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PROJECT SUMMARY

The primary objective of this work was to prodnce a simulated 4D drive-through of a

- portion of highway (I-280 through Newark, NJ) for which proposed traffic-generator signing had

to be reviewed. A 4D visualization was produced that combined 3D geometry rendering with the

time element. Using the simulated drive-through, reviewers (from NJDOT traffic-engineering) o

were able to see the signing from the point of view of a driver traveling along the roadway at
normal traffic speeds. Potential problems regarding excessive density of signing, inadequate sight
distances for signing, etc. could then be identified prior to- installation of the signs. The 3D
geometncal model of the roadway, shoulders, signs, intersecting bridge structures, and other
objects of significance was constructed based on available data such as GPS and video log
lnformation : : '

In addition to the I-280 visualization, a second visualization of the exit ramp connecting
1-280 to Route 21 in Newark; NJ was also constructed. However, whereas GPS data was used
heavily in the modeling of 1-280, no such data was available for the exit ramp because it was in
the early stages of construction at that time that, the visualization was being prepared. Therefore, .
the 3D model of the Rt. 21 ramp had to be built using only construction plans. The goal of the
Rt.21 ramp visualization was to visualize what the project might look like once construction was
completed. In general, this type of visualization can be used during public hearings to more

 clearly educate and inform the public regarding the impact of proposed construction projects.

Once the 3D geometricai rnodels for this project were creavted,ksi_rnulated 4D (3D space +

 time) drive-throughs of the scenes, including proposed signing, ramps, etc. were constructed. The

drive-throughs simulated the point of view of a driver moving along the roadway at a typical
traffic speed. The time element of the simulation, i.e. the speed at which the driver moves
through the scene, was an important factor in reviewing the proposed signing for 1-280. To '
ensure that the time element was properly represented, each simulation was generated as a series
of movie “frames” which were then combined to form a complete movie. Each frame in the
movie was constructed by moving the driver’s point of view to a new position in the 3D model
and then rendering the entire scene 1nc1ud1ng perspective projections, hidden surface removal
(necessary to evaluate sight-distance checks), color, lighting, shading, and texture mapping.
Texture mapping was used to render the signs and to add reahsm to the simulation.

Once all of the frames were generated, they were compressed into digitai ‘software”

* movies that could be easily played back at the correct speed, or which could be used to produce

video tapes of the simulation. The modeling and visualization processes developed during this
project demonstrated that 3D modeling and 4D visualization can be very effectively used for both
design purposes (e.g. traffic engineering de51gn evaluation of proposed signing) and for public
presentation purposes. The project also demonstrated that 3D models and 4D visualizations can
be created in relatively short time frames :
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" 1. OBJECTIVES "

The objective of this project wésto produce a simulated_4D‘drivc-through of a portion of

» highway (interstate 1-280 eastbound '/through‘ Newark, NJ) for which _pr‘\op’osed. traffic-generator

4

signing had to be reviewed. A 4D visualization Was produced that k"comb‘ined‘3'D geometry
rendering with dri_vér motiqn. Using the 'sim‘ulated dfive4through, reviewers at the NJDOT traffic

division were able evaluate the proposed ‘sigﬁing from the point of view -of a driver traveling,

(

along the foadw,ay at normal traffic speeds. P(i)teritia‘l‘ problems r'egérding excessive derisity of

signing, inadequate sight distances for signing, etc. could then be identified prior to installation
v 1 eie & _ ) - :
of thesigns. -~

