spindle of a stepper motor. This allows a pulse of
ultrasound to be directed radially and the echo signal recorded at 7.5°

intervals.

Scanner unit

Pre— Peak
amplifier detector
A Y
al
AD
converter
Y
Stepper-motor Pulse Interface
driver generator unit
3

1/F to laptop
via printer port

Figure 2. Schematic diagram of the data capture system. The computer program

controls the position of the stepper motor and sends out ultrasound pulses

in known directions. The echo signal is recorded for each ultrasonic pulse
and used to build up an image of the cave walls.
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Data processing/software

The software can be divided into two parts:
data capture and data analysis. The data capture soft-
watre is responsible for controlling the scanner and stor-
p ing the ultrasound echo data. Echo digitisation occurs
in real time, so parts of the software had to be written
in machine code to maximise the data throughput.
Thisresults in the digitisation speed being dependent
on the actual running speed of the host computer and
therefore the device needs to be calibrated by recording
several scans at known distances from a solid object.
In this case, this was done by arranging the scanner at
T known distances from the wall of a house. Graph 1
0 0.5 1 1.5 2 2.5 . . . .

shows the results of this calibration exercise.

Distance to wall (m)

Distance in AutoCAD

AR LA AL R R R B AL

The data analysis stage takes the raw data files

Graph 1. The relationship between scans of knownfrom the data capture program and ultimately produces
distances and the distances in arbitraryan gccurate 3D CAD model of the cave. This is pres-

AUtoCAD units after tracing. The equa- oy 4 fajrly time consuming process, but there is po-

tion of the best fit straight line through the .
points is y = 4.020 x with r2= 0.9976, tential for several of the stages to be automated.

This relationship was then used to cali-

Firstly, the radial scans are converted into a
brate subsequent measurements.

standard rectangular coordinate based TIFF picture
) ) file. This is then read into the graphics package Can-
ately on the computer screen allowing visual confifag (canvas, Deneba Software 1993] which handles
mation that a usefulimage has been obtained. ot bitmap and object based drawing. The central

The resolution of the system is independentB‘f)int is then marked and the outline of the cave is
the distance to the reflecting surface and is currerfiiWn by hand as an overlay. Aset of 48 radial lines
approximately a distance of 5cm with an angular re$b¢ used as a drawing aid. These hand drawn vectprs
lution of 10° (see Graph 1 and Figures 4 and 5). HE then saved as a DXF (data exchange format) file
latter value is constrained by the beam width of tH@t can be read by AutoCAD [AutoCAD, AutoDesk

ultrasound transducer and the former value by the dfic- 1996].
ficulties in precisely defining the edge of the pulse. In AutoCAD, the vector outline is scaled us-

Reducing the transmitter beam width will reduce bafty ihe factor calculated from the calibration experi-
these values as would improved software. There affunts and then rotated and translated so that the po-
however, constraints on size and portability of tRgiqn and orientation of the axis of the scan matches
e_qumen_t that mean that a realistic limit to the pregicst recorded from the cave. Each separate scan out-
sion of this approach would be an arc of 1° andige js converted to its original cave coordinates and

distance of 1cm. The maximum measurable distancg, o imported into a single 3D AutoCAD file.
depends on the ambient noise level and the sound re-

flection properties of the cave, but preliminary test The outlines can then be used as surface

showed that the prototype could identify echos froboundaries which are spanned by surfaces to “skin”

walls more than 10m away in ideal conditions. the wire-frame structure, producing a 3D surface model
of the cave.



Compass & Tape, Volume 15 No. 3 Issue 51

Figure 4. The raw output from the scanner program. The diagram should be interpreted in very much the
same way as a radar. The distance from the centre represents the echo time, and the brightness of
the shading represents the strength of the reflected signal. The superimposed 48 point star indicates
the centre of the beam.

