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(57) Sang ché dé cap dén hé thong va phuong phap s6 hoa hinh dang co thé ngudi sir dung
bd camera d6 sau rat gon. He théng va phuong phap dé xuit cho phép sir dung mot hé
thong don gian, dé dang lap dat dé thu thap chinh xac dir liéu hinh dang co the nguoi thay
vi str dung cac hé thong phuc tap va dat tién. Ngoai ra, mod hinh ngudi s6 hoa sinh tir
phuong phap hién tai c6 hd trg chuyén dong do sir dung hé thong xuong md phong xuong
nguol dung trong mé phong tng dung. HE thong bao gom: khéi thu thap dir liéu, kh01
chuan hoa dam may diém, khdi s6 hoa nguoi va khéi dau ra. Ngoai ra, phuong phap sO hoa
hinh dang co thé nguoi su dung bo camera do sau rut gon bao gém cac budc: thu thap dur
liéu dam may diém, loc nhidu dam may diém, hiéu chuin dam may diém, tdi wu hoa tur
dam may diém, sinh mo hinh ngudi ba chiéu.
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Linh vwe ky thuat dugc dé cap
Sang ché dé cdp dén h¢ thong va phuong phap s6 hoa hinh dang co thé nguoi su
dung bd camera d6 sau rut gon. Cu thé, hé thong va phuong phap so hoa hinh dang co thé

nguoi dugc timg dung trong linh vuc mé phong tng dung.

Tinh trang k¥ thuit cia sang ché

Qua trinh sé hoa hinh dang co thé nguoi truyén théng sir dung cong nghé quét ba
chiéu (3D) str dung co ché phét va thu anh sang ¢6 ciu trac. Phuong phip nay dung trong
s6 hoa nguol co thé thuc hién dudi dang xay dung h¢ théng camera do sau dang vom hoac
tru bao quanh déi twong s hoa hodc st dung may quét 3D di dong. Cu thé, phuong phap
ndy str dung tap hop cdc ddm may diém thu duoc tir cac gbe nhin khac nhau cua ciing mot
ngudi ding trong trang thai tinh dé dung lai hinh dang 3D ctia nguoi do. Téng quan phuong

phap truyén thong duoc trinh bay trong Hinh 1.

Nhuoc diém cia phuong phap truyén thong thé hién 1o ring nhét tai s6 luong dir
liéu can thu thap. Thong thuong, dé s6 héa duge co thé ngudi hoan chinh can thu thap tdi
thiéu 50 dam may diém (dam bao gitra cac dam may diém c6 ving chdng lan — ving trang
nhau va bao quanh toan bd co thé nguoil). Viéc thu thap nhiéu dit liéu dan dén viéc sai $O
1én do sai s6 cong don cta qua trinh loc nhiéu cic ddm may diém roi rac va ghép ndi cac
dam may diém roi rac canh nhau. Cu thé, két qua cia phuong phap truyén thong thuong
xudt hién cac di thuong tai céc vi tri trén co thé ngudi nhu: nach, hang va cic ngon tay.
Hon nita, viée xtr 1 nhiéu dit lidu dén dén thoi gian x@r 1i dai va yéu cau hé thong may tinh
tinh toan cu hinh cao.

Bén canh do, dé trién khai phuong phap nay yéu cau xay dung mot hé théng phan
cung camera do sau phuc tap hodc su dung may quét 3D di dong hién dai. Do do, gid thanh
ctia mot hé théng s hoa ngudi stir dung phuong phap truyén théng thudng rat cao. Vi
cong nghé phat thu anh sang c¢6 cau tric c6 thé gay ra mot sé tac hai nhat dinh doi véi sire
khoe con nguoi. Vi du: anh sang cuong do cao chiéu tryc tiép vao mat nguoi c6 thé gay ra

hién tuong 16a, choi va kho chiu cho con nguor.
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Ngoai ra, hé thong va phuong phéap truyén thong chi c6 kha nang s6 hoa hinh dang
co thé nguoi tinh (md hinh nguoi ba chiéu khéng c¢6 kha nang chuyén dong). Do do, gidi

han pham vi imng dung ctia so6 hoa hinh dang co thé nguoi.

