
Bgl_jZdlb\gZy \bamZebaZpby bahih\_joghkl_c ^ey ^bgZfbq_kdb
baf_gyxsboky kdZeyjguo ihe_c
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:gghlZpby
< ^Zgghc jZ[hl_ jZkkfZljb\Z_lky \hijhk

bkihevah\Zgby ih\_joghkl_c ihklhyggh]h agZq_gby
kdZeyjguo nmgdpbc \ R3 ^ey aZ^Zgby keh`guo
]_hf_ljbq_kdbo kp_g \ kbkl_fZo \bjlmZevghc
j_Zevghklb b ij_^eh`_g f_lh^ bgl_jZdlb\ghc
\bamZebaZpbb lZdbo ]_hf_ljbq_kdbo h[t_dlh\/
[Zabjmxsbcky gZ Marching Cubes1 Ij_^eh`_gguc
f_lh^ iha\hey_l kljhblv ih\_joghklv ihklhyggh]h
agZq_gby k jZaebqghc kl_i_gvx ^_lZebaZpbb \ jZaguo
_z qZklyo \ aZ\bkbfhklb hl jZkklhygby ^h gZ[ex^Zl_ey
b bgl_jZdlb\gh i_j_kljZb\Zlv _]h ijb i_j_f_s_gbb1
Djhf_ lh]h/ ^Zgguc f_lh^ ij_^hklZ\ey_l \hafh`ghklv
h[jZ[hldb baf_g_gby agZq_gbc nmgdpbb b
khhl\_lkl\mxs_c i_j_kljhcdb ih\_joghklb k l_fiZfb/
[ebadbfb d bgl_jZdlb\guf/ qlh ij_^hklZ\ey_l
\hafh`ghklb ih \bamZebaZpbb keh`guo/ ^bgZfbq_kdb
baf_gyxsboky kp_g \ kbkl_fZo \bjlmZevghc
j_Zevghklb1

Dexq_\u_ keh\Z= <bamZebaZpby bahih\_joghkl_c/
mijhs_gb_ ]_hf_ljbq_kdh]h ij_^klZ\e_gby/Marching
Cubes.

1. <<?>?GB?
F_lh^u \bamZebaZpbb kdZeyjguo nmgdpbc/

aZ^Zgguo \ ljzof_jghf ijhkljZgkl\_/ fh]ml
bkihevah\Zlvky g_ lhevdh \ gZmqghc \bamZebaZpbb/ gh b
\ kbkl_fZo \bjlmZevghc j_Zevghklb/ ]^_ ^ey aZ^Zgby
]_hf_ljbq_kdhc h[hehqdb fh`_l [ulv bkihevah\Zgh
nmgdpbhgZevgh_ ij_^klZ\e_gb_ ]_hf_ljbq_kdbo
h[t_dlh\1 NmgdpbhgZevgh_ ij_^klZ\e_gb_ aZ^Zzl
]_hf_ljbq_kdbc h[t_dl dZd ih\_joghklv ihklhyggh]h
agZq_gby ^ey g_dhlhjhc \_s_kl\_gghc nmgdpbb/
aZ^Zgghc \ R3/ dhlhjZy/ \ k\hx hq_j_^v/ y\ey_lky
dhf[bgZpb_c gZ[hjZ ^jm]bo \_s_kl\_gguo nmgdpbc1 <
jZfdZo nmgdpbhgZevgh]h ij_^klZ\e_gby/ beb F-rep,
kms_kl\m_l gZ[hj l_hj_lbdh0fgh`_kl\_gguo hi_jZpbc/
iha\heyxsbo kljhblv nmgdpbb/ ih\_joghklb
ihklhyggh]h agZq_gby dhlhjuo y\eyxlky
h[t_^bg_gb_f/ i_j_k_q_gb_f b l1^1 ih\_joghkl_c
ihklhyggh]h agZq_gby ^ey ^jm]bo nmgdpbc/ qlh
iha\hey_l kljhblv keh`gu_ ]_hf_ljbq_kdb_ h[t_dlu ba
gZ[hjZ ijbfblb\h\1 Djhf_ lh]h/ lZdZy ijhklZy
hi_jZpby/ dZd ijb[Z\e_gb_ dhgklZglu d nmgdpbb/
iha\hey_l \ g_dhlhjuo kemqZyo kms_kl\_gguf h[jZahf
baf_gblv nhjfm ]_hf_ljbq_kdh]h h[t_dlZ ijb

