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https://stackoverflow.com/questions/7687148/drawing-sphere-in-opengl-without-using-glusphere

If we do this normalization process on a lot of points, all with respect to the same point A and with
the same distance R, then the normalized points will all lie on the arc of a circle with center Aand
radius R.

Here, the black points begin on a line and "bulge out" into an arc.

This process can be extended into three dimensions, in which case you get a sphere rather than a

circle. Just add a dz component to the normalize function.
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void makeEarthSphere(GLuint& vao, GLuint& vertexSize)

{
GLint drawLevel;
if (isFinal) drawLevel = 7;
else drawLevel = 4;
indexSphere = 0;
subdivide(-1.0, -1.0, 0.0, 1.0, -1.0, 0.0
subdivide(1.0, -1.0, 0.0, 1.9, 1.9, 0.0,
subdivide(1.0, 1.0, 0.0, -1.0, 1.0, 0.0,
subdivide(-1.0, 1.0, 0.0, -1.0, -1.0, 0.0
subdivide(-1.0, -1.0, 0.0, 1.0, -1.0, 0.0
subdivide(1.0, -1.0, 0.0, 1.9, 1.9, 0.0,
subdivide(1.0, 1.0, 0.0, -1.0, 1.9, 0.0,
subdivide(-1.0, 1.0, 0.0, -1.0, -1.0, 0.0
¥

, 0.0, 0.0, 1.9, drawLevel);
0.9, 0.9, 1.0, drawLevel);
0.9, 0.0, 1.0, drawLevel);

, 0.0, 0.0, 1.9, drawLevel);
, 0.0, 0.9, -1.0, drawLevel);
0.9, 0.0, -1.0, drawLevel);
0.9, 0.9, -1.0, drawLevel);

, 0.0, 0.0, -1.0, drawLevel);

void subdivide(float vlx, float viy, float viz,

if (level == 0) {

float v2x, float v2y, float v2z, float v3x, float v3y,

float s1 = sqrt(vix * vix + vly * vly + viz * vlz);
float s2 = sqrt(v2x * v2x + v2y * v2y + v2z * v2z);
float s3 = sqrt(v3x * v3x + v3y * v3y + v3z * v3z);

vertex_position.push_back(vec3(vlix / sl1, vly / sl1, vliz / sl));
vertex_position.push_back(vec3(v2x / s2, v2y / s2, v2z / s2));
vertex_position.push_back(vec3(v3x / s3, v3y / s3, v3z / s3));
vertex_index.push_back(indexSphere++);
vertex_index.push_back(indexSphere++);
vertex_index.push_back(indexSphere++);

float v3z, int level) {

¥

else {
float v12x = 0.5f * (vlx + v2Xx);
float v12y = 0.5f * (vly + v2y);
float v12z = 0.5f * (vlz + v2z);
float v13x = 0.5f * (vix + v3x);
float v13y = 0.5f * (vly + v3y);
float v13z = 0.5f * (vlz + v3z);
float v23x = 0.5f * (v2x + v3x);
float v23y = 0.5f * (v2y + v3y);
float v23z = 0.5f * (v2z + v3z);
subdivide(vlx, vly, vlz, vi2x, vl12y, v12z, vi13x, v13y, v13z, level - 1);
subdivide(vl2x, v12y, v12z, v2x, v2y, v2z, v23x, v23y, v23z, level - 1);
subdivide(v13x, v13y, v13z, v23x, v23y, v23z, v3x, v3y, v3z, level - 1);
subdivide(vl2x, v12y, v12z, v23x, v23y, v23z, v13x, v13y, vi13z, level - 1);