Ban chat ky thuit cua sang ché

Muc dich thtr nhat cua sang ché la dé xuat hé thong va phuong phap s6 hoa hinh
dang co thé ngudi st dung bo camera do sau rut gon. Bé dat duoc muyc dich néu trén, hé
thong str dung cdc khdi chinh dé thyc hién chire nang so héa hinh dang nguoi, gom:

Khoi thu thap dit liéu: ¢6 nhiém vu thu thip dir liéu dam may diém cua nguoi dung

S I3 14

trong hé camera do sau rat gon. Trong d6, moé-dun hai camera d¢ sdu dam bao dong bo hoa

A A

dd liéu tir hé camera dd sau rat gon;

Khoi chuan hoa dam may diém: la khoi xu 1i thong tin dam may diém thu dugc tu
hé camera rit gon. Khoi nay thuc hién cac phép toan dé loai bo dir licu thura va nhicu cua
dam may diém. Chirc nidng cua khoi nay dugce thuc hién thong qua moé-dun loc nhicu va

mo-dun hiéu chuan do liéu dam may diém.

Khéi $6 hoa ngudi: bao gdm hai mo-dun tao ra sy khac biét cho phuong phap: mo-
dun m6 hinh tham s6 ngudi va moé-dun t6i wru hoa tir dam may diém. Trong d6, mé-dun mo
hinh tham s6 nguoi 1a mot mé hinh tham s6 ngudi co kha ning thay ddi hinh dang (d6 cao,
trong luong, kich thude vong nguc, bung...) thong qua cac tham s6 diéu khién. Ngoai ra,
md hinh tham s6 chira céc khdp xuong phuc vu qué trinh téi hién chuyén déng ctia mo hinh
ngudi. Mo-dun ti uu hoa tir dam may diém cho phép tinh toan céc tham s6 diéu khién
hinh dang nguoi sao cho khdp voi dam may diém thu duoc tur khoi loc nhiéu. Do do, két
qué dau ra cua khéi s6 hoa ngudi 1a mot b tham 56 da duoc ti wu xap xi hinh dang nguoi

dugce s6 hoa va ¢ kha nang chuyén dong.

Khoi dau ra: ¢ nhiém vu hién thi hinh dang co thé nguoi dudi dang khong gian ba
chicu v6i dinh dang duoc quy dinh san.

Muc dich tha hai cta sang ché la dé xuat phuong phap s6 hoa hinh dang co the

ngudi s dung bd camera do séu rat gon bao gom cac budc:
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Budce 1: thu thap du liéu ddm may diém; muc dich cta bude nay la dé déng bd hoa
viéc chup anh d¢ sau gitia hai camera do sdu va téng hop hai anh d¢ sau thanh mot dam
méy diém duy nhat. Pam may diém nay 1a anh tho duge chup tr by camera d¢ sau rit gon
bao gom dit liéu ngudi va nhiéu. Dit liéu thd nay duoc xu Ii trong bude tiép theo. Budc 1

duoc thyuce hién trén khéi thu thap dir liéu.

Budc 2: loc nhidu dam may diém; muc dich ctia bude nay la xu 1i nhiu bé mit cla
dir liéu dam may diém thu duoc va loai bd cdc vung dir liéu khong phai nguoi (dir liéu do
cac canh vat xung quanh nguoi). Pau ra clia bude nay sinh mot dam may diém da xu i,
chi chtra nguoi va loai bo cac thanh phan khac nhu mit dat, d6 vat xung quanh ngudi. Dam
may diém sau khi xi 1i duge hiéu chuan trong budc tiép theo dé phu hop véi budce tinh
toan s6 hoa hinh dang co thé nguoi. Bude nay duge thuc hién trén khoi chuan hoa dam

may diém.

Bude 3: hiéu chuan dam may diém: muc dich ctia bude nay la viéc su dung cac thuét
toan bién hinh dé dua toa do ctia ddm may diém vé mot hé toa dé quy dinh trude. Cu theé,
g6 toa do (O) cia dam may diém duoc dat tai dinh dau, truc y cua hé toa do trung voi
hudng thing ding ciia ngudi, truc x vudng goc véi truc y va huong trung véi hudng ding
ctia ngudi, truc con lai (z) duoc tinh toan theo quy udce hé truc toa do DPé-cac. Bude nay

duoc thuc hién trén khoi chuan hoa dam may diém.

Budc 4: ti uu hoa nguot to ddm may diém; tai budc nay, st dung thuat toan tdi uu
v6i ham dich la déam may diém nguoi da hiéu chuan tr bude 3. Bién thay doi la cac tham
s6 hinh dang co thé nguoi cia mo hinh tham s6 nguoi. Két qua cta bude 4 1a thu duge mot
bo tham s ctia md hinh tham s& ngudi xdp xi duge hinh dang ngudi tir dam may diém.

Budce nay dugce thuce hién trén khoi s6 hoa nguoi.

