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(57) Sang ché dé cap dén phuong phéo va thiét bj giai ma hinh hoc ddm may diém,
va phuong tién doc dugc boi may tinh. Phuong phap giai ma hinh hoc dam may
diém trong bd giai md dam may diém c6 thé bao gdm thu dong bit bao gdbm lat
ctia khung dam may diém duoc ma hoa, va khoi phuc cay bat phan ma biéu dién
hinh hoc ciia cac diém trong hop gidi han cua lat trong d6 nit hién tai ciia cay bat
phan dugc phan chia véi phan chia cay tir phan (QT-quadtree) hoac phan chia cay
nhi phan (BT-binary tree).
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Linh vuce k§ thuit dwoc dé cip

Sang ché dé cap dén phuong phap va thiét bi giai ma hinh hoc ddm

may diém, va phuong tién doc dugc bdi may tinh.
Tinh trang k§ thuit ciia sang ché

Phin mé té tinh trang k§ thuat duoc dé xuét & day nhim muc dich
trinh bay chung ngir canh cua sang ché. Coéng viéc clia cac tac gia sang ché, trong
pham vi cong viéc dugc mo ta trong phén tinh trang k¥ thuat ndy, cling nhu cac
khia canh ctia phin mé ta ma c6 thé khong phai 13 k§ thuat di biét tai thoi diém
nop don, khong dugce thira nhan mdt cach rd rang hodc ngu y nhu ky thuat da biét

so vOi sang cheé.

Dam may diém d3 duoc st dung rong rdi trong nhitng ndm gan day.
Vi du, ddm may diém c6 thé dugc st dung trong cdc phuong tién giao thong lai
tu dong dé do tim ddi tuong va xac dinh vi tri. D4m may diém ciing dugc str dung
trong cac hé théng thong tin dia ly (GIS-geographic information system) dé tao
ban dd, va trong di san van hoa dé hién thi héa va luu tri cac ddi tuong va by suu

tap di san van hoa, v.v.

Khung dém may diém chira tap hop clia cac diém da chiéu, cta ba
chiéu (3D), mbi chiing bao gdm thong tin vi tri 3D va c4c thudc tinh bd sung nhu
mau, do phan xa, v.v. Ching c6 thé duoc thu nho st dung nhiéu camera va cac
bo cam bién d6 sau, hodc ra-da laze trong céc thiét 1ap khac nhau, va co thé duoc

tao thanh tir hang nghin dén hang ty diém dé biu dién thuc céac canh gbc.

Cac k¥ thuat nén 1a cin thiét dé 1am giam luong dit liéu dugce yéu cu
d8 biéu dién ddm may diém dé truyén nhanh hon hodc lam gidm su luu trit.
ISO/IEC MPEG (JTC 1/SC 29/WG 11) dé tao ra nhém dac biét (MPEG-PCC) dé

chuan hda céc k§ thuat nén doi véi cac ddm may tinh hodc dong.

Ban chit k§ thuit ciia sang ché
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Céc khia canh cia sang ché d& xuét phuong phap giai ma hinh hoc
ddm may diém trong bd giai ma ddm may diém. Phuong phap nay c6 thé bao
gdm thu dong bit bao gdm lat ctia khung ddm may diém duoc ma héa, va khoi
phuc céy bat phan ma biéu dién hinh hoc ctia cac diém trong hop gidi han ctia lat
nho st dung phéan chia hinh hoc an trong d6 nut hién tai cia cay béat phan duoc
phén chia véi phén chia cay ti phan (QT-quadtree) hodc phén chia cdy nhi phan
(BT-binary tree).

Trong phuong an cua sang ché, lam thé nao dé phén chia ntit hién tai
cua cay bat phan nho st dung mot trong s6 phéan chia QT, phan chia BT, hoic
phén chia cdy bat phan (OT-octree) dugc xé4c dinh dua trén diéu kién dinh truéc.
Trong phuong an cua sang ché, 1am thé nao dé phan chia nut hién tai cia cdy bat
phén nho sir dung mot trong sd phan chia QT, phan chia BT, hozc phén chia OT
duoc x4c dinh dua trén mot hodc nhiéu tham s. M6t trong s6 mot hodc nhiéu
tham s6 c6 thé dugc bao hiéu trong dong bit hoic nho st dung gia tri duge cAu

hinh trudc cuc bo.

Trong phuong an cua sang ché, thong tin chiém giir thudc vé ma
chiém gitr 8 ky tu nhi phan ctia nit hién tai ctia ciy bat phan duge thu tir dong bit.
MB3i bit chiém giit twong ting véi nit con duge chiém gift cta nat hién tai cia cay
bat phéan. 4 ky tu nhi phan thudc vé& ma chiém gitr 8 ky tu nhi phan khong dugc
b4o hiéu trong dong bit khi nat hién tai ctia cdy bat phan dugc phan chia véi phan
chia QT, va 6 ky tu nhi phan thudc vé ma chiém gitt 8 ky tu nhi phan khong duoc
bao hiéu trong dong bit khi nut hién tai ctia cdy bat phan duoc phéan chia véi phan
chia BT. Theo sang ché, cling c6 thé goi mé chiém gitr 8 ky tu nhi phan nhu 1a ma
chiém gift 8-bit hodc mdi ky tw nhi phan cta ma chiém giir 8 ky tu nhi phan 1a bit.

Trong phuong &n cua sang ché, mot hodc nhiéu phan tir ¢ phap ma
chi bdo céc kich ¢& ba-chiéu (3D) ciia hdp gidi han cla 14t cia khung ddm may
diém dugc ma héa dugc thu tir dong bit. Theo phuong an cla sang ché, gia tri
ctia bién, duoc ky hiéu béi partitionSkip, ma chi rd loai phan chia va chiéu phan

chia ctia ntt hién tai cia cdy bat phan dugc xac dinh. Trong vi du cua sang ché,
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bién partitionSkip duoc biéu dién trong dang nhi phan véi ba bit tuong tUng véi
c4c chiéu x, y, va z, mot cach 1an luot, va mdi bit chi bao réng viéc ¢6 duoc thuc
hién doc theo chiéu x, y, hoic z twong tng hay khong. Theo vi du cta sang ché,
do sau trong chiéu x, y, hodc z dbi v&i nit con ctia nut hién tai cua ciy bat phan

duoc cép nhat dya trén bién partitionSkip.

Theo phuong an cua sang ché, budc khéi phuc ciy bat phan con bao
gdm thu phan tr ct phdp ma chi bao ntt hién tai cua ciy bat phan c6 mét nit con
duoc chiém gift, thu 1 ky ty nhi phan néu bién partitionSkip chi bao phan chia
BT, hodc 2 ky tu nhi phan néu bién partitionSkip chi bao phan chia QT, va x4c
dinh so dd chiém gilt ma nhan dang céc nat con dugc chiém gilt cia nat hién tai

cua cdy bat phan dya trén 1 hoac 2 ky tu nhi phan thu duoc.

Theo phuong an cta sang ché, trong xr Iy phan tich trén dong bit dé
x4c dinh phan tr ¢t phép cla so dd chiém giit ma nhan dang céc nit con dugc
chiém gitt ctia nut hién tai ctia ciy bat phén, ky tw nhi phan hoac nhiéu ky tu nhi
phan clia phan tir ci phép cua so dd chiém gift c¢6 thé duoc bd qua dua trén bién

partitionSKkip.

Theo phuong an cia sang ché, ddi voi nat con clia nit hién tai ctia
cdy bat phan dugc ma hoa trong ché do truc tiép, kich c& log2 d6i v6i mdi chiéu
X, y, va z, dugc ky hiéu dx, dy, va dz, mot cach 14n luot, d6i véi nit con dugc xac
dinh dua trén bién partitionSkip. Céc vi tri cua céac diém trong nat con dugc ma

hoa bdi ma hda do dai ¢ dinh véi (dx, dy, dz) bit, mot cach 1an luot.

Theo phuong an cua sang ché, phan tir ¢t phap duge thu tir dong bit
ma chi bdo mét trong sd cac tham s6 sau day: sb luong phan chia QT va BT an
16n nhit duoc thuc hién trude cac phan chia OT, kich ¢& nho nhét cua cac phan
chia QT va BT 4n ma ngan chin cc phan chia QT va BT 4n ctia nut khi tAt ca cac
chiéu ctia nut nhoé hon hoic br:flng kich ¢& nho nhét, hodc mitc vu tién ma chi bao
phén chia QT hodc BT 4n nao duoc thuc hién d4u tién khi ca hai phén chia QT va

BT duogc cho phép.
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Theo phuong 4n ciia sang ché, khi do sau cdy bét phan ctia nut hién
tai nho hon tham s6 K, hogc khi kich ¢& log2 nho nhét trong sb cac kich c& log2
trong céc chiéu x, y, va z cua nut hién tai béng tham sb M, loai phan chia va chiéu
phén chia dé phén chia nat hién tai cé thé duoc xac dinh theo céc diéu kién trong

Bang sau day:

Loai va chiéu

QT doc theo cac

QT doc theo cac

QT doc theo cac

phén chia

phan chia truc x-y truc x-z truc y-z
Diéu kién d, <d,=d, d, <d,=d, de < d, =d,
Loai va chiéu

BT doc theo truc x | BT doc theo trucy | BT doc theo truc z

biéu kién

d, < d,vad,

<d,

d, < d,vad,

<d,

d, < d,vad,

<d,

trong do, tham s6 K 12 s6 nguyén trong pham vi ctia 0 < K < maX(dX, dy, dz) —
min (dy, dy, d;), va xac dinh s6 14n 16n nhét cta cac phan chia QT va BT an ma
duoc cho phép trude cac phan chia OT, tham s6 M 1a sb nguyén trong pham vi
cia 0 < M < min (d,,d,, d;), xac dinh kich ¢& nho nhét ctia cac phan chia QT
va BT 4n, va ngin chén cac phéan chia QT va BT 4n clia ntt khi tit ca cac chiéu
cua nut nhé hon hoac b%mg M, va dx, dy, va dz la cac kich c& log2 cua nut hién
tai trong céc chiéu x, y, va z, mot cach lan luot. dx, dy, va dz tuong (ng véi d,,
d,, va d, trong Bang néu trén, mdt cach 1an luot. Hai ky hiéu duoc st dung hoén
ddi trong sang ché nay.

Theo phuong 4n cua sang ché, khi d6 sdu cay bét phan cua nut hién
tai nho hon tham s6 K, hodc khi kich ¢ log2 nhé nhét trong s6 cac kich ¢& log2
trong céc chiéu x, y, va z cia nut hién tai bing tham sd M, bién partitionSkip c6

thé duoc xac dinh nhu sau,

if (dx < MaxNodeDimLog?2),
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partitionSkip |= 4;

if (dy < MaxNodeDimLog?2),
partitionSkip |= 2;

if (dz < MaxNodeDimlLog2),
partitionSkip |= 1.

Bién partitionSkip dugc biéu dién trong dang nhi phan véi ba bit, va chi rd loai
phén chia va chiéu phan chia ctia niit hién tai ctia cdy bat phan. Tham s K 1a sb
nguyén trong pham vi cia 0 < K < max(dx, dy, dz) — min (dy, dy, d;), va xac
dinh s6 1an phén chia QT va BT 4n 16n nhéat ma dugc cho phép truée cic phan
chia OT. Tham s6 M 1 s6 nguyén trong pham vi ctia 0 < M < min (dy, dy, d,),
xéc dinh kich c¢& nhé nhét clia cac phan chia QT va BT an, va ngan chan cic phan
chia QT va BT 4n ctia nat khi tAt ca céc chiéu ctia nat nhd hon hoic béng M. dx,
dy, va dz la cac kich c¢& log2 cta nut hién tai trong cac chiéu x, y, va z, mot cach
1An luot. MaxNodeDimLog? biéu dién kich c& log2 16mn nhét trong sb dx, dy, va
dz. Toan tir |= biéu dién toan tir hodc (OR) ddo bit phirc hop.

Theo phuong an ctia sdng ché, c& 6 thé thu dugc tir dong bit ma chi
béo rang viéc phan chia hinh hoc 4n dugc cho phép dbi vai chudi clia cac khung
dam may diém hodc lat ctia khung dam may diém duoc ma héa. Theo phuong 4n
cua sang ché, ché do phéng duoc xac dinh 1a khong kha dung tai chiéu x, y, hoac
z trong d6 viéc phan chia khong duogc thuc hién dbi véi nat hién tai. Theo phuong
4n cla sang ché, xir 1y phan tich chiém gitt cay bat phan hinh hoc dugc thuc hién
trong d6 d6i ky tu nhi phan ma c6 chi sb ctia binldx trong ma chiém gitt, bién
binIsInferred dugc thiét 1ap theo nhu sau: (a) néu mot trong s6 céc diéu kién sau
day 1a dtng, binIsInferred dugc thiét 1ap bang 1: (1) bién NeighbourPattern bang
0 va sd lugng 1-valued ky tu nhi phén dugc giai ma trude d6 nho hon hodc b%mg
(binldx + minOccupied — maxOccupied), hodc (2) bién NeighbourPattern khong
bang 0, binldx bang maxOccupied-1 va cac gia tri cta tat ca cac ky tu nhi phan

dugc giai ma trude do bang 0, trong d6 minOccupied=2, va maxOccupied=8 néu
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phén chia OT dugc ap dung, maxOccupied=4 néu phan chia QT duoc 4p dung,
maxOccupied=2 néu phan chia BT duoc 4p dung, va (b) néu khong phai, néu mét
trong s6 cac didu kién néu trén khong phai ding, binlsInferred dugc thiét 1ap bang

0.

Theo phuong 4n cia sang ché, tham sd K va tham s6 M duoc su
dung. Tham s6 K chi bao s6 luong phén chia QT va BT 4n 16n nhét trude cac
phéan chia OT, va tham s M chi bdo kich c¢& nhé nhét ctia cac phan chia QT va
BT 4n ma ngin chin cc phan chia QT va BT 4n cia nat khi tit ca cac chiéu cla
nut nho hon hoac béng kich ¢& nhé nhat. Cac tham sd K va M c6 thé dugc cap
nhat theo: (a) néu K 16n hon do chénh léch gifta chiéu log2 nit gbc 16n nhat va
chidu log2 nit gbc nhé nhét cia lat, K duge thay doi thanh do chénh léch gitta
chiéu log2 nut gbc 16n nhét va chiéu log2 nut gbc nhé nhat cua l4t; (b) néu M 16n
hon chiéu log2 nat gdc nho nhét cta lat, M dugc thay doi thanh chiéu log2 nat
gbc nhé nhét cua lat; (c) néu chiéu log2 nut g 16n nhét va chiéu log2 nit gbc
nho nhit cta lat bang nhau, M dugc thay dbi thanh 0; va (d) néu ché d6 hén hop
tam giac phi két ndi (trisoup) dugce cho phép, K duge thay doi thanh do chénh léch
‘gifra chiéu log2 nut gbc 16n nhit va chidu log2 nat gbc nhé nhét cua lat, va M
duoc thay dbi thanh chidu log2 nut gbc nhod nhét cua lat. Luu ¥ rang chidu log2
nat hdn hop tam giac phi két ndi can khong 16n hon chiéu log2 nut gbc nho nhét

cua lat.

Céc khia canh cua sang ché dé xuét thiét bi giai ma hinh hoc dam
may diém. Thiét bi nay c6 thé bao g6m hé mach c6 cAu tric dé thuc hién phuong
phap theo phuong phap giai ma hinh hoc dam may diém néu.

Céc khia canh cua sang ché dé xuét phuong tién bét bién doc dugc
bdi may tinh ma luu trit cde 1énh ma, khi dugc thuc thi boi bo xu ly, lam cho bo

x1 1y thuc hién phuong phap gidi ma hinh hoc ddm may diém.
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Mo ta van tat cac hinh vé

Céc phuong an cla sang ché ma dugc dé xuat nhu la cac vi du s€
dugc mo ta chi tiét cd vién dan téi cac hinh vé& kém theo, trong do cac so chi dan

gidng nhau ky hiéu cdc bd phan gidng nhau, va trong dé:

FIG.1 thé hién 1a xtr 1y phéan chia d& quy theo phuong 4n cua séng

FIG.2 thé hién xu 1y tao muc chi tiét (LOD-level of detail) theo
phuong &n cua sang ché.

FIG.3 thé hién bé méa hoa vi du theo phuong 4n cla séang ché.

FIG.4 thé hién bd giai ma vi du theo phuong an clia sng ché.

FIG.5 thé hién phan chia cdy bat phan trong khong gian ba chiéu
(3D).

FIG.6 thé hién vi du vé phan chia cdy bat phan (OT) hai mirc va cac
ma chiém giit tuong tng.

FIG.7 thé hién chudi dém may diém ma c6 cac thanh phan co ban
trong cac chiéu x vay.

FIG.8 thé hién cac vi du vé& cac phén chia ciy t& phan (QT) trong
khong gian 3D theo phuong 4n cua sang ché.

FIG.9 thé hién cac vi du vé cc phan chia cdy nhi phan (BT) trong
khong gian 3D theo phuong 4n cua sang ché.

Céc Fig.10-13 thé hién cac khdi hai chiéu (2D) dé minh hoa bon xir
1y phan chia khac nhau dya trén céc phan chia QT va BT an.

FIG.14 thé hién cac khéi 2D dé minh hoa hé théng mé hinh kiém tra
13 (TMC13) trong d6 céc phan chia OT dugc thuc hig¢n tir hop gidi han khéi 1ap
phuong.

FIG.15 thé hién luu dd cua xi Iy giai ma hinh hoc dya trén phan chia

QT/BT dé giai ma dam may diém theo phuong 4n cla sang ché.

7
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FIG.16 thé hién hé théng may tinh dé thuc hién cac k¥ thuat giai ma
hinh hoc trong cac phuong an khac nhau.
M0 ta chi tiét sang ché

Sang ché lién quan dén viéc nén ddm may diém duya trén hinh hoc
(G-PCC). Cac k¥ thuét phéan chia cay to phan (QT) hodc cdy nhi phan (BT) an
duoc mo ta. Khi phan chia QT hoac BT an duoc ap dung, dang hinh hoc cua ddm
may diém c6 thé dugc phan chia 4n theo tap con cia tat ca cac chiéu khi céc tiéu
chuin dinh trudc duoc thoa man, thay vi phan chia theo tAt ca cac chiéu.

1. B ma hoa va bo giai ma ddm may diém

1. Dit lidu d4m may diém

Dit liéu dém may diém (hozc dam may diém) duoc st dung dé biéu
dién canh ba chidu (3D) hodc dbi tuong trong mot vai img dung hién nay nhu thuc
té 4o (VR) nhép vai/thuc té ting cuong (AR)/thuc té két hop (MR), diéu hudng
tu dong/rd-bdt, tao anh y té, va loai tuong tw. Dam may diém c6 thé bao gbm tap
hop ctia cac diém 3D riéng biét. Mdi diém dugc két hop véi tép hop cua cac toa
dd 3D ma chi bdo vi tri 3D cua diém tuong Gmg va s6 luong thudc tinh khac nhu
mau, phap tuyén bé mit, d6 mo, do phan xa, v.v trong cac phuong an khéac nhau,
dit liéu ddm may diém dau vao cé thé duoc lugng tir hoa va sau d6 duge sap xép
thanh lusi 3D cia cac didm anh ba chiéu khéi 1ap phuong ma c6 thé duge mé ta
nhd str dung céu tric dit liéu cay bat phan. Cay bat phan dugc tao diém 4anh ba
chiéu thu dugc hd tro duyét cay, tim kiém, va truy nhap ctia dit liéu dam may diém

duoc luong tr héa.

Khung d4m may diém co thé bao gdm tap hop cia cac diém 3D tai
thoi didm cu thé. Cac khung ddm may diém c6 thé duoc st dung dé khéi phuc
d6i twong hodc canh nhin nhu 14 thanh phin ctia cac diém nay. Ching cé thé dugc
chup nho st dung cac camera va cac bo cam bién d6 sau trong cac thiét 1ap khac
nhau, va cé thé duoc tao thanh tir hang nghin va tham chi hang ty diém dé biéu
dién thue té cac canh duoc khoi phuc. Chudi cua cac khung ddm may diém c6

thé duogc goi la ddm may diém. Téap hop cia cac toa do DPé-cac duoc két hop voé1

8
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céc didm 3D cua khung ddm may diém c6 thé duoc goi 1 dang hinh hoc ctia cac

diém 3D nay.

Céc k§ thuét nén 1a can thiét dé lam giam luong dit liéu duoc yéu
cau dé biéu dién ddm may diém (vi dy, chudi ctia cic khung dém may diém).
Theo d6, cac k§ thuat 1a can thiét dé nén c6 ton hao cic dam may diém dé str dung
trong truyén thong thoi gian thuc va thyuc té 40 su muc do tu do (6 DoF). Ngoai
ra, cac k¥ thuat dugc yéu cAu cho nén ddm may diém khéng ton hao trong ngit
canh cua 4nh xa ddng dung cho 14i xe tu dong va cac ung dung di san vin hda,
v.v. Ngoai ra, cac tiéu chuéan la can thiét dé giai quyét viéc nén ctia dang hinh hoc
va cac thudc tinh (vi du, cdc mau va d6 phan xa), ma hoéa co6 kha nang bién d6i ty
18/lity tién, mi héa clia cac chudi ddm may diém dugc thu theo thoi gian, va truy

nhip ngau nhién tdi cac tdp con cua ddm may diém.
2. Luong tir hda céc toa do

Theo phuong an cla sang ché, cac toa do cua cac diém trong dit lidu
dam may dAu vao c¢6 thé duoc luong tir hoa dau tién. Vi du, cac gié tri sé thuc
cua cac toa do co thé duoc lugng tir hda thanh céc gia tri nguyén. Sau khi luong
t héa, nhiéu hon mot diém c6 thé chia sé vi tri gidng nhau trong mot vai diém
anh ba chiéu. Céc diém sao chép nay, mot cach tiy chon, co thé duoc hop nhét
thanh mot diém.

3. M3 hoa hinh hoc dua trén cdy bat phan

FIG.1 thé hién xir Iy phan chia dé quy 100 theo phuong an cla sang
ché. Xu 1y 100 co thé dugc thuc hién détaora cAu tric cay bat phan dé biéu dién
cac vi tri cua tap hop cac diém trong dam may diém. Nhu duoc thé hién, hop gidi
han duogc can thang theo truc khéi 1ap phuong 101 ma chira tap hop cla cac diém
dugc xac dinh dau tién. Sau do, hop gidi han 101 dugc phéan chia dé quy dé xay
dung cAu tric cdy bat phan. Nhu dugc thé hién, tai moi téng, khdi 1ap phuong
hién tai c6 thé duoc phan chia thanh 8 khéi lap phuong con. Ma 8-bit, duoc goi
12 ma chiém gift, ¢6 thé dugc tao ra dé chi bao rang mdi 8 khéi lap phuong con c6

chira cac diém hay khong. Vi du, mdi khéi lap phuong con dugc két hop véi gia
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tri 1-bit. Néu khéi 1ap phuwong con dugc chiém giit, khéi lap phuong con tuong
ung co6 gié tri bit bang 1; néu khong phai, khéi 14p phuong con twong tng cé gid
tri bit béng 0. Céc khdi 1ap phuong con dugc chiém gilr c6 thé duoc phan chia
cho dén khi dat t&i kich ¢ ctia cac khoi 1ap phuong con nho nhét dinh truée. Khoi
14p phuong con c6 kich ¢& nho nhét 12 diém anh ba chiéu tuong tng véi cdu tric
cdy bat phan. Nho do, chudi ctia cic ma chiém gift co thé duoc tao ra, va sau do
duge nén va duoc truyén tir bd ma héa téi bo gidi ma. Bing cach giai ma cac ma
chiém giit (vi du, thuc hién xtr Iy giai ma ciy bat phan), bd giai ma c6 thé thu nhan
cAu trac cdy bat phan tuong tu nhu bd ma hda, hodc udce lugng clia cAu trac cay

bat phan.
4. Truyén thudc tinh

Theo két qua ctia xir Iy tao hodc ma hda cdy bat phan, tai phia bd ma
héa, khéi 14p phuong con c¢é kich ¢& nhd nht c6 thé chira nhidu hon mét diém.
Do dé, vi tri tuong tng véi diém anh ba chiéu (vi du, trung tAm cua khéi 1ap
phuong con tuong Umg) co6 thé tuong g v6i nhiéu tap hop thude tinh tir nhiéu
diém. Trong trudng hop nay, theo phuong an clia sang ché, xir 1y truyén thudc
tinh c¢6 thé duoc thuc hién dé xac dinh mét tap hop cla cac thudce tinh dua trén
nhidu tap hop thudc tinh déi v6i diém anh ba chiéu tvong Gng. Vi dy, thude tinh
trung binh cua tép con cua cac diém 14an can gén nhét c6 thé dugce st dung nhu la
thudc tinh cia diém anh ba chidu tuong tmg. Céc phuong phap khac nhau ¢6 thé

duoc st dung trong cac phuong an khac nhau nhim muc dich truyén thudc tinh.
5. Tao muec chi tiét (LOD-Level of Detail)

FIG.2 thé hién a x1 Iy tao muc chi tiét (LOD-level of detail) 200 theo
phuong 4n cua sang ché. Xu Iy 200 co thé duge thuc hién trén cac vi tri duoc
luong tr hoda (vi du, cac vi tri diém anh ba chiéu) c6 thir tu theo xtr Iy gidi ma cay
bat phan. D6i véi két qua cua xtr ly 200, cac diém c6 thé duoc tai t6 chic hodc
tai sip xép thanh tip hop clia cdc muc tinh chinh. X 1y 200 c6 thé duoc thuc

hién ddng nhét tai bd ma héa va bd giai ma. Xir ly ma héa thudc tinh tiép theo c6
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thé duoc thuc hién tai bé mi hoa hoic bd giai ma theo thtr tu dugc xéac dinh boi

xtr ly 200 (duoc goi la th tu dua trén LOD).

