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1.1 Introduction
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1.2 Hyperbolic Ray Tracing

1.2.1 Basic Elements
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1 Ray Tracing in Poincaré’s ball model of hyperbolic space 3
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1.2.2 Projection methods
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1 The pixel mesh can be divided into identical rectangles with given pixels as
vertices and there are no pixels inside these rectangles.
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(a) (b)

Fig. 1.1. Creation of the curved pixel mesh: (a) h-lines orthogonal to x and y axis;
(b) the resulting pixel mesh that is h-reflected to the view h-plane.
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1.3 HMathLib library description
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3F¾?<nE�¹�XY9

JZ5YE�¾KJ69�E�>°36@ ö?Â{ºD3F7A@^X�XY5YJF@K9�¶·3F5YU-JZX87A3F@K9HÀOÖ­E�XY¸T3?>T94¶·3F5(>?E�XYEQ5YU-7I@T7A@T]°öOÂ�ºTG:JZ@TE�9
¶·3F5®ö?ÂhXY5YJF@K98GAJZX87A3F@ JZ@K>­öOÂ�5Y3ZXYJZX87A3F@ JZ5YE�JZG:9�3->?E�Ä�@TEH>�7A@�XY¸T7:9�¹�G:JF9Y9QÀ

HPlane 3 >TE�ÄK@TE�9\öOÂ�ºTG:JZ@TE�9�JF@K>Vö?Â�ºTGAJF@TE4X85cJZ@K9�¶·3F5YU&JNX87A3F@�9QÀHÇ¦JF¹c¸
HPlane

36¾?<nEH¹�X
7A9�>?E�ÄK@KEH>Í¼(7�XY¸ÍXY¸T5YEQE­@T36@?Ânö?Ây¹�3FGA7A@TEHJF5°ö?Â�º�367I@^XY9HÀC"}7Iã6E�7A@ÍX8¸TE

HLine
¹�G:JF9Y9HB

X85cJZ@K9�¶·3F5YU&JNXY7I36@K9�3Z¶?XY¸TE
HPlane

¹QGAJ6989/JZ5YE=¾KJF98EH>�36@�öOÂ�ºD3F7A@6X�X85cJZ@�9n¶·3658U&JNXY7I36@K9HÀ
Ö­E�XY¸T3?>T9�¶·3F5 7A@6XYEQ5c9�E�¹�XY7I36@�¼(7�XY¸

HLine
3F¾?<nE�¹�X­JZ@K>

HLine
5YE-+KE�¹�X87A3F@ JZ@K>

58EQ¶·5YJ6¹�XY7I36@�JZ5YE�JZG:9�3->?EQÄK@TEH>1À
HPolygon 3 >TE�ÄK@TE�9�987AUVºKGIE�¹�3F@OM6E�Å)ö?Â�º�36GI¿O]F36@K9HÀ/;�GAG�öOÂ�ºD3FGA¿^]63F@K9�JZ5YE�>?EQÄK@TEH>
¼(7�XY¸¨JZ@ JZ5Y5YJw¿&3F¶�7IXY9�MFEQ58X87:¹�E�9.58EHºT5YEH98EQ@^X8E�>�¾O¿

HPoint
3F¾?<nE�¹�XY9HÀK2�3ZXY¸ º�36GI¿O]ZÂ

3F@KJFG19�»K5�¶�J6¹�EH9(JF@K>�¼(7I5YE�Â{¶·5YJFU-E®ºD3FGA¿O]F3F@�9(JZ5YE�98»TºTºD3F58X8E�>�ÀKÁ.¸T7:9(¹�G:JF9Y9.7I@K¸TEQ5Y7�Xc9
U-E�X8¸K3O>K9�¶·365­ö?Â�GI7A@TE
7I@^X8EH5Y98EH¹�X87A3F@1B�5YE-+KE�¹�X87A3F@ JZ@K>Ù5YE�¶·5cJF¹�X87A3F@Õ¶·5Y3FU

HPlane¹�G:JF9Y9(JZ@K>�X8E�9nXc9(¼(¸TEQX8¸TEH5.X8¸TE�7A@^X8EQ5c98EH¹�XY7I@K]°ö?Â�º�367I@^X�7:9.7I@K987:>?E�X8¸TE�ö?Â�º�36GI¿O]F36@1À
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HSphere 3 >?E�Ä�@TEH9©öOÂy9�ºK¸TEQ5YE=3F¾?<nE�¹�Xc9QÀHÇ¦JF¹c¸
HSphere