Budéce 5: sinh mo hinh nguot ba chiéu; muc dich cia budce nay la viée hién thi dudi
dang ba chiéu ctia mo hinh tham sO nguoi da dugce t6i wu theo bude 4. M6 hinh nguoi nay
duoc quy dinh $d lugng dinh, $0 luong mat va khop xuong ¢6 dinh. Do d6, md hinh nay
¢6 hinh dang gidng ngudi dugc s6 hoa va ¢6 kha nang chuyén dong. Budce nay duoc thyc

hién trén khoi dau ra.
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Mo td van tiat cac hinh vé

Hinh 1 1a hinh v& mo ta so do hé thong truyén thong s6 hoa hinh dang co thé nguoi

tur dir liéu camera do sau;
Hinh 2 12 hinh v& mo ta so dd hé thong s6 hoa co thé ngudi dé cap trong sang ché;
Hinh 3 1a hinh vé minh hoa hé camera rt gon;
Hinh 4 14 hinh v& minh hoa mé-dun loc nhiéu dam may diém;
Hinh 5 1a hinh v& md td md-dun hiéu chuén dam may diém;
Hinh 6 13 hinh v& mé ta chi tiét mo-dun md hinh tham s6 ngudi;
Hinh 7 1 hinh v& mo ta cac budc thuc hién tdi vu hoa tir dam may diém;

Hinh 8 13 hinh v& md ta phuong phap s6 hda nguoi su dung bo camera do sau rut

gon.

M@ ti chi tiét sang ché

Tham chiéu Hinh 1 va Hinh 2, sang ché dé cap dén phuong phap va hé théng moi
nham sb hoa hinh dang co thé nguoi st dung hé camera do sau rat gon thay vi st dung h¢
thong camera do sau phuc tap hodc may quét ba chiéu cam tay. Phuong phép st dung hai
camera do sau va phan mém chtra mo-dun s6 hoa ngudi nham don gian hoéa va ting toe
viée s6 hoa hinh dang co thé nguoi dong thoi dam bao do chinh xac cua mé hinh ba chiéu

(3D) nguoi so voi nguoi thye.

Trong phan mo ta chi tict giai phap ky thuat dé xuat, mot so thudt ngtr duge hiéu

theo cach dién giai nhu sau:

M6 hinh nguoi dudi dang s6 héa hay mé hinh 3D hinh dang nguoi 1a dir liéu str
dung cac quy chudn vé diém luéi (dinh), mat ludi dé mo ta vé hinh dang ba chiéu cua co
thé ma dam bio cac kich thuéc ctia md hinh twong duong co thé that va cd thé chuyén
dong. DU liéu nay dugc luu dudi dinh dang anh ba chiéu hoat hoa, voi phén dudi mo

rone fbx, la dang luu trir doi tuong ba chiéu ¢6 kha nang chuyén dong;
YHUDS 5 3 g O
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Camera do sau la camera c¢6 kha ndng thu dugc hinh dang ba chiéu cta doi twong

dung trong vung nhin thay cua camera;

M5 hinh tham s6 co thé ngudi 1a mé hinh c6 thé dugce bién d6i thanh cac hinh dang
khac nhau, dua trén cac tham s duoc quy dinh vé hinh dang va tu thé, md hinh nguoi dudi
dang s6 sau khi duoc bién doi s& gilr nguyen vé sb lugng diém ludi, vi tri mat ludi so voi
md hinh ban dau. Ngoai ra, gan lién vi mé hinh tham s6 1a mot hé xuwong tai hién xuong

ngudi, cho phép mo hinh tham so6 co6 thé chuyén dong.

Hinh 2 thé hién phuong phap dé xuat c6 sy khac biét so voi hé thong ¢6 dién, voi
dau vao duoc thu thap thong qua khoi thu thép di liéu sir dung h¢ hai cameras do sdu. Sau
do, khdi s6 hoa nguoi str dung cac thong tin thu thap duoc dé tinh toan mo hinh 3D hinh

faw

dang nguoi thong qua khoi so hda nguoi. Cu thé nhu sau:

Khéi thu thap du licu bao g@)m mo-dun hai camera do sau thuc hién chirc nang chup
lai hinh anh ba chiéu cua nguoi ding trong hé théng. Pau ra cua khdi thu thap dir liéu 1a
mot dam may diém tho duoc chup lai tir hé camera rat gon. Ngoai ra, dit liéu anh d¢ sau tu
hai camera dugc dua qua mot mang hoc sau dé co thé trich xudt duoc vi tri cac khop cua
nguoi trén anh do sau, sau do st dung dur li¢u nay dé noi suy thanh vi tri 3D cua cac khop
trong khéng gian. Tham chiéu Hinh 3, hé camera rtt gon duoc sdp dat bao gom hai camera
itta camera va nguoi dam bao thu duoc toan bd co thé

d6 sau. Trong d6 khoang cach g
>

ngudi tr dau o1 chan (khoang > 1,5m). Goc gitra hai camera linh hoat c6 the diéu chinh.
Sau khi lap dat xong hé thong, vi tri cac camera do sau duoc c¢o dinh dé phuc vu s6 hoa

hinh dang co thé nguoi.