Cu thé, FIG.2 thé hién ba LOD: LODO0, LOD1, va LOD2. Khoang
cach Oclit, d0, d1, hoac d2, cé thé duoc chi 6 dbi véi LODO, LOD1, va LOD2,
mot cach 1an luot. Tap con cua céc diém P0-P9 dugc chira trong mdi LOD. Cac
khoang cach gifta mdi cip diém trong LOD tuong ting 16n hon hodc bang khoang
cach Oclit tuong tmg. Céc khoang cach Oclit ¢6 thé dugc sap xép theo cach ma
d0>d1>d2. Theo cach sip xép nay, muc tinh chinh cao hon bao gbm it diém hon
ma cach xa nhau hon, va cung cip biéu dién tho hon ctia dam may diém, trong
khi mtrc tinh chinh thip hon bao gém nhiéu diém gén nhau hon, va cung cip biéu
di&n tinh hon cta ddm may diém.

Theo két qua cia xtr Iy tao LOD 200 néu trén, cac diém trong thu tu
gbc (tht tw giai ma cdy bat phan) tir PO dén P9 c6 thé duoc t6 chirc lai thanh thi
tu dua trén LOD: PO, P5, P4, P2, P1, P6, P3, P9, P8, va P7.

6. Du doan cac thudc tinh

Céc thudc tinh duge két hop voi dam may diém c6 thé dugec m3 hoa
va duoc gidi ma trong thit ty duge xac dinh boi xtr Iy tao LOD. Vi du, theo lan
luot ting diém, trong thtr tu dua trén LOD, du doan thudc tinh cua mdi diém hién
tai (diém dang dugc xtr ly) co thé duge xac dinh b??mg cach thuc hién xu ly du
doan thudc tinh tai bd ma hda va/hodc bd giai ma. X ly du dodn thudc tinh twong

tu c6 thé dugce thuc hién tai bd ma hda va bo giai ma.

Vi du doan thudc tinh thu dugce, tai b ma hda, tin hiéu du co6 thé
duoc taora béng céach trir gid tri du doan thugc tinh tir gié tri thudc tinh géc tuong
ung cua diém hién tai. Sau do, tin hiéu du c6 thé, mét cach riéng biét hozc két
hop véi cée tin hidu du khac, duge nén tiép. Vi du, cac hoat dong bién dbi va/hodc
luong tir héa c6 thé dugce thuc hién, va duge theo sau boi ma héa entropy cuia cac
tin hiéu thu dugc. Tin hiéu du dugc nén co thé dugc truyén té1 bd ma hda trong

dong bit.
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Tai b giai ma, tin hi€u du cé thé dugc khoi phuc béng cach thuc
hién nghich dao cua xt ly ma hoéa tai bo ma hoa dé ma hoa tin hiéu du. Véi du
doan thudc tinh thu duoc va tin hiéu du dugce khoi phuc tuong Umg voi diém hién
tai, thuoc tinh dugc khoéi phuc cuia diém hién tai c6 thé thu dugc. Theo cach tuong
tu, hoat dong khoi phuc nay co thé dién ra tai bd ma hda dé thu nhén thudc tinh
dugc khoi phuc.

Céac k¥ thuat du doan thugc tinh khac nhau cé thé duoc st dung trong
cac phuong an khac nhau dé xé4c dinh dyu doan thudc tinh. Thong thuong, du doan
thudc tinh cua diém hién tai dugc thuc hién nho st dung cac thudc tinh duogc khoi
phuc truée d6 cta cac diém lan can diém hién tai. Khi xi ly du doén thudc tinh
duoc bit diu, dua trén tht tu dua trén LOD, céc gia tri thude tinh duge khoi phuc
clia cac diém trude diém hién tai da 1a kha dung. Ngoai ra, tir xir ly ma héa hodc
giai ma cdy bat phén, cac vi tri (cac toa do 3D) cua cac diém trong dam may diém
cling 1a kha dung. Do d9, xtr ly du doan thudc tinh c6 thé duoc thuc hién voi su
nhan biét cua cac thudce tinh dugce khoi phuc va céc toa do 3D cua cac diém lan
can cua diém hién tai.

Vi dy, tap hgp cua cac diém 14n c4n cua diém hién tai c6 thé dau tién
duoc x4c dinh nho st dung cdc thuét toan khac nhau. Trong mot vi dy, xur Iy tim
kiém dua trén céu tric cay k-d co thé dugc thuc hién dé xac dinh tap hop cia cac
diém gan nhat v6i diém hién tai.

Vi du, phuong phap dua trén khoang cach hinh hoc va/hoac khoang
cach thudc tinh duoc st dung dé xac dinh du doan thudc tinh. Thudc tinh du doan
c6 thé dugc xéc dinh dua trén téng co trong s6 (hodc trung binh c6 trong s6) cua
cac thudc tinh dugc khoi phuc cuia tap hop céac diém 1an can duoc xéac dinh tai bd
ma hoa hodc bd giai ma. Vi du, véi tap hop cua cac diém 1an can duoc xac dinh,
téng c6 trong sb (hodc trung binh cé trong s8) ctia cac thude tinh dugc khdi phuc
ctia cac diém 1an can dugc x4c dinh c6 thé dugc xac dinh 1a thudc tinh du doén tai
bé ma hoa hodc bd giai ma. Vi du, trong sb duge st dung trong k¥ thuét dua trén

tdng c6 trong s (cling dugc goi 12 k§ thuét dua trén ndi suy) co thé 1 nghich dao
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cia (hodc ty 1€ nghich) khoang cach hinh hoc, hodc khoang cach thudc tinh. Ngoai
ra, trong sb c6 thé 1a trong s6 hai chidu thu dugc tir két hop cta trong s6 dua trén
khoéang cach hinh hoc (trong s6 hinh hoc) va trong s6 dua trén khoang cach thudce
tinh (trong s6 thudc tinh).

Vi du, phuong phap dua trén méo ty 1¢ (RD-rate-distortion) duoc sur
dung dé xé4c dinh du doan thudc tinh. Vi du, chi sd ung vién co thé dugc két hop
v6i mdi gié tri thudc tinh duge khoi phuc cia tap hop céac diém 1an cén tai bd ma
héa hodc b giai ma. Tai bd ma hoa, xtr ly dua trén t8i uu héa RD ¢ thé duoc
thuc hién dé danh gia gia tri nao trong s6 cac gia tri thudc tinh dugc khoi phuc
ung vién cua cac diém 1an can 1a lua chon tét nhit can dugc str dung nhu 13 du
doan thudc tinh. Vi du, dd méo c6 thé duge do luong boi d6 chénh 1&ch gitta gid
tri thude tinh gbe (hodc ding) clia diém hién tai va du doan tmg vién (gia tri thudc
tinh dugc khoi phuc ing vién). Ty 1€ cé thé 13 gid tri ma héa chi s6 cua du doan
ung vién duoc lya chon. Ham gia tri RD La-rang c6 thé duoc dinh nghia dé xac
dinh Grng vién tin hiéu du doan t6t nhat. Chi sb tng vién ciia du doan tmg vién

duoc lua chon ¢6 thé nho d6 dugce bao hiéu téi bd giai ma.

Do d6, bd giai ma c6 thé dau tién xac dinh tip hop gidng nhau ctia
cac didm 1an cin cta diém hién tai twong tmg, va két hop chi sd t6i cac gia tri
thudc tinh dugce khoi phuc ctia cung tap hop cua diém lan cén theo cach thirc twong
tu nhu phia bd ma héa. Sau d6, bo giai ma co thé xé4c dinh du doan thudc tinh tur
cac gia tri thudce tinh dugce khdi phuc cua cac diém 14n can nho st dung chi sb ung

vién duogc bao hiéu.
7. Céc vi du hé thong ma hoa dé nén dam may diém

FIG.3 thé hién bd ma héa 300 vi du theo phuong 4n ctia sang ché.
B0 mai hoa cé thé ¢6 cAu tric dé thu dit liéu dam may diém va nén dir liéu dam
may diém dé tao ra dong bit ma mang dt liéu ddm may diém duoc nén. Theo
phuong 4n cua sang ché, bé ma hoéa 300 ¢ thé bao gém a modun lugng tr hoa vi
tri 310, modun loai bé cac diém tring 1dp 312, médun ma hoéa cay bat phan 330,

modun truyén thudc tinh 320, mddun tao LOD 340, modun du doan thudc tinh
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350, modun lugng tr hoa phﬁn du 360, modun ma hoa s6 hoc 370, mddun lugng
tr héa phan du nguoc 380, mddun céng 381, va bo nhé 390 dé luu trit cac gid tri

thudc tinh dugc khoi phuc.

Nhu duoc thé hién, dam may diém diu vao 301 ¢6 thé duoc thu nhan
tai bd ma hda 300. Cac vi tri (cac toa dd 3D) ciia ddm may diém 301 duge cép
t6i modun luong tr hdéa 310. Modun lugng tir hda 310 co6 cau tric dé luong tr
hoda cac toa do dé tao cac vi tri duoc luong tir hda. Mddun loai bo cac diém trung
lap 312 tuy chon co cAu tric dé thu cac vi tri dugce lugng tir hoa va thuc hién xtr
ly loc dé nhan dang va loai bo cac diém trang 1ap. Modun mi héa cy bat phan
330 ¢6 chu trac dé thu céc vi tri dugce loc tir mddun loai bo céc diém trung lap, va
thuc hién xtr Iy ma hoa dya trén cdy bat phan d8 tao ra chudi clia cac mi chiém
gilt ma mo ta ludi 3D cua cac diém anh ba chiéu. Cac ma chiém gitt dugc cap t6i
moédun ma hoa s hoc 370.

Mo6dun truyén thudc tinh 320 co cAu tric dé thu cac thude tinh cua
dam may diém dau vao, va thuc hién xt ly truyén thudc tinh dé xac dinh gi tri
thudc tinh déi véi mdi diém anh ba chidu khi céc gia tri thudc tinh dugc két hop
v6i diém anh ba chiéu twong tmg. Xt Iy truyén thudc tinh c6 thé dugc thuc hién
trén cac diém duoc sip xép lai duoc xuét ra tr modun ma hoéa cay béat phan 330,
Céc thudc tinh sau cac hoat dong truyén dugc cap t6i mddun du doan thude tinh
350. Mbdun tao LOD 340 c6 cdu triic dé hoat dong trén cic diém duoc sap xép
lai duoc xuét ra tr médun ma hoa cay bat phan 330, va td churc lai cac diém thanh

cac LOD khac nhau. Thong tin LOD dugc cép td1i modun du doan thudc tinh 350.

Modun du doan thudc tinh 350 xi 1y cac diém theo thtr tu dua trén
LOD duogc chi b4o béi thong tin LOD tir moédun tao LOD 340. M6dun dy doan
thudc tinh 350 tao ra du doan thudc tinh déi véi diém hién tai dua trén cac thude
tinh duoc khoi phuc cta tap hop céc didm 14n cén cta diém hién tai dugc luu trit
trong bd nhd 390. Sau do, cac ph?ln du du doan c¢6 thé duogc thu nhan dua trén
cac gia tri thude tinh géc thu duoc tir moédun truyén thudc tinh 320 va cac du doan

thudc tinh duoc tao ra cuc bd. Khi céc chi s6 tng vién duogc st dung trong xu ly
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du doén thudc tinh twong tng, chi sd tvong tng véi tng vién du doan duoc lua

chon c6 thé dugc cap tdi médun ma hoa s hoc 370.

Moédun luong tir héa phan du 360 o cau tric dé thu cac phan du du
doan tr modun du doéan thudc tinh 350, va thuc hién viéc lugng tir hoa dé tao ra
cac phan du dugc luong tir héa. Cac phan du duoc lugng tir héa duoc cap t6i

modun ma hoa s hoc 370.

Moédun luong tir héa phan du ngugc 380 6 chu tric dé thu cac phan
du duoc lugng tir hda tr modun lugng tir hoa phén du 360, va tao ra cac phén du
du doan dugc khoi phuc béng cach thuc hién nghich dao cia cac hoat dong luong
tir hda duogc thuc hién tai modun lugng tir hda phﬁn du 360. Modun cong 381 co
cAu trac dé thu céc phﬁn du du doan dugc khoi phuc tr modun lugng tir hda phén
du ngugc 380, va cac dy doan thudc tinh twong ting tir mddun du doan thude tinh
350. Bang cach két hop céc phan du du doan duge khdi phuc va cac du doan
thuoc tinh, cac gia tri thudc tinh dugc khoi phuc duge tao ra va duoc luu trit toi

bo nhé 390.

Mobdun ma héa s hoc 370 ¢6 céu trac dé thu cac ma chiém gitt, cac
chi s tmg vién (néu dugc st dung), cac phan du duoc luong tir hoa (néu duoc tao
ra), va thong tin khac, va thuc hién ma hoa entropy dé nén tiép cac gia tri hoac
thong tin thu duge. Két qua 1, dong bit 302 dugc nén ma mang thong tin dugc
nén c6 thé dugce tao ra. Dong bit 302 ¢ thé duogc truyén, hodc néu khong dugc
cép, t6i bod giai ma ma giai ma dong bit dugc nén, hodc c6 thé duoc luu trix trong
thiét bi luu trir. Dong bit c6 thé lién quan dén chudi cua céc bit ma tao ra biéu
dién ctia cac khung ddm may diém duoc ma héa. Khung dam may diém dugc ma

hoa c6 thé lién quan dén biéu dién dugc ma hoa cua khung ddm may diém.

FIG.4 thé hién bd giai ma 400 vi du theo phuong an cua sang ché.
B0 giai ma 400 c6 thé c¢6 chu tric dé thu dong bit duge nén va thuc hién giai nén
dit liéu dam may diém dé giai nén dong bit d8 tao ra dir liéu dam may diém duoc
giai mad. Theo phuong an cua sang ché, bo giai ma 400 c6 thé bao gdbm modun

giai ma s6 hoc 410, mbédun lugng t&r héa phan du ngugc 420, modun gidi ma cay
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bat phan 430, m6dun tao LOD 440, m6dun dy doan thudc tinh 450, va bo nhd 460

dé luu trit cac gid tri thudc tinh duge khéi phuc.

Nhu duoc thé hién, dong bit duge nén 401 c6 thé dugc thu nhén tai
mddun giai ma sé hoc 410. Modun giai ma s& hoc 410 ¢6 cAu tric dé giai ma
dong bit dugc nén 401 dé thu nhan cac phan du duoc lugng tir héa (néu duoc tao
ra) va cac ma chiém gift ciia ddm may diém. Modun giai ma cay bat phan 430 c6
cAu trtic dé xac dinh céc vi tri duoc khoi phuc ctia céac diém trong ddm may diém
theo céc mé chiém gitt. Mddun tao LOD 440 c6 cAu tric dé td chirc lai cac diém
thanh cac LOD khac nhau dua trén céc vi tri dugc khoi phuc, va xac dinh tha tu
dua trén LOD. Modun lugng tir hoa phﬁn du nguoc 420 co cAu tric dé tao ra cac
phﬁn du duoc khoi phuc dua trén cac phﬁn du duogc lugng tr hoa thu duogc tu

mddun giai ma so hoc 410.

Modun du doan thudce tinh 450 co cAu trac dé thuc hién xir Iy du doan
thudc tinh dé xé4c dinh cac du doan thudc tinh dbi v6i cac diém theo tht tu dua
trén LOD. Vi du, du doan thudc tinh cua diém hién tai c6 thé dugc xac dinh dua
trén cac gia tri thudc tinh dugc khoi phuc cua cac diém 14n c4n cta diém hién tai
dugc luu trit trong bd nhd 460. Modun dy doan thudce tinh 450 ¢c6 thé két hop du
doan thudc tinh voi ph?m du duogc khoi phuc tuong ing dé tao ra thudc tinh duoc
khoi phuc dbi véi diém hién tai.

Chudi cta cac thudc tinh dugc khoi phuc duge tao ra tr mddun du
doén thuéc tinh 450 cuing véi céc vi tri duge khoi phuc dugc tao ra tir médun giai
ma cay bat phan 430 tuong Ung voi ddm may diém duoc giai ma 402 ma dugc
xuét ra tir bo giai ma 400 trong mot vi du. Ngoai ra, cac thudc tinh duge khoi
phuc cling dugc luu trt vao bd nhé 460 va sau do, co thé duogc st dung dé thu
nhan cac du doan thudc tinh dbi véi cac diém tiép theo.

Trong cac phuong 4an khac nhau, b méa héa 300 va bo giai ma 400
6 thé duge thuc hién véi phe‘in cung, phén mém, hodc két hop cta chung. Viduy,
bo ma hoa 300 va bd giai ma 400 co thé duge thuc hién voi hé mach xir Iy nhu

mot hoac nhiéu mach tich hop (IC) ma hoat dong c6 hoac khong co6 phén mém,
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nhu mach tich hgp tmg dung riéng (ASIC-application specific integrated circuit),
mang cong kha trinh dang truong (FPGA-field programmable gate array), va loai
tuong tu. Theo vi du khac, bd ma héa 300 va bo giai ma 400 co thé duoc thuc
hién nhu 14 phin mém hoic vi chuong trinh bao gdm céc 1énh dugc luu trit trong
phuong tién luu trit bit bién (hogic khéng chuyén tiép) c6 thé doc dugc béi may
tinh. Céc 1énh, khi dugc thuc thi bdi hé mach xur ly, nhu mot hodc nhiéu bd xw
ly, 1am cho hé mach xt 1y thuc hién cac chirc ndng cua bd ma hoa 300 va bo giai

ma 400.

Luu ¥ rang cac bo phan trong by ma héa 300 va bd giai méa 400 c6
cAu tric dé thuc hién céc k¥ thuat khac nhau dugc boc 16 & day co thé dugc chtra
trong cac bd giai ma hodc cac bd ma héa khac ma co thé ¢6 céac ciu truc gidng
hodc khéc véi nhiing gi duogc thé hién trén FIG.3 va FIG.4. Ngoai ra, bd ma hda
300 va bo giai ma 400 co thé duoc chia trong cung thiét bi, hodc cac thiét bi riéng

biét trong cac vi du khac nhau.
II. G-PCC trong md hinh kiém tra 13 (TMC13)

G-PCC giai quyét viéc nén ciia cic ddm may diém trong ca Danh
muc 1 (cac ddm may diém tinh) va Danh muc 3 (cac diém may diém thu duoc
dong). Mo hinh kiém tra TMC13 da dugc phét trién béi Nhom chuyén gia anh
dong (MPEG) nhu 1a co s¢ dé nghién ciru cac k¥ thuat ma héa ddm may diém c6
kha ning. M6 hinh TMC13 nén riéng biét dang hinh hoc va céc thugc tinh dugc
két hop nhu mau hodc d6 phan xa. Dang hinh hoc, ma la cac toa do 3D cua cac
dam may diém, duoc ma héa boi phan chia cdy bat phan. Sau dd, cac thuge tinh
duoc nén dua trén dang hinh hoc dugc khoi phuc nho sir dung cac ky thuat du

doan va phép nang.

1. Phan chia ciy bat phan va ma hoéa thong tin chiém giit trong
phuong an TMC13 hién tai

Viéc phan chia déu cua khéi 1ap phuong 3D s& tao ra tém khéi 1ap
phuong con, ma dugc biét dén 1a phan chia cay bét phan (OT) trong nén dam may

diém (PCC-point cloud compression). Viéc phén chia OT tuong ddng véi a phan
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chia cdy nhi phan (BT) trong mot-chiéu va phan chia cdy t& phan (QT) trong
khong gian hai chidu. Viéc phan chia OT dugc minh hoa trong FIG 5, trong d6
khéi 1ap phuong 3D 501 trong dudng lién nét duge phan chia thanh tam khéi lap
phuong cé kich co bang nhau nhé hon trong duong dut nét. 4 khéi 1ap phuong
phia bén trai duoc két hop vé6i céac chi sb 0-3, trong khi 4 khéi 1ap phuong phia
bén phai duge két hop véi cac chi sd 4-7.

Trong TMC13, néu viéc ma héa giai ma hinh hoc cdy bét phan dugc
sir dung, viéc ma héa hinh hoc dién ra nhu sau. DAu tién, hdp gidi han duge can
théng theo truc khéi 1a4p phuong B dugc xac dinh boi hai diém (0,0,0) va
(29,29, 29, trong d6 29 xé4c dinh kich ¢& cia B va d dugec ma hoa trong dong bit.
Gia dinh tit ca cac diém can duogc nén nam bén trong hop gidi han B dugce xac

dinh.

Sau d6, ciu tric ciy bat phan duge xdy dung bang cach phan chia dé
quy B. Tai mbi tang, khéi 1ap phuong duoc phéan chia thanh 8 khéi lap phuong
con. Kich ¢ cua khéi 1ap phuwong con sau khi phan chia l3p lai k (k < d) lan s&
la (29-k 2d-k 2d-ky Mz 8-bit, tirc 1a ma chiém gitr, sau d6 dugc bang cach két
hop gia tri 1-bit véi moi khéi 1ap phuong con dé chi bao rang né ¢ chira cac diém
(tie 13, diy da va co gia tri 1) hay khong (tic 1a, trong va ¢6 gia tri 0). Chi cac
khéi lap phuong con day du véi kich ¢& 16n hon 1 (tic 13, khong phai cac diém
anh ba chidu) duoc phén chia tiép. Sau d6, ma chiém gitr dbi véi mdi khéi lap

phuong c6 thé dugce nén boi bd ma hoda so hoc.

Xt 1y giai ma bit diu bang cach doc tir dong bit cic chiéu cua hop
gi61 han B. Sau do, cAu triic cay bat phan gidng nhau dugc xay dung bang cach
phén chia B theo cic ma chiém giit dugc giai ma. Vidu vé phén chia OT murc va
cdc ma chiém giit tuong tmg duoc th hién trén FIG.6, trong d6 cac khéi lap

phuong va cdc nit trong mau toi chi bao ching dugc chiém gitt boi cac diem.

Nhu duge thé hién, khdi 14p phuong 601 dugc phan chia thanh 8 khoi
1ap phuong con. Véi cung phuong phép danh chi s6 duoc st dung trong FIG.S,
céc khéi 14p phuong con thtr 0 va thit 7- dugc phan tiép thanh 8 khdi 1ap phuwong
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con. Cay bat phin 610 tuong Gng vdi cac phén chia t6i khéi 1ap phuong 601 bao
gom nut gbe 611 tai mirc thir nhét. Nt gbc 611 duoc phan chia thanh 8 nit con
ma c6 thé duoc danh chi sb tir 0 dén 7. Céc nut thir 0 va tht 7 (612-613) tai murc
thtr hai con duoc phan chia thanh 16 nat con. Mt ciia nit trong cay bat phan 610
c6 thé twong ung véi s6 luong ching tir gbe t6i nut tuong tmg, va 6 thé duoc goi
14 cac d6 sdu cua cay bat phan 610. Cac do sdu 0-2 tuong Umg véi cidc muc thu
nhét dén th ba cta ciy bat phan 610 dugc chi bao trong FIG.6.

2. M4 héa cua cac mi chiém giit

M3 chiém gilt cua mdi nut c6 thé duoc nén bodi bo ma héa s6 hoc.
M3 chiém giit c6 thé duoc ky hiéu 1a S ma 14 s nguyén 8-ky tu nhi phan, va moi
ky tu nhi phan trong S chi bao trang thai chiém gift ciia mdi ntt con. Hai phuong
phép ma hoa déi véi ma chiém giir ton tai trong TMC13, tice 14, cac phuong phap
mi hoa dao bit va ma hda dao byte, va viéc ma hda dao bit dugc kich hoat mac
dinh. Céch thirc thuc hidn vidc ma héa sb hoc véi mé hinh ngit canh dé ma héa
ma chiém giit, trong d6 trang thai ngfr canh dugc khdi tao tai bét dau ctia toan bd

xtr Iy ma hoéa va duge cép nhét trong xtr ly ma hoa.

