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(57) Abstract: The present invention relates to a
multi-resolution terrain rendering method using
GPU tessellation. The terrain rendering method ac-
cording to an embodiment of the present invention,
which uses GPU tessellation, comprises the steps
of: generating a quad patch, to which an inner tes-
sellation factor and an edge tessellation factor are
allocated, using a quadtree including a parent node
and a child node; generating a base mesh using the
quad patch; and restoring a terrain by applying a
displacement map to the base mesh.
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25 9] ¥ (splitting) ¢ ale] 52 HHEFIIH
[z o] A
100: A& @v]E A
110: A 2]+
120: A4 A 2]
130: 123 A2 F
o] AAIE A% FH
ol s}, ¥ o] Ao} B A Ar]g Wy @ Aol s =S
Zxste] At e s s
g ol M ALgE = 94 Bele Fulal sl A th2 A
gk o] g s B g A Mo, A T = e G
=

W b
L

el |oF #d A 9 Ae Y Ao E550th
Al el 3ol A1 ATl AA](100)E A A 2(110), 4T A 2]F-(120) =
hyA

AAYF110)= A9 Ao " 38 Ao AA e dx5 Fadd = dvt o=
5o, X (110)= L H A E 27 o] 2 o #](Object-space Errors) & 54 &
5 31, A8 v 4 (terrain mesh)E 3} 2} 1] ] 3} (parameterization) 3} o] 7] 3}

o] 1] 2] (Geometry Image) & A & 4~ ATt L B A E AFjo] A og] ¥ 7|3}
oju] Al ol A = &3 =5 S

Ak A 2 F(120)= 22 A (130)el A A AEH & Faetr] /g
theFdt Hol 8 & kst v A = Ut o & 50, A A 27 (120)+=
SA4H QB AE Ay o] o E o] 838} quadtreeE A4 B} AL inner
tessellation factors A& 5= At} 18] 3L A4F A 2] (120)= A7) inner
tessellation factor=- ©]-83}¢] edge tessellation factorE 24 & 5= Sl T}

e A 8] (130)= A7) A4k A 8] (120000 4 A 2§ dlo]E & o] &35}o]
A3 A& s 5 Ak 21833 A 2] H-(130)= GPU(Graphics Processing
Unit)ol 2t & == At} ol & 5o, L2 A 2] F(130)+= 7] 14k A 2] F-ofl A
A8 # =39 X|(quad patch) A B.E o] &35}o] X ¥ & HUT 5= )T}, quadtree]]
FoME o e T dhuhe] =Tt A =9 %] (quad patch) 7t 2 5= AT

stulo] F =gl x| & a1 8l oF 3= tessellation factori= & 67| 2 Z} edge®ll off gt
tessellation factor 47] €} W2 7F=2, Al 2 F-&F S=¢f &) 5}+= inner tessellation
factor 271 7F 2}

371 A4 2] 7-(120)9F 71 Lef =] A 2] F-(130)0 A 3 ¥ = 2]
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A2 1108 g v 2 ot =3 E o

L2E ko] A e e B E A9 du Y Wi s Ue W= S8 5otk

AAZF110)F LEZAE ~do]| 2 o8 & 543 o AThS210). 71
LB AE Aol A o= AAYH Ad| o] A of ¢ (screen-space error)E 1-5F= |
o] &% 4= qlth LA E A3 o] 2 o 2] 7} screen’yoll A1 E pixelll
A Fsh=AE eI = glo] 239 Ao] A ofo|t) S HAE Auo] A
o = th- WA o7 g% 4 9l