Khdi chuan héa dam may diém bao o6m hai mé-dun: mé-dun loc nhiéu ddm may
diém va mo-dun hiéu chuan dam may diém. Trong d6, mé-dun loc nhidu dam may diém
nhim loai bo cac ving dam may diém thira trong dnh ba chiéu (dam may diém mat dat,
tran nha...) va loc cac nhiéu do thiét bi camera do sau. Ngoai ra, mo-dun hiéu chuin dam
may diém thuc hién cic phép toén bién doi khong gian dé dua ddm may diém thu duge vé

h¢ toa d6 phuc vu cho khoi s6 hoa nguai. Cu thé:

Mé-dun loc nhiéu dam may diém gom hai thanh phan chinh:
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B loc thd c6 nhiém vu la loai bo dit liéu cac diém ctia vat thé xuat hién xung quanh

nguoi va mat dat.

B6 loc tinh ¢6 nhiém vu 1a loai bo diém hodc cum diém gan hodc bi dinh vao dr

liéu dam may diém cta nguoi do sai s cua thiét bi thu dam may diém gay ra.

Mo-dun hiéu chuan dam may diém 14 mo-dun thuc hién qua trinh dua dt liéu ddm
may diém vé mot hé toa do chuan tuong thich véi qua trinh s6 hoa ngudi. Cu thé, goc toa
do duoc xac dinh tai diém dinh dau cta dir liéu ddm may diém nguoi. Truc y ¢6 phuong
tring vo1 phuong thang dimg, truc x vudng goc voi truc y va trung phuong véi hudng dimg

cua nguoi. Truc con lai (z) duge xac dinh dua trén quy tdc h¢ toa do Dé-cac,

Khdi s6 héa nguoi bao gdm hai mo-dun: mo-dun mé hinh tham 6 ngudi va mo-dun
t61 uu hoa tr dam may diém. Trong d6, mo-dun mo hinh tham s6 nguoi 14 mo hinh gom
cac tham s6 diéu khién hinh dang co thé nguoi nhu: chidu cao, can ning, s6 do vong nguc,
vong bung... Mo-dun t61 vu hoa tir dam méy diém tinh toan cic tham s6 diéu khién hinh
dang co thé ngudi tr mé-dun mé hinh tham s6 ngudi sao cho mo hinh nguoi sinh ra tir mo-

dun nay xap xi hinh dang ddm may diém. Cu thé:

Tham chiéu Hinh 4, mé-dun mé hinh tham s ngudi bao gom ba thanh phan chinh:
tham s6 hinh dang; tham s6 tu thé; mo phong h¢ xuong. Cu thé, tham s6 hinh dang la muoi
tham s6 cho phép diéu khién hinh dang cua co thé ngudi nhu cao, thép, béo, gay... Tham
s6 tu thé 1a tham sb cua cac khép xuong ctia hé xwong mé phong nguoi, s6 lugng khap
xuong trén mé hinh tham s6 nguoi 1a 24 va s6 lwong tham sb tu thé 1a 72. Mé phong hé
xuong 1a mé ta so hé thong xuong trén co thé nguoi, bao gom 24 khép xuong (dau, co, vai
phai, vai trai...) dam bao qua trinh chuyén dong ctia mo hinh tham s6 ngudi twong duong
nguoi thuc. M6 hinh tham s6 1a thanh phén quan trong trong qua trinh s6 hoa hinh dang co

thé nguot.

Tham chié¢u Hinh 5, mo-dun toi uu hoa tr ddm may diém gom hai thanh phéan chinh:
t61 vu tu thé, 61 vu hinh dang. Cu thé, trudce tién, chicu dai cac xuong va goc cac khop trén
co thé ngudi duoce tinh todn tir dir liéu dam may diém da dugc xu li tir truoc (toi uu tu theé)