Dbi véi ma hda dao bit, tdm ky tu nhi phén trong S duoc ma hoa
trong thi tu dinh truéc trong d6 moi ky tu nhi phan duge mi héa bang cach vién
dan t6i trang thai chiém giir ctia cac nat 1an can va cdc nit con cua cac nut lan céan,

trong d6 cac nit 1an c4n nam tai cung mirc clia nut hi¢n tai.

Déi voi ma hoa dao byte, S dugec ma hda bang cach vién dan téi Bang
tra ctru thich nghi (A-LUT), ma theo doi N (vi dy, 32) ma chiém gii thuong xuyén
nhét, va bd luu trit @&m ma theo ddi M (vi dy, 16) ma chiém gilt dugc quan sat
khac cudi cling.

C0 nhi phan ma chi bao rang S ¢6 nam trong A-LUT hay khong dugc
mi héa. Néu S nim trong A-LUT, chi 36 trong A-LUT dugc mi hoa bang cach
sir dung bd ma hda sb6 hoc nhi phan. Néu S khong nam trong A-LUT, thi co nhi
phan ma chi bao rang S ¢6 nim trong bd luu trit dém hay khong duge ma hoéa.

Néu S nam trong bo luu trit dém, thi biéu dién nhi phén cua chi s6 cta no trong
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bo luu trit dém dugce ma hoa béng cach stir dung bd ma hoa s6 hoc nhi phan. Néu
khong phai, néu S khong nam trong bd Iuu trlr dém, thi biéu dién nhi phan caa S
duoc ma hoa béng cach st dung bd ma hoa sb hoc nhi phan.

Xt 1y giai ma bit dau bang cach phan tich cac chiéu cta hop gi6i han
B tir dong bit. Sau d6, cau tric ciy bat phan gidng nhau duoc xay dung bang cach

phén chia B theo cac ma chiém gitr duoc giai ma.
TI1. Phén chia hinh hoc 4n dé m3 hoa ddm may diém
1. Van dé

Trong thiét ké TMC13, hop gi6i han dugc giéi han 13 khéi lap
phuong B ma cé cung kich c& d6i vé6i tAt ca cac chiéu, va phan chia OT dugc thuc
hién ddi véi cac khéi 1ap phuong con ddy du tai mdi nit nho d6 cac khéi 1ap
phuong con dugc gidm mot nira vé kich c& cla tt ca cac chiéu. Phan chia OT
duoc thuc hién dé quy cho dén khi kich ¢& clia cac khéi 1ap phuong con dat t&i
mot hoac khong cé diém dugc chira trong céc khéi 1ap phuong con. Tuy nhién,
céch thie nay khong hiéu qua dbi véi tat ca cac truong hop, dic biét khi cac diém
khéng duoc phan bb déu trong canh 3D. Mat truong hop gi6i han 12 mat phing
2D trong khong gian 3D, trong do6 tht ca cac diém nim trén mit phang x-y va thay
déi trong truc z 14 0. Trong trudng hop nay, phan chia OT dugc thuc hign trén
khéi 14p phuong B nhur 1a diém bét dAu s& lang phi sb luong 16n cac bit dé biéu
dién théng tin chiém giit trong chiéu z, ma 1a su du thira va vo ich. Trong céc ing
dung thuc té, truong hop xAu nhat c6 thé khong xay ra thudong xuyén, tuy nhién,
thuong c6 dam may diém ma c6 hop gidi han bét dbi xtmg, ma c¢6 do dai ngan
hon trong mot vai chiéu.

Nhu duoc thé hién trén FIG.7, chudi dam may diém c6 tén
“ford 01 voxImm” dugc st dung dé kiém tra trong MPEG-PCC c¢6 c4c thanh
phﬁn co ban trong céc chiéu x va y. Thuc té, nhiéu dit liéu dam may diém duoc

tao ra tir bd cam bién Lidar c6 cung céc dac tinh.

2. Cac phan chia QT va BT an
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Céc khia canh cua sang ché dé xuat cic phuong 4n giai quyét viéc
phéan chia hop giéi han khéi phong 1ap phuong chit nhat, trong d6 khéi 1ap phuong
hoic nut trong khi phan chia c6 thé duge x4c dinh 4n 1a duoc phan chia QT hoic
BT, thay vi luén 1a OT. Céc bit chiém gitt ma chi bao théng tin chiém giit c6 thé
duoc tiét kiém tir cac phan chia QT va BT an.

D6i véi hop gidi han ma cé thé khong phai 1a khéi 1ap phuong 1y
tudng, trong mot vai trudng hop, cac nut trong cac muc khac nhau ¢6 thé khong
(hoac khong thé) duoc phén chia theo tht ca cac chidu. Néu viéc phan chia dugc
thuc hién trén tat ca ba chiéu, viéc phan chia thuong 1a phan chia OT. Néu viéc
phan chia dugc thuc hién trén hai trong sd ba chiéu, viéc phéan chia 13 phan chia
QT trong khong gian 3D. Néu viéc phén chia dugc thuc hién trén chi mot chiéu,
thi viéc phan chia 12 phan chia BT trong khong gian 3D. Céc vi du cua cac phan
chia QT va BT trong khong gian 3D duoc thé hién trén FIG.8 va FIG.9, mt cach
1an luot. P& minh hoa, cac hinh vé thé hién cac phan chia QT va BT tir khdi lap
phuong 1y twéng, nhung luu ¥ ring c6 thé dugc phan chia tir bat ky khéi lap
phuong dang chit nhat chung ma tao thanh hop gi6i han.

FIG.8 thé hién ba khdi lap phuong (801-803) dugc phan chia doc
theo cac truc (hodc cac chiéu) X-y, X-Z, va y-z, mQt cach lan luot. Céc nit con
trong moi khéi 1ap phuong (801-803) dugc gan cac chi s6 ma 13 tap con ctia 8 chi
s6 dé danh chi sb 8 nat con trong phan chia OT trong vi du trén FIG.5. Véi cac
chi sb dugc gan, cac phén chia QT véi ba chidu khac nhau c6 thé duoc biéu dién
nho st dung cac ma chiém gift trong cAu tric cay bat phan. Vi du, ma chiém gitr
ma biéu dién phéan chia QT theo céc truc x-y tdi khéi 1ap phuong 801 ¢6 thé c6
dang x0x0x0x0, trong d¢6 bit tai vi tri x c6 thé dugc st dung dé chi bao trang thai
chiém gitr (vi dy, c6 thé co gié tri 1 hodc 0). Tuong tu, mé chiém gitr ma biéu
dién phan chia QT theo céc truc x-z téi khéi 1ap phuong 802 cé thé c6 dang
xx00xx00, trong khi mé chiém gitr ma biéu dién phan chia QT theo cach truc y-z

t61 khdi 1ap phuong 803 c6 thé c6 dang xxxx0000. Nhu dugc thé hién, cac chi s
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duogc gan t6i cac khoi 14p phuong con nay ciing chi bdo céc vi tri cia cc bit tuong

rng v&i cac nit con thu dugce trong 8-bit ma chiém gitr.

FIG.9 thé hién ba khdi 1ap phuong (901-903) dugc phan chia theo
truc X, y, va z, mot cach lan luot. Theo cach thirc tuong tu v&i FIG.8, cic nat con
trong mdi khéi 1ap phuong (901-903) duge gan cac chi s6 twong Umg véi cac vi

tri trong ma chiém gifr.

Khi cac diéu kién dinh trudc dugc théa min, cac phan chia QT va
BT c6 thé duge thuc hién 4n. “An” c6 nghia rang khong cé bit bao hidu bd sung
duoc can thiét dé chi bao phan chia QT hoac BT dugc sir dung thay vi phan chia
OT. B0 giadi ma co thé x4c dinh loai (vi dy, phan chia QT hodc BT) va chiéu cta
viéc phan chia theo clng cach thirc nhu bd ma hda dua trén céac diéu kién dinh
trudc. Ngoai ra, cac bit co thé dugc tiét kiém tir phén chia QT hodc BT 4n so véi
phan chia OT khi béo hiéu thong tin chiém giir cia moi ntt con. QT yéu cau bbn
bit, ma lam giam tir tim, dé bidu dién trang thai chiém gift ctia bdn nut con, trong
khi BT chi yéu cau hai bit. Vi du, nhu trong céc vi du trén Fig.8-9, cic bit trong
m3 chiém giit twong tng véi cac chi s6 duoc gan tdi cac nit con ¢ thé dugc bao
hiéu, trong khi cac bit khac trong ma chiém gitt khong lién quan dén céc nat con
¢6 thé dugc bo qua (khdng duge bao hiéu). Do d6, ma chiém gitt ¢6 thé bao gom
cac bit duoc bd qua va céc bit duge béo hiéu khi cac phéan chia QT va BT dugce

dua vao.

Luuy rang cac phan chia QT vaBT ¢ thé duoc thuc hién trong cling
cAu truc cua phan chia OT. Lua chon ngit canh dua trén cac khoi 1ap phuong
duoc ma hda 14an can va bo ma hda entropy co thé duoc ap dung trong cac cach
thirc twong tu. Mo hinh ngit canh cua ma chiém giit tir QT hozc BT c6 thé duoc
thay dbi theo dang bét ddi xtmg clia cac nut con.

Viéc ma hoa clia cac ma chiém gilt cua cac phan chia QT va BT an
c6 thé dugc md ta nhu trong cac vi du sau day. Dau tién, mot vi du c6 thé gia
dinh rng ma chiém gitt ctia OT dugc ma hda trong thir tur clia céc chi s6 nhu duoc

thé hién trén FIG.5. Sau d6, ma chiém gilr cia phan chia QT theo cac truc x-y,
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nhu duogc thé hién trong biéu dd ngoai cing bén trai ctia FIG.8 (khéi lap phuong
801), cb thé duoc ma héa béng cach bo qua céc bit trong cac vi tri 1, 3, 5, 7, khi
ching c6 thé duoc xem 14 0 tai bo gial ma, va chi cac bit trong céé vitri 0, 2,4, 6
dugc bao hiéu. Tuong tu, dbi v&i BT theo truc x, nhu duoc thé hién trong biéu
d6 ngoai cting bén tréi ctia FIG.9 (khéi 1ap phuong 901), thong tin chiém gift trong

cac vi tri 0 va 4 ¢6 thé duoc bao hiéu, va sau bit khac cé theé dugc xem 1a 0.

Ngoai ra, TMC13 hién tai co ché d6 dac biét dé ma héa hinh hoc, ma
1a ché do truc tiép (DM-direct mode), va cho phép ma hda (x,y,z) céc vi tri trong
nut con mot cach truc tiép ma khong can cac phan chia thém. Vi dy, céc vi tri 1a
céc vi tri twong dbi so véi gbe ctia nit con v6i ma héa do dai c¢d dinh, trong dé do
dai bit duoc x4c dinh bdi chiéu ciia nit con hién tai. Do viéc phan chia an c6 thé
din dén cac nut con c6 cac kich ¢& khong bang nhau trong (X, y, z) cac chiéu, ché
d6 DM c6 thé duoc thay dbi twong tmg. Vi du, néu nat con véi kich ¢& bing
(ZdX, 24y, ZdZ) can duge mi hoa trong ché d6 DM, céc vi tri tuong dbi ctia mdi
didm trong cac nut con dugc ma hoa boi ma héa d dai c6 dinh véi (dy, dy, d,)
bit, mot cach 1an luot.

3. B4o hiéu hop gi6i han khéi phong 1ap phuong chit nhat

DAu tién, hop gidi han B khéng bi gidi han véi kich c& gidng nhau
trong tat ca cac chidu, thay vi d6, hop gi6i han ¢ thé c6 dang khdi phong 1ap
phuong chit nhét cé kich c& tuy y dé twong thich hon vé&i dang cta canh 3D hodc
cac dbi twong. Trong cic phuong an khac nhau, kich c& ctia hop gidi han B ¢6
thé duoc bidu dién 1a liy thira cta hai, tic 13, (2%, 2%,292).  d,, dy,and d, are
duoc goi la cac kich c¢& log2 cua hop giéi han. Luuy rang dy, dy, d, khong duge
gia dinh bang nhau, va c6 thé duoc bao hiéu riéng biét trong thong tin tiéu dé
chudi (vi du, tap hop tham s6 chudi (SPS)) hoic thong tin tiéu dé 14t ctia dong bit.

Ngoai ra, luu y rang kich ¢& ctia hop gi6i han B ¢6 thé 1a bét ky
céc s6 duong ma khong gi6i han & iy thira ctia hai. FIG.7 thé hién vi du v& hop
giGi han phong 1ap phuong chit nhat dé bao trum canh, trong d6 chiéu z ¢6 kich
c& nhd nhat.
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Trong Phan III cta phan md ta chi tiét clia cac phuong an, mot
vai phuong an dugc thé hién 1a céc thay dbi so véi cac tidu chuén k¥ thuat cua
phac thao vé& nén dam may diém duya trén hinh hoc, ISO/IEC 23090-9:2019(E),
giai doan WD, ISO/IEC JTC 1/SC 29/WG 11 W18179, thang 3 nam 2019.

Phuong an A

Trong mdt phuong an, cac kich c& hop gidi han cta ba chiéu ¢6
thé dwoc bao hiéu trong thong tin tiéu d& 14t hinh hoc trong dang cta log2 nhu
duoc thé hién trong Bang 1. Thong tin tiéu dé 14t hinh hoc c6 thé bao gdém cac
phan tir ct phap dugc 4p dung t6i 1at. No6i chung, 14t co thé lién quan dén mot loat
c4c phén t ¢t phap ma biéu dién mot phan hozc toan bo khung ddm may diém

dwoc ma héa. Cac diém cta lat 6 thé dugc chira trong hdp gidi han tuong g

voi lat.
Bang 1
# geometry slice header( ) { Mo ta

1 gsh geometry parameter set id ue(v)
2 gsh_tile id ue(Vv)
3 gsh_slice id ue(Vv)
4 if( gps_box_present flag ) {
5 gsh _box log2 scale ue(v)
6 gsh_box_origin x ue(Vv)
7 gsh_box origin y ue(v)
8 gsh_box origin z ue(v)
9 }
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10* gsh_log2 max nodesize x ue(Vv)
11* gsh_log2 max nodesize y ue(v)
12% gsh log2 max nodesize z ue(v)
13 gsh points_number ue(v)
14 byte alignment( )

15 }

Ct phap théng tin tiéu d& 14t hinh hoc trong Bang 1 dugc cai bién

bang cach cong cac phan tir ¢t phap sau day tai cac hang 10-12:

gsh log2 max_nodesize x chi rd kich ¢& hdp gi6i han trong

chiéu x, tirc 13, MaxNodesizeX ma duoc sir dung trong x{r ly giai ma nhu sau:
MaxNodeSizeX = 2gsh_logz_max_nodesize_x.
MaxNodeSizeLog2X = gsh_log2_max_nodesize_x.

gsh log2 max_nodesize y chi rd kich c¢& hop giéi han trong

chiéu y, tc 13, MaxNodesizeY ma dugc st dung trong xu ly gidi ma nhu sau:
MaxNodeSizeY = 2gsh_logZ_max_nodesize_y.
MaxNodeSizeLog2Y = gsh_log2_max_nodesize_y.

gsh log2 max_ nodesize z chi rd kich ¢& hop giéi han trong

chiéu z, tc 1a, MaxNodesizeZ ma dugc st dung trong xt ly giai ma nhu sau:
MaxNodeSizeZ = ngh_logz_max_nodesize_z'
MaxNodeSizeLog2Z = gsh_log2_max_nodesize_z.
Phuong 4n B

Trong phuong an khéc, cac kich ¢ cua ba chiéu c6 thé duogc bao
hiéu trong thong tin tiéu dé lat hinh hoc trong dang cua log2. Thay vi bao hiéu ba

gia tri mot cach doc 1ap, co thé bao hiéu bai cac d6 chénh 1éch cia ching nhu sau.
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Bang 2

# geometry slice header( ) { MG ta
1 gsh_geometry parameter_ set_id ue(v)
2 gsh tile id ue(v)
3 gsh_slice id ue(v)
4 if( gps_box_present_flag ) {
5 gsh box log2 scale ue(v)
6 gsh box origin X ue(v)
7 gsh box origin y ue(v)
8 gsh box origin z ue(Vv)
9 }
10* gsh log2 max_ nodesize X ue(v)
11%* gsh log2 max nodesize y_minus_x se(v)
12* gsh log2 max_nodesize_z minus_y se(V)
13 gsh_points number ue(v)
14 byte alignment( )
15 }

Cu phap thong tin tiéu dé 14t hinh hoc trong Bang 2 dugc cai bién

bang cach cong cac phan tir cti phap sau ddy tai cac hang 10-12:

gsh log2 max_nodesize x chi rd kich ¢& hop gi6i han trong

chidu x, tc 1a, MaxNodesizeX ma duge s dung trong xtr ly giai ma nhu sau:
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MaxNodeSizeX=2gsh log2 max nodesize X.
MaxNodeSizeLog2X = gsh_logZ_max_nodesize_x.

gsh log2 max_nodesize y minus_x chi rd kich ¢& hdp giéi han
trong chiéu y, tirc 13, MaxNodesizeY ma dugc st dung trong xt ly giai ma nhu

sau:

MaxNodeSizeY =

2gsh_logz_max_nodesize_y_minus_x+gsh_log2_max_nodesize_x
MaxNodeSizeLog2Y = gsh_log2_max_nodesize_y_minus_x +

y
gsh_log2_max_nodesize_x.

gsh log2 max_nodesize z minus_y chi rd kich c¢& hop gi6i han
trong chiéu z, tac 1a, MaxNodesizeZ ma dugc sir dung trong xr ly giai ma nhu
sau:

MaxNodeSizeZ =

2 gsh_log2_max_nodesize_z_minus_y+MaxNodeSizeLog2Y

MaxNodeSizeLog2Z = gsh_log2_max_nodesize_z_minus_y +

MaxNodeSizeLog2Y.
Phuong an C

Trong phuong 4n khdc, cic kich ¢& ctia ba chiéu c6 thé duoc bao

hiéu trong thong tin tiéu d2 14t hinh hoc béi céc vi tri Pé-cac cia ching nhu sau.

Bang 3
# geometry slice header( ) { Mo ta
1 gsh geometry parameter_set id ue(v)
2 gsh tile id ue(v)
3 gsh_slice id ue(v)
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4 if( gps_box_present flag ) {

5 gsh _box log2 scale ue(v)
6 gsh box_ origin x ue(v)
7 gsh_box origin y ue(v)
8 gsh box_origin z ue(Vv)
9 }

10* gsh _max_nodesize x ue(v)
11* gsh_max_nodesize y ue(v)
12% gsh _max_nodesize z ue(v)
13 gsh_points_number ue(v)
14 byte alignment( )

15 }

bang céch cong cac phan tir ct phép sau day tai cdc hang 10-12:

tire 13, MaxNodeSizeX ma dugc st dung trong xtr ly gidi ma nhu sau:

MaxNodeSizeX = gsh_max_nodesize_x.

MaxNodeSizeLog2X = ilog2(MaxNodeSizeX).

28/123

Cu phéap thong tin tiéu dé 14t hinh hoc trong Bang 3 dugc cai bién

gsh max_nodesize x chi rd kich ¢& hdp gidi han trong chiéu x,

trong do6 ilog2(v) tinh toan sd nguyén nhé nhit ma 1én hon hozc bang log2 ctia v.

tic 14, MaxNodeSizeY ma duoc st dung trong xu ly gidi ma nhu sau:

MaxNodeSizeY = gsh_max_nodesize_y
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MaxNodeSizeLog2Y = ilog2(MaxNodeSizeY).

gsh max_nodesize z chi rd kich c¢& hop giéi han trong chiéu z,

tic 13, MaxNodeSizeZ ma duoc st dung trong xur ly giai ma nhu sau:

hiéu trong thong tin tiéu dé 14t hinh hoc béi céc vi tri Pé-cac cia ching trir di 1

MaxNodeSizeZ = gsh_max_nodesize_z.

MaxNodeSizeLog2Z = ilog2(MaxNodeSizeZ).

Phuong én D

Trong phuong an khéc, cac kich ¢& cia ba chiéu c6 thé dugc bao

nhu sau.
Bang 4
# geometry slice header( ) { Mo ta

1 gsh_geometry parameter_set_id ue(v)
2 gsh_tile 1d ue(v)
3 gsh_slice id ue(v)
4 if( gps_box present flag) {
5 gsh _box log2 scale ue(v)
6 gsh_box origin x ue(v)
7 gsh box_origin y ue(v)
8 gsh _box origin z ue(v)
9 }
10* gsh max nodesize x_minus_one ue(v)
11* gsh max_nodesize y_minus_one ue(Vv)

29




44878 30/123

12% gsh_max_nodesize z minus_one ue(v)
13 gsh_points_number ue(v)
14 byte alignment( )

15 }

Ci phap théng tin tiéu dé 1at hinh hoc trong Bang 4 dugc cai bién

bang cach cong cac phén tir ¢t phap sau day tai cac hang 10-12:

gsh max_nodesize x minus_one chi rd kich c¢& hop giéi han
trong chiéu x, trc 1a, MaxNodeSizeX ma dugc sir dung trong xu ly giai ma nhu

sau:
MaxNodeSizeX = gsh_max_nodesize_x_minus_one + 1.
MaxNodeSizeLog2X = ilog2(MaxNodeSizeX).

gsh max_nodesize y minus_one chi rd kich ¢& hop gioi han
trong chiéu y, tirc 1a, MaxNodeSizeY ma dugc st dung trong xt ly giai ma nhu

sau:
MaxNodeSizeY = gsh_max_nodesize_y_minus_one + 1.
MaxNodeSizeLog2Y = ilog2(MaxNodeSizeY).

gsh max_nodesize z minus_one chi 16 kich ¢& hdp gidi han
trong chiéu z, tic 13, MaxNodeSizeZ ma duoc st dung trong xu ly giai ma nhu

sau:
MaxNodeSizeZ = gsh_max_nodesize_z_minus_one + 1.
MaxNodeSizeLog2Z = ilog2(MaxNodeSizeZ).
Phuong an E

Trong phuong an khac, chi mot trong s6 ba chidu cho phép c6

kich c¢& khac nhau. Trong trudong hop nay, cac kich c& cta cac chiéu x vay la
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gidng nhau, va chiéu z c6 thé khac nhau, do d6 hai gia tri dugc bdo hiéu trong

thong tin tiéu dé 14t hinh hoc trong dang ctia log2 nhu sau.

Bang 5

# geometry slice header( ) { MO ta
1 gsh _geometry parameter set id ue(v)
2 gsh tile id ue(v)
3 gsh_slice id ue(v)
4 if( gps_box_present_flag ) {
5 gsh box log2 scale ue(v)
6 gsh box origin x ue(v)
7 gsh_box origin_y ue(v)
8 gsh _box_origin z ue(v)
9 }
10* gsh log2 max nodesize X y ue(v)
11%* gsh log2 max nodesize z ue(v)
12 gsh_points_number ue(v)
13 byte alignment( )
14 }

bang cach cong cac phén tir ¢t phép sau day tai cdc hang 10-11:

Cu phép thong tin tiéu dé 14t hinh hoc trong Bang 5 duoc cai bién
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gsh log2 max_nodesize x y chi rd kich c¢& hop gidéi han trong
cac chidu x vay, tic 13, MaxNodesizeX va MaxNodesize Y ma dugc str dung trong
xur 1y giai ma nhu sau:
MaxNodeSizeX = MaxNodeSizeY = 28sh-log2-max_nodesize Xy

MaxNodeSizeLog2X = MaxNodeSizeLog2Y =

gsh_log2_max_nodesize_x_y.

gsh log2 max_nodesize z chi rd kich ¢& hdp gidi han trong

chiéu z, tic 13, MaxNodesizeZ ma dugc st dung trong xu 1y giai ma nhu sau:
MaxNodeSizeZ = ngh_logz_max_nodesize_z.
MaxNodeSizeLog2Z = gsh_log2_max_nodesize_z.
Phuong an F

Trong phuong &n khac, chi mot trong s6 ba chiéu cho phép c6
kich c& khac nhau. Trong trudng hgp nay, cac kich c& cua cac chidu x vay la
gidng nhau, va chidu z ¢6 thé khac nhau, do d6 hai gia tri dugc béo hiéu trong
thong tin tiéu d& lat hinh hoc trong dang cta log2. Thay vi bdo higu hai gid tri

mdt cach doc 1ap, cé thé bao hiéu bdi cac do chénh 1éch ctia chung nhu sau.