Figure 5. The raw output overlaid with a trace representing the estimated position of the wall of the cave.
This is generally the first large reflection signal.
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Results Assembled traces

Plan of Shelter Cave Each profile is recorded along with the sur-
veyed position and direction of the stepper motor axis.
Figure 6 shows the plan of Kitley Shelter Cavehis defines the position of the centre of the scan and
obtained using standard surveying techniques. The orientation. The scale information is obtained from
section of the cave surveyed by ultrasound scanninghis calibration curve. This information is used to shift,

indicated. scale and orient the profiles in AutoCAD. Figures 6
and 7 show the correctly oriented scans. Once the
Sample cross-section scan profiles are oriented, the wire frame model can be

. _ converted into a surface model - a process known as
Figures 4 and 5 show how the cross-sectiongkinning”. This produces a realistic looking 3D ren-

profile is built up. Figure 4 shows the raw data frogkred model of the cave system that can be viewed
the scanner, superimposed onto a 48 point star So i any particular orientation (figure 8), and with the

the beam centre can be clearly identified for eachygfht software, can even be walked through.
the scans. Figure 5 shows how the cave walls are iden-

tified on this “radar” picture and drawn on as an ov&tiscyssion

lay. Note, on figure 5, the wall at the 10 oiclock posi-

tion is poorly defined, and there is some interpretation As mentioned before, accurate surveying is a

“by eye”. vital part of palaeontology. The ultrasound scanning
technique presented here allows accurate surveying
and visualisation to be performed in restricted spaces
relatively quickly.

TN

Zm

—— Cowewal

Edee of limestone sutcrap

e St Unmaglsedtman,
+  Buresy et

Figure 7. Plan view of the set of vertical profiles
correctly scaled and oriented in AutoCAD. The
arrow shows the direction of the horizontal view in
Figures 8 and 9.

Figure 6 Plan of Kitley Shelter Cave obtained
by traditional surveying means. Stipple indicates
the parts of the cave surveyed with the ultra-
sound scanner.
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Figure 8. This figure shows an elevation of the profiles veiwed from the direction
indicated by the arrow in figure 7. The change in altitude at locations from
within the cave is apparent.

Figure 9. Fully rendered 3D representation of Kitley Shelter Cave obtained by “skinning’ the
vertical profiles. Direction of view as in Figure 8.

The visual display of the surface of the cavatructed. Given appropriate fluid dynamic modelling
system (figure 8) is a useful aid in the interpretation ®bftware, the 3-D model could also be used to simu-
the geomorphological and taphonomic processes tag sediment flow within the cave. In addition, at Kitley
may have influenced the movement and depositiorSbfelter Cave the locations of finds and sections through
sediments, fauna and artefacts within the cave. Thétfe cave sediments were recorded by measuring their
D model provides information about the directions asdordinates along three orthogonal axes relative to
gradients of the segments of cave passage, the mdaium points fixed to the roof of the cave. These
mum volumes of sediments that can be contained witlinational data can be incorporated easily into the
the cave, and the locations of points of constrictidtutoCAD model of the cave to allow the display of
where movements of large clasts may have beentbie-position of the finds within the cave system.

10
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The surface of the cave wall could have been In conclusion, the results obtained from this
recorded in a similar fashion to the individual finds (i.eelatively cheap system are very encouraging as they
manually, using measurements from datum pointgarovide accurate 3D models of the complex geom-
the x, y and z dimensions). However, this would hae&y of a cave system in a comparatively short space
been extremely time consuming as it would have #time.
quired 144 measurements (X, y, and z displacements
for each of the 48 radial positions) for each profile sicknowledgments
the cave wall recorded to achieve the same density of
information as the ultrasound scan. The time required ~ We would like to thank John Varley and David
for basic data processing and manipulation is condipss at the Centre for Human Biology, University of
erably higher for the scanning method, although thér@eds for their help in constructing the prototype.
would be no difference if the traditional survey had tfkesearch at Kitley Caves has been supported by the
same amount of information as the ultrasound oneBritish Academy. The assistance of John Wright and

the landowner, Michael Bastard, is gratefully acknowl-
The use of ultrasound in caves will disturb batsgged.

The 40kHz transmitter used is very close to the

echolocating signal of brown long-eared, Daubenton$eferences

whiskered, Brandt’s and pipistrelle bats (genera

Plecotus, Myotis and Pipistrellus). However, any hakes RA. Signal processing for target recognition in biosdeu-
man activity in a cave will disturb bats and cave stift Neworks1995; 8:1275-1295.

veying in general should not be undertaken during SRixcAD. 13. San Rafael, CaliforniAutoDesk Inc1996.
sitive times of the year such as the hibernation period o

(personal communication K. Jones, Roehampton fff"Vas- -2 Miami, Florid@eneba Softward.993.

stitute). Ellis B. An introduction to cave surveyinGCRA Cave Studies
Series No. 2London: BCRA. 1988.