}

}
2 o3t 827| 2F 24 17
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O|0IX] &H NASA
vec3 ColorDayNight(vec3 objectCl, vec3 objectC2, vec3 normal) {
return 1.0 *(objectCl *(max(0.0,dot(lightDirection, normal)))
+ objectC2 * (max(©.0,dot(-lightDirection, normal)))
+ vec3(1,0.25,0.1) * max(0.0, pow( 0.80* (1.0- abs(dot(lightDirection,normal))) ,12.0)) );
}
vec3 dayPic = texture2D(dayTexture, longitudelLatitude).rgb; //<2 0|0|X]
vec3 nightPic = texture2D(nightTexture, longitudelLatitude).rgb; //%2| O|O0|X|
vec4 theColor = vec4(ColorDayNight(dayPic,nightPic, normal),1.0); //g¢ S=5 Edf it #s A=
DKforum ZZLIHIO[ZHAZ QIS at57| 2a ZA 18 1%
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f =
//f =
//f
//f
//f
//f
//f

vec3 calculateRim(vec3 View, vec3 Normal)

float f = 1.0 -abs(dot(Normal,View));

max(0.0,smoothstep(0.4,0.8,f)-pow(f,rim_power)*2);
pow(f,2)*2;
pow(f*2.0-1.3, rim_power)-pow(f*2.0-1.3, rim_power-2.0);
= f*2;
= -(f*8-6)*(f*8-6)+1;
= smoothstep(0.0,0.9,f);
= 1.0-pow(1l.0-f, 30);
= smoothstep(0.0,1.0,f);

return f*rim_color;
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& My OpenSky ~

Community » Data~v About~ Contribute »

o=

or m
Y

Leaflet | Data ® OpenStreetMap contributors, CC-BY-SA

# tracked a/c MODE-S: # MODE-S Messages / s:

clolelc] olal7lalo]
o o b N s b

# FLARM Mes

# tracked a/c FLARM:

N
b=

data source : opensky—network.org

HZ 2ol 1= &2 2 broadcast 6l= 1090MHz &= 2o| MHE £Z!I510{ 2

23

021



Lo e L= 2 T ¥ B LV o

0

10
11
12
13

15
16
17
18

DKforum ZZLIHIO|HAZ QI5t &5 7|

0 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15
time ican24 lat lon velocity heading vertrate callsign  onground alert spl squawk  baroaltitude geoaltitude lastposupdate  lastcontactt
1586131200 a546c9  38.791560(-77.083984371136.4091701533326.8493119-14.30528000RPA4354 False False False 3771 2034.54000000000022057.4 1586131198.944 1586131200.0+
1586131200 aal147a 39.997741(-75.2186279199.100462217243.01063562-13.32992000FDX990  False False False 5635 4015.74000000000024015.74000000000021586131198.792 1586131200.0+
1586131200 c040e8  43.1621171-76.96504861255.164224000090.0 0.0 WSW114 False False False 0501 12496.800000000001/12397.7400000000021586131198.925 1586131200.04
1586131200 a10e29  39.668563(-76.44621471209.5404362809230.8788476-0.32512 UAL241  False False False 3320 12192.0 12192.0 1586131198.631 1586131200.0+
1586131200 a86605  39.203613/-75.65131801233.074927694038.51781069-4.55168 JBU1534 False False False 7413 11490.960000000001711521.44 1586131198.968 1586131200.04
1586131200 aaaale 39.623474-75.37122641178.0162084344180.827916021.45792 SWA3641 False False False 1652 3726.18000000000033733.8 1586131198.068 1586131200.0+
1586131200 a87196  39.940063:-77.0090942:217.3152972208272.5779268/11.3792 MKS395 False False False 3341 9220.2 9250.68 1586131198.631 1586131200.0+
1586131200 a5ff9 50.75001514.863454457178.5535745055292.35319766.5024000000ELY 841 False False False 0105 3406.14000000000033497.58 1586131198.938 1586131200.04
1586131200 ab2cla 38.791467(-77.444519(:183.1594039881276.1269330119.832320000SWA4849 False False False 3611 5791.200000000001 5836.920000000001 1586131198.67 1586131200.0%
1586131210 a051c¢9  33.774169%-111.73331170.50886212611237.8173682-1.30048 M12EM  False False True 5406 1341.12000000000011295.4 1586131209.687 1586131209.955+
1586131210 a8233a  42.399215(-80.31823591262.915110922586.29778714-0.32512 ASQ4326 False False False 6523 112776 11201.4 1586131209.991 1586131209.991+
1586131210 a3elea 34.7515241-110.1939011144.2508681631256.8062807/0.0 M35ET False False False 1342 12192.0 12359.64 1586131209.564 1586131209.9434
1586131210 287196 39.941024]-77.03686521216.2874554353272.59018597.1526400000MKS395  False False False 3341 9319.26 9349.74 1586131209.64 1586131209.99+
1586131210 78158a  44.0875761-1.10648018{257.297097861334.73862528-0.32512 DKH1640 False False False 2313 10972.800000000001/11102.3400000000021586131209.953 1586131209.982¢
1586131210 acb9be 37.3754411-118.419242!160.7849436958247.6198649.-3.251200000MN919SV  False False False 6001 10523.220000000001/10370.8200000000021586131209.588 1586131209.588+
1586131210 a973e0  32.7401731-114.4430411168.393796208183.157226586.8275200000SKW3100 False False False 3307.0800000000004 1586131209.793 1586131209.793+
1586131210 a93b12  33.887878:-112.068282/71.51511768887179.17565710.0 ME94R)  False False False 6157 1417.3200000000002 1356.36000000000011586131209.907 1586131209.9544
] o =L= o
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if (temp[2].equals("")||temp[3].equals("")) continue; //ZE= = slLtet= 22 HEE
String lat = temp[3];

