Map3d: Scien tific visualization

program for m ultic hannel time series

data on unstructured,

three-dimensional meshes.

Program User’s Guide

R ob ert S. MacL e o d

∗

(macle o d@vissgi.cvrti.utah.e du),

Phil R. Ershler

∗

(ershler@cvrti.utah.e du),

Christopher R. Johnson

†

(crj@cs.utah.e du), and

Michael A. Matheson

‡

UUCS-94-016

∗

Nora Eccles Harrison

Cardio v ascular Researc h and T raining Institute

and

†

The Departmen t of Computer Science

at the

Univ ersit y of Utah

Salt Lak e Cit y , UT 84112 USA

and

‡

Silicon Graphics Incorp orated.

Septem b er 26, 1994

Con ten ts

1 In tro duction 6

2 Usage 6

2.1 T ypical examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2 Global P arameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.3 Surface parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.4 Data parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3 New F eatures 12

3.1 Applying transformations to data . . . . . . . . . . . . . . . . . . . . . . . . 12

3.2 Command line parsing: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.3 Single versus m ultiple windo ws . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.4 Landmark displa y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

4 Input files 14

4.1 Default settings files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.2 Geometry input files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4.2.1 .pts/.fac files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4.2.2 Standard geometry ( .geom ) files . . . . . . . . . . . . . . . . . . . . 16

4.3 P oten tial and gradien t data files . . . . . . . . . . . . . . . . . . . . . . . . 17

4.3.1 .p ot and .grad files . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.3.2 CVR TI data (.data) format files . . . . . . . . . . . . . . . . . . . . 18

4.4 Leadlinks and Channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.4.1 Description of leadlinks and c hannels information . . . . . . . . . . . 19

4.4.2 Source of leadlink and c hannel information . . . . . . . . . . . . . . 20

4.4.3 Displa y of lead/c hannel information . . . . . . . . . . . . . . . . . . 23

4.5 landmark files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

5 Displa y features 25

5.1 Scalar displa y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

5.1.1 Managing the scalar windo w . . . . . . . . . . . . . . . . . . . . . . 27

5.2 Data Scaling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

5.3 Clipping Planes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

5.4 P ersp ectiv e view and depth cueing . . . . . . . . . . . . . . . . . . . . . . . 29

5.5 Bounding cub e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

6 Con trol of map3d 30

6.1 Men us, k eyb oard mapping, mouse and dial function . . . . . . . . . . . . . 30

6.2 F eedbac k Rep orting Lev el . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

6.2.1 Keyb oard mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

6.2.2 Dial b o x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

6.2.3 Keypad Con trol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

6.2.4 Mouse con trol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

7 Pic king mo de 34

7.1 Pic king No des . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

7.2 Pic king T riangles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

7.3 T riangulating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

7.4 T riangle flipping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

8 Capturing images for animation, prin ting, or photos/slides 38

8.1 P ostscript dump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

8.2 Image capture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

8.3 Video output from map3d . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

8.4 Additional video con trols . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

8.5 Photographing from the Displa y . . . . . . . . . . . . . . . . . . . . . . . . 41

8.5.1 Direct photograph y from the screen . . . . . . . . . . . . . . . . . . 41

8.5.2 Photograph y via the Macin tosh . . . . . . . . . . . . . . . . . . . . . 43

Abstract

There are man y examples in biomedical researc h of recording time signals with m ulti-sensor

arra ys whose elemen ts are arranged in irregular, three-dimensional grids [ 1 , 2 , 3 , 4 ]. If the

no des in suc h arra ys can b e connected in to “surfaces”, it is p ossible to emplo y linear in ter-

p olation tec hniques to displa y scalar data v alues on the grid, pro vided the no de lo cations,

and their connectivities, are kno wn. The program map3d w as dev elop ed to pro vide flexi-

ble in teraction with suc h grids, and the data v alues asso ciated with them. Briefly , map3d

pro vides in teractiv e displa y of the no des of the sensor arra y , and the connectivit y mesh

(describ ed as line segmen ts, triangles, or tetrahedra), with capabilities for man ual editing

of the connectivities and subsequen t storage of the results. If scalar data are a v ailable as-

so ciated wth the no des of the mesh, map3d will displa y this data as either colour-co ded

con tour lines or Gouraud or flat shaded surface elemen ts. If there are series of suc h scalar

data (t ypically in time), the time signals for selected c hannels can b e displa y ed and used

to select whic h dataset to displa y . The program has extensiv e scaling options for data

v alue to colour mapping, differen t colour maps, and a v ariet y of metho ds of determining

the scop e of data scaling. Ab o v e all else, the program allo ws in tensiv e in terrogation of b oth

the geometrical mesh and the data v alues mapp ed to it.