There are two areas where improvements , , ,
bson D. Accuracy problems in ultrasonic and light-beam

could b.e made in the prOtOtype_ scanning _SyStem' F'r%lygeﬁnders.]ournal of the BCRA Cave Radio and Electronics
the main cause of inaccuracy in ultrasonic surveyingsisup 1991a; 6:9.
due to the width of the ultrasound beam. This can g_g o . .

. . . . ibson D. Improving directivity in ultrasonic rangefinders.
ameliorated by either using a narrower beam [Glbsmrnal of the BCRA Cave Radio and Electronics Grd991b;
1991b], or by using an array of receivers rather th@g 10.

JUSt a Slngle One_ SO tha_t dlfferent. parts of the beam g%r%on D. Electronics in surveyingournal of the BCRA Cave
be resolved. This requires considerably more sophigdio and Electronics Grou996; 23:25-26.
ticated equipment, but is in principle achievable by in- W E ol ) | | |

. . : . y F. Collecting in caves. IMertebrate palaeontological
creasing the cost of the unit and by improving the d §1niquesVolume 1. Editors: Leiggi P, May P, Cambridge:
capture hardware and software [Altes 1995]. Sintlambridge University Press. 1994, pp77-81.
larly, using wideband sonar techniques can also allow

. . . Hunt CO, Brooks IP, Coles GM, Jenkinson RDS. Archaeological
improved spatial resolution [Wehner 1987]. The seg; g

; ) i iIrveying in caveCave Science - Transactions British Cave
ond area for improvement is the reconstruction safesearch Association987; 14(2):83-84.

ware. Currently, much of the processing of the scan )
. Pfoctor C, Smart P. A new survey of Kentis Cavern, Devon.
image needs to be done by hand and could be agig: yniv. Bristol Spealacol. Sat989; 18:422-428.

mated using image recognition style algorithms. Image . .

recognition is notoriously unreliable, but the pr0b|emehner DRHigh resolution radarNorwood: Artech. 1987.

in this case is quite well circumscribed and the poﬁjookey. Survey softwar€ompass Points, BCRA994; Issue 3.
tion of the first large echo could be automatically detp://www.chaos.org.uk/survex/cp/CP03/CPoint03.htm
tected to automate the identification of the position \Q,[mhington S. Review of cave surveying techniq@asze

the reflecting surface. Science - Transactions British Cave Research Associaig@7;
14(2):56-59.
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Canvas Map Makers Guide

by Paul Burger

Introduction: contain more freehand and image editing tools. How-

o __ever, the biggest advantage drawing programs have
~ Thepurpose of this guide is to help beginning,e\ the CAD programs is their shorter learning curve.
digital cartographers lay outand draw cave maps elegs gitional cartographers can learn to use drawing

tronically. Many of the suggestions here are my pefzgrams much faster than trying to learn the special-
sonal preferences, including line weights and laygg 4 ling and skills of technical drawing.
names, and can be changed to meet the needs or pref-

erences of the cartographer. The guide assumes that
the user is at least generally familiar with the Windows
operating environment, Windows-based programs, _
and the basics of cave mapping and cartographer. ~ Start Canvas using the start menu. A new
Some familiarity with drawing programs is helpful, bitrawing will automatically appear in the window. |f
not necessary to use this guide. The guide will Y Wantto continue to work on an existing drawing
teach you all of the tools available in Canvas. Use ffdectOpenfrom theFile menu. Adialog box will

one-line and manuals to find tricks and shortcuts fJpPear o you can selectafile. If you make a mistake
some of the more common tasks. in a drawing and want to start over, seietvfrom

theFile menu. Aselection box will appear with sev-
eral drawing options, illustration, publication, or pre-
Why Digital? sentation. Select thikistration option for doing cave

Getting started

Digital cartography increases the flexibility 01[n aps
cave maps. Updating and adding new passages to The Menus and toolbars
digital maps is relatively easy and faster than with con- )
ventional pen-and-ink maps. Digital maps are easier | "€ top of the work area contains three parts,
to scale for multiple purposes (wall maps vs. publici® menu bar, the toolbar, and the docking bar (Figure
tion maps) and are much easier to integrate into G, The menu bar is a set of pulldown menus with
web sites, digital documents and other forms of el&@Mmands and tools. The Toolbar contains buttons
tronic publishing. Photographs and color geology c4fH ¢an click to choos_,e commands, tools, inks, strokes,
easily be added to digital maps to present more infBRd Styles. To display the Toolbar: select
mation than conventional maps. In general, digital cajdndow>Palettes>Show Toolbar To hide the
maps are more dynamic and adaptable than other bar: seledtindow>Palettes>Hide Toolbar

of maps. he docking bar allows you to keep palettes such as
the document setup palette, and macro box “docked”
at the top of the screen, so you don’'t have to go through
_ the pulldowns or Tool Box to get to your most-used
Drawing vs. CAD Programs features.