String lon = temp[2];

String altitude;

if (ltemp[13].equals("")) altitude
else if (!temp[12].equals("")) altitude = temp[12]; //2=
else altitude = "-9999"; //I1=7 25 22 % 23 -9992 =4 E,i

= temp[13]; //71ma%2 ® e
IIHIEZ HE, HO|H

double timeRecord;

if (ltemp[14].equals("")) timeRecord = Double.parseDouble(temp[14]);

else timeRecord = Double.parseDouble(temp[15]); [/EH ZHAH0 UE B IE HBAEES MY
double paperRecord = Double.parseDouble(temp[@8]);

paperRecord-timeRecord;
J/OR| %22 w2 x| 300= 0|y Ko X2 H2|

==

double timegap =
if (timegap>300@) continue;

double velocity; //25= 27| 38 E2E splits?] g zag
if (temp[4].equals("")) velocity = -999;
else velocity = Double.parseDouble(temp[4]);

String time = ""+((int)Math.round(timeRecord));

String value = id +","+ time +","+ lon +"," + lat +"," + altitude +","+velocity;

0 7lmA= 2l

J/0IF HE 27, £E0 IEL MEETISIE D
int t1 = t - previous.time;
int t2 = ap.time-t;

B lat lonZ 3B 2430k ot

float lon, lat, altitude, Velocityﬂ
Vec3 xyz;

if ((tl+t2)==0) {

lon = ap.lon;

lat = ap.lat;

altitude = ap.altitude;

velocity = ap.velocity;

xyz = geodeticToCartesian(lon, lat, altitude);
} else if (previous.lon==ap.lon &&% previous.lat==ap.lat){

lon = ap.lon;

lat = ap.lat;

altitude = ap.altitude;

velocity = ap.velocity;

xyz = geodeticToCartesian(lon, lat, altitude);

} else {

= geodeticToCartesianNormal (previous.lon, previous.lat);
ap.lat);

Vec3 vecPre
Vec3 vecl = geodeticToCartesianNormal(ap.lon,
Vec3 normall = crossProduct(vecPre, vecl);
double dotl = dotProduct(vecPre, vecl);
double rad = Math.agcos(dotl);