fbgbfmf_ aZljZl gZ baf_g_gb_ _]h nmgdpbhgZevgh]h
ij_^klZ\e_gby1 >_lZevgh_ hibkZgb_ hi_jZpbc gZ^
]_hf_ljbq_kdbfb h[t_dlZfb/ aZ^Zggufb k ihfhsvx
nmgdpbhgZevgh]h ij_^klZ\e_gby/ fh`gh gZclb \ [3].
Bkihevah\Zgb_ lZdh]h ih^oh^Z ^ey aZ^Zgby
]_hf_ljbq_kdhc h[hehqdb \ kbkl_fZo \bjlmZevghc
j_Zevghklb h[eZ^Z_l jy^hf ^hklhbgkl\= ijhklhlZ
fh^bnbdZpbb ]_hf_ljbb/ \hafh`ghklv \g_k_gby \ g_z
ehdZevguo baf_g_gbc +wlh m^h[gh ijb fh^_ebjh\Zgbb
h[jZah\Zgby ³\u_fhd´ dZd j_amevlZlZ \ha^_ckl\by
ihevah\Zl_ey,/ ijhklhlZ hij_^_e_gby i_j_k_q_gby k
]_hf_ljbq_kdhc h[hehqdhc/ aZ\bkbfhklv nhjfu
h[t_dlZ hl \j_f_gb/ aZ^Z\Z_fhc dZd aZ\bkbfhklv hl
\j_f_gb \bamZebabjm_fhc nmgdpbb l1^1 < lh`_ \j_fy
bf__lky b jy^ g_^hklZldh\= keh`ghklv aZ^Zgby
j_Zevguo h[t_dlh\/ [hevrhc h[tzf \uqbke_gbc ijb
bkihevah\Zgbb keh`guo nmgdpbc/ Z lZd`_ ^Zezdb_ hl
bgl_jZdlb\guo \j_f_gZ \bamZebaZpbb ih\_joghkl_c
ihklhyggh]h agZq_gby1
Ihke_^gyy ijh[e_fZ hkh[_ggh kms_kl\_ggZ ijb

bkihevah\Zgbb nmgdpbhgZevgh]h ij_^klZ\e_gby \
kbkl_fZo \bjlmZevghc j_Zevghklb ^ey aZ^Zgby
]_hf_ljbq_kdh]h hdjm`_gby1 HgZ k\yaZgZ k
g_kdhevdbfb h[klhyl_evkl\Zfb=
- lZdb_ f_lh^u ihkljh_gby b iheb]hgZebaZpbb

bahih\_joghklb/ dZd Marching Cubes/ ]_g_jbjmxl
^hklZlhqgh [hevrh_ qbkeh iheb]hgh\/ \iheg_
kihkh[gh_ i_j_]jmablv ^hklmigu_ ]jZnbq_kdb_
ieZlnhjfu>

- ijb bkihevah\Zgbb [hevrbgkl\Z
kms_kl\mxsbo f_lh^h\ mijhs_gby iheb]hgZevguo
fh^_e_c kha^Zgb_ mijhszggh]h ij_^klZ\e_gby
lj_[m_l ^ebl_evgh]h ih \j_f_gb rZ]Z
ij_^\Zjbl_evghc h[jZ[hldb bkoh^ghc fh^_eb/ qlh
^_eZ_l g_\hafh`guf bo ijbf_g_gb_ ^ey
bgl_jZdlb\ghc \bamZebaZpbb baf_gyxsboky
fh^_e_c1

 2. BGL?J:DLB<G:Y <BAM:EBA:PBY
BAHIH<?JOGHKL?C >EY >BG:FBQ?KDB
BAF?GYXSBOKY KD:EYJGUO IHE?C

 JZkkfZljb\Z_fuc \ ^Zgghc jZ[hl_ f_lh^ ^he`_g
[ue j_rblv aZ^Zqm \bamZebaZpbb ]_hf_ljbq_kdhc
h[hehqdb \ kbkl_f_ \bjlmZevghc j_Zevghklb/
aZ^Z\Z_fhc ih\_joghklvx ihklhyggh]h agZq_gby ^ey
kdZeyjgh]h ihey/ aZ^Zggh]h gZ jZ\ghf_jghc
dm[bq_kdhc k_ld_1 < k\yab k wlbf lj_[h\Zehkv=
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• ^ey khdjZs_gby qbkeZ iheb]hgh\ kljhblv
ih\_joghklv k jZaebqghc kl_i_gvx ^_lZebaZpbb
\ aZ\bkbfhklb hl jZkklhygby ^h gZ[ex^Zl_ey>

• h[jZ[Zlu\Zlv baf_g_gby \ bkoh^guo ^Zgguo b
\bamZebabjh\Zlv bo k bgl_jZdlb\guf l_fihf
^ey h[_ki_q_gby \hafh`ghklb fh^bnbdZpbb
]_hf_ljbq_kdhc h[hehqdb1