There has been a great deal of debate about
what kind of programs work best for drafting cave
maps. CAD systems (AutoCAD, IntelliCAD, Document set-up and layout
Microstation) are great for maintaining real-world co- To set up the blank page, gahe Layout
ordinate systems and are easily integrated into Gi&nu and seleBtocument Setup A dialog box will
Drawing programs (Canvas, lllustrator, CorelDrav@ppear that gives you the options for setting up the

12
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Figure 1. The Canvas work area

drawing environment. You can choose any standémayeneral, it's best to keep the bitmap as the bottom-
paper size by selecting itin the illustration size pulldowmost layer since everything will be drawn over the
menu. You can also define your own map size usinigmap. The order of the other layers is not as impor-
the custom option in the illustration size pulldown menant and can be customized to your needs.

and then typing in the dimensions manually. These

settings can be changed later without affecting your

drawings if you decide you need more or less space Creating bitmaps

later. In order to create a digital cave map, you will

need an original pencil drawing of the map or passage
first. You can either scan in the pencil version of the
map or digitize it directly from a digitizing table. The

It is best to keep different types of informaftollowing procedures are for scanning and digitizing
tion on different layers. This helps to avoid clutteringn-screen using the mouse.
the screen with too much information during drawing . . .
and it helps to create different types of maps lateron.  Ifyou are dealing with a small cave that fits on
To create, delete, or modify layers, go tolthgout  ©ONlYy One or two survey pages, you can just scan the
menu and seleBtocument Layout The document original notes !nto the computer. For alonger cave, |
layout palette (Figure 2) will then appear. Click theSt/ggest drafting the pencil version of the map on
sign next to the text that says Page 1 and the lisBgfided paper firstand then scanning in the pencil map.
layers will appears. Click on the layer name (LayeftS POSSible to assemble larger cave maps using scans
is the only layer in the new drawing) and then click 9 ©riginal notes, but that requires importing the line
New Layer button at the bottom of the documerflotinto th.e computer an.d alot of man'lpulatlon ofthe
layout box. To change the name and other pard?HIeS thatis current_ly easier by hand. Itis recommended
eters of a layer, double-click the layer name. Belowf@t you drafton gridded paper (mylar, velum, etc.) so
a table of layer names that | use and what they cH}t You can reassemble the map from the scanned

Suggested layers

tain: pieces.
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Name Contains
Walls passage walls, bedrock pillars
Structural symbols representing changes in ceiling heights, slopes, pits,
domes, dropoffs, etc
Detail floor detail such as sand, mud, bedrock, formations, breakdown
Cross sections and ceiling heights ceiling height circles and passage sections
Elevations passage elevations
Stations survey station symbols and station labels
Text passage labels and other text items
Scale scale and north arrow
Bimaps the scanned and assembled bitmap of the cave or cave passagge

Each scan will result in a bitmap image to baf assembling the map in the computer. Otherwise
saved on disk. 1 generally use either the TIF or JPEGu may have to rotate the bitmaps so that north is the
file formats since they give the best quality for the smalame direction on each one.
est file sizes. These bitmaps will be reassembled in

Canvas later. Go to thd_ayout menu and seleBtocument

Layout. The document layout palette (Figure 2) will
then appear. Click on the layer naniitmapto
make it the active layer. Click on the drawing space
_ to make it active and then sel&tacefrom theFile
Unless you have a map scanner, you will profjeny A document dialog box will appear. Choose
ably have to scan your pencil map into the COMPU{RE format you want to input and then the first bitmap

in smaller pieces. If possible, try and keep the page,qe of your pencil drawing. Make sure that the
straight in the scanner. This will speed up the process

Assembling bitmaps

14
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Drawing the Cave (Plan View)
Line Weights

1.5  Wallsincluding bedrock ceilings in the profile and cross-sections
1.0  Structural details and floors in the profile and cross-sections