This tec hnical rep ort describ es the design concepts and user in terface of the map3d program.

The co de w as written in ANSI complien t C and mak es extensiv e use of the Graphics Library

(GL) routines from Silicon Graphics. The co de has b een p orted, in a somewhat limited

edition, to the IBM RS-6000 running AIX, as w ell as to the Sun Sparc arc hitecture using

b oth Dup on t Pixel’s and P ortable Graphics’ (NPGL) GL em ulation soft w are. It do es not

run under Op enGL at this time. The co de is not in the public domain, ho w ev er, the author

(macleo d@cvrti.utah.edu) will consider reasonable requests for information.

1 In tro duction

This do cumen t describ es the function and usage of the program map3d , a scien tific visual-

ization application used at the CVR TI to view mo del geometry and scalar (p oten tial) and

v ectors (curren t) field distributions. The program is highly in teractiv e and mak es extensiv e

use of the full V GX features of the Silicon Graphics Library (GL). map3d is a program

written in C using the SGI GL library for in teractiv e displa y of b oth geometry and data

assigned to elemen ts of that geometry on the Silicon Graphics 4D/210 V GX w orkstation.

The program can read m ultiple surfaces, eac h with m ultiple asso ciated p oten tial/curren t

data files.

2 Usage

map3d [-b -iv -ss -v -w -nw\

-c default_mesh_colour \

-df default_filename \

-dp datafile_pathname \

-gp geomfile_pathname \

-rl report_level \

-vw xmin ymin ]

-f geomfilename \

[-ac \

-as xmin xmax ymin ymax \

-c colour \

-cg colour \

-ds \

-dp datafile_pathname \

-gp geomfile_pathname \

-lm landmark_filename \

-p potfilename -s num1 num2 -i increment \

-ph maxpotval -pl minpotval \

-ps scaling_value \

-ll leadlinks-filename \

-cl channels-filename \

-sl surfnum \

-t trace-lead-number \

-at xmin xmax ymin ymax]

2.1 T ypical examples

T ypical cases of usage of map3d are giv en b elo w:

• Read data from a .data file and get the geometry filename from the header of that

.data file.

map3d -nw -f datfilename.data

The -n w option sets a new windo w for eac h surface of data. A mo dification of this if

the n um b er of the data series is kno wn in adv ance is

map3d -f datfilename.data@seriesnum

This w ould load the series seriesnum from the file datfilename.data and place all

surfaces in a single windo w.

• Read data from one .data file and geometry from a sp ecific .geom file.

map3d -w -f geomfilename.geom -p datfilename.data

This o v errides the geometry file sp ecified in the header of the .data file. The same

mo dification as ab o v e is p ermitted here — if the sp ecific series n um b er is already

kno wn, use the form

map3d -w -f geomfilename.geom -p datfilename.data@seriesnum

This reads series seriesnum from datfilename.data and displa ys it on the geometry

from geomfilename.geom .

• A third, p oten tially v ery p o w erful mo de is p ermitted in whic h the surface n um b er for

the geometry is sp ecified explicitly , i.e.,

map3d -w -f geomfilename.geom@surfnum -p datfilename.data

whic h sp ecifies that surface surfnum is to b e read from the geometry file and that only

data asso ciated with this surface will b e read from the data file datfilename.data .

Here to o the option of explicitly sp ecifying the series n um b er is pro vided. F or example,

map3d -w -f geomfile.geom@surfnum -p datfile.data@seriesnum

w ould read geometry from surface surfnum and data for that surface from series

seriesnum of the file datfilename.data . In this mo de, all the surface based at-

tributes describ ed b elo w ( e.g., colours, windo w lo cations, first and last frame n um b ers

of the data, etc. can b e sp ecified at startup time.