thong qua cac vong lap bién thién clia tham so tu thé dé toi thiéu hoa sai léch cua chiéu dai
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xuong va goc khdp gitta mo hinh tham s6 nguoi va dam may diém da hiéu chinh. Tiép
theo, cac tham sb vé hinh dang ctia m6 hinh tham s6 nguoi duogce tinh toan twong tu qua cic
vong lap bién thién ctia tham s6 hinh dang dé tim duoc bo tham s6 dam bao trung khop voi
dam may diém da hiéu chuan. Nhu vay, qué trinh tdi wu duoc thuc hién théng qua viée t6i
thiéu hoa ham muc tiéu dai dién cho sai léch gitta mé hinh tham s6 va dir libu dam may
diém cua nguoi. Két qua dau ra cia mo-dun t8i wu 1a bd tham s6 ctia md hinh tham sb
ngudi xap xi hinh dang ngudi duge chup. Bo tham s6 nay duoc chuyén qua khoi dau ra dé
sinh mé hinh ba chiéu co kha nang Chu.yén dong dai dién cho nguot duoc s6 hoa.

Tham chiéu Hinh 6, phuong phap s6 hoa hinh dang co thé ngudi str dung bo camera

\ )

do sau rit gon gom cac bude cy thé nhu sau:
Budce 1: thu thap di li¢u dam may diém;

Tai budce nay, dir li¢u dam may diém tir bo camera do sau rat gon dugc thu thap va
tong hop thanh mot dam may diém dir liéu thd. Tong hop dir lidu ddm may d iém duoe thuc
hién thong qua viéc xac dinh vi tri tuong doi gilra cac camera trong hé camera do sau. Cu
thé, viéc xdc dinh vi tri tuong dbi giita cic camera dugc tinh todn thong qua vung nhin
chung gilra cac camera. Tham chiéu Hinh 7, M1, M2 la mét phang tai ving nhin chung cta
hai camera, vé ly thuyét M1, M2 [a mot mit phang dong nhat. N1, N2 la hai vector phap
tuyén ung véi M1, M2. Khi do, xac dinh P1, P1” 1a hai diém gia dinh dbi xtng céch déu
M1 mét khoang d (d=const) va P2, P2’ la hat diém tuong tng voi P1, P1” trén mat phang
M2. Q1, Q2 la giao diém cia tia PIP1° véi miat M1 va P2P2” voi mit M2, Moi camera do
sau chi quan sat dugc mot trong hai diém, vi du: camera th nhat quan sat duoc diém P1,
camera thr hai quan sat dugc diém P2. Khi do, PIP1’=P2P2’ la khoang cach chinh xac
tuyét doi, P1P2 1a khoang cich xdc dinh sau khi tong hop 02 dam may diém. Nhu vay, sai
sé téng hop 02 dam may diém theo phuong vudng goc vi mat M1, M2 xéac dinh theo cong

thue sau:

E=|RR'-RP,
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Véi n= N, = N, 1a phuong xéc dinh sai s6, véi P1Py” di nho: £~ Q,0,. Muc ti€u cua
o

bude xu i nay 1a bién hinh ving nhin chung trén hai camera d¢ sau sao cho Q1 va Q2 trung

nhau dé xdc dinh toa do twong doi trong khong gian cua hai camera do sau.
Budce 2: loc nhicu ddm may diém;

Tai bude nay, tien hanh lan luot loc tho va loc tinh tai mo-dun loc nhi¢u dam may

diém, cu thé:

Loc tho: lién két dir liéu vi tri cac khép 3D thu duge bd khung xuong cua nguoi.
Vi modi xuong trong khung xuong tao mét hinh try co chiéu dai bang xwong do va ban
kinh xéc dinh (phu thudc vao xuong dé thude bo phan nao vi du: tay, chan, nguc... s€ co
ban kinh khac nhau). Cac diém nim ngoai cac hinh try sé€ bi loai bo tir do s& loai duge cac

vat thé xuat hién xung quanh.

Loc tinh: St dung thuat toan loai bo cac diém ngoai lai dua vao xac suat thong ke
(Statistical Outlier Removal). Dit liéu dam may diém duoc ap dat theo phan bo chuan. Sau
do su dung thuat todn cuc dai hoa ki vong (EM) dé udce lugng tham s6 cua mo hinh thong

ké. Cudi cung tinh x4c suat cta cac phan tu thudce tap dir liéu ban dau, cac phan (tr c6 xac

suat thap duoc cho 1a ngoat lai va sé bi loai bo.