0.5  Floor detail on plan, profile and cross-sections

| also use rounded corners and ends for all of the line.

option to “Place on Current Layer” is checked. An Walls
angular cursor will appear on the screen that will allow L
you to place the bitmap. Click on the drawing and It doe smatter what order you digitize the map

Canvas will important the bitmap. Repeat these Stg?gtures in, butitis best to only work with one layer at
for every bitmap you have scanned in. atime. | generally do the walls first, then the structural

features, and then the floor detail. Goltagout

Using the gridlines on the scans, move timeenu and sele€iocument Layout The document
bitmaps back together. You may have to rotate tlgout palette (Figure 2) will then appear. Click on
bitmaps slightly to make them fit. Go to the Effectbe layer named/allsto make it the active layer. On
menu and select Rotate. In the rotate dialog box, ytha toolbox, make sure that the fill is set to no fill, the
can type in the exact angle of rotation. It may takee color is set to black and that the line weight is set
several tries to get the correct rotation. When ytu1.5.
have assembled all of the bitmaps together, selec
all by dragging a box around them with the cu  _..* Curve Tool
Youmay have to zoom out suing th(_a magnifying Select the curve tool shown above and begin
ton on the toolbox to see all of the t_)ltmaps. Alter m?r)écing the walls. Each left mouse click you make will
have been all sel_ect(_ed, go to (isject menu a”‘?' add a point to the line. Double-click a point to end
select Group. This will make all of the bitmaps in e line. If you accidentally close the line and didn’t

one object that you can move around the SPace. 1fkan to, just double-click the line, select the curve
will also prevent you from inadvertently dlsassembllqgoI and keep drawing

the bitmaps as you work.

. Structural
Setting up the map

h bled bi Go to thd_ayout menu and seleBtocument
Try to center the assembled bitmaps on thg, ¢ The document layout palette (Figure 2) will

page. You may have to go back and change the appear. Click on the layer named Structural to
dimensions using the page set-up procedures descrigegle it the active layer. On the toolbox, make sure

above. Leave enoughroom to putin passage NaMeS the fill is set to “no fill”, the line color is set to

ceiling heights, elevations, etc. You are now readyk}%ck and that the line weightis 1.0
begin drawing the cave map. A

15
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\' Line Tool pallet that contains the symbols. Canvas 5 uses a *.pal
extension and version 6 and 7 use a *.mcr extension.

drops, domes, pits, etc.) use the curve tool to drgie them, just click on the symbol you want and then
the overall shape and the line tool to make thgick on the part of the map where you want it. To
hatchures. For changes in ceiling height, you can dr@\ﬁgce the same symbol many times, make sure you
a dashed line and then add the hatchures using e “retain selected tool” selected in yBuefer-

line tool. enceaunder thé=ile pulldown menu. If “Retain se-
Details lected tool” is selected, every time you click the left

Go theLayout menu and seleBocument mouse button, the selected symbol will appear.

then appear. Click on the layer nanigetailsto it ysing the drawing tools, group all of the part of the
make itthe active layer. On the toolbox, make sufgs symbol together, and then drag it into the macro
that the fill is setto no fl", the line color is setto blaCI‘bOX. Remember’ if you want to make your new sym-
and that the line weightis set to 0.5. bol part of the master symbol set, you will need to

For symbols such as breakdown and f onclickonthe arrow on the lower right of the macro box

stone, use the curve tool. For standard symbols, y%ﬂd choose "Save Set.
may want to use some built-in symbols, which Can-
vas calls macros. The macros can be found on the
toolbox (Figure 3) as the symbol that looks liked
shelved books. Drawing the cross-sections is the same as
drawing other parts of the map except you use differ-
Inorder to set up the macros for the first imea ¢ jine weights on the same layer. | use 1.5-point
drag the symbol into the work area as shown in Fignes for the bedrock ceiling, 1.0-point lines for con-
ure 4. In the lower right corner, select the arrow afghyous floor, and 0.5-point lines for the floor detall
Canvas will display several options. To load an exrigure 5). | also add floor detail to the sections using

isting set of symbols, select Append Setand Canviggcros. After | have drawn the cross-section, | group
will display a file dialog box and you can select the

Cross Sections and ceiling heights

|
h* -E: Oocumend | Appicaion |
- =
T T
1 | ! II'!—_
L "