Note that if the series n um b er is not sp ecified at startup, the user is presen ted with a file

b o x from whic h the desired series is selected. Lik ewise, if the frame n um b ers are not giv en

in the command line, the user is presen ted with a p o w er curv e in whic h to windo w the data

to b e displa y ed. See section 4.3.2 for more information in ho w to access .data files.

2.2 Global P arameters

The follo wing general parameters affect the en tire displa y:

-b = op en eac h windo w without b orders. This pro vides a neater lo ok in m ultiple-windo w

displa ys and b y using the alt-k ey and righ t mouse button, mo v emen t or re-scaling of

the windo ws is p ossible after they are placed on the screen.

-iv = initialize video equipmen t in VISSGI.

-ss = mak e sure all windo ws ha v e the same scaling applied.

-v = run program in video mo de. This thic k ens lines, and sets a reduced range of colours,

for the purp ose of making videos from graphics output. This also initializes the video

equipmen t in VISSGI.

-nw = for m ultiple surfaces ( i.e., more than one set of p oin ts and triangles), place eac h

surface data in a new windo w. By default, map3d op ens a single windo w for all

surfaces.

-w = for m ultiple surfaces ( i.e., more than one set of p oin ts and triangles), place all surface

data in the same windo w. By default, map3d op ens a new windo w for eac h new data

surface. (This is the default and is hence redundan t.)

-c default mesh colour = colour index to use of all surfaces for whic h there is no sp ecific

colour sp ecification.

-df filename = read the defaults file filename for start-up settings for the program. This

o v errides an y defaults files read b y the program (see b elo w) or an y defaults set within

the program.

-dp datafile pathname = directs the searc h for data files accessed via a .data file to an-

other directory . This o ccurs most often with data files that actually p oin t to .pak

or .ra w files on the V ax. Using an alternate pathname, y ou can o v erride the original

directory sp ecification for the files and get them from, sa y , an optical disk. This v alue

can also b e sp ecified in the defaults file (see section 4.1) or via an en vironmen tal v ari-

able called MAP3D DATAPATH , whic h y ou can set at an y time b efore executing map3d .

Y ou ma y sp ecify this option either globally for all surfaces b y inserting is b efore the

first -f filename in the command line, or separately for eac h surface.

-gp geomfile pathname = directs the searc h for geometry files accessed via a .data file to

another directory . The most common case of this is when the name of the geometry

file is stored in the data file, usually without directory sp ecification. This v alue can

also b e sp ecified in the defaults file (see section 4.1) or via an en vironmen tal v ariable

called MAP3D GEOMPATH , whic h y ou can set at an y time b efore executing map3d . Y ou

ma y sp ecify this option either globally for all surfaces b y inserting is b efore the first

-f filename in the command line, or separately for eac h surface.

-rl report level = set the rep ort lev el for this execution of map3d . The legal v alues are

0 (no rep orting) to 3 (full debug-lev el rep orting). This v alues o v errides the one set in

the default file, bit should b e sp ecified after the default file if the -df option is used.

-vw xmin ymin = Set the lo w er left hand corner of the video windo w to a particular sp ot

on the screen. Units are in screen co ordinates, same as for the -as and -ts commands

describ ed b elo w.

-f geomfile.geom or datafile.data = filename of the .geom (geometry) or .data file

con taining p oin ts and connectivit y information. Note: this is the minimal input for

successful function of map3d . If a .data file is used, it is assumed to con tain explicit

reference to the asso ciated .geom file con taining the geometry . All surfaces are read

from the geometry file.

2.3 Surface parameters

F or eac h new surface, a subset of the follo wing surface-sp ecific parameters ma y b e used.

Note that if these parameters are to b e used with data that are read from .data or .geom

files, the last of the three forms sp ecified in section 2.1 ab o v e m ust b e used. Otherwise, all

surfaces are read at once and the user m ust accept the default settings for eac h surface.

-f geomfilename = ro ot filename of the geometry files (.pts, .fac, .tetra, .geom, or .data)

for the triangularized surface to b e displa y ed, e g., -f RL-torso for the files RL-torso.pts ,

RL-torso.fac , and RL-torso.tetra . If a .geom file is the source of geometry , a single

surface ma y b e selected b y app ending the surface n um b er N to the filename in the

form “@ N ”, e.g., geomfile.geom@3 to read surface 3 from .geom file geomfile.geom .