Déu ra cua budce nay sinh mot dam may diém da xu 1, chi chira ngudi va loai bo cac
thanh phan khac nhu mat dat, do vat xung quanh nguoi. Ddm may diém sau khi xu 1i dugce
hiéu chudn trong budc tiép theo dé phu hop v6i bude tinh toan s6 hoa hinh dang co the

nguoi
Budce 3: hiéu chuan dam may diém;

Hiéu chuan dam may diém la budc quan trong chuén bi cho qua trinh s6 hoa hinh
dang co thé nguoi. Muc dich cua hicu chuén 1a dua dam may diém thu duoc vé hé toa do
chuan phuc vu cho budc tiép theo. Cu thé, trong budc nay, cac phép bién hinh duoc su
dung dé dua géc toa do vé vi tri dinh dau cua ngudi, truc y cua hé toa do trung voi phuong
thing dimg, x 1a phuong vudng goc voi truc y va trung voi huéng ding cua nguoi, truc z

1a truc con lai tuan theo quy uwdc hé toa do bBe-cac.
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Budc 4: t61 wu hoa tr ddm may diém,;

Dt lidu khop 3D duoc s dung dé xac dinh twong doi chiéu dai cdc xuong va cac

g6c khép ctia nguoi that. Tu do st dung phép néi suy thu duge mé hinh tham s6 cua do dai

N
A

cac xuong va tu thé twong doi vai nguoi that trong dir ligu dam may diém. Cac tham s6 ve
tur thé va hinh dang ctia mo hinh tham s6 dugc bat dau tr b tham s6 khoi tao va dugc thay

doi lién tyc thong qua thudt toan t6i wu dé tim nghiém lam to1 thiéu héa ham muc tiéu sau:

1
L= HZ Kk||Psppr — Panll
q

Trong do :
PsppL: diém nam trén mé hinh tham so;
Pyn: diém trén dir liéu dam may diém gan véi diém Pgypr, nhat;

k: trong s0, k=1 néu Pgyp, nam trong dam may diém, k>1 néu Pgypy,
nam ngoai dam may diém;

n: s6 diém lay mau trén mo hinh tham sé.
Phuong phap xac dinh diém Pgyp, nam trong hay ngoai dir licu dam may diém dugc

thue hién nhu sau:

- Xac dinh véc to phap tuyén 1 cua tung diém Pgypy, (véc to phap tuyén ludn ludn
hudng tir bén trong mo hinh ra ngoar);
- Xéc dinh vector chi phuong U = Pgypr, — Pyn:

- Néu gbc gitra U va 0 nho hon 180 do thi Pgypp nam trong ddm may diém, nguoc la

Psppr, nam ngoai dam may diém.
Bude 5: sinh mé hinh nguoi ba chiéu;

Bude nay duoe thue hién trong khéi dau ra, mé hinh nguoi ba chiéu duoc sinh ra tur
két qua s6 héa nguoi theo cac quy udce xac dinh tir trude va khong thay d6i, s6 luong dinh
6890 va s6 lugng mat 13444, Ngoai ra, dé phuc vu muc dich cho chuyén dong, hé xuong
mé phong ciing duoc sinh phtt hop v6i md hinh ngudi tuong Gmg voi nguot dugce s6 hoa

theo quy udc cua md hinh tham sé nguoi.
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Yéu cau bao ho

1. Heé thong s0 hoa hinh dang co thé nguoi st dung dit liéu by camera do sau rat gon

bao gom céc khot:

khéi thu thap du li¢u bao g6111 mé-dun hai camera do sau thuc hién chirc nang chup
lai hinh anh ba chicu ctia ngudi dimg trong hé théng; dau ra cua khdi thu thap dir lidu 1a
mot dam may diém thé duoc chup lai tir h¢ camera rit gon; ngoai ra, dir liéu dnh d¢ séu tu
hai camera duogc dua qua mot mang hoc sau dé c6 thé trich xuét duoc vi tri cic khép cua
nguoi trén anh do sau, sau do st dung dir licu nay dé ndi suy thanh vi tri 3D cla céc khop
trong khong gian; trong d6 khodng cach gitra camera va nguoi dam bao thu dugc toan bo
co thé ngudi tir dau toi chan (khoang > 1,5m); goc gitta hai camera linh hoat ¢ thé dicu
chinh; sau khi lép dat xong h¢ tlwéng, vi tri cac camera do sau duoc ¢ dinh dé phuc vu $6

hoa hinh dang co thé nguot;

khéi chuan hoa dam may diém bao gom hai mé-dun: mo-dun loc nhicu dam may

diém va mo-dun hiéu chuan dam may diém; trong do:

mé-dun loc nhiéu dam may diém nham loai bo cac vung dam may diém thua
trong anh ba chiéu (dam may diém mat dat, tran nha...) va loc cac nhiéu do thiét bi
camera do sau; mo-dun loc nhiéu dam may diém bao gom bo loc thu va bg loc tinh,

cu thé:

b6 loc thd c6 nhiém vu 1a loai bo dir li¢u cac diem cta vat the xuat hi¢n

xung quanh ngudi va mat dat;

bd loc tinh ¢6 nhiém vu la loai bo diém hodc cum diém gén hodc bi
dinh vao di liéu dam may diém cta nguoi do sai s6 cua thiét bi thu dam may

diém gay ra;
mo-dun hiéu chuin dam may diém thuc hién cac phép toan bién doi khong
gian dé dua dam may diém thu duoe vé hé toa do phuc vu cho khdi s6 hoa nguoi;
cu thé, géc toa dd duoc xac dinh tai diém dinh dau cta di liéu dam may diém nguoi;

truc y ¢6 phuong tring voi phuong thang dimg, truc x vudng goc vai truc y va trung
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phuong véi huéng ding cua nguoi; truc con lai (z) duge xac dinh dya trén quy tac
hé toa do de-cac;

’
~

khéi $6 hoa nguoi bao gom hai mo-dun: mé-dun mé hinh tham s6 ngudi va mo-dun

toi wu hoa tor dam may diém; trong do:

md-dun md hinh tham s6 ngudi 14 md hinh gdm cac tham so dicu khién hinh
dang co thé ngudi nhu: chicu cao, can nang, s6 do vong ngue, vong bung; moé-dun
md hinh tham s6 nguoi bao gom ba thanh phan chinh: tham so hinh dang; tham s6

tu thé; mo phong hé xuong; cu thé:

tham s6 hinh dang 1a muoi tham s6 cho phép diéu khién hinh dang

cua co thé nguoi nhu cao, thap, béo, gay;

tham s tu thé 1a tham so cua cdc khop xuong ctia hé xuong mo phong
ngudi, s6 lugng khép xuong trén md hinh tham s6 nguoi la 24 va s6 luong

tham s6 tu thé 1a 72:

mo phong hé xuong 1a mo té s6 hé thong xwong trén co thé nguot, bao
g6m 24 khép xuong (dau, ¢6, vai phai, vai trai...) dim bao qua trinh chuyén

dong ctia m6 hinh tham s6 nguoi twong duong nguoi thyuc;

mo-dun t6i wu hoa tr dam may diém tinh toan céc tham s6 diéu khién hinh
dang co thé nguoi tir mo-dun mo hinh tham s6 ngudi sao cho mé hinh ngudi sinh ra
tr mé-dun nay xap xi hinh dang ddm may diém: cu thé: mé-dun toi wu hoa tr dam
may diém g6m hai thanh phan chinh: t6i uu tu thé, t6i uu hinh dang; cu thé hon,
trude tién, chiéu dai cac xuong va goc cac khop trén co thé ngudi dugc tinh todn tr
dir liéu dam may diém da duoc xu 1i tr trude (t6i uu tu thé) thong qua cac vong lap
bién thién ctia tham sb tu thé dé 61 thiéu hoa sai léch ciia chiéu dai xuong va goc
khop gitra mo hinh tham s6 nguoi va ddm may diém da hiéu chinh; tiép theo, cac
tham s6 vé hinh dang ctia mé hinh tham s6 nguoi duoc tinh toan tuong tu qua cac
vong ldp bién thién cua tham sd hinh dang dé tim duoc bod tham s6 dam bao trung
khép vor dam may diém da hiéu chuan; nhu vay, qua trinh o1 uu duoc thuce hién

théng qua viée t6i thiéu hoa ham muc tiéu dai dién cho sai I¢ch gitra m6 hinh tham
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,
A

s0 va dit liéu dam may diém ctia nguoi; két qua dau ra ctia mo-dun toi uu la bo tham
s6 ctia mod hinh tham s6 ngudi xap xi hinh dang nguoi duoc chup; bd tham s6 nay
duoc chuyén qua khoi dau ra dé sinh mo hinh ba chiéu ¢ kha nang chuyén dong

dai dién cho nguoi dugce so6 hoa;

khoi dau ra: ¢o6 nhiém vu hién thi hinh dang co thé nguoi dudi dang khong gian ba

chidu véi dinh dang duoc quy dinh sén.