Bang 6

# geometry slice header( ) { Mo ta
1 gsh geometry parameter_set_id ue(v)
2 gsh tile id ue(v)
3 gsh slice i1d ue(v)
4 if( gps_box_present flag ) {
5 gsh _box log2 scale ue(Vv)
6 gsh_box origin x ue(v)
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7 gsh box origin y ue(v)
8 gsh box origin z ue(v)
9 }

10* gsh log2 max_nodesize X y ue(v)
11* gsh log2 max_nodesize z minus Xy ue(v)
12 gsh_points_number ue(v)
13 byte alignment( )

14 }

bang céch cong cc phan tir cti phap sau day tai cac hang 10-11:
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Ct phap théng tin tiéu dé 14t hinh hoc trong Bang 6 dugc céi bién

gsh log2 max nodesize x y chi rd kich c& hdp gi6i han trong

c4c chiéu x vay, tre 13, MaxNodesizeX va MaxNodesizeY ma dugc sir dung trong

xu ly gidi ma nhu sau:

MaxNodeSizeX = MaxNodeSizeY = 28sh-log2-max nodesize x.y

MaxNodeSizeLog2X = MaxNodeSizeLog2Y =

gsh_log2_max_nodesize_x_y.

gsh log2 max_nodesize z minus_xy chird kich c¢& hop giéi han

trong chibu z, tic 13, MaxNodesizeZ ma dugc st dung trong xt ly giai ma nhu

sau:

MaxNodeSizeZ =

2gsh_log2_max_nodesize_z_minus_xy+gsh_log2_max_nodesize_x_y

MaxNodeSizeLog2Z = gsh_log2_max_nodesize_z_minus_xy +

gsh_log2_max_nodesize_x_y.

Phuong an G
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Trong phuong an khac, chi mot trong sd ba chiéu cho phép cé
kich ¢& khac nhau. Trong trudng hgp nay, cac kich c¢& cua cac chidu x vay 1a
giéng nhau, va chiéu z ¢ thé khac nhau, do dé hai gié tri dugc béo hiéu trong

thong tin tiéu dé 14t hinh hoc béi céc vi tri Pé-cac clia chiing nhu sau.

Bang 7
# geometry_slice header( ) { MG ta

1 gsh geometry parameter set id ue(v)
2 gsh tile id ue(v)
3 gsh_slice id | ue(v)
4 if( gps_box_present flag ) {
5 gsh_box log2 scale ue(v)
6 gsh box_origin x ue(v)
7 gsh_box origin y ue(v)
8 gsh_box origin_z ue(v)
9 }
10* gsh_max_ nodesize_Xx_y ue(v)
11* gsh _max_nodesize z ue(v)
12 gsh_points number ue(v)
13 byte alignment( )
14 }
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Ct phép théng tin tiéu d& 14t hinh hoc trong Bang 7 dugc cai bién

bang cach cong cac phén tr ct phap sau day tai cdc hang 10-11:
gsh max_nodesize x y chi 16 kich c& hdp giéi han trong cac
chiéu x va y, tic 13, MaxNodesizeX va MaxNodesizeY ma duoc sit dung trong
xur ly giai ma nhu sau:
MaxNodeSizeX = MaxNodeSizeY = gsh_max_nodesize_x_y.

MaxNodeSizeLog2X = MaxNodeSizeLog2Y =
ilog2(gsh_max_nodesize_x_y).

gsh max nodesize z chi rd kich c& hop giéi han trong chiéu z,

tic 13, MaxNodeSizeZ ma dugce sir dung trong xu ly giai ma nhu sau:
MaxNodeSizeZ = gsh_max_nodesize_z.
MaxNodeSizeLog2Z = ilog2(gsh_max_nodesize_z).
Phuong 4&n H

Trong phuong an khac, chi mot trong s6 ba chiéu cho phép c6
kich c& khac nhau. Trong trudng hop nay, cac kich c& cua cac chiéu x vay Ia
gibng nhau, va chidu z c6 thé khac nhau, do d6 hai gia tri dugc béo hiéu trong

thong tin tiéu d& 14t hinh hoc béi céc vi tri Dé-céc cta chiing trir di 1 nhu sau.

Bang 8
i geometry slice header( ) { Mo ta
1 gsh geometry parameter set id ue(v)
2 gsh_tile id ue(v)
3 gsh_slice 1d ue(v)
4 if( gps_box_present flag) {
5 gsh box log2 scale ue(v)
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6 gsh box origin_x ue(v)
7 gsh_box origin y ue(v)
8 gsh_box origin z ue(v)
9 }

10* gsh max_nodesize X y minus one ue(v)
11* gsh max_nodesize z minus_one ue(v)
12 gsh_points number ue(Vv)
13 byte alignment( )

14 }

bang cach cdng cac phén tir ¢l phap sau day tai cc hang 10-11:
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Cu phap thong tin tiéu dé 14t hinh hoc trong Bang 8 dugc cai bién

gsh max_nodesize x y minus_one chi rd kich c& hop gi6i han

trong cac chiéu x va y, tic 1a, MaxNodesizeX va MaxNodesizeY ma dugc su

dung trong xtr ly giai ma nhu sau:

MaxNodeSizeX = MaxNodeSizeY =

gsh_max_nodesize_x_y_minus_one + 1.

MaxNodeSizeLog2X = MaxNodeSizeLog2Y =

ilog2(gsh_max_nodesize_x_y_minus_one + 1).

gsh max nodesize z_minus_one chi rd kich c& hop gidi han

trong chiéu z, tic 13, MaxNodeSizeZ ma dugc sir dung trong xtr 1y giai ma nhu

sau:

MaxNodeSizeZ = gsh_max_nodesize_z_minus_one + 1.
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MaxNodeSizeLog2Z = ilogZ2(gsh_max_nodesize_z_minus_one +
1).

4. Bao hiéu ctia phan chia QT va BT an

Phuong an A

Trong mdt phuong an, ¢ phap ma héa hinh hoc 1a nhu sau.

Bang 9

# geometry_slice data( ) { Mo

ta

1 for( depth = 0; depth < MaxGeometryOctreeDepth; depth-++
)

2 for( nodeldx = 0; nodeldx < NumNodesAtDepth[ depth ];

nodeldx—++

)

3 * /* NB: implicit partition is described in semantics */

4 * partitionSkip = b, b),b, // depend on implicit partition

conditions

5 If ( !(partitionSkip & 4) )

6 * depthX = depthX + 1;

7 % If ( !(partitionSkip & 2) )

g * depthY = depthY + 1;

9 * If ( !(partitionSkip & 1))

10* depthZ = depthZ + 1;
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11* xN = NodeX][ depthX ][ nodeldx ]

12%* yN =NodeY[ depthY ][ nodeldx ]

13%* zN = NodeZ[ depthZ ][ nodeldx ]

14* geometry node( depthX, depthY, depthZ, partitionSkip,

nodeldx, XN, yN, zN )

15 }

16 }

17 if (log2 trisoup _node size > 0)
18 geometry trisoup data( )

19 |}

Ct phép dit lidu lat hinh hoc trong Bang 9 duoc cai bién béng

cach cong hoic thay ddi cac phan tir ¢t phap tai cac hang 3-14. Tai hang 14, cac

bién méi depthX, depthY, depthZ, va partitionSkip dugc thém vao nhu 14 cac diu

vao d6i v4i ham geometry node.

Céc bién NodeX[ depthX ][ nodeldx ], NodeY[ depthY ][ nodeldx

1, va NodeZ[ depthZ ][nodeldx ] biéu dién céc toa d6 x, y, va z ctia nit thi nodeldx

trong thtr tu giai ma tai d6 sau dinh truée. Bién NumNodesAtDepth[ depth ] biéu

dién sd lugng nut can duge gial ma tai do sau dinh trudc. Cac bién depthX,

depthY, va depthZ chi rd d6 sdu trong cac chiéu x, y va z, mot cach 1an luot.

Bién partitionSkip chi 16 loai va chidu phén chia béi Bang dudi

day (Bang 10).
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Bang 10
Loai va
. QT doc theo | QT doc theo| QT doc theo
chieu phén oT
. cac truc x-y cac truc x-z cac truc y-z
chia
partitionSkip | b001 b010 b100 b000
Loai va
. BT doc theo|BT doc theo|BT doc theo
chieu phan
) truc x trucy truc z
chia
partitionSkip | bO11 b101 b110

Bién partitionSkip duoc biéu dién trong dang nhi phan véi ba bit

b,byb, ma chird rang c6 bd qua phén chia theo chiéu x, y va z, mot cach lan luot

hay khong. Vi du, b, = 1 chi bao khéng phén chia theo chiéu x (viéc phan chia

duoc boé qua). Loai va chiéu phén chia c6 thé duge xac dinh bo1 cac diéu kién

dinh trudc.
Bang 11
0 * geometry node( depthX, depthY, depthZ, partitionSkip, | M6 ta
nodeldx, xN, yN, zN ) {
1 if( NeighbourPattern == 0) {
2 single occupancy_flag ae(v)
3 if( single _occupancy_flag )
4 * occupancy idx ae(Vv)

R }

6 if( !single _occupancy_flag )

39



44878

40/123

7 if( bitwise _occupancy_flag )
g * occupancy _map ae(v)
9 néu khéng phai
10 occupancy_byte ae(V)
11% /* NB: splitting of the current node is described in
semantics */
12* if( depthX >= MaxNodeSizeLog2X — 1 &&
depthY >= MaxNodeSizeLog2Y — 1 &&
depthZ >= MaxNodeSizeLog2Z — 1) // [NB ie
NodeSize = 2]
13 if( 'unique_geometry points_flag )
14 for( child = 0; child < GeometryNodeChildrenCnt;
child++) {
15 num_points_eql flag [Ed(df): _gtl_flag?] ae(Vv)
16 if( !Inum_points_eql_flag )
17 num_points_minus2 ae(Vv)
18 }
19 | }else{
20 if( DirectModeFlagPresent )
21 direct mode flag ae(v)
22 if( direct mode flag ) {
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23 num_direct points minusl ae(v)
24 for(1=0;1 <= num_direct points_minusl; i++)

25% for( j = 0; j < ChildNodeSizeLog2X; j++) {

26* point rem_x[1][]] ae(v)
27* }

28%* for( j = 0; j < ChildNodeSizeLog2Y; j++ ) {

20%* point_rem y[1i][j] ae(v)
30%* }

31% for(j = 0; j < ChildNodeSizeLog2Z; j++ ) {

32% point rem z[1i][]] ae(V)
33* }

34 }

35 %

36 | }

Cu phép nat hinh hoc trong Bang 11 dugc cai bién bang cach cong
hodc thay ddi céac hang 0, 4, 8, 11-12, va 24-33. Tai hang 0, cac bién dau vao mai
depthX, depthY, depthZ, partitionSkip duoc dua vao dé hd tro cac phéan chia QT
va BT. Tai hang 12, diéu kién dé kiém tra rf?mg kich ¢& ntt nho nhét da dugc dat
té1 hay chua duogc cai bién dé dua trén danh gia cua ba chiéu do cac kich ¢& nut
tai cac chiéu khéac nhau ¢6 thé khac nhau khi cac phan chia QT va BT duogc ap
dung.
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Chu triic ¢t phap tai cac hang 24-33 mé ta cac phan tir ci phap
cua cac toa do diém 3D trong nut con dugc xu ly vé1 DM. Cac bién
ChildNodeSizeLog2X, ChildNodeSizeLog2Y va ChildNodeSizeL.og2Z chi rd
kich ¢& nut con déi véi mdi chidu, va c6 thé dugc xac dinh béi cdc phén chia QT

va BT 4n nhu sau:
NodeSizeLog2X = MaxNodeSizeXLog2 — depthX;
NodeSizeLog2Y = MaxNodeSizeYLog2 — depthY’;
NodeSizel.og2Z = MaxNodeSizeZLog2 — depthZ,;

if( partitionSkip==b001 I partitionSkip==b010 I
partitionSkip==b011 || partitionSkip==b000 )

ChildNodeSizeLog2X = NodeSizeLog2X — 1;
else
ChildNodeSizeLog2X = NodeSizeLog2X;

if( partitionSkip==b100 I partitionSkip==b001 I
partitionSkip==b101 || partitionSkip==b000 )

ChildNodeSizeLog2Y = NodeSizeLog2Y — 1;
else
ChildNodeSizeLog2Y = NodeSizeLog2Y;

if( partitionSkip==b010 I partitionSkip==b100 I
partitionSkip==b110 || partitionSkip==b000 )

ChildNodeSizeLog2Z = NodeSizelLog2Z — 1;
else
ChildNodeSizeLog2Z = NodeSizeLog2Z.

Trong X Iy néu trén, néu phan chia dién ra tai mot chiéu, kich c&

log2 nut con tai chiéu nay sé& 13 kich c& log2 nut tai chiéu nay trir 1.
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Tai hang 4, phan tir ¢t phap occupancy idx nhan dang chi s6 cua
mot nut con duge chiém gitt cia nit hién tai trong thir tu duyét nut con cdy bat
phén hinh hoc. Khi biéu dién, bién OccupancyMap c6 thé thu dugc nhu sau:

OccupancyMap = 1 << occupancy_1dx.

X 1y phan tich tuong Ging ctia occupancy_idx co thé dugc mo ta

nhu sau:
Dau vao dbi vai xtr Iy nay 1a bién partitionSkip ctia nit hién tai.
Dau ra tir xt Iy nay 1a gid tri phan tir ci phap ctia occupancy_idx, dugce
xay dung nhu sau:
occupancy_idx = 0;
if( !(partitionSkip & 1))
occupancy_idx = readBinEq();
if( !(partitionSkip & 2) )
occupancy_idx |=readBinEq() << 1;
if( !(partitionSkip & 4) )
occupancy_idx |= readBinEq() << 2;

Trong x{r Iy néu trén, dbi véi phan chia QT hodc BT, chi céc bit
lién quan dén cac chiéu trong d6 viéc phan chia duoc dién ra duogc bao hiéu. Do
do, it bit hon duoc bao hiéu so vdi phan chia OT dé chi bdo mot vi tri nit con
trong ma chiém gift. Toén tir hodic dao bit phic hgp |= “set” (set bang 1) bit cu
thé trong bién occupancy idx.

Tai hang 8, phan tir cti phap occupancy map la so d6 bit ma nhan
dang céc nut con duogc chiém gitt cia nut hién tai. Khi biéu dién, bién
OccupancyMap dugc thiét 14p bang dau ra ctia xtt Iy hoén vi so dd chiém giit hinh
hoc khi dugc goi ra voi cac bién NeighbourPattern va occupancy map nhu 1 cac
diu vao. NeighbourPattern (miu lan cén) 14 mau chiém gift 14n cén dbi v6i mo

hinh ng{r canh. Nhu dugc mo6 ta cé vién dan t6i cac Fig.8-9, cac ky hiéu nhi phan
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trong ma chiém giit c6 thé dugc bd qua bao hiéu d6i v6i phéan chia QT hogc BT.
Bén ky tu nhi phan c6 thé dugc bé qua doi véi phan chia QT, trong khi 6 ky tu
nhi phén co thé dugc bo qua dbi véi phén chia BT. Do d9, céc bit tai cac vi tri bit

duoc bd qua ndy trong ma chiém gift ¢6 thé duge xem la 0 tai a by giai ma.

X ly phéan tich chiém giir cdy bat phan hinh hoc tuong tmg c6
thé dugc mé ta nhu sau trong d6 mot vai bit duoc xem la 0 dua trén bién
partitionSkip ma chi bao loai phan chia va chiéu phan chia nhd st dung bién

binIsSkiped[binldx].
X 1y nay khoi phuc phan tir ¢t phap occupancy_map.

Piu vao ddi voi xir ly nay 1a NeighbourPattern, binlsSkiped va

binlsInferred ctia nat hién tai.
Dau ra tir xr Iy nay 1a gia tri phén tir ¢t phép, dugc xdy dung nhu sau:
value = 0;
for (binldx = 0; binldx < 8; binldx++) {

if( binIsSkiped[binldx] )

bin = 0;
else if( binlsInferred )
bin=1;

else
bin = readBin(binldx)
value = value | (bin << bitCodingOrder[ binldx ]);
J
trong d6 bién binlsSkiped[binldx] dugc thiét 1ap theo nhu sau,
if( (partitionSkip&1) &&
( inverseMap[NeighbourPattern][bitCodingOrder[binldx]]==

|| inverseMap[NeighbourPattern][bitCodingOrder[binldx]]==3
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|| inverseMap[NeighbourPattern][bitCodingOrder[binldx]]==
|| inverseMap[NeighbourPattern][bitCodingOrder[binldx|]==7)
binlsSkiped[binldx]=1;
else if( (partitionSkip&2) &&
( inverseMap[NeighbourPattern][bitCodingOrder[binldx]}==2
|| inverseMap[NeighbourPattern][bitCodingOrder[binldx]]|==3
|| inverseMap[NeighbourPattern][bitCodingOrder[binldx]]==6
|| inverseMap[NeighbourPattern][bitCodingOrder[binldx]]==7 )
binlsSkiped[binldx]=1;
else if( (partitionSkip&4) &&
( inverseMap[NeighbourPattern][bitCodingOrder[binldx]]==4
|| inverseMap[NeighbourPattern][bitCodingOrder[binldx]]==
|| inverseMap[NeighbourPattern][bitCodingOrder[binldx]]==6
|| inverseMap[NeighbourPattern][bitCodingOrder[binldx]]==7)
binlsSkiped[binldx]=1;
else
binlsSkiped[binldx]=0.
bitCodingOrder] i ] dugc xac dinh béi Bang dudi day:

Bang 12

bitCodingOrder|[
1]

inverseMap[ i ][ j ] duoc x4c dinh boi cac bang dudi day (cac bang 13-14):
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Bang 13
inverseMap[ 1 ][ | .
j] :
1 0 1 2 3 4 5 6 7
0 0 1 2 3 4 5 6 7
1 0 1 2 3 4 5 6 7
2 6 7 4 5 2 3 0 1
3 0 1 2 3 4 5 6 7
4 2 3 6 7 0 1 4 5
5 2 3 6 7 0 1 4 5
6 6 7 4 5 2 3 0 1
7 4 5 0 1 6 7 2 3
8 4 5 0 1 6 7 2 3
9 0 1 2 3 4 5 6 7
10 4 5 0 1 6 7 2 3
11 2 3 6 7 0 1 4 5
12 4 5 0 1 6 7 2 3
13 6 7 4 5 2 3 0 1
14 0 1 2 3 4 5 6 7
15 0 1 2 3 4 5 6 7
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16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32
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Bang 14 (tiép tuc tir Bang 13)

inverseMap[ 1 ][ | .

il J

i 0 1 2 3 4 5 6 7
33 2 0 3 1 6 4 7 5
34 4 6 5 7 0 2 1 3
35 3 1 7 |5 2 0 6 4
36 6 2 7 3 4 0 5 1
37 2 3 6 7 0 1 4 5
38 6 7 4 5 2 3 0 1
39 4 5 0 1 6 7 2 3
40 0 4 1 5 2 6 3 7
41 0 1 2 3 4 5 6 7
42 4 5 0 1 6 7 2 3
43 2 3 6 7 0 1 4 5
44 1 5 3 7 0 4 2 6
45 6 7 4 5 2 3 0 1
46 0 1 2 3 4 5 6 7
47 0 1 2 3 4 5 6 7
48 4 0 6 2 5 1 7 3
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49 7 5 6 4 3 1 2 0
50 1 3 0 2 5 7 4 6
51 2 0 3 1 6 4 7 5
52 5 1 4 0 7 3 6 2
53 0 4 1 5 2 6 3 7
54 2 0 3 1 6 4 7 5
55 6 4 2 0 7 5 3 1
56 3 7 2 6 1 5 0 4
57 4 6 5 7 |0 2 1 3
58 6 2 7 3 4 0 5 1
59 0 2 4 6 1 3 5 7
60 0 4 1 5 2 6 3 7
61 2 6 0 4 3 7 1 5
62 4 0 6 2 5 1 7 3
63 0 1 2 3 4 5 6 7
Phuong an B

Trong phuong an khac, chi mét trong s6 ba chiéu cho phép c6
kich c¢& khac nhau. Trong truong hop nay, néu chiéu nay c6 kich ¢& 16n hon hai
chiéu con lai, chi cic phan chia BT 4n theo chiéu nay dugc thuc hién. Néu chiéu
nay ¢o kich ¢& nho hon hai chiéu con lai, chi cac phan chia QT 4n theo hai chiéu
con lai duoc thuc hién. Béo hiéu cua BT an hodc QT an trong phuong 4n nay 1a

twong tw nhu duge mo ta trong phuong én trudce do.
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Cac tham so cé thé duoc xac dinh dé chi rd cac di€u kién dinh

trudc ciia cac phan chia QT va BT an. Céc tham s6 nay c6 thé 1a co dinh doi véi

bd ma hoa va bd giai ma (lay gia tri duge cau hinh trude cuc b, nhu gia tri méc

dinh), hodc ching cé thé dugc bao hiéu tai thong tin tiéu dé ctia dong bit dé cho

phép cac t0i vu héa muc chuodi hodc muc l1at. Cac phuong an C-G duge mo ta

dudi day thé hién lam thé nao céc tham s6 hiru ich dé xac dinh cdc di€u kién cua

cac phan chia QT va BT 4n duoc bao hiéu hodc duoc cAu hinh.

Trong phuong an C, cac tham so dugc bao hiéu, ma c6 thé nam

trong thong tiéu dé chudi hoc 14t, nhu sau.

Bang 15

# geometry parameter set( ) { MG ta
1 gps_geom_parameter_set id ue(v)
2 gps_seq parameter_set id ue(v)
3 gps_box_present flag u(l)
4 unique geometry points_flag u(l)
5 neighbour context restriction_flag u(l)
6 inferred direct coding mode_enabled_flag | u(1)
7 bitwise occupancy coding flag u(l)
8 child neighbours enabled flag u(l)
9 geom_occupancy_ctx_reduction_factor ue(v)
10 log2 neighbour avail boundary ue(v)

50



44878

11 log2 intra pred max node_size ue(v)
12 log2 trisoup node size ue(v)
13* gps_max_num_implicit_qtbt_before ot ue(v)
14* gps_min_size implicit qtbt ue(v)
15% gps_implicit bt before implicit _qt_flag u(1)
16 gps_extension_present_flag u(l)
17 if( gps_extension_present flag )

18 while( more_data_in_byte stream( ) )

19 gps_extension_data_flag u(l)
20 | byte alignment()

21 |}
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Cu phap tap hop tham s6 hinh hoc trong Bang 15 dugc cai bién

bang cach bo sung c4c phan t& ¢t phap dé bao higu cc tham so de€ di€u khién cac

phén chia QT va BT tai cac hang 13-15.

QT vaBT 4n 16n nhét trude cac phan chia OT, ma duoc ky hiéu boi K.

gps_max_num_implicit_qtbt_before_ot chi rd s6 luong phan chia

gps_min_size implicit_qtbt chi rd kich c¢& nho nhét ctia cac phan

chia QT va BT 4n, ma dugc ky hidu béi M. Tham 36 nay ngan chin cc phan chia

QT vaBT 4n khi tit ca cac chiéu cua nut hién tai nhé hon hodc béng M.

gps_implicit bt before_implicit_qt _flag chi rd mtc wu tién cta

cac phan chia QT va BT 4n, ma duoc ky hiéu boéi BTFirst. Néu BTFirst =1,

cac phan chia BT 4n dugc thuc hién truéc cac phan chia QT 4n. Néu BTFirst =

0, cac phan chia QT 4n dugc thuc hién trudc cac phan chia BT an.
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Trong phuong 4n khéac, mot phan tham s6 dugc bao hidu trong

thong tin ti€u dé chudi hoac 1at, trong khi phén con lai duogc ¢ dinh. Vi du sau

day ¢6 dinh M va BTFirst, va cac béo hiu K boi

gps_max_num_implicit qtbt_before_ot.

Bang 16

# geometry parameter set( ) { Mo ta

1 gps_geom_parameter set_id ue(v)
2 gps_seq_parameter_set_id ue(v)
3 gps_box_present flag u(l)
4 unique_geometry points_flag u(l)
5 neighbour context restriction_flag u(l)
6 inferred direct coding mode_enabled_flag | u(l)
7 bitwise occupancy coding_flag u(l)
8 child neighbours enabled flag u(l)
9 geom_occupancy_ctx_reduction_factor ue(v)
10 log2 neighbour avail boundary ue(v)
11 log2 intra pred max node_size ue(v)
12 log2 trisoup node_size ue(v)
13* gps_max_num_implicit_qtbt_before ot ue(v)
14 gps_extension_present_flag u(l)
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15 if( gps_extension present flag )

16 while( more_data in_byte stream( ) )

17 gps_extension_data_flag u(l)

18 byte alignment( )

19 |}

Cu phap tép hop tham s6 hinh hoc trong Bang 16 duoc cai bién
bing cach bb sung phan tir cti phép d8 bao hiéu tham sb dé didu khién cac phan
chia QT va BT tai cac hang 13.

gps_max_num_implicit_qtbt_before_ot chi r6 s6 luong 16n nhét
cua cac phan chia QT va BT an trudce cac phan chia OT. Trong truong hop nay,
cac tham s khac duoc ¢d dinh va do d6 khong duge béo hiéu trong dong bit, vi
du, M luon béng 0, va BTFirst luon béng 1.