{0

A seéondary k'ob.j‘e‘ctiv“e ‘of this. pfoject was to create a‘visualization of the exi%‘ ramp
,connecting 1-280 to RQut:e 2lin Newark,NJ . The goal of produc‘ibng"the_ Rt 21 ramp visualization |
- was to visualize whét'.the‘.projectwmight look like 6ﬁce cons,t_rixc.tio‘q- waé gompleted. Alsé because
the ramp did ﬁot exist‘ at”‘the time that the Qisualizatiop'was‘;bg"ingpre;pared, th\e 3D modeling had .
to be b;xséd entirely én conétruction plans. Thus?_ ,this’ aspect of thé pfojec_t Was bairried at
eValuating‘ t}‘lev feasibiiify lof‘ils_ing 3D mq&eling and 4D visualization to"‘vi‘sﬁaiize‘ what a ﬁew or

proposed cdnstruction _project might -look " like upon co'rhnpletion. In general, this type of
. . | . ) h '\ R » P
visualization could be used during public hearings to more clearly educate and inform the public

regarding the im‘pact'of ‘proposed construction projects. o , )

\ o

2. OBTAINING 3D ALIGNMENT DATA FOR 1-280

{

In order to generate a 4D drive-through _Visualiz,ation‘\_of the section of [-280 of interest in

this p’rOject, a 3D geométﬁéal model of th'evroadwa\y, shoulders, intersecting Bridge structures,
and other objects of significance first had to be constructed. The 3D model defines the

. (\
)
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geometrical -characteristics ;of the roadway (horizontal and vertical alignment), as well as the
. : o N . \ '

positions of objects such as signs, bridges, and barriers, relative to the position of the rOad:Way.
The 3D model was constructed based on available data ‘such as GPS and video log
information provided' by NJDOT. Data were collected from various digital, video and paper

sources. GPS data provided by NJDOT_cons"isted of latitude, longitude, and elevation data from

3

an instrumented ARAN van (used as part of NJDOT’s pavement system) that was driven along

the segment of roadway of interest. Latitude an_d longitude data from the van were then converted

t

into UTM (universal transverse mercator) coordinates for use in constructing a 3D reference line

for the roadway. The 3D reference line was typically the centerline of the rightmost lane of the

! /

roadway and was used as the basis for positioning all other objects in the model. Video log (see’
. \ ! J ' ..

Figure 1.) data recorded by the van provided additional information that was used to verify the

geometry roadway once the 3D'r.node1' that was constructed. The vidéb llog also provided"\/aluable-

NN . .

informati_oh regarding the vertical alignment of the roadway.

(L
45§ Wil
B e oy

Figilre 1. Images from the Vibdeo‘ Log
Although the latitude and longitude data provided by the NJDOT ARAN van were very
gccurat‘e,‘,the elevation data were found to héve significant error. Discussions with NJDOT

L

personnel revealed that this was due to a limitation of the instrumentation package onboard the
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ARAN van. Although the ARAN«Vinstrurnentatlon~package can be configured to provide very

~

N

accurate elevatlon data, the par‘ti.cular uersion of the_.ARAN van that. NJ DOT owns does not have
this -accuracy. 'l“his» Jimitation of the onboard ‘ins_trumentation Ep‘ackage{ was made to reduce the
- cost of the van.

‘To work around the elevatron data problem,. the elevatron data from the ARAN'
1nstrumentatron had to be supplemented with data from brldge plans and the ARAN vrdeo log !
Brrdge elevatrons can be used to estabhsh the elevatlons at key locatrons along the roadway The
- ARAN vrdeolog. -also proved quite useful' for adjustmg‘the elevatrons ojf the roadway reference
linel Onceva preliminary 3D rozidwa‘y ‘model .was‘gene_r’ated_’, the .>Vista ‘v‘isuali'z”ation a'package.v
(described l.late'r) in this report) could "b’e used to render the roaldway_ra_t pa’rticular locatlons. The
brendered scene could l’then he checked against images from the Video log (correspo‘"nd\in'\g‘_to the
same milepost position along the 'rOadway) to elther.verif}l the vertlcal' alignment of the roa.dway

or to adjust it. If adjustrnents were-ne_cessary, ‘they could’ be made to the 3D reference line data. -