L3 2o Ao e B A Ao g Wil A LB AE Ado]
o] & Agkel o] &%= vl H o] Al 725 WEbd T & 3(a)+= height map
A] 3 (Height-mapped terrain)©] 21, &= 3(b)= 57 ®.<& 7|3} ] & (FGI-mapped
terrain)©] T}. height map©] 32 H 35 /gol A w5 -329] 2+ ¥ 8 X (vertex) &
Fole) gtA @] A o= Fe] A foldk, 54 BE 7|5} o|n| A
A G (FG)+= 3xH g 4oll A vl 77229 ZF B8l A (vertex)& A= 54 &
a2l gt WEf o) upe} Z2] A g ol & 4 Q)

ol s} AA] o el M= t] 22&d o] 22 E W (displacement map)©] & o 513 x 5132]
A EE 7HA = Aol diEl o & 5ol Adelr| & gt o] A5, 1
A 130yl A e = = A sl = sh=slo] A9l gHA| = Q138) 65 X
65 o]t}

LBAE Ay|o| 2 o g A e] @AM & 33 o] A3 9
&) S (resolution) S <=2} 4 © 72 W2 7FH A ZF W] 4 (mesh) B] Bl 2~ (vertex) ol A 2]
0] & 512 1evel®] ¥+ (mesh) B 8] 2= 9] $z0] 9f Bl nl&}to] “1 xpo] & Al 4bs)aL
HEA 072 71 T Fhol ZF dHl oA 9] @B AE A5 o] 2 of 2 (object space
error)® A HAT 5,513 x 5139 S EE 7R = X o] L HAE Ayo] A~
of 2= 2 8§ x 89] block & & Z/NA, 71 9 el A 713 & o] zgke] zpo) 7+
level 8 Q. HAE ~Auo] X~ oe]7F Ft}. o] = x80] 513x 5132 ] A==
7HE - S WA U TP S Well A THE 2 ol Akol &
A7Fah= A1), 513 x 51300 A 48] 257 x 257, ..,3x 3,2 x 27HA] Sl =5
SR 7P A G o] A a(A T =olgke] 2Folyo] AFE T (20 + Dx(2n +
D7l HE S zh= w4 & 20 gl o] 2 ko),

2 A% 25| 0] 2 o #](screen-space error) T 7] L H A E Agjo] X o H E
screen space( .U Bl o] 4] H.o] X = A A Y X)) E 3Z =2 A M (projection) - |, &
pixeldl] 3l Fah=A & Yell &= gholth

AL A 2] (120)= A7 2717 2F| o) & o 2] & 0] 83| quadtreeE
Ay 438} 31, inner tessellation factorE 274 3 5= 91 THS220). Z} nodei= 29| 59l
3] @ 3}+= inner tessellation factorE 7FA| M, L2l A 2] F-(130)e A A& & <=
= A dld5== 65 x 6501 7] wieol A 642 k& 7HE 5= Sl

7HE A 2ol quadtree S 74 & dj ol = 7 A X0 gl ol A HE] Al 2 ST (Level
1). Z} 8x89] object-space error &3 & ol thsll, & < Wl A viewpointel] 7 717h-&
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Aol 9 errorE 9 X A 7] AL, screen-space Z projection*| 7 screen-space error
ks FREk}, whoF A8l Ad o) 2 o e 7} v 2] As 2l 84 gk(threshold) Bt}
2o, ol E]r%l/] inner tessellation factor 12 A% ¥l T},

AT AT Au o] 2~ o @] 7} A7) $HA] gk (threshold) ®.0F ZL 0, level S
A F7FA 71U A errordk o] threshold ©] 847} 2 wfj 7hA] wE- ke, qhof
EFY 2] inner tessellation factor”} 64X.T}F Z1tHA GPUS] $HA| & doj A Al ¥ L&,
Bl & 4711 9] patch® Z 7 31(Z, AFA] =2 (child node)E A A 3H), 2 Z& 71 %
patch=oll thall tHA] leveloll W& errordhs S8 0k A1 & o Hof s =7}
513x513%1 7 §-oll = quadtree 2] depthi= 4= #| $HH T},

Z18) a1 o) &) AA| ool A= 7} &2 F-&F 4ol 8 JFSFi= inner tessellation factor 2}
A2 F-3 420 &l F3}= inner tessellation factor7F & 3 412 7R = A2
7k skal A et &2 gk

AL A 2] H(120), quadtree 2] 2& A == (leaf =)ol 314 inner
tessellation factor”} 2 % ¥ H, edge tessellation factors Al4HE = 91 TH(S230).

