Web Visualization of a Trajectory Generated from

the General Mission Analysis Tool (Part 2)
By Daniel A. O’Neil

Introduction

A Web-based Mission Visualization System (WMYVS) would enable the public to engage in future
mission concept development. Presently, NASA offers a free open source General Mission Analysis
Tool (GMAT). A WMVS would complement GMAT by providing the public with a capability to
create and share interactive animated web visualizations of potential space missions. This tutorial
builds upon Part 1 by explaining how to texture map an object, separate data from the code, and
animate an object along a trajectory.

Prerequisites and Objectives

This tutorial assumes that the reader has completed the Part 1 tutorial. To accomplish the objectives,
of this tutorial, the reader must be familiar with GMAT, understand how to export data and convert
the data to a JavaScript object, and how to develop a JavaScript + WebGL visualization. Activities
described in the Part 1 tutorial produced an interactive model with a blue sphere and a dashed line
that represented an orbital trajectory. In Part 2, the activities will produce an interactive animated
visualization of a trajectory that results from a Hohmann transfer maneuver.

Learning objectives for this tutorial  prototype Web Visualization of a GMAT Generated Trajectory
include:

1. Texture map an X3D object

2. Separate the trajectory data
from the visualization code

3. Develop code to animate an
X3D object

4. Display the date and time
stamps

5. Add a button to reset the
animation

Before starting the first activity,
review the Part 1 tutorial,
particularly using GMAT to
generate a trajectory. When the
splash screen appears, select the
Homann transfer example script.
The Homann transfer maneuver Date: 02 Jan 2000 Time: 18:33:08.336

uses two burns to transfer from one ~ fet)

orbit to another orbit. Switching the Figure linteractive Animated Visualization of a Huhmman Maneuver Trajectory
initial velocities for the Y and Z

directions will make a polar orbit. The prototype depicted in Figure 1 is available at
http://daoneil.github.io/spacemission/X3Dom/AHohmannTrajectory JSON.html



http://daoneil.github.io/spacemission/X3Dom/AHohmannTrajectory_JSON.html

Texture Map an X3D Object

Assuming that a JavaScript object for the orbital trajectory was generated successfully, this activity
involves applying a texture map to an X3D Object. The previous tutorial explained X3D, WebGL,
and the WebGL compliant JavaScript code library, X3Dom. A code snippet in the Part 1 tutorial
presented the X3D XML tags to produce a blue sphere. In the following code snippet, the Material
with the blue diffuse color attribute was replaced with an ImageTexture with a Uniform Resource
Locator (URL) attribute.

<X3D xmlns="http://www.web3d.org/specifications/x3d-namespace" showStat="false"
showLog="false" x="0px" y="0px" width="800px" height="600px">

<Scene>
<background DEF='bgnd' transparency='0' skyColor='0.0 0.0 0.0'>
</background>
<Transform id="theEarth" translation="0 0 0">
<Shape>
<Appearance>
<ImageTexture url='EarthImage.jpg'/>
</Appearance>
<Sphere radius='0.65"'/>
</Shape>
</Transform>
<Viewpoint fieldOfView="0.785398" position="6 5.5 6.5"
orientation="1 -1 0 -0.785" description=""/>
</Scene>
</X3D>

The URL refers to a local file named Earthimage.jpg. This image was downloaded from the
Wikipedia commons. https://en.wikipedia.org/wiki/File:Equirectangular_projection_SW.jpg
There is a white border that must be
removed from the image, otherwise
the texture mapped globe with have a
white line around one side of it. Use
your favorite paint program to crop
the image to remove the white
border. Rename the file and store it
in the same directory as the
JavaScript file and ensure the URL
refers to the file. Successfully
completing this activity will produce |
a texture mapped globe as depicted in Figure 1.