The 3D roadWay model could then be rebuilt using the revised reference line data and the 3D

mesh generation tools, described later in thls report,
It should be noted that upgradmg the instrumentation package onboard the- ARAN van—
so that 1t/ can produce accurate elevatron data—would greatly enhance the usefulness of the
ARAN_van for 3D model' generatron.. Ilavmg ac‘curate el‘eyat_ron data ‘that are llnked directly to |
the latitude and .longitucle ‘._Wdata wouldi subStantially'reduce ‘the_ time and cost involved in
cbnstructingv3l')k"roadway .r‘nodels. Integratingflatltude-andlongitude d'ata_ from one source (e.g.
the ARANvan) With elev_ation.”datafrom -oth;er .sources_ ‘(b.ridge' eleva‘t;ions,/yideo log), as was

required in this project; requlres ‘slgnlﬁcantv-effort. This int_egrati'ori effort could be elimi_nated- by
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having the :AR'AN van produce elevation data that isalready linked to the latitude and longitude
data‘ being used to construct the 3D roadway reference line.
3. OBTAINING 3D ALIGNMENT DATA FORTHE RT. 21 RAMP

The Rt 21 exit ramp was under constructzon at the time: of this pI‘OjCCt and therefore the

NJDOT ARAN van could not be used to obtain 3D allgnment data for purposes of burldrng a .JD
' -
reference hne Instead all geometrlcal data were taken from construcnon plans (see Frgure 2)

furnlshed by NJDOT for the pI‘Q]CCt A 3D reference line for the ramp was then bullt usmg the
/ N
hor1zontal and vertrcal layout data contarned in the constructlon plans The posrtlons of various.

| roadsrde features near ‘the Rt 21 ramp, such as landcaplng and on-ramps leadmg to 1-280, were = .

also taken from the plans.-

_CITY OF NEWARK .~ COUNTY OF ESSEX _ o

e o T Re0T E
e - 3. xT

CRISS Sf/?// r
W ;
el ..1| ,

o

S

ng_g‘ [N

: e
R mmn e T T\"f" D'“'s.mrw.-

mimgfwj—‘ '

. . - - g e - }
- ’ P / ' o0 brorcseo smier /R [
A\ / . /

S5 ST N

u%\")g PR . : C e mar fum / - ) /
oo CRIDAT XOFR SROGE .

L RaME g PoLSTa s st

F‘igure 2. Sample Construction Plan forRt. 21 Ramp






- 4. CONSTRUCTING THE 3D ROADWAY MODELS

Using 3D reference lmes (constructed usmg GPS data video logs and constructlon plans)
complete 3D models of I 280 eastbound through ‘Newark and of the Rt 21 exit ramp were
generatedf»Thetotalf length of ;th,e ’I-‘v,280 'segment modeled was appro'xrmately _four miles. :In_ '
addition “to "rnodellng the‘ froadway," barriers bridges and si‘gn’ 's'tructures on 'ramps and
landscaping - were also represented in the 3D models f:fhls task took consrderable effort smce o
| accurate modelmg of the posmons and srze of these features——espec1ally srgns and bndges—was
1mportant in ensurmg that the model could be used to evaluate aspects of the roadway such‘ as. , |
srght-dlstances_.v . o |

| b‘ .. To assiSt in the__creatiOn of the 3D "modelsfr,om the 3D refetencje%linedata,:a_ 'special semi-
manual ‘;meshing”‘ program was »-'written that would create meshes' of objeCts ahd'pOSiti‘on them at
specxﬁed locatlons relatlve to the reference lme (The source code for this program is glven in
Appendrx A of this report) In thlS context a lmesh” means a coll‘ectron of ‘surfaces.that when
| taken together asa whole form a 3D representatron of an object For example the roadway 1tself i
was represe‘nted as a-'large mesh of approx1mately-rectangulars'urfaces .(see Figure 3)‘.. Brldge
g1rders brldge plers and concrete bamers in the model are - other examples of objects 1n the 3D‘
model that were represented by collect1ons of 3D surface meshes (see Frgure 4) The 'meshmg'

generator takes as mput the followmg 1tem’s’: S

e XY, Z centerlme (reference lme) data o :
~ e Object, dimensions (e.g. width of the roadway, geometry of a sign brldge etc. )
. Meshmg densrty (quantlty of surfaces to be used: to represent the meshed object) .