36¾?<nEH¹�X}7A9}»T@T7:Ë^»TEQGA¿�>TE�ÄK@TE�>
¾O¿&7�Xc9�¹QEQ@^X8EH5�JF@K>&¸O¿Oº�EH58¾D3FGA7:¹�5cJF>?7A»K9HB63654E�Ë6»K7IMNJZGAEQ@^XYGI¿-¾O¿&7�Xc9.¹�EQ@^XYEQ5.JZ@K>&36@TE
öOÂ�ºD3F7A@6X\36@VX8¸TE�ö?Â�98ºT¸TEH58E6ÀZÌy@^X8EQ5c98EH¹�XY7I36@j¼(7IX8¸�ö?Â{GA7I@KE�JZ@K>&ö?Â{GA7I@KE(58E�+KEH¹�X87A3F@-JZ@K>
58EQ¶·5YJ6¹�XY7I36@�U-E�XY¸T3?>T9�JZ5YE�JZG:9�3->?EQÄK@TEH>1À

HObject 3 >?E�Ä�@TEH9�JZ@&36¾?<nEH¹�X¦7I@�[�367I@�¹QJZ5��Fë 9=¾KJFGIGDU-3?>?EQG{BF¼(¸T7:¹c¸�¹HJZ@&¾DE�EQ7IX8¸KEQ54J
º�36GI¿O¸TE�>?5Y3F@
365�J�9�ºK¸TEQ5YEFÀw; ºD3FGA¿O¸TEH>T5836@
7A9©>?EQÄK@TE�>jJF9�JZ@�JZ5Y5YJw¿�3Z¶�ö?Â�º�36GI¿O]F36@K9
58EHºT5YEH98EQ@^X87A@T]V7�Xc9�9�7:>?E�9QÀ
Ò4GAJ69898EH9�@TEHEH>?E�>�¶·365.X8¸TE
S�Jw¿°Á}5cJF¹Q7I@T]&JFGI]63F5Y7�XY¸TU JZ5YE($

Color 3 >?EQÄK@TEH9©¹Q3FGA3F5�À�Á.¸TE.U-3?>?EQGO»K98EH>�7:9©ùZåZÂ�¾T7IX©S(Ó�2�Bw¼(¸TEQ5YE4E�JF¹c¸V¹�3FGA3F5©¹�36UVÂ
º�36@TEQ@^X�»K9�E�9¦Ðj¾T7�Xc9QÀ^Ç¦J6¹c¸°¹�3FU-ºD3F@TEH@^X47:9\XYEH9�X8EH>&¶·3F5¦3NM6EQ5!+K3N¼ÍJF@K>&»T@�>?EQ5!+K3N¼�À

RCoeffs 3 >?E�Ä�@TEH9/U&JNX8EH587:JZG658E�+KEH¹�X87A3F@
¹Q3^E�D°¹�7AEQ@^XY9HÀH;�Uj¾T7AEQ@^XHBw>?7IÆD»�9�E�JZ@K>�98º�E�¹�Â
»TG:JZ5-58E�+KEH¹�X87A3F@Õ¹�36UVºD3F@KEQ@^XY9-JZ5YE >?E�ÄK@KEH> ¶·3F5&EHJ6¹c¸Í¹Q3FGA3F5-¹�3FU-ºD3F@TEH@^X&98EQº�JNÂ
5YJZX8EHGI¿6BDJ69�¼�EQGAG=JF9�X85cJZ@K98ºKJZ5YEQ@�¹�¿FB�58E�+KEH¹�X87AMFEH@TEH9Y9QBD9�¸K7I@T7A@TE�989�JZ@K>�GI7A]F¸^X�58EQ¶·5YJ6¹�Â
X87A3F@­¹�3OE�D&¹Q7IEH@^XY9.3Z¶/X8¸TE�U&JZX8EQ5Y7:JZG{À