P arameter V alues Meaning

shadingmo del GOURA UD Use Gouraud shading of triangles

FLA T Use flat shading of triangles

scale scop e GLOBAL SURF A CE Scaling global o v er eac h surface

GLOBAL FRAME Scaling global o v er eac h frame of data

GLOBAL GLOBAL Scaling global o v er all data

LOCAL Scaling lo cal to eac h frame and surface

USER Scaling b y user-supplied v alues (-pl -ph)

scale mo del LINEAR Use linear scaling of con tours

LOG Use logarithmic scaling

EXP Use exp onen tial scaling

LAB7 Use logarithmic in 7 lev els scaling

LAB13 Use logarithmic in 13 lev els scaling

scale mapping SYMMETRIC scale symmetrically around b oth side of zero

SEP ARA TE scale separately for + and - data v alues

TR UE MAP scale from most - to most + v alues

color map R G Use full red-to-green colour map

R G2 Use red-and-green (2-colour) colour map

FULL Use blue-to-red (full) colour map

BTW Use blac k-to-white colour map

WTB Use white-to-blac k colour map

lead marking

1

LEADS mark no des with lead (c hannel) n um b ers

NODES mark no des with no de n um b ers

V ALUES mark leads with p oten tial v alues

CUBES mark leads with spheres/cub es

MINMAX LABELS mark extrema with lead n um b ers

MINMAX CUBES mark extrema with cub es

SCALAR mark the selected scalar no de

n um cols v alue n um b er of colours to use in shade displa y

n um con ts v alue n um b er of con tour lev els in displa y

dra w bb o x TR UE/F ALSE set b ounding b o x on or off

datafile path pathame alternate path to the .pak/.ra w files in .data file.

geomfile path pathame alternate path to the .geom files in .data file.

rep ort lev el v alue lev el of error rep orting ( 0–3 )

Note that these parameters and v alues are not case sensitiv e and that they can all b e

o v erridden during execution of the program, t ypically via the mouse men u (righ t mouse

button). See section 5.2 for details on the differen t scaling options. The list of parameters

p ossible will also certainly gro w with the program.

1

options are cum ulativ e

T o sa v e the curren t settings in a file, there is an option in the main men u of map3d whic h

dumps all the settings to the file ./.map3drc , that is, the file .map3drc in the curren t

directory . That w a y , when y ou start the program again from that directory , the same

settings will b e loaded. The .map3drc file is just a normal text file, but lik e all “rc”-files,

it is hidden from the ls command unless y ou add the -a option (the alias la is set up b y

default to do a long listing of all files, including hidden files). Dumping a cop y of the settings

is also the easiest w a y to see what settings are curren tly b eing main tained b y map3d and

also forms the b est starting p oin t to setting up y our o wn customized default settings files.

4.2 Geometry input files

The input of geometrical data o ccurs via the “standard” .pts, .seg, .fac, and .tetra files, as

w ell as the new .geom geometry file format. The map3d program, when fed a base filename

with the -f option, lo oks for all p ossible candidate geometry files and queries the user for

resolution of an y am biguities.

4.2.1 .pts/.fac files

One .fac (.pts) file con tains the connectivities (p oin ts) for a single surface, hence, m ultiple

surfaces m ust b e realized b y building m ultiple files. If y ou ha v e a .tri file con taining single

or m ultiple surfaces on the V ax, w e can mo v e it to the SGI and unpac k it in suc h a w a y as

to mak e it accessible b y map3d . F or viewing tetrahedral meshes, use the .tetra file format,

together with the asso ciated .pts files. A file in a format for viewing geometry comp osed of

straigh t segmen ts (t w o p oin ts connected b y a line) is iden tified b y the .seg. extension.

4.2.2 Standard geometry ( .geom ) files

The map3d program is capable of reading geometry data from the new geometry file format

(.geom files). See other do cumen tation for a description of this file t yp e and ho w to use it.

The geometry in a .geom file can b e sp ecified in the -f option, or found indirectly via the

filename stored in a .data file (see section 4.3.2 b elo w)

4.3 P oten tial and gradien t data files

4.3.1 .p ot and .grad files

The scalar data v alues that are assigned to the p oin ts in the geometry are input via .pot

files, while v ectors are input via .grad files. Scalars are ordered in the same w a y as the

no de p oin ts as a simple one-to-one assignmen t is p erformed, although a c hannels file can b e

used to pro vide indirection (see section 4.4) . V ector information is self-con tained since

it is expressed as start p oin ts and v ector comp onen ts in 3-D co ordinates and ma y , therefore,

b e ordered in an y w a y the user wishes.