- and produces as output a fully descrlbed (coordmate connect1v1ty, etc) collectlon of surfaces'
descr1b1ng the shape of the object generated (meshed)

4/’






v »,_»Figvure 3. Wire-Frame View of Roadway, Bridgc,‘Sign, band Retaining Wall
- Mesh Created by Meshing Program = :

kel

- Figure 4. Wire-Frame View of Bridge and Piers Created by Meshing Program
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The mesh generatlon program is con51dered to- be ‘semi- manual” because it is not a user
. B : \ i

,friendly', grap‘h1cally based program. Instead it requires a certain degree of manual data

preparation before it can be used to 'generate the coordinate and surfac‘e' data needed for 3D -

modehng It was outsrde the scope of thls pI'O_]eCt to-develop a fully functlonal and user frlendly »

N

mesh generation program It would however be very beneﬁc1a1 to develop a ﬁJlly functlonal
- graphrcally based (e.g. “Wmdowsvstyle”)_.mesh 'generatlon program that _has features built 1nto-‘

- that facilitate rapid de_velopment of roadway (a_nd related) vrneshes.

- o

~

S. INTEGRATING SIGNS INTO THE 3D MODELS

‘ Once the 3D geometrlcal roadway models (mcludrng brxdges ‘barriers, walls, ramps etc. ) v
was created the proposedsrgnmg was‘ merged w1th the 3D roadway models The I 280 srgn faces
were obtamed from NJDOT in CAD (MrcroStatron) format and converted for use in the drive-
‘ through vrsualiZation. The srgn faces for the N'JPAC (New Jersey Performing Arts Center)‘ signs .
on the Rt. 21 exxt ramp were obtained from the consultmg ﬁrm that ‘was developlng the signs
| faces for NJDOT for the ramp constrnctlon IprOJect | ’. N :

Posrtron ‘and size data for the proposed srgnmg was taken from the plans for the proposed.
signing; The MicroStation ﬁle format‘a was nsed as.the sonr'ce fo‘rmat for‘the 'I}4280 signs in this .
| project’becatlse NJDOT USes’MDL (-MicroStatIon I)eve.lopr‘nent Lang«-uage) programs to generate
~ signage for signage projects. Thus,-‘,'sig_nv»faces are’generated"direetly,'wi‘thin MicroStation based
| program_s and then must be imported into the 3D r_oadwayf model-for final rendering.

‘Recta‘ng‘ular sign obje,c'ts,: having ‘thei-.correct' size,‘ shape, andv'position relative to the
\‘roadway, Iwere merged w1th the 3D roadway model. These-‘rectangular objects served as surfaCes

. 3

onto which’ the sign images would be texturé_' m_apped »(digitally painted): Objects representing
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sign-posts and sign support stﬁuetures (e.g. sign bridges and cantilever supports) of the type

indicated on the proposed plans were also merged into the 3D model (see Figure 5).

o Figure 5. Wire-Frame View of Rectangular Sign Surfaces and Sign Support Structure

-/'

The actual sign faces were then added to the model by eonvertmg the MicroStation CAD |
files (see Flgure 6) prov1ded by NJDOT into raster based 1mage ﬁles The raster 1mages were
o then applxed (using a 3D rendermg techmque called texture mappmg) to sign objects in the 3D
model. (The texture maps used to model the sign faces for 1-280 and ‘for the Rt. 21 ramp are
presented in Appendix B_of this report.)

" The process of e(_)nverf;irrg the MicroStation files into raster forrnat? and then applyjng the

raster images to objects within the 3D model using texture mapping, was found to be the most

rapid method of integrating the proposed signage into the 3D model. It als_ofallow;ed rendering



RS



~—

N . ' o

techniques suchas perspective transformations and lighting to be made directly to the signs since

(

the signs‘were actually texture mapped 3D objccts within the overall model.