HLight 3 >TE�ÄK@TE�9�GI7A]F¸^X©7I@jX8¸TE.98¹QEQ@TE6À�Á/¼�3�Xn¿OºDEH9/3Z¶KGA7I]6¸^XY9©JZ5YE¦98»TºTºD3F58X8EH>E$�ºD3F7A@^X�Â
9�36»T5c¹�E�JZ@�>-GI7A]F¸^X¦7A@°7A@?ÄK@T7IXn¿�È�¼(¸TEQ5YE�GA7I]6¸^X49�36»T5c¹�E(7:9\ºTG:JF¹QEH>-3F@-XY¸TE�JF¾K9�36GI»TX8E�É�À
;�G:9�3�B?¼4E�7AU-ºTGAEQU-EQ@^X8E�>�UVEQX8¸T3?>T9(¶·3F5�¹c¸KJF@T]F7A@T]�X8¸TE�GA7I]6¸^X.ºD36987IX87A3F@1À

HScene 3 >?EQÄK@TE�9�'6Ô 9Y¹�EH@TE�7A@°[©3F7A@K¹QJF5!�6ë 9¦¾KJZGAGDUV3?>?EHGDJF@K>-XY¸TE�¸O¿Oº�EH58¾D3FGA7:¹�S�Jw¿
Á}5cJF¹Q7I@K]�JZGA]F36587IX8¸TU À

HScene
¹QGAJ6989}ãFEQEHºK9}X85cJF¹cã�3Z¶KJZGAGZXY¸TE�3F¾?<nE�¹�XY9/JZ@K>
GI7A]F¸^XY9/7A@

X8¸TE
9Y¹�EH@TEFBT¹Q58E�JNXYEH9�X8¸KE�ºK7�Å?EQG}UVE�9�¸ JZ@�>�ºDEQ58¶·3F5YU&9�X8¸TE�S�Jw¿�Á}5cJF¹Q7I@T]V5Y3F»?XY7I@TE6À

1.3.2 Principal methods

Ö­E�XY¸T3?>T9.¶·3F5(36¾?<nEH¹�XY9�XY5YJF@K9n¶·3658U&JZX87A3F@�>TE�ÄK@TE�>�7I@ JZGAG�X8¸KE
¹�G:JF9Y9�E�9�JF58E�$

– hReflect 3 öOÂ�5YE-+KE�¹�X87A3F@�¼(7IX8¸­5YEH98º�E�¹�X.X83VX8¸KE�]F7AMFEQ@¨ö?Â{ºTG:JZ@KE()

– hTranslate 3 ö?ÂhXY5YJF@K9�G:JNXY7I36@�¶·365.X8¸TE�]67IM6EQ@¨öOÂy98EQ]FU-EH@6XF)
– hRotate 3 ö?Â{5Y3ZXcJNXY7I36@�JZ5Y3F»K@K>°XY¸TE�]F7AMFEH@­ö?Â�GI7A@TE�¶·3F5.XY¸TE�]F7AMFEH@�JF@T]FGAEFÀ
Á.¸TE�¶·3FGAGI3N¼(7A@T]-U-E�X8¸K3O>K9(JZ5YE�5YEHË^»T7A5YEH>�¶·3F5.X8¸KE
S�Jw¿°Á}5cJF¹Q7I@K]-JFGI]63F5Y7�XY¸TUG$

– HPoint::operator- 3 7AU-ºTGAEQU-EQ@^XY9�¸^¿OºDEQ5Y¾�36GI7:¹�>?7:9nXcJZ@K¹QE®¶·»K@K¹�XY7I36@E)

– HPlane::hLineIntersection 3 7A@^X8EH5Y98EH¹�X87A3F@ 3F¶­X8¸TE ]F7AMFEQ@ öOÂ�GI7A@TE ¼(7�XY¸
HPlane

36¾?<nEH¹�X*)
– HPlane::hRayReflection 3 ö?Â�GI7A@TE
5YE-+KE�¹�XY7I36@�3Z¶�X8¸KE

HPlane
3F¾?<nE�¹�XF)

– HPlane::hRayRefraction 3 ö?Â�GI7A@TE�58EQ¶·5YJ6¹�X87A3F@VXY¸T5836»T]F¸-XY¸TE
HPlane

36¾?<nEH¹�X*)
– HSphere::hLineIntersection 3 7A@^X8EH5Y98EH¹�X87A3F@ 3Z¶-X8¸KE ]F7AMFEH@ öOÂ�GI7A@TE#¼(7IX8¸
HSphere

36¾?<nEH¹�X*)
– HSphere::hRayReflection 3 ö?Â{GA7A@TE�58E�+KEH¹�X87A3F@�3Z¶�X8¸TEjö?Â�98ºT¸TEH58E�)