Hkgh\gZy b^_y bkihevamxs_]hky f_lh^Z mijhs_gby
]_hf_ljbq_kdh]h ij_^klZ\e_gby khklhbl \ \u^_e_gbb
gZ bkoh^ghc k_ld_ gZ[hjZ \eh`_gguo h[eZkl_c/ \
dhlhjuo ]_g_jZpby ]_hf_ljbq_kdh]h ij_^klZ\e_gby
ijhbkoh^bl k jZaebqghc kl_i_gvx ^_lZebaZpbb1 Yq_cdb
\ lZdbo h[eZklyo kh^_j`Zl ih^fgh`_kl\h maeh\
bkoh^ghc k_ldb b bf_xl \ 5n jZa [hevrbc jZaf_j/ q_f
yq_cdb bkoh^ghc k_ldb1 Wlh ijb\h^bl d khdjZs_gbx
qbkeZ iheb]hgh\ \ lZdhc h[eZklb \ kj_^g_f \ 7n jZa ih
hlghr_gbx d ih\_joghklb/ ihkljh_gghc gZ bkoh^ghc
k_ld_1 Ijb wlhf lZd`_ ijhbkoh^bl mijhs_gb_
]_hf_ljbb/ ihkdhevdm bkq_aZxl ^_lZeb k oZjZdl_jguf
jZaf_jhf 5n-1/ Z lZd`_ mijhs_gb_ lhiheh]bb/ ihkdhevdm
d lZdbf ^_lZeyf fh`gh hlg_klb b hl\_jklby/ b \u_fdb
\ ih\_joghklb/ ihkljh_gghc gZ bkoh^ghc k_ld_1
Ijb ihkljh_gbb ih\_joghklb ihklhyggh]h agZq_gby

f_lh^ hkms_kl\ey_l kludh\dm _z mqZkldh\ gZ ]jZgbp_
h[eZkl_c1
Iheh`_gb_ wlbo h[eZkl_c baf_gy_lky \f_kl_ k

iheh`_gb_f gZ[ex^Zl_ey/ h[_ki_qb\Zy l_f kZfuf
khhl\_lkl\mxs__ baf_g_gb_ kl_i_gb ^_lZebaZpbb
qZkl_c ih\_joghklb ihklhyggh]h agZq_gby1
J_amevlZl jZ[hlu f_lh^Z mijhs_gby

iheb]hgZevgh]h ij_^klZ\e_gby ^ey mqZkldZ l_klh\hc
kp_gu ihdZaZg gZ jbk1 41
Djhf_ ijh[e_fu mijhs_gby iheb]hgZevgh]h

ij_^klZ\e_gby kms_kl\h\ZeZ _sz ijh[e_fZ h[jZ[hldb
b \bamZebaZpbb baf_g_gbc \bamZebabjm_fhc nmgdpbb1
NZdlbq_kdb hgZ k\h^beZkv d h[jZ[hld_ baf_g_gbc
agZq_gbc \ maeZo k_ldb1 >ey _z wnn_dlb\gh]h j_r_gby
[ue bkihevah\Zg lhl nZdl/ qlh ihkljh_ggZy k ihfhsvx
f_lh^Z Marching Cubes ih\_joghklv ihklhyggh]h
agZq_gby khklhbl ba gZ[hjZ iheb]hgZevguo mqZkldh\/
]_g_jbjm_fuo ^ey dZ`^hc ba yq__d k_ldb/
i_j_k_dZ_fuo ih\_joghklvx ihklhyggh]h agZq_gby1
Wlh iha\hey_l ^ey dZ`^h]h maeZ k_ldb/ agZq_gb_ \
dhlhjhf baf_gy_lky/ hij_^_eblv gZ[hj mqZkldh\
ih\_joghklb/ aZljZ]b\Z_fuo wlbf baf_g_gb_f/ b
h]jZgbqblv qbkeh aZljZ]b\Z_fuo yq__d dZd n⋅8 / ]^_ n
± qbkeh maeh\ k_ldb/ aZljhgmluo baf_g_gbyfb +h^bg
ma_e fh`_l kh^_j`Zlvky ;x yq_cdZfb,1 ?keb maeu
jZa^_eyxl h[sb_ yq_cdb/ lh dhgklZglZ i_j_^ n
klZgh\blky f_gvr_1 LZdbf h[jZahf/ i_j_kljZb\Zlv
ih\_joghklv fh`gh aZ \j_fy/ ijhihjpbhgZevgh_
h[tzfm baf_g_gbc1
J_ZebaZpby jZkkfhlj_ggh]h \ ^Zgghc jZ[hl_ f_lh^Z

iha\hebeZ gZ ^hklmighc \uqbkebl_evghc ieZlnhjf_
(Pentium II 300 MHz, 128 Mb RAM, Diamond Viper 330
AGP, 4.3 Gb HD) ihdZaZeZ \hafh`ghklv bgl_jZdlb\ghc
\bamZebaZpbb ih\_joghklb ihklhyggh]h agZq_gby ^ey
kdZeyjghc nmgdpbb aZ^Zgghc gZ k_ld_ jZaf_jhf

45;o45;o45;/ ijb wlhf \ h[eZklv \b^bfhklb ihiZ^Ze
mqZklhd k_ldb jZaf_jhf 58o58o581
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Interactive isosurface visualization for
dynamically changing scalar fields

Abstract. This paper concerns geometric scene
construction by isosurfaces of scalar functions in the virtual
environments. It describes the method of interactive
visualization of such geometrical objects based on
Marching Cubes algorithm and features LOD surface
generation and interactive isosurface changes visualization.

Key-words: Marching Cubes, isosurface visualization,
LOD rendering, virtual environments
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