Phuong an E

Trong phuong an khac, K va BTFirst dugc cd dinh, va M duoc

bao hiéu bsi gps_min_size implicit _qtbt, nhu sau.

Bang 17
# geometry parameter_set( ) { Mo ta
1 gps_geom parameter_set_id ue(v)
2 gps_seq_parameter_set_id ue(v)
3 gps_box present flag u(l)
4 unique_geometry points_flag u(l)
5 neighbour context restriction_flag u(l)
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6 inferred direct coding mode enabled flag | u(1)
7 bitwise occupancy coding flag u(l)
8 child neighbours_enabled flag u(l)
9 geom_occupancy _ctx_reduction_factor ue(v)
10 log2 neighbour avail boundary ue(v)
11 log2 intra pred max node_size ue(v)
12 log2 trisoup node size ue(v)
13%* gps_min_size implicit qtbt ue(v)
14 gps_extension_present_flag u(l)
15 if( gps_extension_present flag )

16 while( more_data_in _byte_stream( ) )

17 gps_extension_data_flag u(l)
18 byte alignment( )

19 |}
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Cu phap tap hop tham s6 hinh hoc trong Bang 17 dugc cai bién

bing cach bd sung phan tir ¢t phap d2 bao hiéu tham s dé diéu khién cac phan

chia QT va BT tai cac hang 13.

gps_min_size implicit_qtbt chi rd kich ¢& nho nhét clia cac phan

chia QT va BT 4n, ma 1a M. Tham s6 nay ngan chin cac phan chia QT va BT an

khi tit ca cac chidu nho hon hodc biang M. Trong trudng hgp ndy, cic tham sd

khac duoc cd dinh va do d6 khong duoc béo hiéu trong dong bit, vi dy, K Tuén

bang 0, va BTFirst ludn bang 1.
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Trong phuong 4n khac, bao hi€u cia cac tham s6 dé phan chia an

phu thudc vao cac cu phap khac. Trong vi du dudi ddy, bdo hiéu cua cac tham s6

doi voi phan chia an phu thude vao log2_trisoup_node_size nhu sau.

Béang 18
it geometry parameter set( ) { Mo ta

1 gps_geom_parameter set id ue(v)
2 gps_seq parameter set id ue(v)
3 gps _box_present flag u(l)
4 unique_geometry points flag u(l)
5 neighbour context restriction_flag u(l)
6 inferred direct coding mode enabled flag | u(1)
7 bitwise occupancy coding_flag u(l)
8 child neighbours _enabled flag u(l)
9 geom_occupancy ctx_reduction_factor ue(v)
10 log2 neighbour avail boundary ue(v)
11 log2 intra pred max node_size ue(v)
12 log2 trisoup node_size ue(v)
13* if( log2_trisoup node size ==10) {
14%* gps_max_num_implicit_qtbt_before ot | ue(v)
15% }

55



44878 56/123

16 gps_extension_present_flag u(l)

17 if( gps_extension_present flag )

18 while( more_data_in byte stream( ) )

19 gps_extension data_flag u(l)

20 byte alignment( )

21 |}

Cu phap tap hop tham s6 hinh hoc trong Bang 18 dugc cai bién
bing cach bd sung céu tric cu phap d& bao hidu tham sb dé diédu khién cac phan

chia QT va BT tai cac hang 13-15.

gps_max_num_implicit_qtbt_before_ot chird s6 luong phan chia
QT va BT 4n 16n nhét trude cac phan chia OT, ma 1a K. Trong trudong hop nay,
gps_max_num_implicit_qtbt before ot  duwoc  bdo  higu  chi néu
log2 trisoup node_size la 0. Néu log2 trisoup_node size khong phai 0, K s&
duoc thiét 1ap 1a gia tri 16n nhat mot cach mic dinh. Cac tham s6 khac dugc cb
dinh va do d6 khong dugc bdo hiéu trong dong bit, vi du, M ludn b.%mg 0, va
BTFirst ludn bang 1.

Phuong an G

Trong phuong an khac, cac tham s6 dbi voi phan chia an nay
khong dugc bao hiéu, va cac tham s& nay déu cé thé 1a ¢6 dinh. Vi du, ching
duge cb dinh 14 K=3, M=0, va BTFirst=1.

5. Cac didu kién dbi véi cac phan chia QT va BT an

Céac phuong an cua cac didu kién khac nhau dbi véi cac phan chia
QT va BT 4n dugc md ta trong cac phan phu nhu sau. Bing céach st dung cic
tham s6 didu khién khac nhau va thiét 1ap cac diéu kién khac nhau, cac phuong

phap hoidc céc xr Iy phén chia hinh hoc khac nhau 6 thé duogc thuc hién.
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5.1 Thuc hién cac phan chia QT va BT 4n sau OT

Trong phuong phép thu nhét, cac phan chia OT dugc thuc hién
hoan chinh cho dén khi mét vai chiéu khéng thé duoc phan chia tiép. Do d6, didu
kién dé thuc hién cac phan chia QT va BT an trong phuong phap nay 1a khi mot

hoiic hai chidu dat t6i don vi phan chia nh6 nhét (tirc 14, mét diém anh ba chiéu).

Cu thé, loai va chiéu phan chia c6 thé duoc xac dinh theo Bang
19 hoac Bang 20. Tham s6 uu tién BTFirst 1a ¢6 dinh hoic dugc chi 18 béi
gps_implicit bt before implicit qt_flag. Néu BTFirst = 1, cac phan chia BT an
¢6 muc uu tién cao hon va s& dugc thuc hién trudce cac phan chia QT an, va Bang
19 4p dung trong trudng hop nay. Néu BTFirst = 0, cac phan chia QT an c6 muc
uu tién cao hon va sé& duge thuc hién trude cac phan chia BT an, va Bang 20 ap
dung trong truong hop nay. Néu céc diéu kién duoc liét ké trong cac bang khong

duoc théa man, phan chia OT dugc thuc hién.

Bang 19 cac diéu kién dé thuc hién phén chia 4n khi BTFirst=1

Loai va chiéu | QT doc theo cac | QT doc theo cac| QT doc theo cac
phén chia truc x-y truc X-z truc y-z
. d,=0<d, d, =0<d, d,=0<d,
biéu kién
- dy = dZ = dZ
Loai va chiéu _
BT doc theo truc x | BT along y axis BT doc theo truc z
phéan chia
d,=0<d, d,=0<d, d,=0<d,
<d, <d, <d,
Piéu kién
d,=0<d, d,=0<d, d, =0<d,
<d, <d, <d,
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Bang 20 c4c didu kién dé thuc hién phan chia an khi BTFirst=0

Loai va
) QT doc theo cac | QT doc theo cac | QT doc theo cac
chiéu phan
] truc x-y truc x-z truc y-z
chia

d,=0<d, d, =0 < d, d, =0<d,

biéu kién
<d, <d, <d,

Loai va
chiéu phén | BT doc theo truc x | BT along y axis BT doc theo truc z

chia

Piéu kién
< dx < dy < dz

Dit hop gi6i han B ¢6 kich ¢& bang (29%,2%,292). Khong can
tdn hao chung, c¢6 thé gia dinh rang 0 < dy < d, < d,. Hai phuong an dugc mo
ta dudi day.

Trong mot phuong én, BTFirst = 1 duoc ¢ dinh hoic dugc chi
16 bdi gps_implicit bt before implicit qt_flag, ma chi bao rang céc phan chia
BT 4n c6 mic uvu tién cao hon va s& dugc thuc hién trude cac phan chia QT an,
va Bang 19 duoc 4p dung. Trong phuong an nay, cac phan chia OT c6 thé duoc
thuc hién tai d, do sau phan chia dau tién. Sau cac OT, cac nut con sé& c6 dang
2(0dy=dyxdz=dx)  Say d6, cac phan chia BT 4n s& duoc thuc hién theo truc z tai
d, — dy do siu tiép theo. Sau cac phan chia BT 4n, dang cta cac nut con sé& 1a
20dy—dydy=dx) 3 sau do cac phén chia QT an duoc thuc hién theo céc truc y-z

tai d, — dy d¢ sdu cudi cung cho dén khi cham t6i cac nut nhanh.

Trong phuong an khéc, BTFirst = 0 dugc c¢d dinh hodc dugc chi
16 bdi gps_implicit bt before implicit_qt_flag, ma chi bao rang cac phan chia

QT an c6 mirc uu tién cao hon va s& dugc thuc hién trude cac phan chia BT an,
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va Bang 20 duoc 4p dung. Trong phuong an nay, cac phan chia OT s€ dugc thuc
hién tai dy d0 sdu phéan chia dau tién. Sau cac OT, cac nut con s& co dang
2(0dy=dxdz=dy)  Qay d6, cac phan chia QT 4n ¢6 thé duoc thuc hién theo céc truc
y-z tai dy — dy d séu tiép theo. Sau céc phan chia QT an, dang cua cac nit con

(0,0,d,—d

séla 2 ¥), va sau do cac phéan chia BT 4n duoc thuc hién theo cac truc z tai

d, — dy do sdu cudi cing cho dén khi cham tdi cac ntit nhanh.
5.2 Thuc hién céac phan chia QT va BT an trugc OT

Phuong phép thit hai 1a dé thuc hién cac phan chia QT va BT an
truge bat ky phan chia OT dé tao ra céc nit con c6 dang khéi 1ap phuong. Do do,
trong trudng hop nay, diéu kién 1a mot hoic hai chiéu ¢6 cac kich ¢& nhd hon

chiéu 16n nhat.

Cu thé, loai va chiéu phén chia c6 thé duoc xac dinh theo Bang
21 hoac Bang 22. Tham s6 uu tién BTFirst 12 ¢6 dinh hoic dugc chi rd béi
gps_implicit bt before implicit qt flag. Néu BTFirst = 1, cac phan chia BT 4n
c6 murc uu tién cao hon va s& duge thuc hién trude cac phan chia QT an, va Béng
21 dugce 4p dung. Néu BTFirst = 0, cac phan chia QT 4n c¢6 mirc uu tién cao hon
va s& duoc thuc hién trude cac phan chia BT an, va Bang 22 dugc ap dung cac.
Néu céc diéu kién duoc liét ké trong cac bang khong dugc théoa mén, phén chia

OT duoc thuc hién.

Bang 21 c4c diéu kién dé thyc hién phan chia 4n khi BTFirst=1

Loai va chiéu

QT doc theo cac

QT doc theo cac

QT doc theo cac

phén chia

phén chia truc x-y truc x-z truc y-z
Diéu kién d, <d,=d, d, <d,=d, de <d,=d,
Loai va chiéu _

BT doc theo truc x | BT along y axis BT doc theo truc z
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biéu kién

d, <dyandd,

<d,

d, <dy,andd,

<d,

d, <d,andd,

<d,

Béang 22 cac diéu kién d8 thuc hién phén chia 4n khi BTFirst=0

Loai va chiéu

phan chia

QT doc theo cac

truc x-y

QT doc theo céac

truc x-z

QT doc theo cac

truc y-z

biéu kién

d, < d, and d,
<d,

d, <d,andd,

<d,

d, <d,andd,

<d,

Loai va chiéu

phén chia

BT doc theo truc x

BT along y axis

BT doc theo truc z

biéu kién

d, = d, < d,

dy = d, < d,

d, = d, < d,

Dat hop gidgi han B c6 kich ¢c& bang (2%,2%,2492). Khong can
t6n hao chung, ¢6 thé gia dinh rang 0 < d, < dy, < d,. Hai phuong an dugc mo
ta dudi day.

Trong mdt phuong an, BTFirst = 1 duoc ¢ dinh hodc duoc chi
18 boi gps_implicit bt before_implicit_qt_flag, ma chi bao rang cac phan chia
BT 4n ¢6 mic uu tién cao hon va s& dugc thyc hién trude cac phan chia QT an,
va Bang 21 duoc 4p dung. Trong phuong an nay, cac phan chia BT an s& duoc
thuc hién theo tryc z tai d, — dy do séu dau tién, va sau d6 cac phan chia QT 4n
duoc thuc hién theo cac truc y-z tai dy — dy do sau tiép theo. Sau céc phan chia
QT va BT an, kich c& cua tAt ca nit con s& 1a 2(@xdwdx) cac phén chia OT duoc
thuc hién dy 14n dé cham t6i cac nat nhanh.

Trong phuong an khac, BTFirst = 0 dugc ¢d dinh hodc duge chi

& boi gps_implicit_bt before implicit qt _flag, ma chi bao rang cic phan chia
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QT 4n ¢4 muc uu tién cao hon va sé dugc thuc hién trude cac phan chia BT an,
va Bang 22 dugc 4p dung. Trong phuong an nay, cac phén chia QT an s& dugc
thuc hién theo céc truc y-z tai dy, — dy d6 sau dau tién, va sau d6 cac phan chia
BT 4n duoc thuc hién theo truc z tai d, — dy do sau tiép theo. Sau cac phan chia
QT va BT an, kich c& cta tat ca nut con s& 1a 2(@xdxdx)  c4c phan chia OT duge

thuc hién dy 1an dé cham t&i cac nut nhanh.
5.3 Phuong phdp lai cua cac phan chia QT va BT an

Phuong phép thtr ba 1a két hop ctia cac phuong phép trong céc
phan IIL5.1 va IIL53. Trong truong hop nay, ngudng K (<K<
max(dx, dy, dz) — min (dy, dy, d,)) xéc dinh 36 1an phén chia QT va BT 4n 16n
nhét ma c6 thé dugc thuc hién trude cic phan chia OT. Phuong phdp nay 1a tbng
quat hoa cua hai phuong phap déu tién, phuong phap nay ha xubng phuong phap
ctia phan I11.5.1 khi K = 0, va phuong phép nay ha xubng phuong phap cta phan
I11.5.2 khi K = max(dy, dy, d,) — min (dy, dy, d,).

Cu thé, tai K d6 sau phan chia dau tién, cac quyét dinh ddi véi loai
va chiéu phén chia tuan theo cac diéu kién duoc x4c dinh trong Bang 21 hodc 22,
sau d6 tuan theo Bang 19 hodc 20. K duoc cd dinh hodc dugc chi 18 bai
gps_max_num_implicit_qtbt_before ot. Tham sé wu tién BTFirst 13 ¢d dinh
hodic dugc chird boi gps_implicit_bt_before_implicit qt flag. Néu BTFirst = 1,
cac phan chia BT 4n cé murc uu tién cao hon va sé& dugc thuc hién trude cac phan
chia QT 4n, va Bang 19 va Bang 21 duoc ap dung. Néu BTFirst = 0, cac phin
chia QT 4n c6 muc uu tién cao hon va s& duoc thuc hién trude cac phén chia BT
an, va Bang 20 va Bang 22 duoc 4p dung. Néu céc diéu kién duoc liét ké trong

cac bang khong duge thoa mén, phan chia OT duge thuc hién.

Dit hop gidi han B ¢6 kich ¢& bing (29,2%,292), Khong can
tén hao chung, c6 thé gia dinh rang 0 < dy < dy < d,.

Trong mot phuong 4an, K dugc cd dinh hodc duoc chi rd boi

gps_max_num_implicit_qtbt_before ot, ma chi bao rang K 1an phan chia BT va
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QT 4n s& duoc thuc hién dau tién. BTFirst = 1 duge ¢b dinh hoic duoc chi 18
boi gps_implicit bt before_implicit_qt_flag, ma chi bao rang cac phan chia BT
4n c6 muc vu tién cao hon va s& duoc thuc hién trudc cac phan chia QT an, va
Bang 19 va Bang 21 duogc 4p dung. Trong phuong 4n nay, tai K (K < d, — dy)
do sau dau tién, cac phén chia BT 4n duoc thuc hién theo truc z va cic phan chia
QT 4n sau d6 duge thuc hién theo cic truc y-z theo Bang 21. Sau dd, kich ¢& ctia
cac nut con 1a 2(@xdxt8ydxt82) trong d6 cac gia tri cia 8y va 8, (8, = 8y = 0)
phu thudc vao gid tri cua K. Sau d6, cac phan chia OT duge thue hién dy 14n ma

(08y,82)  Cubi cung, theo Bang 19,

Jam cho c4c ntt con con lai ¢6 kich ¢& bang 2
cac phan chia BT 4n dugc thuc hién theo truc z 8, — 8y 1an, va cac phan chia QT

4n sau d6 duoc thuc hién theo céc truc y-z 8y lan.

Trong phuong an khac, K dugc ¢d dinh hoic duge chi rd bai
gps max_num_implicit_qtbt_before ot, ma chi bao rang K 14n phan chia BT va
QT 4n s& dugc thuc hién dau tién. BTFirst = 0 duoc ¢ dinh hodc duge chi 18
boi gps_implicit bt before_implicit_qt_flag, ma chi bao rang cac phan chia QT
4n c6 muc wu tién cao hon va s& dugc thuc hién trude cac phan chia BT 4n, va
Bang 20 va Bang 22 dugc 4p dung. Trong phuong 4n nay, tai K (K < d, — dy)
do sau dau tién, cac phan chia QT 4n duoc thuc hién theo cac truc y-z va cac phan
chia BT 4n sau d6 duoc thuc hién theo truc z theo Bang 22. Sau d6, kich ¢& cua
cac nit con 14 2(@xdxt8ydx+82) trong d6 céc gid tri cua &y va §, (6, = 8y = 0)
phu thudc vao gia tri ciia K. Sau do, cac phan chia OT duoc thuc hién dy 14n ma
Jam cho cac nit con con lai ¢6 kich ¢& bang 2(%5y82), Cudi cung, theo Bang 20,
cac phan chia QT 4n dugc thuc hién theo céc truc y-z by 14n, va cac phan chia BT

4n sau d6 duoc thuc hién theo truc z §, — 8y 1an.

5.4 Phuong phép lai vai kich c¢& nho nhét ctia cac phan chia QT
va BT an
Phuong phéap tha tu ddt thém rang budc d6i voi cac phuong phap

trudc d6. Trong truong hop nay, ngudng K(0 <K< max(dx, dy, dz) o
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min(dy, dy, d,)) xac dinh s6 1an phan chia QT va BT n 16n nhat ma c6 thé dugc
thuc hién truéc cac phan chia OT. Tham s6 khdac M (0 < M < min (dy, dy, d,))
xé4c dinh kich ¢& nho nhét cta cac phan chia QT va BT an, va ngan chin cac phan
chia QT va BT 4n khi tét ca cac chidu nhé hon hodc bang M. Phuong phap thir tu
1a tdng quat hoa cta ba phuong phap dAu tién. Phuong phap thi tu ha xubng
phuong phap cua phan II1.5.1khi K =M = 0, vaha xudng phuong phép ctia phan
I11.5.2 khi K = max(dx, dy, dz) — min(dx, dy, dz) ,M =0, va ha xuéng phuong
phép ctia phan I11.5.3 khi 0 < K < max(d,, dy, d,) — min(dy, dy,d,),M = 0.

Cu thé, tai K muc phan chia dau tién, cac quyét dinh dbi véi loai
va chiéu phéan chia tuan theo cac diéu kién duoc xac dinh trong Bang 21 hodc 22,
sau d6 tuan theo Bang 23 hodc 24. Bang 23 va 24 tuong ty Bang 19 va 20 bang
cach thay th 0 vé6i M. K duoc ¢d dinh hoic duoc chi rd boi
gps_max_num_implicit_qtbt_before_ot. M dugc ¢ dinh hodc dugc chi rd bai
gps_min_size implicit_qtbt. Tham s& uu tién BTFirst 14 ¢ dinh hozc dugc chi
1 bdi gps_implicit bt before_implicit qt_flag. Néu BTFirst = 1, cac phan chia
BT 4n cé mc vu tién cao hon va s& dugc thuc hién trude cac phén chia QT an,
va Bang 21 va Bang 23 duoc ap dung. Néu BTFirst = 0, cac phan chia QT an ¢6
muc uu tién cao hon va sé duoc thuc hién trude cac phan chia BT an, va Bang 22
va Bang 24 duoc 4p dung. Néu céc diéu kién dugc liét ké trong céc bang khong

duoc thoa man, phan chia OT dugc thuc hién.

Bang 23 Céc didu kién dé thyc hién phan chia QT hodc BT an khi BTFirst=1

63/123

QT doc theo cac | QT doc theo cac | QT doc theo cac
truc x-y truc x-z truc y-z
. d,=M<d, dy =M < d, d,=M<d,
biéu kién
= dy =d, =d,
BT doc theo truc x | BT along y axis BT doc theo truc z
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d,=M<d, d,=M<d, d,=M<d,
< d, <d, <d,
Diéu kién
d, =M <d,, d,=M < d, d, =M < d,
<d, <d, <d,

Bang 24 Cac diéu kién dé thuc hién phan chia QT hodc BT 4n khi BTFirst=0

QT doc theo céc

truc x-y

QT doc theo céc

truc x-z

QT doc theo cac

truc y-z

biéu kién

d, =M < d,

<d,

d, =M < d,

<d,

d, =M < d,

<d,

BT doc theo truc x

BT along y axis

BT doc theo truc z

biéu kién

d

,=d, =M
<

dy

d,=d, =M
<

dy

dy=d, =M

<d,

Dit hop gii han B ¢6 kich ¢ biang (2%, 2%, 2%). Khong cén
tén hao chung, c6 thé gia dinh rang 0 < d, < dy < d,.

Trong mdt phuong an, K dugc cd dinh hodc duoc chi rd boi
gps_max_num_implicit_qtbt_before_ot, ma chi bao rang K 1an phan chia BT va
QT 4n s& duoc thuc hién ddu tién. M dugc cb dinh hodc dugc chi rd boi
gps_min_size implicit qtbt, ma chi bao rang kich ¢& nhé nhét ctia cac phan chia
QT va BT 4n. BTFirst=1 dugc c6 dinh hodc dugc chi rd béi
gps_implicit bt before implicit_qt_flag, ma chi bao rang cac phan chia BT an c6
murc vu tién cao hon va sé dugc thuc hién trude cac phan chia QT an, va Bang 21
va Bang 22 dugc 4p dung. Trong phuong an nay, tai K (K < d, — dy) do sau dau

tién, cac phan chia BT 4n duogc thuc hién theo truc z va cac phén chia QT 4n sau

64



44878 65/123

d6 duogc thuc hién theo cic truc y-z dua trén Bang 21. Sau do, kich ¢& cta céc
nit con trg thanh 2(@xdx+dydx+82) " trong d6 gid tri cua 8§, va §, (8, = &, = 0)
phu thudc vao gia tri cia K. Sau do, cac phan chia OT dugc thyuc hién dy — M lan
ma 1am cho céc nut con con lai ¢6 kich ¢& bang 2(MM+8yM+82) - Tiép theo, theo
cac bang 23, cac phéan chia BT 4n duoc thuc hién theo truc z §, — by 14n, va céc
phén chia QT 4n sau d6 duoc thuc hién theo céc truc y-z 8y lan. Céc nut con lai
vo1 kich co béng 2MMM) "4 d6 cac phan chia OT duge thuc hién M 14n dé cham

td1 cac don vi nho nhat.

Trong phuong an khac, K dugc ¢d dinh hodc duge chi ré boi
gps_max_num_implicit_qtbt before_ot, ma chi bao rang K 14n phan chia BT va
QT 4n s& dugc thuc hién dau tién. M duogc cd dinh hoic dugce chi rd béi
gps_min_size implicit_qtbt, ma chi bao kich c& nho nhét cta cac phan chia QT
va BT an. BTFirst = 0 duoc cd dinh hoic dugc chi rd boi
gps_implicit_bt before_implicit_qt_flag, ma chi bdo cic phén chia QT an c6 mirc
wu tién cao hon va s& duoc thuc hién trude cac phan chia BT an, va Bang 22 va
Bang 24 duoc ap dung. Trong phuong an nay, tai K (K < d, — dy) d6 sau dau
tién, cac phan chia BT 4n duoc thuc hién theo truc z va cac phén chia QT 4n sau
d6 duoc thuc hién theo cac truc y-z dya trén Bang 22. Sau do, kich ¢& cua cac
nat con tré thanh 2(@xdxt8ydx+82) trong d6 gid tri cua 8y va 8, (8, = &, = 0)
phu thudc vao gid tri cua K. Sau do, cac phan chia OT dugc thuc hién dy — M lan
ma lam cho céc nit con con lai ¢6 kich ¢ bang 2MM*8yM+82) - Tiép theo, theo
Bang 24, cac phan chia QT an dugc thuc hién theo céc truc y-z by 14n, va céc phéan
chia BT 4n sau d6 dugc thuc hién theo truc z 8, — Oy lan. Céc ntt con lai véi kich
cd béng 2MMM) “4o d6 cac phan chia OT duoc thyc hién M lan dé cham t6i céac

don vi nho nhét.