– HSphere::hRayRefraction 3 ö?Â{GA7A@TE�58EQ¶·5YJ6¹�XY7I36@°X8¸K5836»T]F¸^X.X8¸TE�ö?Ây9�ºT¸KEQ5YE()

– HPolygon::isInside 3 X8EH9�X87A@T]-¼(¸TEQX8¸TEH5.X8¸TE�7A@6XYEQ5c9�E�¹�XY7I36@ ö?Â{ºD3F7A@^X.7:9.7A@K9�7:>?E
XY¸TE�öOÂ�ºD3FGA¿^]63F@E)

– HObject::getCosineDiff 3 ¹�3^9�7A@TE�MwJFGI»KE�¶·365�XY¸TE­>?7IÆD»K98E GI7A]F¸^X-58E�+KEH¹�X87A3F@
¹Q3FU-º�36@TEQ@^XF)
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– HObject::getCosineSpec 3 ¹�3^9�7A@TE�MNJZGA»TE�¶·3F5(XY¸TE
98º�E�¹�»TG:JZ5�GA7A]F¸^X�58E�+KEH¹�X87A3F@
¹Q3FU-º�36@TEQ@^XF)

– HScene::chooseNet 3 ¹Q58E�JNXYEH9(XY¸TEjºK7�Å?EQG�U-EH98¸­¶·3F5®X8¸KE�98EQGAEH¹�XYEH>­ºK583F<nEH¹�XY7I36@
Xn¿OºDE()

– HScene::rayTracer 3 7AU-ºTGAEQU-EQ@^XY9�¸^¿OºDEQ5Y¾�36GI7:¹�S�Jw¿�Á/5YJ6¹�7A@T]-JZGA]F3F5Y7IX8¸TU À
Ô�3?¹�»KUVEH@^XYJNXY7I36@�¶·3F5�XY¸TE��®Ö¨JNXY¸#"17A¾�GA7I¾T5cJZ5Y¿�¼.JF9}¹�5YEHJNXYEH>�»K987I@K]H;°÷IA6ß��^Ú�áj>T3O¹�Â

»TU-EQ@^XYJZX87A3F@ ]FEH@TEQ5cJNXY3F5�7I@>�®Á(Ö>"
¶·3F5YU&JNXHÀTÁ.¸KE�GI7A¾T5cJZ5Y¿&7�Xc9�EHG�¶nBDJZGA3F@T]V¼(7�XY¸¨¹�36585YE�Â
9�ºD3F@K>T7I@T]-ºT5Y3F]65YJFU�U-3O>T»TGIE�9(JZ@K> >?3?¹Q»TU-EQ@^XYJZX87A3F@�¼(7IGAG1¾DE�ºT»T¾TGA7A¹QGI¿�JwMwJF7IG:JZ¾KGIE6À

1.4 Achieved results and future work

Á.¸TE®U&JF7I@�]F36JFGK3F¶1X8¸TE�ºT5Y3Z<nE�¹�X4¼.JF9�JF¹c¸K7IEHMFEH> 3 ¼�E�¸KJwM6E®¹Q58E�JNX8E�>°J
@KEQ¼ÙXY3^36GK¶·365
M^7:98»KJZGA7I½H7I@K]�[©3F7A@K¹QJF5!�6ë 9®¾KJFGIG©U-3?>?EQG=»K987A@T]�S�Jw¿ Á/5cJF¹�7A@T]�B�¼(7IX8¸
ºT5YEH¹�7:98Ej]FEH3FU-E�XY587IÂ
¹QJZG/7I@^XYEQ5YºT58EQXYJZX87A3F@�3Z¶©X8¸TE�58E�9�»KG�XY7I@T]&7AU&JZ]6EH9HÀKÁ.¸TEj¹Q3FU-ºTGAE�X8E
¶·»T@K¹�XY7I36@KJZGA7IXn¿�3F¶�XY¸TE
[�367I@�¹QJZ5��Fë 9©¾KJFGIG?U-3?>?EQG�7A9©7AU-ºTGAEQU-EQ@^X8E�>�BF7A@K¹QGI»K>T7I@T]�XY¸TE�¹Q58E�JNX87A3F@�3Z¶�3F¾?<nE�¹�Xc9=7I@�9�7:>?E
X8¸TE�UV3?>?EHGhB}X8¸TEH7I5jX85cJZ@K9�¶·3F5YU&JNXY7I36@K9�JZ@K>Ã7A@^X8EH5YJ6¹�X87A3F@�9QÀ.�®@ÃXY3Fº#3F¶.X8¸KJZXj¼4E�¸KJwMFE
7IU-ºTGAEQU-EQ@^XYEH>#S�Jw¿ÃÁ/5YJ6¹�7A@T]¨JZGA]F36587IX8¸TU0JZ@K>#7I@^X8EH]F5cJNXYEH> X8¸TEJ��Ö¨JZX8¸#"}7I¾ GI7A¾T5cJZ5Y¿FB
X83F]6E�XY¸TEQ5(¼(7IX8¸�X8¸KE�UV3?>?»KGIE�¶·3F5�GI3^JF>?7A@T]V7I@TºK»?X(ÄKGAEH9HBT7I@^XY3VêÙ7A@K>?3N¼�9(JFºTºTGA7A¹HJNXY7I36@1À
Á.¸TE5�®Ö¨JNXY¸#"17A¾�GI7A¾T5cJZ5Y¿V¼.JF9�>?E�9�7A]F@TE�>�JF@K>�>TEQMFEHGI36º�E�>�J694J�U-3O>T»TGAJF5.GI7A¾T5cJZ5Y¿FB