Vec3 rotatedVec = rotateVectorCC(vecPre, normall, (rad/({tl+t2) * t1));
altitude = (tl*ap.altitude + t2*previous.altitude)/(tl+t2);

velocity = (tl*ap.velocity + t2*previous.velocity)/(tl+t2);

double newlen = altitude + WG584 EQUATORIAL_RADIUS;

xyz = new Vec3(newlLen*rotatedVec.x,

newLen*rotatedVec.y, newlen*rotatedVec.z);
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20
21
22
23
24
25
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0 1 2 3 4 5

id time % ¥ z velocityt
00000 52380 1102972.1107191637-4636893.091444052 4009090.756978207749.268127+
ooooo 52440 1104671.7264719203-4836971.74633975054008433.0690485653 56.2652 17+
Qoooa1 52500 1105432.3345831637-4838977.003515542 4005826.543222767 58.3803%+
ooooo 52560 1106831.4345092801-4840775.985598087 4003327.651979718 57.90221+
Qoooa1 52620 1109960.1026806969-4840962.274929566 4002159.832286179 57.012074+
00000 52680 1113649.980694032 -4840049.451665479 4002216.734044058 67.89881+
ooooo 52740 1114168.117791754 -4839953.437240139 4002175.559219437 66.6588444
Qoooa1 52800 1115789,528281355 -4839937.54685879558 4001402.593114337 20.321789+
ooooo 52860 1116073.3070286643-4839791.511697819 4001412.346349071 9.281806+
Qoooa1 53760 1112223.9900073502-4836419.072964499 4006829.3228075839 51.879833¢
00000 53820 1112968.7973894537-4634470.224624268 4009240.516877790450.165543 ¢
ooooo 53880 1111046.1501520576-4834026.23036353 4010357.478776691550.4181374
Q00001 53940 1109199.67432936 -4835826.464634978 4008637.206577601 57.803455¢
ooooo 54000 1107631.6006720832-4834498.851873224 4010690.460727993450.744804
Qoooa1 54060 1106986.3158527666-4832747.288285306 4012970.24183371  50.651302¢
00000 54120 1105859.1892623154-4831126.160580732 4015246.455796877 48.000294+¢
ooooo 54180 1104452. 7654955222 -4829865.495566774 4017125.538834625448.4479644
Q00001 54240 1107069.6296553746-4529454,198903605 4016911.743102501654.738003 ¢
00000 54300 1110153.620408243 -4829417.20882774 4016118.253470362650.71246+
Q00001 54360 1113196.5326090162-4628919.154653976 4015862.845406984552,3827%+
00000 54420 1116127.191658728 -4828212.274269129 4015934.432892614 51.961388¢
ooooo 54480 1119131.7763165056-4827376.368256007 4016115.252035552 51.04155+
Q00001 54540 1122095.6340480956-4827072.52917753  4015534.349560342 53.099346¢
00000 54600 1124417.0824366766-4628051.011698291 4013718.355195753352.862137¢
Q00001 54660 1126518.5107772807 -4629386.054042625 4011510.259251071656.7337584
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::Al_;-;-_/’*.::»_ == ’ — =
oint(Float-t, veos" vec3 p2, vec3-p3, vec3 p4)
{ e = e
_~ Floati2 = trt;
— _float t3 = t2*t;
=~ = floabl
= oat v2
float v3
loatv4

I RR [}

§*t2+2;
3+4*t2+t;

— e —

o

. s

L R T A e X
X = 0.5% (VI¥pl.x +v2*p2.x +V3*p3¥x +v4*p4d.x
4 = 05 (Vi*pl.y +V2¥p2.y +v3*p3.y\+v4*pd.
' -5f:(v1*p1.z +v2*p2.z +v3*p3.z +v4* e
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Figure 11.5. The visual error resulting from using the vertex shader—based extrusion while
g geometry shader—based extru-

viewing a line along its direction (left). Corrected version usin,

sion (right).

Figure 11.6. Volumetric lines rendered using a geometry shader—based geometry extrusion.

Two different appearance gradients are shown here (small icon on the top-left of pictures).

Patrick Cozzi and Christophe Riccio, <OpenGL Insights>
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