The rules for .pot files are:

• Eac h line of the files con tains one data v alue, assumed to b e real.

• Order of the v alues m ust either agree with that of the asso ciated set of p oin ts or a

c hannels file m ust b e supplied to redirect the links b et w een p oten tial v alue and no des.

• File must end with a blank line.

• A single file can con tain only the data v alues asso ciated with a single surface at a

single instan t in time.

• The extension .pot must b e used.

The rules for .grad files are:

• Eac h line of the files con tains 6 ASCI I strings, assumed to represen t real data v alues

as follo ws:

– First three v alues define the starting p oin t of the v ector in three dimensions, in

the same co ordinate system as the p oin ts of the geometry .

– Second set of three v alues represen t the X-, Y-, and Z-comp onen ts of the v ector.

• File must end with a blank line.

• A single file can con tain only the v ectors asso ciated with a single surface at a single

instan t in time.

• The extension .grad must b e used.

A set of files that con tains a time sequence of data should ha v e filenames of the form base-

filename001 to base-filename NNN, with the n umeric suffix (NNN) b eing a three-digit v alue,

whic h can run in an y regular incremen ts. F or example, p ot-file001.p ot, p ot-file005.p ot, p ot-

file009.p ot, p ot-file013.p ot, . . .

4.3.2 CVR TI data (.data) format files

The newly dev elop ed standard data files (.data files) are capable of holding not only the

scalar and v ector data found in the older .p ot and .grad files, but also links in to exist-

ing “pak-tap e” files, the name of the suggested geometry files, and v arious other bits of

information that could b e useful to map3d .

There are some concepts of the data file structure that should b e understo o d to appreciate

the differen t mo des of op eration describ ed in section 2.1.

Series or runs By a series or run, w e refer to the basic structural en tit y of a .data file:

.data files con tain a header, and then runs of data. Data within a run b elong together,

t ypically b ecause they ha v e b een recorded at the same time. A run of data is often

m ultiplexed, i.e., it has n umerous leads of data, p oten tially o v er n umerous surfaces.

If map3d is launc hed without information sp ecifying the run n um b er, a windo w will

app ear con taining a list of the titles giv en to eac h of the runs of data in the .data file.

The user then selects the run that should b e displa y ed. The desired run n um b er can

also b e app ended to the .data filename with a “@”, as in

map3d -f datafile.data@2

whic h selects run 2 from the .data file datafile.data .

Links to geometry The links b et w een the leads of data in the .data file and the no des

of the surface[s] o v er whic h they are displa y ed is established via channel arra y infor-

mation, whic h is often stored as asso ciated scalars to the no des of the geometry file

(see do cumen tation on Geometry and Data files elsewhere). Section 4.4 con tains more

information on c hannels and leadlinks arra ys.

F rames By fr ames of data, w e mean instan ts in the data represen ting single momen ts

in time. F or eac h frame, there is a map. If map3d is launc hed without sp ecific

information on whic h frames are to b e displa y ed, a windo w then p ops up con taining

the p o w er curv e for the en tire run and the user sets b oth the start and stop frames and

then clic ks on “accept”. T o explicitly sp ecify frame n um b ers, the third form describ ed

in section 2.1 m ust b e used to launc h map3d . F or example

map3d -w -f geomfile.geom@1 -p datafile.data@2 -s 10 130 -i 2

sp ecifies that surface 1 from the geometry file geomfile.geom should b e used to

displa y frames 10 to 130, taking ev ery second frame, from run 2 of the .data file

datafile.data .

4.4 Leadlinks and Channels

4.4.1 Description of leadlinks and c hannels information

Leadlinks and c hannels files, and the arra ys they con tain, are iden tical in structure, but

not in function . A program ma y require b oth, either, or neither of these, dep ending on

the structure of the data files and geometries. The basic function of b oth leadlinks and

c hannels information is to offer link ages b et w een recording lo cations and the data that is

to b e asso ciated with those lo cations. One , leadlinks, describ es the connection b et w een

“leads”, a measuremen t concept, with “no des”, and geometrical concept. The c hannels

information, on the other hand, links the no des to “c hannels” of data in a data file. Or, in

more detail,

leadlinks The le ad links information is primarily used to iden tify , and giv e n um b ers to,

measuremen t leads within a set of no des that mak e up the geometry . This can mean

selecting a subset of the no des, as w ould b e used, for example, to iden tify the actual

recording sites from a set no de lo cations o v er whic h the data w ere in terp olated. Lead-

links could also b e used to ren um b er all the no des of the geometry to repro duce the

exp erimen tal setup.