EQ@KJF¾TGI7A@T] EHJ69�¿�UV3?>?7IÄ�¹HJNX87A3F@ÃJZ@�>¨¶·»T@�¹�X87A3F@�JZGA7�Xn¿ »TºT]F5cJF>T7I@T]�À�â�@?¶·365�XY»T@KJNXYEQGA¿FB136»T5
¸^¿OºDEQ5Y¾�36GI7:¹�S�Jw¿&Á/5YJ6¹�7A@T]�7AUVºKGIEHUVEH@^XYJNXY7I36@°7:9¦@T3FX4E�D&¹Q7IEH@^X47A@°ºT5cJF¹�XY7A¹QEFÀ^Á.¸TE�ºT5Y7A@?Â
¹�7AºKJZG�¹QJZ»�9�E�9
JZ5YE-X8¸TE�¹�36UVºKGIEQÅ
9�X85Y»K¹�XY»T58E�3Z¶.X8¸TE�[�367I@�¹QJZ5��Fë 9�¾KJFGIG4U-3O>TEQG4JF@K>Ã3Z¶
X8¸TE.S�Jw¿�Á}5cJF¹Q7I@T]�JZGA]F36587IX8¸TU À�;�G:9�3�BH36º?X87AU-7I½�JNX87A3F@
X8EH¹c¸K@T7AË^»TE�91¶·365}XY¸TE.S�Jw¿�Á/5cJF¹�7A@T]
JZGA]F3F5Y7IX8¸TU JZ5YE
¸KJF5Y>­X83�7IU-ºTGAEQU-EQ@^X�7I@ ¸O¿^ºDEQ5Y¾D3FGA7A¹�9�ºKJ6¹�E6ÀDÁ.¸TEH58EQ¶·3F5YE
XY¸T7A9�7AU-ºTGIEQÂ
UVEH@^XYJNXY7I36@ 98¸T3F»KGA>­¾DE&¹�36@K9�7:>?EH58E�>¨JF9�J�9�XYJF5�XY7I@K]�ºD3F7A@6X�¶·3F5�XY¸TEj¶·»TX8»T5YE�7AU-ºT5Y3NMFEH>
7IU-ºTGAEQU-EQ@^XcJNX87A3F@�9.3Z¶=S�Jw¿�Á/5YJ6¹�7A@T]�7A@ ¸O¿^ºDEQ5Y¾D3FGA7A¹�98ºKJF¹QEFÀ
;�GIX8¸T36»T]F¸ÍX8¸TE­¹Q»T585YEQ@^X&9nXcJZ]6E�3F¶�X8¸KE S�Jw¿#Á}5cJF¹Q7I@T]ÃJZGA]F36587IX8¸KU >?EQM6EQGA3FºTU-EQ@^X