H| Al 7 o] M (tessellation) = -3l A A ¥ = 24 o] A5 AT gk Foof
St A4k A 2] H-(120)% thresholdE THE 6= | 49 edge tessellation factor
e AA T 4= A}, o] = THE o] X quadtreeE breadth-first <= 3] 5} o] 2 # &} 7|
.

L4 ko] AN oo B E A el Wil A A el el o g
quadtree(quad tree) 5 A& A et7] g ol

%= 4] A inner tessellation factor 82 7}A] = == (node) AS .91, | 2F- inner
tessellation factorE 714 = == (node)$! B, C%} edgeE &3t It == B9}
C+= 7 9] inner tessellation factor 25 74 3L ) =], == A2} ¥ wl3}7] 9 &)
o] 52 T3 v &= F7FA 7] inner tessellation factor 7F 47} H T}, <5, ==
B2} C9 edge 4ol & == A9 edge Aol o TAA 7] 7] Aol A == B} Co
edge 4 o] & 24 T7FA 7] H, == B2} C9] inner tessellation factor= 47} ¥ T},
1 [4,8] Abol o] ol TR 2k A7l olal v o] 271K 23 & e
T7}F 3l edgell A 9] edge tessellation factor = 2 % ¥ T},

1) FEH = A= 29] S50l ofof gt

2) edge A o] Hlol] whe} 7] Bl whe} vpiEojq AAGFE 7R 4 =
gholofof 3t

A7 208 W Ao 40| B E, A4 AP (12007 =5 A 9%
edge tessellation factorol] 4% A 43}al, == B} == Coll = edge 4 ©] H]of| u}z}
45 W5 Zb7 o A gt

2 A9 9% edgeE B, MR UE A7) & 2HE =2 D, E, F9) edge S
>33l Q) == D, E, Foll A 4 o] v)ef] u}a} Z7FA 71 inner tessellation factor

s 5 7Y 2 42 60|t 18] 3l = AT 80 ELE edge tessellation factor 2]
A= (8, 64101t} AV A A =3h 27H4] 205 AT = 4L 8ot
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a2 =2 A2 9% edge tessellation factor = 82 A A ¥ 31, == D, E, Foll &
Zlo] H)of whe} o] gho] vl X WA 747t 4,2, 29] 4hs 7HxITh

== GO ol edgeE B, GEY 2H2 == B HVF 914]38aL lv =
GOl 4L 10]3L, == H, B9 do| v]of] wh& k& 40|t} “12] P& edge
tessellation factor®] M ¢ = [1,417} © o). o] 714 12 o] v]of] ufa} e A <=
glol, 7] 2 2708 A 71 4] el E 27F 2 GOl ol e % edge
tessellation factor= A ¥ 3} F Aol H2} Bel) 22 1M DA A T A7 &
7FA = =2 EQF == 19 inner tessellation factor == ZH& 4H-2 160]H wha}a] o]
& E< 19 edge tessellation factor= A7)

A7 A el of s sl o e =T AA EA, cracke] $lo] th=
=S 7HE = A "k 7] #2270 9 erd ol o & 3 edge?l]
el A FdstA 488 T). o] & 98l edge tessellation factor”7} A4S 7] o],
view frustum W 2] & A ol o) &+ quadtree Y] ©] E] £} inner tessellation factor
#hEo] A= oo} sirh.

AAF A 2] 5-(120) = quadtree, A/ ¥ inner tessellation factor X edge tessellation
factorE ©|-8&38lo] &= 49} -2 F =3 X|(quad patch)E A & = A THS240).

71 AL A ol thE AR A= e A 213002 f1HE = o 1
A2 (130)= A HE A=A A BR E H A Y o] E (tessellator) & ©] -8 A3
A Y& A 7 ATH(S250).