- SOUTH

DOWNTOWN

IRONBOUND

Figure 6. Example Signs to be Ihtegratéd into 3D Model
. Using Texture Mapping '

6. RENDERING THE 3D MODELS AND GENERATING FRAME DATA

The 4Dv drive-through simulations Were created by defining complete viewer {(driver)
motion path's‘ along the roadways in the 3D models_ and 'then moying the point of view of the”
drivers al;)ng th0§e motion paths in srr;all increments of ca\"rqfullytcomputed size. In each case,
i.e. the [-280 simulation and the Rt. 21  ramp simﬁlation, the entire 3D model was render'ed at
thousands of points- along ’the ‘rnotion‘pathv which re§ulfed in ;thousands of: “frame” images
(similar to/frames of a movie). A 3D/4D visualizatibn cbde called Vz'st&, previously developed by

the principal investigator and enhanced for this study, was used to pérform all of the rendering

J
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~ needed -to'generate the frame images for this project. Vista is a software package that performs

rendering of 3D. objects/scenes and features the rendering options listed below.

Wire-frame, hrdden-lme and surface rendenng
Coloring of objects :
Texture mapping of i images onto objects (e g for modelmg of signs)
Lighting effects ‘
Extrusion of objects (e.g. for modehng brldge glrders piers, etc.)
Drive-through (fly-through) animation based on defined motion paths
- Automatic generation and e'xport of “movie frames” for defined motion paths /

In order to generate a 4D drive-through visualization, using the frames rendered by Vista, a

motion path along the road'way has to be constructed. This was performed by using the same

X,Y,Z reference data that was previously used to co_nstructthe 3D models.- jAlso’, the same

meshing tool (software) used to create the 3D models was again utilized to create motion path

data for. t_he drive-through animations. Since the “driver” is being moved along the roadway (i.e.

through the 3D model) in small but finite size steps, the size of these s_t’eps had to be determined.

If these had.simply been a generic animations, then the size of these steps along the roadway
would have been arbxtrary——any reasonable step size that produced a smooth animation would
have been acceptable

However, the visualization needed for the I-280 portion of this project was more than a

simple animation. The drive-through visualization had to move the viewer through the scene

! ' o

(along the roadway) at proper driving speeds so that the engineers reviewing the visualization

would see the signing in the same way that.an 'ac_'tual driver would. Therefore, the size of the

\
\

correct rate'of movement through the model in the ﬁnal 4D dri-Ve-through. In order to compute

the requlred shift size, both the desued driver speed and the ﬁnal visualization frame- rate

playback speed had to be known. For this prolect a dnver speed of 55 mph and a dnve through

10 : , | , >

shifts that were used to “move” the viewer along the roadway were computed to produce the
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playback ere rate (number of fr'a:mesthatvcan be displayedper. "second during' viewing of th.e
vrsuahzatlon) of 15 fps (frame per second) were chosen. | |

A speed of 55 mrles per hour is equrvalent toa speed of 80.7 feet per second Therefore
if the vrsuahzatlon will be played back at a frame rate of 15 frames per second, the requrre\d\
’ dnver shrft size is (80.7 feet/sec) /(15 frames/second) = 5 38 feet/frame. In other words the _
posrtron of the driver movmg along the roadway‘ must be moved in mcrements of 5.38 feet. After
~ each mo(veme’nt,i the' entire roadWay 's‘cene is rendered from the point of yiew of the driver, then ,
the rendere_d scene is -’written,out to an image file. Tnis‘ creates a slngle frame of the final drive-
‘ through rn'O'Vie that will!be produced. .Fora four mlle segment of I-280, the"number of | frames -
| required, movlng in shifts of 5.38 feet is ap’pronlmately -4000 The 4000 frames were rendered
and written automatrcally by Vrsta by movmg along the deﬁned motlon path Example frames -
generated in thrs manner for the I- 280 vrsuahzatlon are shown m Figure 7

- For the Rt. 21 rampyiSUalization, the speed .‘of the d_river’s motion- alo‘ng the ramp was
less 1mportant Thrs was due to the fact that thrs VISualrzatlon was only bemg used to evaluate the

probable appearance of the ramp after constructron was completed Therefore the rate of mot1on

)

along the exit ramp was chosen with ‘only anrmatron smoothness in mmdz, Example frames :

generated for the Rt. :21 'visualization are shown m Frgure 8 ‘.