— -

.H\'\. -'-.
_:": l"-. - '-;""\.. =)
[ L4

Figure 3: Macro Tool in toolbox
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all of the parts of the section together into one symittatasiest to make a master explanation on a separate
to make it easier to arrange the pieces in the final dralrawing with all of the common cave symbols. | then
ing. place a copy of the explanation into my current map
and remove all of the symbols that | don’t use.
'1": [axi Tool = Circle Tool

Moving things around
Use the Text tool to place the ceiling heights Once you have all of the pieces of your map

on the cave map. Then use the Circle tool to d_raw tHehe drawing area, you will probably want to rear-

circle around the text. Ifyou hold down the shift keyynge things to make the layout look better to win the

while sizing the circle, Canvas will draw a perfect circig e gal at the annual NSS Cartographic Salon. Mov-

and notan ellipse. Once you have the text and Cirglg ihings is fairly easy, but you have to be careful about

drawn and centered on each other, group then g you group objects to move them. There are two

one object and place where you want. basic ways of moving things around without messing
up your map.

Text On theFile pulldown menu, seleé&refer-
Use the Text tool to place text on your Ca\fencesand check the box that reads “Select Across

map. 1 usually use an Arial font for text that is part §fS1P1€ Layers.” With this box checked, can select
whole plan map and then move it. At this point,

the map, because it is easier to read than most om‘?eh b tul about h b th
other fonts. Be sure to include the entrance, namé& 8y "ave to_ € very careiul a out how yougra the
cted objects with the mouse. If you click wrong,

the cave and general location (state, county), the d§f'él§ : _ )
of survey, the list of mappers, your name and co u will move only one piece of the map and will have

right notice, and other details such as cave length 5 Wad'y scramble up the u_ndo button. Another way
depth. IS to group the plan (or profile) together before mov-

ingit.

First, on the plan map, select all of the items
Drawing the Cave (Profile View) on theWallslayer and group them together. Repeat
this with all of the layers on your plan map. Now
Use the curve tool and macros to draw thgpeat this process on all of the layers of your profile
profile. If you are drawing profiles in the same spaggap. Doing this will allow you to put your drawing

as the plan view put the bedrock features (ceiling, e§pjiects back on the right layers later.
on theWallslayer and put the other information on the

Detailslayer. |sue the same pen-weighting scheme  Make sure you have “Select Across Visible
as | do for the cross-sections. Put any text you waayers” checked in your preferences. Now you can
on the profile onto the Text layer. group all of your grouped layers together on the plan
map (or profile). Keep in mind that when you do this,
all of the groups will be brought into the active layer.
Assembling the Final Map Now select all of your grouped layers by dragging a
Technical details selection box around them. Group these together and
now your plan map is one object that you can more
around. Repeat the process for your profile map. Shift
For the final map, you will need to add a nor@fuff around and win that medal.
arrow and scale bars for both the plan view and the
profile. You will also need to create an explanation for
all of the symbols you have used on your map. | find
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The Transit Survey Myth

by Bill Mixon
Reprinted fronrCompass & Tape
Volume 5, Number 1

While reading the report of the Bighorn Cawgualitatively similar, but a bit less dramatic results are
erns Project, which remapped that Montana cavegiotten if the angles are distributed around the entire
1985-1986, | was reminded of the mistaken respettle. To each distance measurement in the compass
many cavers seem to have for transit surveys. Thisusvey, | added a random error between plus and mi-
no doubt due to the deceptive precision involvingitus 0.1 feet; to each distance in the transit survey;, |
reading angles to, say, the nearest half-minute of @dgded a random error in the range of plus or minus
which is commonly and easily done with those instrQ-01 feet, assuming use of a real surveyor’s chain. To
ments. ** | believe “transit” surveys are in fact usuallgach compass reading | added a random error be-
done with theodolites, but | am not sure just whiateen plus and minus 0.5 degrees; to each transit angle
cavers mean by a “transit survey;” that is, one in whichdded a random error between plus and minus 0.5
turning angles measured with a surveying instrumenigutes, sixty times smaller than the assumed com-
substitutes for the compass and clinometer, but thass error. The total survey error at each hundredth
otherwise resembles an ordinary cave survey. Larg&tion was calculated. | ran one hundred such ex-
scale land triangulations are another question entirglgriments and averaged the results. (Aren’t comput-
The fact is that a cave survey of any substantial length nice?) The result is tabulated below.
will be more accurate when done with conventional