In the leadlinks arra y , eac h en try refers, b y its lo cation in the arra y , to a particular

lead; the arra y v alue at that lo cation giv es the n um b er of the no de in the geometry

file to b e asso ciated with this lead. F or example if lead 4 has a leadlinks en try of

22, then no de 22 in the geometry will b e displa y ed with a “4”, not “22”, when lead

markings are selected in map3d .

leadlinkn ums The most recen t c hange in the leadlinks structure has b een the addition

of the leadlinkn ums arra y , whic h has the same structure as the leadlinks arra y , but

con tains the actual lead n um b er asso ciated with eac h lead. This arrangemen t b ecame

necessary when there w ere cases of jumps in the lead n um b ers, for example when a

lead is corrupted or damaged in recording, it is not a v ailable later, and should not b e

included in the list of leads of a displa y . Since the leadlinks arra y w orks purely b y

lo cation in the arra y , w e needed another lev el of indirection.

Hence w e ha v e the situation of a lead n um b er K actually b eing called lead n um b er

L , p oin ting to no de n um b er M in the geometry . The map3d program no w handles

this additional indirection, and other programs are b ound to follo w suit as the need

arises.

c hannels The channels information is used to relate no des in the geometry to lo cations in

the data file(s). F or example, if w e wish to find the data asso ciated with no de K in

the geometry , then the v alue in lo cation K of the c hannels arra y ( channels(k) ) will

p oin t to the correct c hannel in the data file.

Note that channels arr ays ar e use d at the time the data is lo ade d into the internal

data stor age arr ays! The most frequen t use of c hannels information is to unpac k m ul-

tiplexed data. This data come from input files with an inheren tly differen t structure in

terms of geometry no des and need to b e sorted so that their spatial arrangemen ts are

kno wn. The c hannels arra y pro vides the information needed to p erform the sorting.

An example w ould b e data collected from m ultiple needles. The data are stored in

a blo c k, with no preconception of what spatial relationship individual electro des on

those needles migh t ha v e to one another. These relationships can only b e fixed b y the

geometry information of where eac h electro de w as lo cated and what surfaces these

lo cations are group ed in to. T o un tangle this mess, a separate channels arra y is used

for eac h surface, to p oin t to the measured data v alues whic h b elong to that surface,

and to determine whic h data v alue is asso ciated with eac h no de lo cation.

If data and geometry no des matc h one-to-one, there is no need for a c hannels arra y . In

programs lik e psc ont , on the other hand, a c hannels arra y is almost alw a ys a necessit y

b ecause of the mapping from a three- to a t w o-dimensional geometrical represen tation.

There are single p oin ts in the three-dimensional v ersion of the geometry that ha v e

t w o equiv alen t p oin ts in the t w o-dimensional v ersion of the geometry used for map

displa y . Hence, psc ont stores those c hannel filenames in ternally and asso ciates then

to a particular c hoice of plot geometry . In map3d , there are man y cases in whic h

c hannels information is not needed.

The figure 1 sho ws an example of lead and c hannels information la y ered one on top of the

other. See the figure caption for details.

4.4.2 Source of leadlink and c hannel information

The source of b oth c hannels, leadlinks, and leadlinkn ums information can b e either the

geometry ( .geom ) file or the data ( .data ) file, or t w o explicit files, called “leadlinks” and

“c hannels” files, whic h are describ ed in the next sections b elo w.

The .data and .geom files Information for the channels arra y is stored as an asso ciated

scalar with the data information in the standard .geom files. A t presen t, there is no leadlinks

arra y stored in the .geom file but this could c hange at an time.