2. Phuong phap s6 hoa hinh dang co thé ngudi st dung bo camera do sau rit gon bao

gom cac budc:
bude 1 thu thap dir liéu dam may diém;

tal budc nay, du licu dam may diém tir bo camera do sau rat gon duge thu thap va
t6ng hop thanh mot ddm may diém di liéu tho; tong hop dir liéu dam may diém duoc thuc
hién thong qua viéc xac dinh vi tri tuong ddi gitra cac camera trong hé camera do sau; cu
thé, viec xac dinh vi trf twong dbi gitra cac camera dugc tinh toan théng qua vung nhin

chung gitra cac camera;
budce 2: loc nhiéu dam may diém;

tai bude nay, tién hanh 1an luot loc tho va loc tinh tai mé-dun loc nhicéu dam may

diém, cu thé:

loc tho: lién két dir liéu vi tri cac khép 3D thu duge bo khung xuong ctia ngudi; VOl
moi xuwong trong khung xuong tao mot hinh tru co chiéu dai bang xuong dé va ban kinh
xéac dinh (phu thudc vao xuong dé thude bd phan nao vi du: tay, chan, nguc... s¢ cO béan
kinh khac nhau); cac diém nim ngoai cdc hinh tru & bi loai bo tir d6 s€ loai dugc cac vat

thé xuat hi¢n xung quanh;

loc tinh: st dung thudt toan loai bo céc diém ngoai lai dua vao xac suit théng ké:
du liéu dam may diém duoc ap dit theo ph?m bd chuan; sau do6 st dung thuat toan cuc dai
hoa ki vong dé wdc lugng tham s6 ctia mo hinh thong keé; cudi cung tinh xic suat cua cac
phﬁn tr thuoc tap dir licu ban dau, cac ph?m tlr cO x4c suét thép duge cho la ngoai lai va sé

b1 loai bo;
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dau ra ctia budce nay sinh mot dam may diém da xu li, chi chira ngudi va loai bo cac
thanh phan khac nhu mat dat, do vat xung quanh nguoi; dam may diém sau khi xu 1i duoc
hiéu chuan trong budc tiép theo dé pht hop véi bude tinh toan s6 hoa hinh dang co the

nguoi;
buée 3: hiéu chuan dam may diém;

hiéu chuén dam may diém la budc quan trong chudn bi cho qué trinh s6 héa hinh
dang co thé nguot; muc dich cua hiéu chuén 1a dua dam may diém thu dugce vé hé toa do
chuan phuc vu cho bude tiép theo: cu thé, trong budc nay, cac phép bién hinh duoc sir dung
dé dua gde toa do ve vi tri dinh dau cua nguoi, truc y ctia hé toa do trung vai phuong thang
dung, x 1a phuong vuong goc voi truc y va triing voi hudng dirmg cua ngudi, truc z la truc
con lai tuan theo quy uwéce hé toa do dé-cac.

budc 4: thi vu hoa tir dam may diém;

dur liéu khdp 3D duogce su dung dé xac dinh twong ddi chiéu dai cic xwong va cac
goc khép ctia nguoi that; tr d6 st dung phép néi suy thu duge mo hinh tham s6 ctia do dai
cac xuong va tu thé twong doi voi ngudi that trong dir liéu ddm may diém; cac tham s6 vé
tu thé va hinh dang ctia mo6 hinh tham s6 duoc bat dau tir bo tham sb khai tao va duoc thay

doi Jién tuc thoéng qua thuat toan t6i wu dé tim nghiém lam toi thiéu hoa ham muc tiéu sau:

1
L= EZ k|| Psmpr, — Punll

1
trong do :
Poypp: diém nam trén md hinh tham so;
Pyn: diém trén dir liéu ddm may diém gfm voi diém Poypr, nhat;

k: trong s6, k=1 ncu Psyp;, nam trong dam may diém, k>1 n€u Pgypy,
nam ngoai ddm may diém,;

n: so diém lay mau trén mo hinh tham so;
phuong phap xac dinh diém Pgyp, ndm trong hay ngoai dit li¢u ddm may diém duoc

thuc hién nhu sau:
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xac dinh véc to phap tuyén n cua tirng diém Pgypp, (véc to phdp tuyén ludn

ludn hudng tir bén trong moé hinh ra ngoai);
xac dinh vector chi phuong U = Psypr, — Pun:
néu goc gitra U va i nho hon 180 d6 thi Psypy, nam trong dam may diém,
nguoc lai Pgypy, ndm ngoai dam may diém;
budc 5: sinh md hinh nguot ba chicu;
bude nay duge thuc hién trong khoi dau ra, mo hinh nguoi ba chicu duoc sinhra tu
két qua s6 héa nguoi theo cac quy udce xac dinh tor trude va khong thay doi, s6 luong dinh
6890 va so lugng mat 13444; ngoai ra, dé phuc vu muc dich cho chuyén dong, h¢ xuong

md phong ciing duge sinh phit hgp v&i md hinh nguoi tuong Gng véi ngudoi duge s6 hoa

theo quy udc cua mo hinh tham s ngudi.
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