Separate the Trajectory Data from the Visualization Code

Storing the trajectory data in a separate file will reduce the clutter of the visualization code thus
making it easier to maintain. JavaScript can use global variables that are declared in referenced
script file. In the following code snippets, the trajectory data, formatted in the JavaScript Object
Notation (JSON), is stored in a file named mission.js. The web-page, containing the script that reads
the trajectory data object, includes the other file by referencing it in the header.

The file named mission.js contains:
var trajectory = '{"coordinates":[' +
{"Date":"01 Jan 2000","Time":"11:59:28.000","X":7100,"Y":0,"Z":1300},' + ... "I}


https://en.wikipedia.org/wiki/File:Equirectangular_projection_SW.jpg

The web-page with the visualization code includes a reference to mission.js in the header:
<head>

<script src="missionfile.js" type="text/javascript"></script>
</head>

Develop Code to Animate an X3D Object

Animating an object requires code that creates the object, inserts it into the scene graph, reads the
trajectory data, and translates the position of the object. The following code snippet creates a green
box to represent a satellite and appends the box to the scene graph.

S —

* Create a satellite model

K e e e */

var pos = [mission.coordinates[0].X/10000, mission.coordinates[0].Y/10000,

mission.coordinates[0].Z/10000]

var t = document.createElement ('Transform'); // create a transform object
t.setAttribute ("translation", pos[0] + " " + pos[l] + " " + pos[2] );
t.setAttribute ("id", 'satPosition');

var satellite = document.createElement ('Shape'); // Shape Node for satellite

satellite.setAttribute ("id", "satellite"):;

var satapp = document.createElement ('Appearance'); // Appearance Node

var satmat = document.createElement ('Material'); // Material Node
satmat.setAttribute ("id", "SatMat");
satmat.setAttribute ("diffuseColor", 0 + " " + 1 + " " + 0);
satmat.setAttribute ("emissiveColox", O + " " + 1 + " " + 0.3);

satapp.appendChild (satmat) ;
satellite.appendChild(satapp) ;

var satmodel = document.createElement ('Box');
satmodel.setAttribute ("size", 0.2 + " " + 0.2 + " " + 0.2);
satellite.appendChild (satmodel) ;
t.appendChild(satellite) ;

var objsat = document.getElementById('theEarth');
objsat.appendChild (t) ;

setInterval (function () {updatePosition() 1}, 50);

b

The pos variable specifies a current position for the satellite object. The previous section presented
the reference to the mission file, which contained the trajectory coordinates. A mission variable, set
to the trajectory JavaScript Object Notation (JSON) object in the missionfile, provides the date and
time stamp and associated Cartesian coordinates. In the code snippet, the createElement command
adds the Transform, Shape, Appearance, and Material nodes and appends the nodes to the sphere
that represents the Earth.

The last line of the previous code snippet is a SetInterval function, which periodically calls another
function within a specified time interval. The following code snippet is the updatePosition function
that the Setinterval function calls every 50 milliseconds. A step variable, within the updatePosition
function, serves as an index to the mission.coordinates array. The pos variable uses the step variable
to access the current set of mission coordinates.



function updatePosition () {
pos = [mission.coordinates[step].X/10000,

mission.coordinates[step].Y/10000, mission.coordinates[step].Z/10000] ;

var Xpos = pos[0] ;

var Ypos pos[1l] ;

var Zpos = pos[2] ;

document.getElementById('satPosition') .setAttribute('translation', Xpos +

" " + Ypos + " " + Zpos);

console.log("x " + Xpos + " y " 4+ Ypos + " z " + Zpos) ;

document.getElementById ("demo") .innerHTML =
"<p>" + "<H2>" 4+ "Date: " + mission.coordinates[step].Date + " Time: " +
mission.coordinates[step].Time + "</H2>" + "<p>"

//}
step = step + 1 ;
}i

Display the date and time stamps

The next to last line in the code snippet accesses the data and time stamps from the mission
coordinates and uses the innerHTML an header format to display the date and time. A future
version of this code could parse the time-stamp and rotate the Earth in accordance with the time-
stamp.