5.5 Minh hoa khdi 2D déi véi cac phuong phép phan chia khéac
nhau ctia phén chia QT va BT
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Bén phuong phéap phan chia néu trén cé thé duoc minh hoa trong
khdi 2D nhu dugc thé hién trong céac Fig.10-13, mot cach 1an luot, trong do6 hop
giéi han B chit nhét 16x4 dugce phén chia boi cac phan chia lap lai 4-muc t6i don
vi nho nhat. Ngoai ra, phuong phap TMC13, trong d6 cac phan chia OT duoc
thuc hién tir hop gi61 han khéi 1ap phuong mé rong, duge minh hoa trong Fig.10
dbi vé6i cac trudng hop 2D. Trong minh hoa 2D, BT tuong tu véi BT hoac QT
trong 3D, va QT tuong tu vé1 OT trong 3D.

Vi du v& phuong phép ctia phan II1.5.1

Trong FIG.10, BT dugc thuc hién sau QT, ma twong duong véi
viéc thuc hién QT va BT sau OT trong 3D. Nhu dugc thé hién, B dau tién duoc
phan chia thanh bén khéi con 4x1 béi phan chia QT hai mtrc va sau dé, khéi con
con lai duoc phén chia bsi phan chia BT hai muc theo truc x. Thur tu phén chia

12 QT 4n, QT, BT, BT.
Vi du vé phuong phép cta phén I11.5.2

Trong FIG.11, BT dugc thuc hién trudc QT, ma tuong duong véi
viéc thuc hién QT va BT trude OT trong 3D. Nhu duoc thé hién, B dau tién dugc
phan chia bdi cac phan chia BT hai murc theo truc X dé tao thanh bon khdi con
4x4, va sau d6, mdi khdi con dugc phén chia bdi cac phan chia QT. Thu tu phan
chia 12 BT 4n, BT, QT, QT.

Vi du vé phuong phép cta phan I111.5.3

Trong FIG.12, viéc phan chia dugc thuc hién bai thu tu BT, QT,
BT, ma tuong duong véi phuong phép lai trong 3D. Phuong phap lai v6i K=1
duoc thé hién trén FIG.12, trong 6 B dugc phan chia boi phan chia BT mot lan
dé thu dugc hai khdi con 8x4 va sua d6, mdi khdi con dugc phan chia boi cac
phéan chia QT hai mrc dé thu nhén céc khdi con nhoé hon 2x1 ma dugc chia cudi
cung thanh don vi nho nhét béi phan chia BT khac theo truc x. Thir ty phan chia
1a BT 4n, QT, QT, BT.

Vi du vé& phuong phap cia phan I11.5.4
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Trong FIG.13, viéc phan chia dugc thuc hién béi thir tw BT, QT,
BT, QT, ma tuong duong véi phuong phép lai voi didu kién kich ¢& nho nhat
trong 3D. Phuong phép lai véi didu kién kich ¢& BT nhé nhét dugc the hién trén
FIG.13, trong d6 K=M=1. Pau tién, phan chia BT dugc thyc hién trude phan chia
QT do K=1, sau d6 phéan chia QT thuc hién cho dén khi chiéu ngén hon dat to1
2 "M=2, turc 1a, cac khdi con 4x2. Tiép theo, phan chia BT dugc yéu ciu do diéu
kién kich ¢& BT nhé nhét, két qua 13, cac khdi con con lai ¢6 kich ¢&2x2, va cudi

cung phan chia QT dugc thuc hién. Thur tu phan chia la BT an, QT, BT, QT.
Vi du vé thiét ké TMC13

FIG.14 thé hién phuong phap QT tir hop gi6i han duge mé rong
trong 2D, ma twong duong véi phuong phép phan chia OT cta thiét ké TMC13
trong 3D. Nhu duogc thé hién, cac phan chia QT dé quy bt dau tr hop gidi han
chit nhat 16x16, ma dugc thé hién boi cac duong dut nét trong hinh veé.

Gia thiét réng céc diém dugc bd tri trén cac vi tri nhu duoc danh
du béi cac ddu gach chéo trong FIG.10-14, ¢ thé tinh toan cac bit dugc yéu cau
bdi mdi phuong phap. Nhu duge tom tit trong cot thir nhat cia Bang 25, ma tir
d6 c6 thé thiy rang bén phuong phdp c6 gia tri it bit hon so véi phuong phap
TMC13. Céc phuong phap ctia phan II1.5.3 va I11.5.4 thuc hién t&t nhat. Cot thir
hai trong Bang 25 tinh toan cac bit dugc yéu cAu tai trudng hop x4u nhit trong d6
tht ca vi tri duge chiém gitt. Tir mé phong ndy, cd thé thdy it bit nhét tir phuong
phap ctia phan II1.5.2, va cdc phuong phap cla phan II1.5.2 va II1.5.4 thyc hién
tdt hon so voi phuong phap TMC13. Do do, bang cach lya chon thich hop céc
tham s6 (K va M) va céc didu kién, cac két qua m4 hoa hinh hoc tt c6 thé dat

duoc.

Bang 25 So sanh céc bit dugc yéu cau boi cac phuong phap phéan chia khac nhau

Céac bit dugc yéu cau néu .
, , Cac bit dugc yéu cau tai truong hop
chiém gitt nhu dugc thé hién | , L
xau nhat cta chiém git hoan toan
trong céac Fig.10-14
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Phuong
phap trong
phén IT1.5.1

1X4+4%x4+8x%x2
+9%x2=54

1X4+4X4+16%X2+32X2
=116

Phuong
phép trong
phén I11.5.2

1X24+2X2+4+4X%X4
+7x%x4 =50

1X242X24+4%Xx4+16%X4
= 86

Phuong
phap trong
phén I11.5.3

1X24+2X4+5%x4
+9x2=48

1X2+4+2X44+8%x4+32%2
=106

Phuong
phap trong
phan I11.5.4

1X2+2X4+5%x2
+7Xx4=48

1X2+2X4+8%x24+16X%X4
=90

Phuong
phap trong
TMC13

1X4+2%X4+4%x4
+7%Xx4 =56

1X44+2%X4+4x4+16%X4
=92

1. Ché do phing

IV. Tuong tac vé6i ché d6 phing

Trong mdt vai phuong an, cac ché d6 phang trong ba chidu x, y,

va z duge dua vao dé ma hda hinh hoc ddm may diém. Céc ché do phang cd the

duoc kich hoat tai mirc nit kha dung thong qua co kich hoat ché d6 phang dugc

ma hoda trong dong bit. Ngoai ra, ci phép bb sung dugc thém vao dong bit dé chi

bao vi tri cia mat phang dugc két hop véi cac ché do phéng dugc kich hoat.

Du do4n cia c& va vi tri mat phang cling dugc dua vao dé dam

béo viéc nén tot ctia phan tir cit phdp mébi. Cuodi cung, tiéu chuan kha dung cuc bd

c¢6 thé duoc sir dung dé tranh sir dung cac ché d6 phing trong cic ving déi dién
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cia ddm may diém va nho do tranh dugc hiéu nang nén kém, cu thé trén cac dam
may diém day.
2. Cac van dé

Phan chia QT/BT 4n va cac ché d6 phang dugc dua trén cac xem
xét khac nhau va ¢ cung tdng ich m& hda trén cac dam may diém thua. Noi
chung, phan chia hinh hoc an véi d phtc tap thip va ché dé phang 14 phuc tap
hon nhung thich nghi hon. Lién quan dén hiéu ning, hai k¥ thust ma hoa dat dugc
cung hiéu nang trén dit liéu thua, va ché d6 phang c6 thé xir cac dam may diém
v6i nhidu mau mat phang tot hon.

DAu tién, hai k§ thuat ma héa chia sé mot vai khai niém va phuong
phap ma hoa tuong tu trong ma hoa chiém gift. Hai k¥ thuat ma héa déu thay do6i
phuong phép ma hoa chiém gitt, trong d6 tai cac didu kién dinh trudc chi mot
phan ctia ma chiém git dugc ma hoa trong khi phan con lai ctia ma chiém gift ¢6
thé duoc bé qua va duge xem xét tai phia bd giai ma. Déi v6i phan chia hinh hoc
4n, didu kién duoc x4c dinh 4n bdi mot vai tham sé dinh trude. Trong khi doi véi
ché do phang, didu kién duoc xac dinh boi b ma héa va c& va chi s6 duge bao

hiéu rd rang dé chi bao phan nao ctia ma chiém gift duoc bo qua.

Ngoai ra, viéc phan chia hinh hoc 4n c6 thé bat dau phan chia cay
bat phan tir hop gidi han khong phai khdi 1ap phuong va dang cua nut cdy bat phan
c6 thé ciing 1a bat d6i xang, trong khi ché d6 phang ludn gia dinh cac dang dbi

xing cda cac nut cdy bat phan.

Hai k¥ thuat nay khong xung dot mot cach truc tiép vé khai niém.
Chung c6 céc diém tuong tu/chdng 14n va cling nhu c4c khac biét. Trong cac

phuong an khac nhau, hai k¥ thuat c6 thé dugc hop nhat cing nhau.

Trong céc phan dudi day, cac phuong an két hop viéc phén chia
hinh hoc 4n va ché d6 phing dugc mo ta. Trong phan mo ta sau day, mot vai
phuong 4n dugc thé hién 1a cac thay dbi so v6i cac tiéu chuan k¥ thuat ctia phac
thao dbi v6i nén ddm may diém dua trén hinh hoc, ISO/IEC 23090-9:2019(E),
giai doan CD, ISO/IEC JTC 1/SC 29/WG 11 W18478, thang 6 nam 2019.
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3. Chi phéan chia hinh hoc 4n hodc chi ché d6 phang

Trong mdt vai phuong 4n, mot trong s6 hai k¥ thuat dugc kich
hoat khi ma hda dang hinh hoc cua dam may diém, tirc 14, kich hoat phén chia
hinh hoc 4n (trong khi ngit ché do phéng) hoic kich hoat ché d6 phang (trong khi
ngét phan chia hinh hoc an).

3.1 Béo hiéu cd diéu khién trong ct phap murc cao d6i véi phan
chia hinh hoc 4n

Dé kich hoat va ngét phén chia hinh hoc 4n, mét co co thé duoc
bao hiéu trong ¢ phdp muc cao. Co ¢ thé duoc chi rd trong tdp hop tham s6
chudi hoic thong tin tiéu dé 1at hodc tap hop tham s6 hinh hoc ctia dong bit.

Phuong an A

Trong mdt phuong an, c& ctia phan chia hinh hoc an dugc chi rd

trong tap hop tham s6 hinh hoc nhu sau.

Bang 26

# geometry parameter_set( ) { M6 ta
1 gps_geom_parameter_set_id ue(v)
2 gps_seq_parameter_set_id ue(v)
3 gps_box_present flag u(l)
4 if( gps_box_present_flag ){
5 gps_gsh box_log2 scale_present flag u(l)
6 if( gps_gsh box log2 scale _present_ﬂag

==10)

7 gps_gsh box_log2_scale ue(v)
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8 }

9 unique geometry points_flag u(l)
10 neighbour context restriction_flag u(l)
11 inferred direct coding mode enabled flag u(l)
12 bitwise occupancy coding flag u(l)
13 adjacent child contextualization_enabled flag | u(1)
14 log2 neighbour avail boundary ue(v)
15 log2 intra_pred max node size ue(v)
16 log2 trisoup node size ue(v)
17* gps_implicit geom_partition_flag u(l)
18 gps_extension_present_flag u(l)
19 if( gps_extension_present flag )

20 while( more_data in byte stream( ) )

21 gps_extension data flag u(l)
22 byte alignment( )

23

Cu phap tap hop tham s6 hinh hoc trong Bang 26 dugc cai bién

bang cach cong phan tir ¢t phép tai hang 17.

chia

gps_implicit geom_partition_flag bang 1 chi rd riang viéc phan
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gps_implicit geom_partition_flag bing 0 chi 18 ring viéc phan chia hinh hoc an

duoc ngat ddi v6i chudi hoic 14t.
Phuong an B

Trong phuong an khac, co dugc chi rd khi phuong an hon hop
tam giac phi két néi (Trisoup) duge ngét, trong dé truong hop thay d6i dbi vai tap
hop tham s hinh hoc dugc thé hién tai céc hang 6-8 trong Bang 27.

Bang 27
# geometry parameter set( ) { M6 ta
1 gps_geom parameter set_id ue(v)
2 gps_seq_parameter set id ue(v)
3
4 log2 intra pred max node_size ue(v)
5 log2 trisoup node size ue(v)

6 * if (log2 trisoup node size==10) {

7 * gps_implicit geom_partition_flag u(l)

10 byte alignment( )

11 |}

khi log2 trisoup node_size 16n hon 0,
gps_implicit geom_partition_flag co thé dugc xem la 0 ma khong béo hiéu 1o

rang.
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Phuong an C

Trong phuong 4n khéc, ngoai cd, cac tham sd khac ma lién quan
dén phén chia hinh hoc an c6 thé duoc chi rd trong cti phap muc cao khi co
gps_implicit_geom_partition flag bang 1. Ct phép tap hop tham s6 hinh hoc

trong Bang 28 duoc cai bién tai cac hang 6-10.

Bang 28
# geometry parameter set( ) { MG ta
1 gps_geom_parameter set id ue(v)
2 gps_seq parameter set id ue(Vv)
3
4 log2 intra_pred max node size ue(v)
5 log2 trisoup node_size ue(v)
6 * gps_implicit geom partition flag u(l)

7 * if (gps_implicit_geom_partition_flag ) {

8 * gps_max_num_implicit qtbt before ot ue(v)
9 * gps_min_size implicit qtbt ue(v)
10* }

11

12 byte alignment( )

13 |}

gps_max_num_implicit qtbt before ot chi rd s6 lugng 16n nhét

cia cac phan chia QT wva BT an truéc cac phan chia OT.
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gps_min_size implicit qtbt chi rd kich ¢& nho nhét cua cac phan chia QT va BT
an.
Phuong an D

Trong phuong an khac, bao hiéu ciia hop gidi han cua dang hinh
hoc c6 thé phu thudc vao gid tri clia gps_implicit_geom_partition_flag nhu sau.
Cu phap thong tin ti€u dé 14t hinh hoc trong Bang 29 dugc thay dbi bang cach bd

sung cu trac ct phap tai cac hang 10-16.

Bang 29
# geometry slice header( ) { M6 ta
1 gsh geometry parameter set_id ue(v)
2 gsh tile id | ue(v)
3 gsh_slice id ue(v)

4 if( gps_box_present flag ) {

5 gsh box log2 scale ue(v)
6 gsh_box origin x ue(v)
7 gsh box_origin_y ue(v)
8 gsh_box_ origin z ue(v)
9 }

10*|  if (gps_implicit_geom_partition_flag ) {

11*| gsh log2 max nodesize x ue(v)

12*| gsh log2 max nodesize y ue(v)
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13*|  gsh log2 max nodesize z ue(v)
14*|  }else {

15% gsh log2 max_ nodesize ue(v)
16*| }

17 gsh num_points ue(v)
18 byte alignment( )

19 |}

gsh log2 max_nodesize x, gsh log2 max nodesize y, va
gsh log2 max nodesize z chi rd kich c¢& hop gidi han cua cac chiéu x, y, z trong
ty 1& log2, mot cach lan  luot. Ching dugc chi 18 chi khi
gps_implicit geom partition_flag béng 1. Khi
gps_implicit geom_partition_flag bang 0, chi mot kich ¢& duge chi rd béi
gsh log2 max_ nodesize, va trong truong hop nay, ba chiéu duoc gia dinh c6 cling

kich cd.
Phuong &n E

Trong phuong 4n khéc, cac kich ¢ hop gidi han duge chi rd boi
cac do chénh léch cta chung. Cu phap thong tin tiéu dé 14t hinh hoc trong Bang

30 dugc cai bién tai cac hang 10-16.

Bang 30
# geometry slice header( ) { Mo ta
1 gsh geometry parameter set id ue(v)
2 gsh_tile id ue(v)
3 gsh_slice id ue(v)
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4 if( gps_box_present flag ) {
5 gsh box log2 scale ue(v)
6 gsh box_ origin x ue(v)
7 gsh box origin y ue(v)
8 gsh _box origin z ue(v)
9 }
10*| if (gps_implicit geom partition flag ) {
11*| gsh log2 max nodesize x ue(v)
12*| gsh log2 max nodesize y minus_x se(Vv)
13*| gsh log2 max nodesize z minus_y se(Vv)
14*%|  }else {
15% gsh log2 max nodesize ue(v)
16%| }
17 gsh_num_points ue(v)
18 byte alignment( )
19
3.2 Béo hiéu c4c c& diéu khién trong ¢t phdp mirc cao xem xét
phuong phép két hop

Trong phan phu niy, mot vai cic phuong 4n dugc mé ta nhu la

céac vi du dé thé hién lam thé nao deé bao hiéu cac co dieu khién trong cu phap mirc

cao khi xem xét két hop ctia viéc phan chia hinh hoc 4n va ché d6 phang.
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Phuong 4n A

Trong mot phuong an, hai co diéu khién duoc chi rd mot cach doc
1ap trong tap hop tham s6 hinh hoc nhu sau. Cu phép tap hop tham sb hinh hoc

trong Bang 31 duoc cai bién tai cac hang 6-7.

Bang 31
# geometry parameter set( ) { Mo ta

1 gps_geom_parameter set id ue(v)
2 gps_seq_parameter set id ue(v)
3
4 log2 intra pred max node size ue(v)
5 log2 trisoup node_size ue(v)
6 * gps_implicit_geom partition flag u(l)
7 * gps_planar mode flag u(l)
8
9 byte alignment( )
10 }

gps_planar mode flag bing 1 chi rd ring ché do phéng duoc kich
hoat ddi v6i chudi hodc 14t. gps_planar mode flag bang 0 chi rd rang ché do
phing dugc ngét ddi v6i chudi hodc 14t.

Tuy nhién, trong phuong phép két hop nay, gia thiét rang chi mot
trong sb6 hai phuong phép nay dugc kich hoat. Vi dy,
gps_implicit_geom partition_flag va gps planar_mode_flag khong thé cung
bang 1.
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Phuong 4n B

Trong phuong an khéc, co diéu khién gps planar mode flag
duoc chi rd phu thudc vao gia tri cua gps_implicit_geom_partition_flag trong tap
hop tham s6 hinh hoc nhu sau. Cu phép tép hop tham s6 hinh hoc trong Bang 32

dugc cai bién tai cac hang 6-8.

Bang 32
# geometry parameter set( ) { MG ta
1 gps_geom_parameter set id ue(v)
2 gps_seq parameter set id ue(v)
3
4 log2 intra pred max node size ue(v)
5 log2 trisoup node size ue(v)
6 * gps_implicit geom_partition_flag u(l)
7 * if ( gps_implicit_geom_partition_flag==0)
8 * gps_planar mode flag u(l)
9
10 byte alignment( )
11 }
Trong trudng hop nay, gps_planar_mode_flag duoc chi rd chi khi
gps_implicit geom partition_flag bang 0. Khi

gps_implicit geom_partition_flag bang 1, gps_planar mode flag ¢6 thé duogc

xem la 0.
Phuong an C
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Trong phuong an khac, co didu khién
gps_implicit_geom_partition flag dwgc chi rd phu thudc vao gia tri cua
gps_planar mode flag trong tap hop tham s6 hinh hoc nhu sau. Cu phép tap hop

tham s hinh hoc trong Bang 33 dugc cai bién tai cac hang 6-8.

Bang 33
# geometry parameter set( ) { M6 ta

1 gps_geom_parameter set id ue(v)
2 gps_seq_parameter set id ue(v)
3
4 log2 intra pred max node size ue(v)
5 log2 trisoup node size ue(v)
6 * gps_planar mode flag u(l)
7 * if (gps_planar mode flag==0)
8 * gps_implicit geom_partition_{flag u(l)
9
10 byte alignment( )
11 }

Trong truong hop nay, gps_implicit_geom_partition_flag duogc
chi rd chi khi gps_planar mode flag bang 0. Khi gps_planar mode flag bang 1,

gps_implicit_geom partition_flag c6 thé dugc xem 12 0.
Phuong an D

Trong phuong an khac, co diéu khién

gps_implicit geom partition_flag dugc chi rd phu thudc vao gid tri cua
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gps_planar mode flag va gia tri clia log2_trisoup_node_size trong tap hop tham

s6 hinh hoc nhu sau. Ct phép tdp hop tham s hinh hoc trong Bang 34 dugc cai

bién tai cac hang 6-8.

Bang 34
# geometry parameter set( ) { Mo ta
1 gps_geom_parameter set id ue(v)
2 gps_seq_parameter set id ue(v)
3
4 log2 intra pred max node size ue(v)
5 log2 trisoup node size ue(Vv)
6 * gps_planar mode flag u(l)
7 * if (gps_planar mode flag == 0 &&
log2 trisoup node size == 0)

8 * gps_implicit geom_partition_flag u(l)
9
10 byte alignment( )
11 }

Trong truong hop nay, gps_implicit_geom_partition_flag duoc

chi rd chi khi ca gps_planar mode flag va log2_trisoup_node_size bang 0. Néu

khong phai, gps_implicit geom_partition flag c6 thé dugc xem 13 0. Noi cach

khac, phan chia hinh hoc 4n ¢6 thé duoc kich hoat chi khi ca ché d6 hdn hop tam

giac phi két nbi (Trisoup) va ché do phing duoc ngét.

80



44878 81/123

4. Ché do phang la kha dung chi khi ntit cAy bét phan hién tai 13
khéi 1ap phuong

Phuong phép két hop thir hai ¢6 thé cho phép phan chia hinh hoc
4n va ché d6 phing tai cung thoi diém. Nhung mot vai rang bude dugc bao gdm
d6i v6i ché do phéng. Néu phan chia hinh hoc an duoc kich hoat, hop gi61 han va
c4c nut cdy bat phan c6 thé khong phai khdi 1ap phuwong. Trong phuong phap nay,
diéu kién dé 4p dung ché do phéng d6 1a ché do phang 1a kha dung chi khi ntt cay
bat phan hién tai la khéi 1ap phuong, ma chi bao dy = dy = d,.

Trong modt phuong an, ci phap ma hda hinh hoc dugc thé hién

trong Bang 35, ma c6 thé tuong tu nhu trong Bang 9.

Bang 35

# geometry slice data() { Mo ta

12 for( depth = 0; depth <
MaxGeometryOctreeDepth; depth++ ) {

13 for( nodeldx = 0; nodeldx <
NumNodesAtDepth[ depth ]; nodeldx++

)

14%* /* NB: implicit partition is described in

semantics */

15% partitionSkip = byb,b, // depend on

implicit partition conditions

16* If ( !(partitionSkip & 4) )

17%* depthX = depthX + 1;

18%* If ( !(partitionSkip & 2) )
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19* depthY = depthY + 1;

20* If ( !(partitionSkip & 1))

21% depthZ = depthZ + 1;

22% XN = NodeX] depthX ][ nodeldx ]

23% yN =NodeY[ depthY ][ nodeldx |

24% zN = NodeZ|[ depthZ ][ nodeldx ]

25% geometry node( depthX, depthY, depthZ,

partitionSkip, nodeldx, xN, yN, zN )

26 }

27 }

28 if (log2_trisoup node size > 0)
29 geometry trisoup data( )

30 |}

82/123

Cac bién ChildNodeSizeXLog2, ChildNodeSizeYLog2 va

ChildNodeSizeZILog2 chi rd kich c& nat con d6i voi moi chidu, va c6 thé duge

xac dinh boi cac phan chia QT va BT 4n nhu sau,

NodeSizeXLog2 = MaxNodeSizeXLog2 — depthX;
NodeSizeYLog2 = MaxNodeSizeYLog2 — depthY;

NodeSizeZLog2 = MaxNodeSizeZlLog2 — depthZ;

if( !(partitionSkip & 4) )

ChildNodeSizeXIog2 = NodeSizeXLog2 — 1;

else
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ChildNodeSizeXLog2 = NodeSizeXLog2;
if( !(partitionSkip & 2 )

ChildNodeSizeYLog2 = NodeSizeYLog2 — 1;
else

ChildNodeSizeYLog2 = NodeSizeYLog?2;
if( !(partitionSkip & 1)

ChildNodeSizeZIlog2 = NodeSizeZLog2 — 1;
else

ChildNodeSizeZILog2 = NodeSizeZlog?2.

Trong phuong an nay, ché do phiang 1a khong kha dung khi
NodeSizeLog2X, NodeSizeL.og2Y va NodeSizeLLog2Z khong bang nhau nhu sau,

if (NodeSizeXLog2 != NodeSizeYLog2) || (NodeSizeXLog2 !=
NodeSizeZLog2) || NodeSizeYLog2!= NodeSizeZL.og2)) {

planarModeEligibilityX = 0;
planarModeEligibility Y = 0;

planarModeEligibilityZ = 0;

trong dé planarModeEligibilityX, planarModeEligibility Y va
planarModeEligibilityZ chi r6 rang ché do phang c6 kha dung d6i voi cac chidu
X, Y, Z hay khong, mdt cach lan luot, trong nut dugc ma hoa hién tai.