7, CONVER‘TING‘_‘_‘F:RAME DATA INTO 4D DRIVE-THROUGHS |
The' ﬁarue ‘im_age ﬁles generated by Vista were sirbSequentl'y compiled' and compressed |

into movies in both MPEG.v(motl{on: pictures expert'group) :and'AVI (video v‘forI-Windows)_ forrnat.

' "l"he MPEG movie was produced using'vboth;‘freely‘ ayailable.'and__ comrnerc_ial MPEG yideo K

.compressio'n software packages. To compile t_he AVI format movies,j the x'commer_cia‘lv product -

Adobe Premiére was used.

11






It was found that AVI format files, \ir’hilé l“argé{ in.isize than MPEG files, provided higher-
quality ir\n'ages.(in&téfms of visual clarity of signs and smo'othness‘ ot animationﬁ) than-did MPEG.
As a final step, the MPEG and AVI movies i;'ere both transferred to video tépe for ﬁurposes of
easier viewing using a video ‘Cass;ette player. HoWevér, s’omebimag‘e degradation' does occur in B
going from digital (e.g.‘ AVI) /to VHS férmat. Thérefore,‘ if possible, it 1s preferable to view the
drive-thrOuéh Qiéualizations by using a’compufer to dis’play the"AVI ﬁléé. |
8. IMPLEMENTABLE.RESULTS T e e

‘Th"e dri‘ve-throqgh' visualiza‘ti'onr»crebat//ed fbf this project was used bby NJDOT traffic
engineers to review the proposéd ,sigﬁing' ofa ségméntof I-280 in Ne\waxk; NJ so that possible

sight-distance problems could be detected and fixed prior to construction. In addition. the Rt. 21







Figure“S. Exa’mplé‘ Frames from the R, 21 Ramp Visualization

ramp being constructed at the time was visualized (before it was vc‘qm;’ﬂ,e‘te) based solely on

construction plans, cle.‘arly demoﬁétrating the potential of this type of presé“n’%atien tqol for public
' he;}rings and similar preSematibn sgenar‘ios. |

The visuali;iaﬁoﬁ 'proc‘es‘s.;ﬁsc;ftwéfe tools. and simulbat‘io:ns dei'glapéa-dtgring this project
have demonstrated the fehsibilit;yf of ‘using this tvpe of | visualization for pre»coxﬁstmétioh
evaluation' of sign’ing ﬁroj'ectS‘ to av'}oid» cd‘st‘ly' d‘eéign‘ changes Ia’ter‘.":during the construction

N . . N

process.