ºT583NMO7:>?EH9�X8¸KEVºD369Y987I¾T7AGA7�Xn¿ XY3�¹Q58E�JNX8EV5YEHJZGA7:9nXY7A¹�7IU&JF]FEH9®3Z¶4¸^¿OºDEQ5Y¾�36GI7:¹V9�ºKJ6¹�E6B�XY¸TEQ5YE
JZ5YE�9�X87AGAG19�36UVE�EHGIEHUVEH@^XY9(3F¶�S�Jw¿�Á/5cJF¹�7A@T]�X8¸KJZX�JZ5YE�¿FE�X.XY3&¾�E�7AU-ºTGIEHU-EQ@^X8E�>%$

–
J6>TJZº?XY7IM6EjJZ@^XY7�ÂyJZGA7AJ69�7A@T]¨È�EQGA7IU-7A@KJNXY7I@T]�5Y3F»T]6¸�ºD3FGA¿O]F36@¨EH>?]6EH9cÉ�À�Ò4»T585YEQ@^X�MFEQ5c987I36@
98»TºTºD3F58XY9�ÄTÅ?E�>�GAEQM6EQG1JF@6XY7�ÂyJZGA7:JF987I@T]7)

–
98»TºTºD3F58X.¶·3F5.X8EQÅOX8»T5YEH9*)

–
98»TºTºD3F58X.¶·3F5�JZ@K7IU&JNXY7I36@K9*)

–
GA7I¾K5YJF58¿&3F¶�ºT5YEH>TE�ÄK@TE�>�36¾?<nEH¹�XY9(JF@K>�U-JZX8EH587:JZG:9QÀ
&T»?XY»T58E­¼�3F5Yã#7A@K¹�GA»K>?E�9°7AU-ºTGIEHU-EQ@^XYJZX87A3F@Õ3Z¶�X8¸TE S�Jw¿ Á/5YJ6¹�7A@T]#JZGA]F36587IX8¸TU 7I@

9�36UVE-ºT5Y3Z<nE�¹�XY7IM6EjU-3?>?EQG\3F¶4¸O¿Oº�EH58¾D3FGA7:¹j]6EQ3FU-EQX85Y¿#È³¶·3F5�EQÅTJZU-ºTGAEFB�7A@LK�GAEQ7A@1ë 9�¾KJZGAG
UV3?>?EHG:É�À}WO»K¹c¸ MFEQ5c987I36@¨3Z¶4X8¸TE&S�Jw¿­Á/5YJ6¹�7A@T]�JFGI]63F5Y7�XY¸TU�¹�36»TGA>�¾�E&¹Q3FU-ºKJZ5cJZ¾KGIE�7I@
X8EQ5YU&9�3F¶¦9�ºDEQE�>¨¼(7IX8¸­XY¸TEVÇ\»K¹�GA7:>?7AJF@ S�Jw¿ Á/5YJ6¹�7A@T]°7AUVºKGIEHUVEH@^XYJNXY7I36@K9HÀD;�GA983KBDºKJZ58Â
JZGAGIEHG\7IU-ºTGAEQU-EH@6XcJNXY7I36@
3F¶.X8¸TE°S�Jw¿
Á}5cJF¹Q7I@K] JFGI]63F5Y7�XY¸TU ¹HJZ@Ã¾�E�»K9�E�> X83­7A@K¹�5YEHJ69�E
58EH@K>?EQ5Y7A@T] E-D°¹�7AEQ@K¹Q¿ Ènä
M�æ·É�À/Ìy@
X8¸TE&5YEH¹QEQ@^X�¿FEHJF5Y9�U&JF@^¿�58E�9�E�JZ5c¹c¸TEQ5c9®JF58E-¼�3F5YãO7I@T]
3F@VX8¸TE(ºK5836¾TGIEHU 3F¶D5YEHJFG�Â{X87AU-E.S�Jw¿jÁ}5cJF¹Q7I@K]�»�9�7A@T]
9�X85YEHJZU ºT583?¹QEH9Y9�365Y9�GA7Iã6E�U-3?>?EH58@
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A Examples

A.1 Example 1

Fig. 1.2. Six identical h-spheres placed with their hyperbolical centers at the ver-
tices of regular octahedron. Euclidian central projection, two light sources, recursion
level two.
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A.2 Example 2

Fig. 1.3. An attempt of space tessellation with identical wire-frame cubes. Hyper-
bolic central projection, one light source, recursion level zero.
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A.3 Example 3

Fig. 1.4. H -sphere inside transparent octahedron. Hyperbolic h-reflection projec-
tion, one light source, recursion level two.