5. Ché d6 phang khong kha dung tai cac chiéu dinh trudc ma
khong dugc phan chia

Phuong phép két hop thit ba con lam giam rang budc clia ché do
phéng, trong d6 ché do phing 1a kha dung ngay ca khi nut cdy bat phan hién tai
khéng phai khéi 1ap phuong. Néu mdt hodc hai chiéu khéng duge phan chia tai
mot do sau, ché do phang 1a khong kha dung tai cac chiéu nay trong khi 1a kha
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dung tai cac chiéu con lai. Vi dy, néu phén chia hinh hoc 4n quyét dinh thyc hién
viéc phén chia theo céac chiéu x va y ma khong phai truc z tai do siu phan chia

dinh truée, thi ché do phing chi kha dung dbi v6i cac chidu x vay.

Trong phuong 4n nay, ché do phang khong kha dung tai cac chiéu
nhét dinh trong d6 viéc phan chia dugc bd qua bdi phuong phéap phan chia hinh

hoc 4n nhu sau,
if( partitionSkip & 4 )
planarModeEligibilityX = 0;
if( partitionSkip & 2)
planarModeEligibility Y = 0;
if( partitionSkip & 1)
planarModeEligibilityZ = 0.

Luu ¥ rang trong cac vi du khac, ché do phang c6 thé duoc thay
d6i trong céc khia canh khac va trong céach thic phirc tap hon dé can thang véi

thuc té rang nut cdy bat phan cé thé 14 khbi phong 1ap phuong chit nhat.
V. Céc phuong 4n b sung ctia phan chia hinh hoc an
Phuong én A
Phuong 4n A dé xuét cai tién d6i v6i phan chia hinh hoc an, va
tiét kiém nhiéu bit hon khi ma héa ma chiém gift v6i phan chia hinh hoc an. Cu
thé, x{r Iy phén tich chiém gifr cdy bat phan hinh hoc duge md ta trong phén 11T ¢6
thé duoc cai bién bang cach dua ra xur Iy 2 x4c dinh bién binIsInferred tai phan
cudi ctia xr 1y phan tich chiém gitt ciy bat phan hinh hoc:
Xt ly nay khoi phuc phén tir ¢t phap occupancy map.
PAu vao ddi véi xir ly nay 1a NeighbourPattern, binlsSkiped va

binIsInferred cta nut hién tai.

DAu ra tlr xtr Iy nay 1a gia tri phén tir cti phap, duge xay dung nhu sau:
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value = 0;
for (binldx = 0; binldx < 8; binldx++) {

if( binIsSkiped[binldx] )

bin = 0;

else if( binlsInferred )
bin = 1;

else

bin = readBin(binldx)
value = value | (bin << bitCodingOrder|[ binldx ]);
}
trong d6 bién binlsSkiped[binldx] dugc thiét 1ap theo nhu sau

if( (partitionSkip & 1) && (
inverseMap[NeighbourPattern][bitCodingOrder[binldx]] & 1) )

binlsSkiped[binldx]=1;

else if( (partitionSkip & 2) && (
inverseMap[NeighbourPattern][bitCodingOrder[binldx]] & 2) )

binlsSkiped[binldx]=1;

else if( (partitionSkip & 4) && (
inverseMap[NeighbourPattern][bitCodingOrder[binldx]] & 4 ) )

binIsSkiped[binldx]=1;
néu khong phai
binlsSkiped[binldx]=0;

va trong d6, déi véi mdi ky tu nhi phan, bién binlsInferred duoc thiét 1ap

theo nhu sau:
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— néumot trong céc diéu kién sau day 13 ding, binlsInferred duoc thiét 1ap

bang 1:

- NeighbourPattern bang 0 va s6 lwong cua 1-valued ky tw nhi phin
duoc giai ma trude d6 nhé hon hodc bang (binldx + minOccupied

— maxQOccupied).

- NeighbourPattern khong bdng bing 0, binldx bang
maxQOccupied-1 va cac gia tri cua tat ca ky tu nhi phan duoc giai
ma trude dé bang 0.
trong d6 minOccupied=2, va maxOccupied=8 (if OT dugc ap dung),
maxOccupied=4 (if QT duoc 4p dung), maxOccupied=2 (néu BT
dugc ap dung).
— Néu khéng phai, néu cac diéu kién néu khong 1a dung, binIsInferred dugc
thiét 14p bang 0.
Phuong 4n B
Trong mot phuong an, cO didu khién
gps_implicit geom_partition_flag va hai tham s6 K va M duoc chi rd tai tip hop

tham s6 hinh hoc nhu sau,

Bang 36
geometry parameter_set( ) { Mo ta
gps_geom parameter_set_id ue(v)
gps_seq_parameter_set_id ue(v)
gps_box present flag u(l)
if( gps_box_present_flag ){
gps_gsh box log2 scale_present flag u(l)
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if( gps_gsh box log2 scale present flag == 0)
gps_gsh box log2 scale ue(Vv)
}
unique geometry points_flag u(l)
neighbour context restriction_flag u(1)
inferred direct coding mode enabled flag u(l)
bitwise _occupancy coding flag u(l)
adjacent child contextualization_enabled_flag u(l)
log2 neighbour avail boundary ue(Vv)
log2 intra_pred max_node_size ue(Vv)
log2 trisoup node size ue(v)
gps_implicit geom_partition_flag u(l)
if ( gps_implicit_geom_partition_flag ) {
gps_max num_implicit_qtbt before_ ot ue(Vv)
gps_min_size implicit_qtbt ue(Vv)
}
gps_extension_present flag u(l)

if( gps_extension_present flag )

while( more data in_byte_stream( ) )
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gps_extension_data_flag u(l)

byte alignment( )

gps_implicit_geom_partition_flag bang 1 chi rd rang viéc phan
chia hinh hoc 4n duwoc kich hoat dbi véi chudi hodc lat.
gps_implicit geom_partition_flag bang 0 chi rd rang viéc phan chia hinh hoc an
duoc ngét ddi véi chudi hoic 14t. Néu gps_implicit geom_partition_flag bang 1,
hai tham s6 sau dy dugc bao hiéu:

(1) gps_max_num_implicit_qtbt_before ot chi rd s6 luong 16n
nhét ctia cac phan chia QT va BT 4n trudc cac phan chia OT, tuc 13, K =
gps_max_num_implicit_qtbt_before_ot.

(2) gps_min_size implicit_qtbt chi 18 kich c& nho nhét clia céac
phéan chia QT va BT an, tirc 13, M = gps_min_size implicit_qtbt. Tham s6 M nay
ngén chin cac phan chia QT va BT 4n khi tit ca cac chidu nho hon hodc biang M.

Phuong an C

Trong mdt phuong an, néu QTBT an duoc kich hoat, kich c¢& cua

hop gidi han dugce chi rd boi ba gid tri trong thong tin tiéu dé 14t hinh hoc nhu sau,

geometry_slice header( ) { M6 ta
gsh geometry parameter_set id ue(v)
gsh tile id ue(v)
gsh_slice id ue(v)

if( gps_box_present flag ) {

gsh box log2 scale ue(v)
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gsh_box origin x ue(v)
gsh_box origin y ue(v)
gsh box origin z ue(v)
}
if ( gps_implicit geom partition_flag ) {
gsh log2 max nodesize x ue(v)
gsh log2 max nodesize y minus X se(Vv)
gsh log2 max nodesize z minus_y se(V)
}else {
gsh_log2 max nodesize ue(Vv)
}
gsh num_points ue(v)

byte alignment( )

89/123

gsh log2 max_ nodesize x chi rd kich c¢& hop giéi han trong

chiéu x, tic 13, MaxNodesizeXLog2 ma dugc st dung trong xtr ly gidi ma nhu

sau:

MaxNodeSizeXLog2 = gsh log2 max_nodesize_X.

MaxNodeSizeX = 1 << MaxNodeSizeXLog?2.

gsh log2 max nodesize y_ minus_x chi r6 kich ¢& hop gi6i han

trong chiéu y, trc 13, MaxNodesizeYLog2 ma dugc sir dung trong xtr ly gidi ma

nhu sau:
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MaxNodeSizeYLog2 = gsh log2 max nodesize y minus x +
MaxNodeSizeXLog?2.

MaxNodeSizeY = 1 << MaxNodeSizeYLog?2.

gsh log2 max nodesize z minus_y chi rd kich ¢& hdp gidi han
trong chiéu z, tuc 13, MaxNodesizeZILog2 ma dugc st dung trong xu ly giai ma

nhu sau:

MaxNodeSizeZlL.og2 = gsh log2 max nodesize z minus y +
MaxNodeSizeYLog2.

MaxNodeSizeZ = 1 << MaxNodeSizeZlog2.
Sau dé, cac tham s6 K va M duoc cap nhét nhu sau,

gsh log2 max_nodesize = max{ MaxNodeSizeXIL.og2,
MaxNodeSizeYLog2, MaxNodeSizeZlLog2 }

gsh log2 min_nodesize = min{ MaxNodeSizeXI.og2,
MaxNodeSizeYLog2, MaxNodeSizeZIlog2 }

if (K> (gsh_log2 max_ nodesize - gsh log2 min nodesize))
K =gsh log2 max nodesize - gsh log2 min nodesize;
if (M > gsh log2 min_nodesize)
M = gsh log2 min nodesize;
if (gsh log2 max nodesize == gsh log2 min nodesize)
M= 0;
if (log2 trisoup node size !=0) {
K =gsh log2 max nodesize - gsh log2 min nodesize;
M=0;
}

Theo phuong &n cua sang ché, khi ché d6 hdn hop tam giac phi két nbi (trisoup)

dugc kich hoat (log2 trisoup node size != 0 la dung), M duoc thay d6i thanh
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chiéu log2 nut gbc nho nhét cta lat. Luuy rang chiéu log2 hdn hop tam gidc phi

két ndi cAn khong 16n hon chidu log2 nut gbc nho nhét cta lat.

Phuong an D

Theo phuong an cua sang ché, ct phap dit liéu 14t hinh hoc trong

Bang 37 duoc st dung trong vi tri cia c4u tric ¢t phép trong Bang 35 hodc Bang

9. Ham quyét dinh QT/BT 4n duoc dua vao mdi tai hang 3 ciia Bang 37. Cua phap

cia ham quyét dinh QT/BT 4n duoc thé hién trong Bang 38 trong do bién

partitionSkip dugc xé4c dinh tai cac hang 9-16, va cac d su trong cac chidux, y,

va z dugc cap nhét tai cac hang 17-23.

Bang 37

#

geometry slice data( ) {

M6 ta

*

depthX = 0; depthY = 0; depthZ = 0;

for( depth = 0; depth < MaxGeometryOctreeDepth;
depth++) {

partitionSkip = implicit_qtbt_decision(K, M, depth,
depthX, depthY, depthZ)

for( nodeldx = 0; nodeldx <

NumNodesAtDepth[ depth ]; nodeldx++) {

xN = NodeX][ depthX ][ nodeldx ]

yN =NodeY[ depthY ][ nodeldx ]

zN = NodeZ[ depthZ ][ nodeldx ]

geometry node( depthX, depthY, depthZ,
partitionSkip, nodeldx, xN, yN, zN )
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9 }
10 }
11 if (log2_trisoup node_size > 0)
12 geometry_trisoup_data( )
13 |}
Bang 38
# implicit_qtbt_decision ( K, M, depth, depthX, depthY, | M6 ta
depthZ ) {
1 partitionSkip = 0;
2 NodeSizeXLog2 = MaxNodeSizeXLog2 - depthX;
3 NodeSizeYLog2 = MaxNodeSizeYLog2 — depthY’;
4 NodeSizeZILog2 = MaxNodeSizeZLog?2 - depthZ;
5 MinNodeSizelLLog2 = min{  NodeSizeXLog2,
NodeSizeYLog2, NodeSizeZLog2};
6 MaxNodeSizeLog2 = max{ NodeSizeXLog2,
NodeSizeYLog2, NodeSizeZLog2};
7 If (MinNodeSizeL.og2 == MaxNodeSizel.og2)
8 M = 0;
9 *| if (K > depth || M == MinNodeSizeL.og2) {
10%* if (NodeSizeXLog2 < MaxNodeSizeL.og2)
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11* partitionSkip |= 4;

12% if (NodeSizeYLog2 < MaxNodeSizeLog?2)
13* partitionSkip |= 2;

14* if (NodeSizeZLog2 < MaxNodeSizeL.og?2)
15% partitionSkip |= 1;

16* }

17% if ( !(partitionSkip & 4))

18* depthX = depthX + 1;

19* if ( !(partitionSkip & 2) )

20%* depthY = depthY + 1;

21*|  if (!(partitionSkip & 1))

22% depthZ = depthZ + 1;

23% }

V1. Céc vi du xur Iy giai ma hinh hoc

Fig.15 thé hién luu dé mé ta xit ly 1500 theo phuong 4n ctia séng
ché. Viduy, x Iy 1500 c6 thé duoc st dung dé giai ma dam may diém. Xu ly
1500 ¢6 thé duge st dung to tao ra cAu tric cy bat phan dé biéu dién hinh hoc
clia cac diém trong hop gidi han cia lat tai bo giai ma dam may diém. Trong céc
phuong 4n khac nhau, xtr ly 1500 ¢6 thé dugc thuc hién bdi hé mach xtr ly, nhu
hé mach x&r Iy ma thuc hién cac chic ndng clia modun giai ma sb6 hoc 410 va
mddun giai ma cdy bat phan 430 tai bo giai ma 400. Trong mot vai phuong an,

xtr 1y 1500 dugc thuc hién trong céc 1énh phﬁn mém, nho d6 khi hé mach xtr ly
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thuc thi c4c 1énh phan mém, hé mach x 1y thuc hién xtr Iy 1500. X Iy bat dau

tai budc 1501 va chuyén sang budc 1510.

Tai buéc 1510, dong bit bao gém lat ctia khung ddm may diém
duoc ma hoa co thé duoc thu nhan. Vi du, 14t c6 thé bao gém mot loat cac phﬁn
ttr ci phap va cac ky tu nhi phan ma biéu dién mot phén hoac toan bd khung dam

may diém dugc ma hoa.

Tai 1520, cy bat phan biéu dién hinh hoc ctia cac diém trong hop
gi6i han cta 14t ¢6 thé duoc khoi phuc. Trong xir ly xay dung cdy bat phén, nat
hién tai clia ciy bat phan c6 thé duoc phan chia véi phan chia cdy tir phan (QT),
hodac phén chia cdy nhi phan (BT). Vi dy, lam thé nao dé phan chia nit hién tai
cua cay bat phan nho str dung mot trong s6 phan chia QT, phan chia BT ho#ic phan
chia cdy bat phan (OT) ¢6 thé duogc xac dinh dya trén céc didu kién dinh trude.
Viéc 1am thé nao dé phén chia nut hién tai cia cay bat phan nho sir dung mot trong
sb phén chia QT, phéan chia BT hodc phéan chia OT c6 thé cling dugc xéc dinh dua
trén mot hoac nhiéu tham s& ma mdi tham sb c6 thé duoc bao hiéu trong dong bit,

hodc str dung gia tri dugc cau hinh trude cuc bd.

Trong khi xay dung cdy bat phan, gia tri cua bién, dugc ky hiéu
bai partitionSkip, ma chi 13 loai phéan chia va chiéu phén chia ctia nut hién tai cia
cdy bat phan c6 thé duoc xac dinh. Trong vi du cla sang ché, bién partitionSkip
6 thé dugc biéu dién trong dang nhi phan véi ba bit tuong Gng véi cac chiéu x,
y, va z, mot cach 1an luot, va mdi bit chi bao réng viéc ¢6 duoc thuc hién doc theo
chiéu x, y, hodc z tuong tmg hay khong. Dua trén bién partitionSkip, d¢ sau trong
chiéu x, y, hodc z ddi véi nat con cua nat hién tai cia cdy bat phan c6 thé duoc

cap nhat.

Trong khi x4y dung cua cay bat phan, cac bit chiém gitr thudc vé
ma chiém gitr 8 ky tu nhi phan ctia nit hién tai ctia cy bat phén c6 thé dugc thu
nhan (hodc dugc phén tich) tir dong bit. Mdi bit chiém gifr twong tmg véi niit con
duoc chiém gift ctia nit hién tai cua cay bat phan. 4 ky tu nhi phan thudc vé mi

chiém gift 8 ky tu nhi phan khong dugc bao hi¢u trong dong bit khi nit hién tai
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clia cdy bat phan duge phan chia véi phan chia QT, va 6 ky tu nhi phan thudc veé
ma chiém gitr 8 ky tu nhi phan khong dugc bao hiéu trong dong bit khi ntt hién

tai clia cAy bat phan dugc phén chia v6i phan chia BT.

Ngoai ra, mot hodc nhiéu phén tir ¢ phap ma chi bao cac kich c&
ba-chiu (3D) ctia hdp gidi han cia lat cua khung ddm may diém duoc ma hda co
thé duoc thu tr dong bit. Vi dy, hdp gidi han cia lat cé thé c6 dang cla khoi

phong 1ap phuong chit nhat.

Trong khi xay dung cay bat phén, sau khi thu phan tir cti phap ma
chi bao nut hién tai cia ciy bat phan c6 mgt nut con duoc chiém gir, 1 ky tu nhi
phan c6 thé dugc thu nhan néu bién partitionSkip chi bao phéan chia BT, hosc 2
ky tu nhi phan cé thé dugc thu nhan néu bién partitionSkip chi bdo phén chia QT.
So dd chiém gilr ma nhan dang cac nit con dugc chiém gifr cua nut hién tai cua

cay bat phan co thé duge x4c dinh dua trén 1 hodc 2 ky tu nhi phéan thu duge.

Trong khi xdy dung ciy bat phan, x{r ly phén tich co6 thé duoc
thuc hién trén dong bit dé x4c dinh phﬁn tr cu phép cua so dd chiém gilt ma nhéan
dang céac nat con dugc chiém gitr ctia nit hién tai cua cdy bat phan. Trong xur ly
phén tich, ky tur nhi phan cua phén tir ¢ phép cla so dd chiém gitr c6 thé dugc

xac dinh la dugc bd qua dua trén bién partitionSkip.

Trong khi xay dung cdy bat phan, d6i v4i nut con ctia nut hién tai
cua cdy bat phan dugc ma hoa trong ché d6 truc tiép, kich c& log2 d6i v6i mdi
chiéu x, y, va z, duge ky hiéu dx, dy, va dz, mot cach lan luot, ¢ thé duoc xac
dinh ddi voi nat con dua trén bién partitionSkip. Co thé duoc xac dinh réng cac
vi tri cua cac diém trong nit con dugc mé héa boi ma héa do dai cd dinh véi (dx,
dy, dz) bit, mdt cach lan luot. Do d6, cac ky tu nhi phan tuong ing véi cac toa
do cac diém trong nut con cd thé duoc thu nhan dya trén do dai ma hoa da biét.

Theo vi du cta sang ché, phan tir cti phdp ma chi bdo mét trong
sé c4 tham sd sau dy c6 thé dugc thu nhan trong dong bit dé khoi phuc cay bat
phan: sb luong phan chia QT va BT 4n 16n nhét dugc thuc hién trude cic phan

chia OT, kich c& nho nhét ctia cac phan chia QT va BT 4n ma ngan chin cac phan
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chia QT va BT an cta nat khi tat ca cac chieu ctia nit nhé hon hoac bang kich c&
nhé nhét, hodc mirc wru tién ma chi bao phan chia QT ho#dc BT an nao dugc thuc

hién dAu tién khi ca hai phan chia QT va BT dugc cho phép.

Theo vi du cua sang ché, trong khi xay dung cdy bat phén, khi do
sdu cAy bat phan cia nut hién tai nho hon tham sb K, hodc khi kich ¢& log2 nhé
nhét trong s6 cac kich ¢ log2 trong céc chiéu x, y, va z ctia nlit hién tai bang tham
s6 M, loai phan chia va chiéu phén chia dé phan chia nut hién tai co thé duoc xac

dinh theo céc diéu kién trong Bang sau day:

Bang 39

Loai va chiéu | QT doc theo céac|QT doc theo cac | QT doc theo cac

phén chia truc x-y truc x-z truc y-z
Diéu kién d, <d,=d, d, <d,=d, de <dy,=d,

Loai va chidu _
_ BT doc theo truc x | BT along y axis BT doc theo truc z
phén chia

. dy, < d,andd, d, < d,andd, d, <d,andd,
Piéu kién
<d, <d, <d,

Tham sb K coé thé 13 sb nguyén trong pham vi cia 0 < K <
max(dx, dy, dz) — min (dy, dy, d,), va xéc dinh s6 lan phan chia QT va BT an 16n
nhét ma dugc cho phép trude cac phan chia OT. Tham s& M c6 thé 1 s6 nguyén
trong pham vi ctia 0 < M < min (dy, dy, d,), va x4c dinh kich c& nho nhét cla
cac phén chia QT va BT 4n ma ngan chin cac phén chia QT va BT 4n ctia nat khi
tAt ca cac chidu cua nit nhé hon hodc bang M. Céc kich ¢ dx, dy, va dz c6 thé
1a céc kich c& log2 ctia nut hién tai trong cac chiéu x, y, va z, mot cach lan luot.
Theo vi du cla sang ché, loai phan chia va chiéu phan chia néu trén dé phan chia

nut hién tai ¢6 thé dugc bidu dién boi bién partitionSkip.
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Theo vi du cta sang ché, moi tham s6 K va M c6 thé dugc bao
hiéu téi bo giai ma, hodc lay cac gid tri duoc cau hinh trudc, va duoc cap nhat sau,
vi du, dua trén céc kich ¢& 3D cua nut goc cua lat, hodc ché d6 hon hop tam giac

phi két néi (trisoup) c6 duge kich hoat hay khong.

Luu y rang cac tham s6 K hodc M, hodc cdc tham s6 khac duoc
st dung dé didu khién hodc thuc hién phan chia QT/BT 4n chi dugc mo6 ta nhu 1a
c4c vi du dé minh hoa mét vai phuong an clia sang ché. C6 thé c6 cac dang khac
nhau cta cac tham s6 dugc bao hidu trong dong bit va duoc st dung dé thyc hién
cac phan chia QT/BT tai bo gidi ma. Cac tham s6 nay c6 thé c6 hodc c¢6 thé khong
tuong tu v6i K hodc M, nhung ¢6 thé duoc str dung tuong tu dé didu khién lam
thé nao cac phan chia QT/BT dugc thuc hién sao cho hiéu nang nén ddm may

diém t5t hon c6 thé dat dugc.
Sau budc 1520, xit 1y 1500 ¢6 thé két thic tai bude 1599.
VIL. Hé thong may tinh

Céc k¥ thuat dugc mé ta néu trén, ¢ thé duoc thuc hién nhu 1a
phan mém mady tinh nho st dung céc 1énh ¢6 thé doc dugc béi may tinh va dugc
luu trt vat 1y trong mot hodc nhiéu phuong tién doc dugc boi may tinh. Vi du,
Fig.16 thé hién hé théng méy tinh 1600 thich hop dé thuc hién cac phuong 4n ctia

dbi tuong duoc boc 10.

Phin mém may tinh c6 thé dugc ma hoa nho st dung bét ky ma
may hodc ngdn nglt may tinh thich hop, ma co6 thé duoc tap hop, bién dich, lién
két, hodc co ché tuong tu dé tao ra ma bao gém cac 1énh ma co thé duoc thuc thi
truc tiép, hoac thong qua dién dich, thuc thi vi ma, va loai tuong tu, boi mot hoac
nhidu b xir Iy trung tim (CPU) méy tinh, cac bd xir 1y do hoa (GPU), va loai
tuong tu.

Cac lénh co thé duoc thuc thi trén céc loai may tinh khac nhau
hodc cac thanh phﬁn cua chung, bao g(‘A)m, vi dﬁ, c4ac may tinh c4 nhan, may tinh
bang, may chtl, dién thoai thong minh, thiét b choi tro choi, thiét bi Internet van
vat, va loail tuong tu.
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Céc bo phan duoc thé hién trén Fig.16 d6i v6i hé théng may tinh
1600 13 vi du v& mit ban chat va khong du dinh dé xudt bét ky giéi han nao doi
v6i pham vi st dung hodc chiic nang cua phﬁn mém may tinh ma thuc hién céc
phuong 4n cua sang ché. Chu tric cua cac bd phan khdng duge hiéu 13 c6 bat ky
su phu thudc hodc yéu cdu lién quan dén bit ky mot hoic két hop ctia cac bd phan

dugc minh hoa trong phuong an vi du ctia hé théng may tinh 1600.