L5 E g A e HdE A dle = Wl A 1
A 2] F(GPU, 130)el| Al A1 vl g 3oz 2}QlS Yebdit)

AR T A e (130)] fH o R AraA] ARV JH . A=A
A B semi-uniform (u,v) grid 2} & 2] = 3 3 ¢+ W] o] 2~ W 4 (base mesh) &
U= =] AR E = A Boolt) 3%l domain shader®l| A 3= ©] ¢k (displacement
map 22 height map %] -& A]) f2= vector#k(displacement map 2. = FGI 48 Al)=
o] g3t 7] Mol 2 w9 ZF A& 32k A A A o] FAIA A& &
=

hull shaderi= $34F 2 2] F(120) ol A A ¥ tessellation factorE tessellator &
A&l IS S} Tessellator= Y = ¥ tessellation factorel] 2= 8l =&
zt= patch?] semi-uniform (u,v) gridE A A2 A 5= Fwolth. o] A A=
grid= domain shader ¥ 7] ©| 4 displacement map©] &= A& 2] H H E o] &3] 4
ZF A& ol EAF BN HE A Y S Fdste] A" & 3l 7 A A
displacement map~> height map, 713} ©] 7| %] (Geometry Image) & 313 5~
ATt 71 718t o v A (Geometry Image) 9] o & W3} 1&g
o] 1] X (FGI, Feature preserving Geometry Image)7} S}

L6 o] daA oo B A Y vl Y W ol A height map™ 5
R.E 7138} o] v X|(FGI, Feature preserving Geometry Image)e ©|-8-3Fo] %] & &

#9lab= AnhE vehi.

ofl
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[62] L 6(a)= EH 84 % 2 714 AL height map& o] &3 %3
ZH1}o]a1, 5 6(b)T= tessellation factor7} & o 0] 53t 3
S e AL, ¥ 6(c)= FGIE AME8te] i Ee] 2
o= A|etA Ho] FH3 Y er HAd A E et

(631 heightmap o]-§5ko] B elahiz V1% & FRE APEE /A4 2o
Hahgo] 2 AF S AR H5hA] Koz A 7F 3. sHARF FGIE
AR A E, W shEo] 2 o R v W A o] A A He 4
AN E2 T o Hold B9 3 5 gt}

(64] 57 FGIE ALgsol 558 718 ol v A B Belshiz o & vhebaint,

(651 =7 EFE V18 ol AE e i, B 7(b)i= FGIE ©]§3ke] 47] =
(OEE DR ERSEIEICE

[66] A E ule} 70, height map S ©] 831 A9 B 79 e &9 7))

ou| X & A th & H-YP 3 = AT, FGIE o] &3] & 7(a)9 F& =541 78}
olu| A & At &2 YT 4 o)

[67] FGIi= 3H7] 782 12 o] &3t A= 54 Tt

[68] T2

Wy = Oé——zcvc + (1 — Q)—Z—éz

.0,

Zeafu QHGH S111 _Q—

S, = 1 2 if ve€ridges
v 1 otherwise

$
u

[69] o 7] A,
Ly

+= ridgeell 33 ol thato] weightE F7HA 7171 8l 2= ghol oL

2

= HEH (v, vertex)E & oh= AHAE o] W o] ol th. B3, ai= user-defined

parameter©] 37,

= voll 14 ¥ edge e?] 9] o]HZFo|t}, weighti= WISI& 2 A= 4= gl o,

W shEo] & A f o] F2 weightE 7HA W, ¥1skEo] 212 #]4] & vk
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weightZ 7HA] A ® v}

28 g o] A G et AHEE A F v Y Wil M FGLE A 8=
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[Fig. 9]

Algorithm 1: Node merging

N = bottom.up_search_for_parent({quadtree)
while N do
if N's children are all leaf nodes then

if LOD 64 is sufficient for N then

i delete N's children

end
end
N = bottom.up.search._for_parent(quadtree)
end

[Fig. 10]

Algorithm 2: Node splitting

N = depth_first_search{quadtree)
while N do
if N is a leaf node then
if LOD 64 is insufficient for N then
| split N into four children
end
end
N = depth_first_search{quadtree)
end
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