[
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9. RECOMMENDATIONS- FOR F UTUf{E DiRECTIONS ;
| ‘The results of this pro_.i‘ec‘t ha\ve shown that the use of 3D modgling and 4D visualization
! for the direct revi-e‘;v, of probosed hi‘ghwayv_ sigﬁing is both/highly\ feasible and very desirable.
How¢ver‘, in order to make the use of visualization moré rc;'utiné, bcner 3D data collection should
be pursued and better 3D model development softwaic tools ﬁlust be developed.
Improvements to fhé 3D data collection process could bé addressed in several manners.
An enhanced instmmentétidn package added» to the NJDOT ARAN van would reduce the effort
in;/olved constructing 3D mgdéls for existing roadways. Also; integrating élevation data in the
NJDOT GIS (geographic infbrrnation system) would also proVé very ‘us'eful; At.pryesent, :oadway
elevation data are not available in the NJDOT GIS. Integration Of sﬁch d.’ata.woii’ld; enhance the‘b
’ usefulnesé /of the GIS ’for 3D rdadWay model cohstruction. |
Improved 3D model ’gevnev‘:rativon tools musf .?lso‘ be created 1{ foﬁtine use of this
techﬁology is to occur. Trafﬁc;' engineers and planners mu‘sit‘ yliave the ability fo rapidly -co‘n;struct
3D rﬁqdels, establish drive-fhrougﬁ paths, and éreateﬂ,‘r‘"end‘éred.§i3ualizati6ns with a minim‘u}n of | ‘
time at;d effort. In ad‘dition io facilitatipg"rapid :model dév"plopmerit“for.use‘ in the traffic ‘design
areé,‘ﬂ the creation of such a soﬁware tool would also afaci"litvate the use‘-Of this 'technolo‘gy'for_
generating vis-ualiz‘atié_nvs flor" public h\e:arings. Such,‘visuali:zativonss.‘ which woﬁ’ld incvl-ude‘rio't_ only

pfoposed signing but also proposed rOadWay.'additions and alter_ations, could be used to very :
clearly present to the public the impact of a propésed pr'ojéct‘ on a cofnrhu‘nity Q,‘r',area.».;

‘ .
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APPENDIX A - MESH GENERATION SOFTWARE

N

~This appendix contains the code listing for the “semi-manual” mesh generation software
. (\\\ ) ! . . ) .
that was written for this project. The code listed below makes use of other utility libraries that

were previously written by the author of this report and which are not included herein.
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/* N | : i

* meshob] c -- generate mesh data for objects such as roadway, bridges, etc.
* -—gary consolazio 06-mar-97 grc@civeng.rutgers.edu
*/

#include <stdlib.h>
#include <stdio.h>
#include <math.h>

#ihcludé."read.p"‘ ‘

#include "eqn.p" ' C ~
#include "alias.p" o
#include "util.p™

typedef double real;

typedef struct { : B

real x; ‘ o : . .- ./* x-coordinate */
-~ real y; = ‘ ‘ .~ /* y-coordinate */
real z; - o - " @ /* z-coordinate */

'} coor_t; - : : . :

typedef struct {

real x; , o ' ‘ /* x-coordinate */

real y; S ' ‘ /* y-coordinate */

real z; T » . /* z-coordinate */

real len; - ' s - /* vector length */
} vect t; ’ ‘ ’

typedef struct { . R , »
int beforeTwo; /* index of data point lying 2 ‘places before position "

s" */
int before; /* index of data point: lying before position "s" */
int after; - ‘ /* index of data point lying after position "s": */
int afterTwo; /* index.of data point lying 2 places after position "s" */
real locpos; . /* local position [0.0, 1.0]. of "s" between neighbors */

} neighbor_t; ‘ ' . ‘
#define strEql(x,y) (strcmp(.(x), (y))==0) L /*.strings equal */
#define strNeq(x,y) (strcmp((x), (y))!=0) ‘ /* string not equal */

#define seglength(src, dest) \ \ R ’ : o v
(sqrt ( (dest.x-src.x)* (dest.x-src.x)+ \ :
. (dest.y-src.y) *(dest.y-src.y)+ \

- (dest.z-src.z)*(dest.z-src.z)))

_/* protos */

char *strClone(char *string); 4 :

neighbor_t findNeighbor (real s, real *sPath,  int numPoint);

coor t quad3dInterp(real s, real *sPath, neighbor t neighbor, coor_t *data);
real quadZdInterp(real S, real *sPath, 'neighbor_t neighbor, real *data);
real quadldInterp(real sl, real s2, real s3, real fl, real £f2, real £3);
vect_t vectorForm ( coor_t i, coor_t j ); ‘ P S

vect_t vectorerss ( vect_t. vl, vect_t v2 );

real vectorDot ( vect_t vl, vect_t v2 )<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>