Add a button to reset the animation

The following line of HTML displays a reset button and calls a function to reset the position of the

satellite.
<input type="button" id="reset" value="Reset" onclick="resetPosition();" />

The resetPosition function sets the step variable to zero, accesses the coordinates, and sets the
translation attribute of the transform node to the current position. The following code snippet
presents the resetPosition function. At the end of the resetPosition function, a setinterval function
calls the updatePosition function to restart the animation.

function resetPosition() {
step = 0 ;
pos = [mission.coordinates[step].X/10000,

mission.coordinates[step].Y/10000, mission.coordinates[step].Z/10000] ;
var Xpos pos[0] ;
var Ypos = pos[l] ;
var Zpos = pos[2] ;
document.getElementById('satPosition') .setAttribute('translation', Xpos +

" " + Ypos + " " + Zpos) ,.
setInterval (function () {updatePosition() 1}, 60);
}og
Conclusions

Activities and code snippets in this tutorial explained how to texture map an X3D shape, how to
reference data objects in another file, and how to iteratively call a function using the SetInterval
function. These lessons enable the separation of data from the code and animate an X3D object. A
potential improvement to the demonstration involves parsing the time-stamp and rotating the
sphere. An appendix includes the source code for the prototype.



Appendix A Source Code

<!DOCTYPE html>
<head>
<meta http-equiv="X-UA-Compatible" content="chrome=1" />
<meta http-equiv="Content-Type" content="text/html;charset=utf-8"
/>
<title>Trajectory from GMAT</title>
<meta name="author" content="Daniel A. O'Neil">
<meta name="copyright" content="? Daniel A. O'Neil" />
<style>
p.case { clear: both; border-top: Opx; solid: #fff; }
</style>
<link rel="stylesheet" type="text/css" href="x3dom.css" />
<script src="missionfile.js" type="text/javascript"></script>
</head>
<body onload="startUpdate()">

<hl>Prototype Web Visualization of a GMAT Generated Trajectory</hl>

<p class="case">
<X3D xmlns="http://www.web3d.org/specifications/x3d-namespace"
showStat="false" showLog="false" x="0px" y="0px" width="800px" height="600px">
<Scene>
<background DEF='bgnd' transparency='0' skyColor='0.0 0.0
0.0"'" ></background>
<Transform id="theEarth" translation="0 0 0">
<Shape>
<Appearance>
<ImageTexture
url='EarthImage.jpg'/>
</Appearance>
<Sphere radius='0.65"'/>
</Shape>
</Transform>
<Viewpoint fieldOfView="0.785398" position="6 5.5 6.5"
orientation="1 -1 0 -0.785" description=""/>
</Scene>
</X3D>
</p>

<p class="case" align="center">
<p id="demo"></p>
<script>

var mission = JSON.parse(trajectory) ; // Parse the trajectory in the mission
file.
var step

=0 ;
function startUpdate () {
// Generate line segments from points around the trajectory of the orbiting
objects.
var seglndex = 0 ; // segment counter
var orbitCoords = "" ;
for (var segment in mission.coordinates) {

var s = document.createElement ('Shape'); // Shape Node
s.setAttribute ("id", "segment" + seglndex);
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view-source:https://9b53df214fce9d9d1e37e4685ce406cc87450f87.googledrive.com/host/0B1NGygDj0vG1VEJyeDFnUkwzd2M/x3dom.css
view-source:https://9b53df214fce9d9d1e37e4685ce406cc87450f87.googledrive.com/host/0B1NGygDj0vG1VEJyeDFnUkwzd2M/missionfile.js

var app document.createElement ('Appearance') ; // Appearance
Node
var mat = document.createElement ('Material'); // Material
Node
mat.setAttribute ("id", "Mat" + seglIndex);
mat.setAttribute ("diffuseColoxr", 1 + " " + 0 + " " + 0);
mat.setAttribute ("emissiveColor", 1 + " " + 0 + " " + 0.3);
app.appendChild (mat) ;
s.appendChild (app) ;

var segCoords = [mission.coordinates[segment].X/10000,
mission.coordinates[segment].Y/10000, mission.coordinates[segment].Z/10000] ;