compass and tape than with fancy surveying equip- The slight irregularity reflects the fact that ran-
ment. om walks are seldom “typical,” that is, while their

average properties can be calculated, the spread is

To demonstrate that fact, | ran a simple nquite large. More than 100 trials would have smoothed
merical experiment on a computer. | calculated ttiee curves more. The results, which are also shown in
accumulated error in the survey of a random horizahe accompanying graphs, are nevertheless clear and
tal cave with both instruments. The cave had one thparhaps rather surprising. Despite 10 times better dis-
sand survey stations, with each true distance seletéte measurements and sixty times better angle mea-
randomly and uniformly in the range 10 to 50 feet asdrements, the transit does little better after only a
each true azimuth selected randomly and uniformlydauple of hundred stations, and actually is worse, by
the range of 0 to 270 degrees. Restricting the rargeaccelerating margin, after five hundred. What is
of azimuths makes the cave actually go somewhegeing on?

Number of Stations Aerage Errorin Feet
Compass Tansit

100 16 0.4
200 23 1.0
300 2.7 17
400 31 2.7
500 32 3.7
600 36 4.9
700 40 6.1
800 41 7.4
900 44 9.0
1000 47 10.7
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The answer lies in the way angles are actuatlgncel. In a transit survey, station position errors con-
obtained in the transit survey. After somehow detéribute an extra component to the angle errors, which
mining the direction from the first station to the secortcumulate. Whether transit surveys come closer to
(more on that later), the instrument is placed at teeen their theoretical accuracy is doubtful. | find it
second station and the difference in the directiondiard to believe that station-location errors of under
the first and third stations is read, which allows calcorne-hundredth of a foot are attained under cave con-
lating the actual direction to the third station. Then td#ions, for instance, and of course a single angle blun-
difference in directions from the third station to theéer has drastic results.
second and fourth is read, from which is derived the . o ) ,
azimuth between the third and fourth, and soon. Ap  Since any direction error in a transit survey
error in any direction measurement influences all s@f€Cts every subsequent shot, the direction dirste
sequent azimuth calculations, since every azimutt$ ROt iS Very important. Ina compass survey, the first
calculated as, essentially, the sum of all preceding argjiot IS just another shot. But if a compass is used to
readings whereas in a compass survey, the azinfIM¢ the direction of thg first shpt ina trgns[t survey,
errors, though larger, each affect only one left of tHen the absolgte positions of dlstar!t points in the sur-
survey. Itis the accumulation of azimuth errors ovéeY Will be seriously affected. Forinstance, a quar-
many stations that accounts for the fact that transit 4gf-degree error in the first direction would along re-
veys become less accurate as they proceed, whetEd an error of 23 feet in the position of a point one
the random compass errors tend to cancel out to sohie away. This will not affect closures within the cave,

extent. So a compass survey becomes more a@f¢ourse, which can be good, in that promising loca-
rate, percentage-wise, the longer it gets. tions for connections and such will not be spoiled, and

can be bad in that a false impression of overall accu-

Of course, my simulation doesn’t really reracy will be obtained from in-cave closures. | wonder
flect the true accuracy of the typical cave survedyow many transit surveyors actually make sure their
Compass surveys more often quote errors, where filst angle is as good as all of the others, which would
sures are available, of around 0.5 percent, not lesguire a carefully timed sighting on the North Star.
than one-tenth of that. This is presumably due to blun- _
ders —reading or recording errors, misunderstandings | doubtif very many cave surveyors have se-
among party members about station locations, and#Q&/Sly considered making a transit survey five hun-
like — and non-random errors that result from, for iffféd stations long. They needn’tfeel guilty about their
stance, using uncalibrated compasses or stretclHHess:
tapes. Also, am assuming that there is no Stati%ditor’s Note: The distinction between transit and theodolite
position error that is the instrument is always placegms to be rather vague in the surveying and civil engineering

exactly atthe point jUSt sighted to. Inthe case of Coﬁiﬁ:_rature. Transit often refers to a telescope-sighted compass, with
q . T beh raduations read by vernier. Theodolites tend not to have com-
pass surveys, random station-position errors be %X%es, have either graduations read with microscopes or digital

like compass or distance errors; they tend to partialigdouts and are used as Bill describes — John Ganter, €ditor,
pass & TapeVol. 5, No. 1, 1987)
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