Hé thdng may tinh 1600 c6 thé bao gbém céc thiét bi dau vao giao
dién nguoi dung dinh trudec. Thiét bi dau vao giao dién nguoi dung ndy cé thé
phan hoi lai viée nhap vao bdi mot hoac nhiéu nguoi dung thong qua, vi duy, viéc
nhép xtc giac (nhu: nhén phim, truot, di chuyén bao dir liéu), nhap audio (nhu:
thoai, v0 tay), nhap truc quan (nhu: cac ctr chi), nhép khiru giac (khong duge thé
hién). Céc thiét bi giao dién ngudi dung c6 thé cling dugc st dung dé quay néi
dung da phuong tién khong can thiét lién quan truc tiép dén viéc nhap nhan thirc
boi nguoi dung, nhu audio (nhu: 4m nhac xung quanh, &m nhac thoai), cac anh
(nhu: cac anh duogc quét, cic anh chup thu nhén tir camera anh tinh), video (nhu

video hai chiu, video ba chiéu bao gom video 1ap thé).

Céc thiét bi giao dién ngudi ding du vao c6 thé bao gdbm mot
hodic nhiéu trong s6 (chi mot trong sé céc thiét bi duoc thé hién): ban phim 1601,
chuét 1602, ban di chudt 1603, man cham 1610, bao dir liéu (khong dugc thé
hién), can diéu khién 1605, microphdn 1606, may quét 1607, camera 1603.

Hé théng may tinh 1600 c6 thé cling bao gdm cac thiét bi dau ra
giao dién nguoi dung dinh trude. Cac thiét bi dau ra giao dién nguoi dung nay c6
thé 13 su mo phéng céac gidc quan clia mot hodc nhiéu nguoi dung théng qua, vi
dy, xtc gidc, Am thanh, anh sang, va mui/vi giac. Cac thiét bi dau ra giao dién
nguoi dung nay co thé bao gdm céc thiét bi dau ra xtc giac (vi du xuc gidc phan
hdi boi man cham 1610, bao dit lidu (khéng dugc thé hién), hogc can diéu khién
1605, nhung c6 thé cling c6 cic thiét bi phan hoi xtc gidc ma khdng déng vai tro
14 céc thiét bi dAu vao), cac thiét bi xuét audio (nhu: cac loa 1609, cac tai nghe

(khéng duoc thé hién)), cac thiét bi du ra truc quan (nhu cac man hinh 1610 bao
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gé)m cac man hinh CRT, man hinh LCD, man hinh plasma, man hinh OLED, mdi
trong sb chung c6 hodc khong cé kha nang nhap man cham, c6 hodc khéng c6 kha
ning phan hoi xtic gidc—mdt vai trong s6 chung c6 thé c6 kha ning xuét ra dau
ra truc quan hai chidu hodc dAu ra nhiéu hon ba chiéu thong qua phuong tién nhu
dAu ra lap thé; cac kinh thuc té 40 (khong duogc thé hién), cic man hinh toan ky

v bé khéi (khong duoc thé hién)), va cdc may in (khong dugc thé hién).

Hé théng may tinh 1600 c6 thé cling bao gdm céc thiét bi luu trix
c6 thé truy nhap duoc bsi ngudi dung va phuong tién duoc két hop ctia ching
nhu phuong tién quang bao gébm CD/DVD ROM/RW 1620 véi CD/DVD hodc
phuong tién tuong tu 1621, b chdp 1622, b cing thao roi hoac 6 ban dan 1623,
phuong tién tur truyén théng nhu bang va dia mém (khong dugc thé hién), cac thiét
bi dua trén ROM/ASIC/PLD chuyén dung nhu cac khéa dién tir bao mat (khong

duoc thé hién), va loai tuong tu.

Nguoi ¢6 hiéu biét trung binh trong linh vuc k¥ thuét ciing s& hiéu
rang thuit ngft “phuong tién doc dugc boi méay tinh” nhu duge su dung két hop
véi dbi tugng dugc boc 16 khong bao ham mdi truong truyén, cac song mang,

hodc céc tin hiéu chuyén tiép khac.

Hé théng may tinh 1600 c6 thé ciing bao gdm giao dién 1654 t&i
mat hodc nhiéu mang truyén thong 1655. Cac mang cb thé vi du 12 mang khong
day, ndi day, quang hoc. Cac mang co thé 1a mang cuc bg, mang dién rong, mang
d6 thi, mang phuong tién giao théng va cong nghiép, thoi gian thyc, dung sai tré,
va v.v. Céc vi du cua cac mang bao gém cac mang cuc bd nhu Ethernet, LAN
khong day, mang té bao bao gém GSM, 3G, 4G, 5G, LTE va loai tuong tu, TV
c4c mang sb dién rong c6 ddy hodc khong day bao gém TV cép, TV vé tinh, va
TV quéng ba mat d4t, phuong tién giao thong va cong nghiép bao gdm CANBus,
vav.v. Cac mang nhét dinh thuong yéu cAu cac bo thich tmg giao dién mang phia
ngoai ma duoc gén vao cong dit liéu muc dich chung dinh trudc hodc cc kénh
truyén ngoai vi 1649 (nhu, vi du cac céng USB cua hé théng may tinh 1600); cac
phan khac thuong duogc tich hop vao 16i ciia hé théng may tinh 1600 bang cach
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gén t6i kénh truyén hé thdng nhu duoc mo ta dudi day (vi du giao dién Ethernet
vao hé thdéng may tinh PC hoc giao dién mang té bao vao hé thong méy tinh dién
thoai thong minh). Nho sir dung bt ky cdc mang nay, hé théng may tinh 1600 c6
thé truyén thong véi cac thuc thé khac. Viéc truyén théng nay cb thé 1a chi thu
don hudng (vi du, TV quang ba), chi giri don huéng (vi du cac thiét bi CANbus
té1i CANbus dinh trudce), hoac hai chiéu, vi du t&i cac hé théng may tinh khac nho
st dung cac mang s6 dién rong hodc cuc by. Céc giao thuc dinh trudce va cac ngan
giao thurc co thé duoc str dung trén mdi mang va giao dién mang nay nhu dugc
mo ta néu trén.

Céc thiét bi giao dién ngudi dung, cac thiét bi luu trit ¢6 thé truy
nhap dugc boéi nguoi dung, va cac giao dién mang néu trén co thé dugc gan vao

161 1640 ctia hé théng may tinh 1600.

Loi 1640 c6 thé bao gdm mot hodc nhiéu bd xir ly trung tim
(CPU) 1641, cac bo xtr ly dd hoa (GPU) 1642, cac bd xtt Iy kha trinh chuyén dung
duéi dang cua mang céng kha trinh dang trudong (FPGA) 1643, cac bo ting tbe
phén cung ddi véi céc tac vu dinh trude 1644, cac bd diéu chinh thich ung dd hoa
1650, vav.v. Cac thiét bi ndy, cung v4i bd nhé chi doc (ROM) 1645, b nhé truy
nhép ngau nhién 1646, bo luu trit khéi bén trong nhu cac 6 cting khong thé truy
nhap béi ngudi dung bén trong, SSD, va loai tuong tu 1647, c6 thé duoc két nbi
thong qua kénh truyén hé théng 1648. Trong mot vai hé théng may tinh, kénh
truyén hé thong 1648 co thé truy nhap duoc trong dang ciia mdt hodc nhiéu dau
cam vat ly dé cho phép céc phﬁn m¢ réng bdi cac CPU, GPU bd sung, va loai
tuong tu. Cac thiét bi ngoai vi co thé duoc gén truc tiép t6i kénh truyén hé thong
cua 181 1648, hodc thong qua kénh truyén ngoai vi 1649. Trong vi du cua sing
ché, man hinh 1610 ¢6 thé duge két ndi téi b diéu chinh thich tng db hoa 1650.

Céc chu tric cua cac kénh truyén ngoai vi bao gém PCI, USB, va loai tuong tu.

Cac CPU 1641, GPU 1642, FPGA 1643, va cac b0 tiang tdc 1644
6 thé thue thi cac 1énh dinh truée ma, mot cach két hop, co thé thuc thi ma may

tinh néu trén. MA& mdy tinh c6 thé dugc luu trit trong ROM 1645 hodc RAM 1646.
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Dit liéu chuyén tiép c6 thé cling duoc luu trit trong RAM 1646, trong khi di liéu
b dinh ¢6 thé duogc luu trit vi du, trong bd nhé khdi bén trong 1647. Viée luu trit
nhanh va truy xudt t&i bat ky thiét bi bo nhé ¢6 thé duoc cho phép thong qua viéc
st dung cua bd nhd luu trit dém, ma co thé duoc két hop mat thiét voi mét hodc
nhiéu CPU 1641, GPU 1642, b6 luu trit ¢& 16n 1647, ROM 1645, RAM 1646, va

loai tuong tu.

Phuong tién doc dugc bdi may tinh c6 thé c6 ma may tinh trén do
dé thuc hién cac hoat dong duoc thuc hién bdi may tinh khac nhau. Phuong tién
va ma may tinh co thé duoc thiét ké va xay dung dac biét cho muc dich cua sang
ché, hodc ching c6 thé 12 loai duoc biét dén rong rai va kha dung dbi véi nguoi

6 hiéu biét trung binh trong linh vuc phén mém mady tinh.

Theo vi du ctia séng ché va khong bi gidi han, hé théng méy tinh
¢ cAu tric 1600, va cu thé, 161 1640 co thé cung cép chirc nang nhu la két qua
cua cac bo xu ly (bao gém cac CPU, GPU, FPGA, céac b0 tang féc, va loai tuong
tu) ma thuc thi phﬁn mém trong mot hodc nhiéu phuong tién hitu hinh doc dugc
boi may tinh. Céc phuong tién doc duoc béi may tinh nay co thé 1a phuong tién
duge két hop véi bod luu trit khéi c6 thé truy nhép bdi nguoi ding nhu duge gisi
thiéu néu trén, cling nhu bd luu trir dinh trude cia 16i 1640 ma co ban chét bat
bién, nhu bé luu trir khdi bén trong ctia 161 1647 hodc ROM 1645. Phin mém ma
thuc hién cac phuong an cua sang ché c¢ thé duoc luu trit trong céc thiét bi nay
va duoc thuc thi bdi 16i 1640. Phuong tién doc dugce béi mdy tinh ¢6 thé bao gém
mét hodc nhidu thiét bi bo nhé hodc chip, theo nhu cdu cu thé. Phan mém c6 thé
lam cho 181 1640 va mdt cach cu thé, cac bd xt Iy trong d6 (bao gom CPU, GPU,
FPGA, va loai tuong tu) thuc hién cac xr ly cu thé hodc cac phén cu thé cua cac
xu ly cu thé duoc mo ta ¢ day, bao gém xac dinh cac cu trac dit lidu duogc luu
tr{t trong RAM 1646 va cai bién céac cAu tric dit lidu nay theo cac xir Iy duoc xac
dinh béi phﬁn mém. Ngoai ra hodc nhu 1a tiy chon khdc, hé théng may tinh cé
thé cung cip chirc nang nhu 13 két qua ctia mang cung logic hodc dugc lap trong

mach (vi du: bd tang tbc 1644), ma co thé hoat dong trong vi tri cia hodc clng
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voi phr:Tm mém dé thuc hién cac xr 1y cu thé hodc céc phﬁn cu thé cta cac xu 1y cu
thé dugc md ta & day. Viéc tham chiéu t&i phdn mém cé thé bao ham logic, va
nguoc lai, néu cin. Viéc tham chiéu toi phuong tién doc dugc bdi may tinh co6
thé bao ham mach (nhu mach tich hgp (IC)) ma luu tr&r phan mém dé thyc thi,
mach thuc hién logic dé thuec thi, hodc ca hai, néu can. Sang ché bao ham két hop

thich hgp cta phan cimg va phén mém.

Trong khi céc khia canh cua sang ché di dugc md ta két hop voi
cac phuong an cu thé ma duoc dé xuét nhu 14 vi dy, cac thay thé, cai bién, va bién
thé @i véi cac vi du nay co6 thé duoc thuc hién. Do d6, cac phuong an dugc mo
ta & day nham muc dich minh hoa va khong giéi han. Cé cac thay dbi ma c6 thé

duoc thuc hién ma khong di chénh khéi pham vi cua yéu cau bao ho duéi day.
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YEU CAU BAO HQ

1. Phuong phép giai ma hinh hoc ddm may diém trong bo giai ma ddm may diém,
bao gém:

thu dong bit bao gdm lat cia khung ddm may diém dugc mi hda; va

khoi phuc cay bat phan ma bidu dién hinh hoc cta céc diém trong hop gidi
han cuta 14t ma trong do loai phén chia va chiéu phan chia dugc xac dinh cho nut
hién tai cua cdy bat phan ma dugc phan chia véi phan chia cdy t phan (QT-
quatree) hodc phan chia cdy nhi phan (BT- binary tree),

trong d6 viéc khoi phuc cua cay bat phan bao gbm:

xac dinh gia tri cua bién, dugc ky hiéu bai bién partitionSkip, ma chi ro
loai phan chia va huéng phén chia cia nut hign tai cua céy bat phan.
2. Phuong phap theo diém 1, trong d6 budc x4y dung cdy bat phan bao gdm:

x4c dinh 1am thé nao dé phan chia nut hién tai cua cdy béat phan nho st
dung mot trong s6 phan chia QT, phan chia BT, hodc phén chia cay bat phan (OT-
octree) dua trén diéu kién dinh truée.
3. Phuong phap theo diém 1, trong d6 budc xay dung cdy bat phan bao gbm:

xéc dinh 1am thé nao dé phéan chia ntit hién tai cua cdy bat phan nho st
dung mot trong sb phan chia QT, phan chia BT, hoac phén chia OT dya trén mot
hodc nhiéu tham s, mot trong s6 mot hodc nhiéu tham s dugc bdo hiéu trong
dong bit hodc st dung gia tri duoc cAu hinh trudc cuc bd.
4. Phuong phap theo diém 1, trong d6 budc xay dung cdy bat phan bao gom:

thu cac ky tu nhi phan chiém gilr thudc v& ma chiém gitr 8 ky tu nhi phan
ctia ntt hién tai clia ciy bat phéan tur dong bit,

trong d6 mdi ky tw nhi phan chiém gifr twong (mg v&i nut con dugc chiém

gift clia nat hién tai cua cay bat phan,
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4 ky tu nhi phan thudc vé& m3 chiém gifr 8 ky tu nhi phan khong dugc bao
hiéu trong dong bit khi ntit hién tai clia cay bat phan duoc phén chia voi phéan chia

QT, va

6 ky tu nhi phan thudc vé& ma chiém gitt 8 ky tu nhi phan khong dugc bao
hiéu trong dong bit khi ntit hién tai ciia cdy bat phan dugc phéan chia voi phén chia

BT.
5. Phuong phép theo diém 1, trong d6 budc xay dung cdy bat phén bao gbm:

thu mdt hodic nhiéu phan tir ¢t phap ma chi béo céc kich ¢& ba chiéu (3D)

cta hop gidi han cua lat ctia khung dam may diém dugc ma héa tir dong bit.

6. Phuong phap theo diém 1, trong d6 bién partitionSkip dugc biéu dién trong
dang nhi phan vdi ba bit tuong img v6i cac chiéu x, y, va z, mdt cach lan luot, va
mdi bit chi bao rang viée cé duge thuc hién doc theo chiéu x, y, hodc z tuong (ing

hay khong.
7. Phuong phép theo diém 1, trong d6 budc xay dung cdy bat phan con bao gom:

cap nhat do siu trong chiéu x, y, hodc z doi voi nut con cua nuat hién tai cia

cay bat phan dya trén bién partitionSkip.
8. Phuong phép theo diém 1, trong d6 budc xay dung cdy bat phan con bao gdm:

thu phén tir ct phap ma chi béo nit hién tai ctia cdy bat phén c6 mot nut

con dugc chiém gif;

thu 1 ky tu nhi phén néu bién partitionSkip chi bao phén chia BT, hodc 2
ky tu nhi phan néu bién partitionSkip chi bdo phéan chia QT; va

x4c dinh so d6 chiém gift ma nhan dang cac nit con dugc chiém gilt cua

nut hién tai ctia cay bat phan dua trén 1 hodc 2 ky tw nhi phén thu duoc.
9. Phuong phap theo diém 1, trong d6 budc xay dung cdy bat phan con bao gom:

trong xu 1y phén tich trén dong bit dé x4c dinh phan tir ¢t phép cua so do6

chiém gitr ma nhén dang c4c nit con dugc chiém gilt ctia ntt hién tai cua cay bat
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phén, xac dinh ky tu nhi phan cua phén tir ¢t phép cia so dd chiém gitr duoc bo

qua dya trén bién partitionSkip.
10. Phuong phép theo diém 1, trong d6 budc xay dung cay bat phan con bao gom:

ddi v&i nat con ctia nut hién tai cia cAy bat phan dugc mé hoa trong ché do
truc tiép, xac dinh kich c& log2 dbi v6i mdi chidu x, y, va z, dugc ky hiéu dx, dy,
va dz, mdt cach 1an luot, dbi véi nut con dua trén bién partitionSkip, trong do cac
vi trf clia cdc diém trong nit con dugc ma héa bdi ma hoa d dai cb dinh véi (dx,
dy, dz) bit, mét cach 1an lugt.

11. Phuong phép theo diém 1, trong d6 budc xay dung cdy bat phan con bao gom:
thu phén tir ci phéap tir dong bit ma chi bdo mét trong sd cac tham sb sau
day:
s6 lwong phan chia QT va BT 4n 16n nhat dugc thuc hién trude
cac phan chia OT,
kich ¢& nhé nhét ctia cac phan chia QT va BT 4n ma ngan chin
cac phan chia QT va BT 4n ctia nat khi tAt ca cc chidu ctia nit nhd hon hodc bang
kich ¢& nho nhét, hodc
muc vu tién ma chi bao phan chia nao trong sd phan chia QT
hoac BT 4n duoc thuc hién dau tién khi ca hai phan chia QT va BT duoc cho
phép.
12. Phuong phap theo diém 1, trong d6 budc xay dung ciy bat phan con bao gbm:
dé phan hoi lai viée do sau cdy bat phan cta nit hién tai nho hon tham sb
K, hoac kich ¢& log2 nho nhét trong s6 céc kich ¢& log2 trong cac chidux,y,vaz
cua nut hién tai béng tham s6 M, x4c dinh loai phan chia va chiéu phan chia dé

phéan chia nut hién tai theo cac diéu kién trong Bang sau day:

Loai va chiéu | QT doc theo cic|QT doc theo cac| QT doc theo cac

phan chia truc x-y truc x-z truc y-z
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Diéu kién d, <d,=d, d, <d,=d, d, <dy,=d,
Loai va chiéu
_ BT doc theo truc x | BT along y axis BT doc theo truc z
phan chia
N dy, <dyvad, d, < dyvad, d, <d,vad,
biéu kién
< dy <d, <d,

trong do:

tham s& K 1a s6 nguyén trong pham vi cia 0 <K<
max(dx, dy, dz) — min (dy, dy, d,), va xac dinh 36 1an phan chia QT va BT 4n 16n

nhit ma duoc cho phép trudce cac phan chia OT,

tham s&6 M 1& sb nguyén trong pham vi cia 0 <M <
min (d,, d,, d,), xac dinh kich ¢& nho nhét cua cac phan chia QT va BT an, va
ngin chan cac phan chia QT va BT 4n ctia ntt khi tit ca cac chidu cua nit nhé

hon hoac béng M, va

dy, dy, va d, 1a cac kich ¢& log2 ctia nut hién tai trong céc chiéu x,
y, va z, mQt cach lan luot.
13. Phuong phap theo diém 1, trong d6 budc x4y dung cdy bat phan con bao gom:

dé phan hoi lai viéc do sau cdy bat phan cua nit hién tai nho hon tham s
K, hodc kich ¢ log2 nho nhét trong s6 céac kich ¢ log2 trong cac chiéux, y, vaz

cua nut hién tai br:ing tham sd M, xac dinh bién partitionSkip nhu sau,
if (dx < MaxNodeDimLog2),
partitionSkip |= 4;
if (dy < MaxNodeDimLog2),
partitionSkip |= 2;
if (dz < MaxNodeDimLog2),
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partitionSkip |= 1
trong do:

bién partitionSkip dugc biéu dién trong dang nhi phén vdi ba bit, va

chi 5 loai phan chia va chiéu phan chia cta nuat hién tai cua cdy bat phan,

tham s6 K 13 s nguyén trong pham vi cua 0 <K<
max(dx, dy, dz) — min (dy, dy, d,), va xac dinh s6 1an phan chia QT va BT 4n 16n

nhit ma dugc cho phép trude cac phan chia OT,

tham s6 M 13 s& nguyén trong pham vi cua 0 <M <
min (dy, d,, d;), xac dinh kich c& nhé nhét cua cac phan chia QT va BT an, va
ngan chdn cac phan chia QT va BT 4n ctia nat khi tAt ca cac chiéu ctia nut nho

hon hodc bang M,

dx, dy, va dz 1a cac kich c& log2 cua nat hién tai trong cac chiéu x,

y, va z, mot cach lan luot,

MaxNodeDimLog2 biéu dién kich ¢ log2 16n nhét trong sé dx, dy,

va dz, va
toan tu |= biéu dién toan tir hodc (OR) dao bit phic hop.
14. Phuong phap theo diém 1, trong d6 budc xay dung ciy bat phan con bao gbm:

thu tir dong bit co ma chi bao rang phan chia hinh hoc an duoc kich hoat
dbi voi chudi cua cac khung dam may diém hay 14t ctia khung dam may diém

duogc ma hoéa.
15. Phuong phép theo diém 1, trong d6 budc xay dung ciy bat phén bao gbm:

x4c dinh ché do phang 1a khong kha dung tai chiéu x, y, hoic z trong do

viéc phan chia khong dugc thuc hién doi v4i nat hién tai.

16. Phuong phép theo didm 1, trong d6 budc xay dung cay bat phén bao gbm:
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thuc hién xt Iy phén tich chiém giir cdy bat phan hinh hoc, trong d6
dbi v6i ky tu nhi phan ma cé chi s6 biang binldx trong ma chiém git, bién
binIsInferred dugc thiét 1ap theo nhu sau:
néu mot trong cac diéu kién sau day 1a ding, binlsInferred duoc thiét 1ap
bang 1:
(1) bién NeighbourPattern bang 0 va sd luong cta 1-
valued ky tu nhi phin dugc giai ma truéc d6 nhé hon hodc bang (binldx +
minOccupied — maxOccupied), hodc
(2) bién NeighbourPattern khong bang béng 0, binldx
bang maxOccupied-1 va céc gia tri cla tAt ca ky tu nhi phan dugc gidi ma trude
d6 bang 0,
trong d6 minOccupied=2, va maxOccupied=3 néu phan
chia OT dugc 4p dung, maxOccupied=4 néu phan chia QT duogc 4p dung,
maxOccupied=2 néu phan chia BT dugc 4p dung, va
néu khéng phai, néu céc didu kién néu khong 1a ding, binlsnferred dugc
thiét 1ap bang 0.
17. Phuong phap theo diém 1, trong d6 budc xay dung cdy bat phan con bao gbm:
cap nhat tham s6 K ma chi bao sb lugng phan chia QT va BT an 16n nhét
trude cac phan chia OT, va tham s6 M ma chi bao kich c¢& nho nhat cia cac phan
chia QT va BT 4n ma ngin chin céc phan chia QT va BT 4n ctia nut khi tat ca cac
chidu ctia ntt nhod hon hoic bang kich ¢& nhé nhét theo:
néu K 1én hon d chénh léch gitta chiéu log2 ntt gbc 16n nhat va chiéu
log2 nit gbe nhé nhét cua lat, K duge thay déi thanh do chénh léch gifra chiéu
log2 ntt gbe 16n nhét va chidu log2 nut gdc nhé nhét cta lat;
néu M 16n hon chidu log2 nit gbc nhd nhét cua 14t, M dugc thay doi thanh
chidu log2 ntt gbc nhod nhét cla l4t;
néu chiéu log2 nat gbc 16n nhét va chiéu log2 nut gbc nho nhét cta 14t bang
nhau, M dugc thay d6i thanh 0; va
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néu ché d6 hon hop tam giac phi két ndi (trisoup) duge kich hoat, K duge
thay déi thanh do chénh léch giita chidu log2 niit gbc 16n nhét va chiéu log2 nut
gbc nho nht ctia lat, va M dugc thay dbi thanh chidu log2 nat gbc nhé nhét cua
lat.
18. Thiét bi giai ma hinh hoc ddm may diém, bao gdm hé mach c6 cAu trac dé

thuc hién phuong phap theo diém bét ky trong s6 céac diém 1 dén 17.

19. Phuong tién bt bién doc dugc boi may tinh ma luu trit cdc 1énh ma, khi dugc
thuc thi boi bd xit 1y, 1am cho b xit Iy thuc hién phuong phap theo diém bat ky

trong sd céc diém 1 dén 17.
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FIG. 7
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