// console.log("x " + segCoords[0] + " y " + segCoords[1l] + "
z " + segCoords[2]) ;

orbitCoords = orbitCoords + segCoords[0] + " " + segCoords[l] +
" " + segCoords[2] + " " ;

var line = document.createElement ('IndexedLineSet');
line.setAttribute ("coordIndex", seglndex);

var coords = document.createElement ('Coordinate');

coords.setAttribute ("point", orbitCoords):;

line.appendChild (coords) ;

s.appendChild(line);
var ot = document.getElementById('theEarth');
ot.appendChild(s) ;

segIndex = seglIndex + 1 ;

var pos = [mission.coordinates[0].X/10000,
mission.coordinates[0].Y/10000, mission.coordinates[0].Z/10000]
var t = document.createElement ('Transform');
t.setAttribute ("translation", pos[0] + " " + pos[1l] + "™ " + pos[2] );
t.setAttribute ("id", 'satPosition');

var satellite = document.createElement ('Shape'); // Shape
Node for satellite
satellite.setAttribute ("id", "satellite");

var satapp = document.createElement ('Appearance'); //
Appearance Node
var satmat = document.createElement ('Material'); //
Material Node
satmat.setAttribute ("id", "SatMat"):;
satmat.setAttribute ("diffuseColor", 0 + " " 4+ 1 + " " 4+ 0);
satmat.setAttribute ("emissiveColor", O + " " + 1 + " " + 0.3);
satapp.appendChild(satmat) ;
satellite.appendChild (satapp):;

var satmodel = document.createElement ('Box');
satmodel.setAttribute ("size", 0.2 + " " 4+ 0.2 + " " 4+ 0.2);
// satellite.setAttribute("id", "satl");
satellite.appendChild (satmodel) ;

t.appendChild(satellite) ;
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var objsat = document.getElementById('theEarth');
objsat.appendChild (t) ;

setInterval (function () {updatePosition() }, 50);

}i

function updatePosition () {
// for (segment in mission.coordinates) {
// pos = [mission.coordinates[segment].X/10000,
mission.coordinates[segment].Y/10000, mission.coordinates[segment].Z/10000]
pos = [mission.coordinates[step].X/10000,
mission.coordinates[step].Y/10000, mission.coordinates[step].Z/10000] ;
var Xpos = pos[0] ;
var Ypos = pos[l] ;
var Zpos = pos[2] ;

’

document.getElementById('satPosition') .setAttribute('translation', Xpos +
" " + Ypos + " " + Zpos);
console.log("x " + Xpos + " y " + ¥Ypos + " z " + Zpos) ;

document.getElementById ("demo") .innerHTML =
"<p>" + "<H2>" + "Date: " + mission.coordinates[step].Date + " Time: " +
mission.coordinates[step].Time + "</H2>" + "<p>"

//}
step = step + 1 ;
}i

function resetPosition() {
step = 0 ;
pos = [mission.coordinates[step].X/10000,

mission.coordinates[step].Y/10000, mission.coordinates[step].Z/10000] ;
var Xpos = pos[0] ;

var Ypos = pos[l] ;
var Zpos = pos[2] ;
document.getElementById('satPosition') .setAttribute('translation', Xpos +
" " 4+ Ypos + " " + Zpos);
setInterval (function () {updatePosition() }, 60);
b
</script>

<script type="text/javascript" src="x3dom.js"></script>

<input type="button" id="reset" value="Reset" onclick="resetPosition();" />
</body>

</html>


view-source:https://9b53df214fce9d9d1e37e4685ce406cc87450f87.googledrive.com/host/0B1NGygDj0vG1VEJyeDFnUkwzd2M/x3dom.js

Appendix B Mission File
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