The .leadlinks file A le ad links file is an ASCI I file, the first record of whic h con tain a line

nnn leads , where nnn is the n um b er of leads to b e describ ed in the file (and also one less

than the total n um b er of lines in the file). Eac h follo wing record con tains t w o in teger v alues:

leadlinks model_pts channels mux_data model_pots X Y Z

Indirections in map3d

leadnum

= points to = copy contents

4 22

22 92

92

22 22

Array name:

leadnum 6 leadlinknums

Figure linknums n data mo p

In that reflect

1.

lead,

2.

F

32

1

2

4

7

.

.

.

32 indicates in

31.

32,

No with the

When no

Lik o

The line less v

1.

second

2.

F

352

1

2

.

.

32 indicates lo

632,

4.4.3

With is con

No

Lead Lead/c

None Channels Leadlinks

No same try one

unaffected unaffected

Lead

2 same etry tiv

c leadn leadlinks

Data p p p

4.5

The

Initial a can landmark with

The whic

A space and

The

2

If

Line Con Commen

1 nsegs n

2 1 t segmen b

3 X, p

4 X, p

. . .

. . .

nsegpts X, p men

. 2 t segmen b

. X, p

. X, p

. . .

. . .

. X, p men

. . .

. . .

. . .

. . .

The coronary a snare an closure a stim a lead a plane a

T

P X,Y,Z Radius

1 First Radius

2 Second Thic

3 Third not

The

See

Filename filename

5

5.1

When are b w le connected n

Figure windo

An without

1.

lead

2.

Pic

3.

4.

translations, in

5.

to

6.

scalar a

7.

data,

56.12 Units 123 mS

Lead 23 50 -- 400 mS

6.2

In windo from are

Rep T

0 minimal

1 rep

2 rep

3 debug

6.2.1

Eac function b k function

6.2.2

P

“analog” user con viewing are

Note system y-axis the three

Regular

A-k Switc

B-k T

C-k T

D-k T

E-k T

F-k Shift

G-k T

H-k Set

I-k T

L-k T

M-k T

O-k T

P-k T

Q-k Quit

R-k Reset

S-k T

T-k Whatev

U-k T

V-k T

W-k W

X-k Dra

Z-k Rotate

Escap Quit

T

Dial Mouse

Dial Scale Left Rotation/pic

Dial Clipping/z-buffer Middle Image

Dial Z-rotate Righ Men

Dial Z-translate

Dial Y-rotate

Dial Y-translate

Dial X-rotate

Dial X-translate

T

X-rotation

Y-rotation

Z-translation

Clipping translation

X-translation

Y-translation

Z-rotation

Scaling

X

Y

Z

Figure the

6.2.3

Pro in dials,

6.2.4

The esp recen the

Rotation Picking

Scaling Re-pick

Menu Setting data frame

Figure dep the

When whic all whic applied

7

By mouse no displa men submen

Note y

Arro F

Left Rewind F1-Key T

Righ Adv F2-Key T

Up Adv F3-Key T

Do Rewind F4-Key T

F5-Key T

F6-Key T

F11-Key T

F12-Key Dump

T

Keypad

Keypad Y-axis Keypad Y-axis

Keypad X-axis Keypad X-axis

Keypad Z-axis Keypad Z-axis

Keypad Zo Keypad Zo

Keypad Shift Keypad Shift

Shft-Keypad -X-translation Shft-Keypad +X-translation

Shft-Keypad -Y-translation Shft-Keypad +Y-translation

Shft-Keypad -Z-translation Shft-Keypad +Z-translation

Plus Increase Min Decrease

T

ha from

T they that mak pic

7.1

This originally the

7.2

When triangle

7.3

Y

“T y v

Adjust try

Indigo(s),

Pushing the

Files mo

The the go

1

2 3

1

2 3

1

2 3

Left Mouse

Middle Mouse

Figure triangle, cursor adds hair.

prop mesh.

v are

7.4

Often can

T from

GL toggle geometric h the

Pic

T

“Flip a mo whic left

This in y the

8

While screen some

8.1

With erate but set will file

Y printit to

A page,

Shading/Con

When p are

v

Problems app useful

8.2

There b it file.

of con to

T k will for

(if read filename with are fourth

Note

“r-g-b” then

T

Simply set use whic loaded, man

T

1.

directory directories rev

2.

tobw

The colors

3.

tops

Note it

4.

command:

printit

5.

in quic rm
rm
rm

8.3

With

(V-LAN)

Con a animator