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nim gan day di mé ra nhiéu huéng di méi trong nganh cong nghiép thiét ké do hoa, giai
tri s6 va mo phong khong gian ao. Trong do, tai tao vat thé 3D tir anh 2D dang nbi 1én
nhu mot giai phap day tiém nang nham don gian hoa qua trinh dung hinh truyén thong,
von doi hoi k§ nang chuyén sau va nhiéu cong stc tha cong. Vi nhu cau ngay cang
tang vé noi dung 3D chét lugng cao trong cac linh vuc nhu game, hoat hinh, kién trac
va thuc té do, viéc xay dung cac hé théng hd tro tai tao 3D mot cach ty dong, nhanh

chong va chinh xac dang tré thanh mot yéu cau cap thiét.

Tuy nhién, tai tao hinh hoc 3D ttr &nh 2D 1a mot bai toan phuc tap. Hé théng can
phai suy dién dugc thong tin chidu sau, hinh dang va cau triic khong gian tir hinh anh
phang — diéu von di kho khin ngay ca ddi véi con ngudi. Hon nita, viéc can bang giita
téc do xir 1y, d6 chinh xac ctia md hinh dau ra va kha nang dé sir dung véi ngudi khong

chuyén ciing 13 nhing thach thirc 16n trong viéc trién khai thuc tién.

bé giai quyét bai toan nay, em xay dung mdt hé théng tai tao vat thé 3D dua trén
phuong phép "image to point cloud" sit dung mang no-ron tich chdp (CNN). Phuong
phap nay cho phép hé thdng hoc va suy luan hinh dang vt thé tir anh dau vao, sau d6
chuyén doi thanh dit liéu point cloud. Tiép theo, mot bude hau xt Iy duoc thuc hién dé
tai cAu tric point cloud thanh mé hinh mesh hoan chinh, gitp cai thién do chinh xac va
chét luong hinh hoc cua vat thé 3D.

Hé théng duoc thiét ké hudng téi tinh tryc quan, dé sir dung va phu hgp véi nhu
ciu ctia nguoi dung trong nganh thiét ké d6 hoa, gop phan thu hep khoang cach gitta
cong nghé 3D hién dai va ngudi dung phd thong, ddng thoi mé rong tiém ning tng dung

ctia Al trong sang tao ndi dung s.
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Trudc tién, em xin guri 101 cdm on chéan thanh dén Truong Pai hoc Bach khoa —
Dai hoc Pa Ning, dic biét 1a cac thay c6 trong Khoa Cong nghé Thong tin, nhitng nguoi
d3 tan tinh giang day va truyén dat kién thirc quy bau trong subt qua trinh hoc tip. Nhitng
kién thtrc va kinh nghiém ma em tich litly duoc tai ddy chinh 1a nén tang vitng chéc gitp

em thyuc hién d6 an tot nghiép nay.

Em xin bay to 10ng biét on sau sic dén Thac si Mai Van Ha — giang vién hudng
dan, nguoi da luon theo sat, hd trg va dinh hudéng em trong subt qua trinh thyc hi¢n dé
tai. Sy chi din tan tAm cung nhitng gbp ¥ quy gia cua thay di giup em vuot qua nhiéu

kho khén va hoan thién d6 an theo dung muc ti€u de ra.

Em ciing xin gt 10i cam on dén gia dinh va ban bé da luén bén canh dong vién,
hd tro em vé ca tinh than 1an vat chat trong sudt thoi gian hoc tap va thuc hién dd an. Su
dong hanh cia moi nguoi 1a ngudn dong luc to 16n giup em cd gang khong ngimg.

Mic du da nd Iyc hoan thanh d& tai trong kha ning va thoi gian cho phép, em
hiéu rang bai bao cdo van co6 thé con mot sb thiéu sot. Em rat mong nhan dugc nhitng

kién dong gop va phan hoi tir quy thay ¢ va cac ban dé hoan thién hon trong tuong lai.

Xin chan thanh cam on!
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Nguyén Hoang Quan
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Xav dung hé théng tdi tao vit thé 3D tir anh 2D hé tro trong thiét ké dé hoa

MO PAU

Trong bbi canh ndi dung 3D ngay cang trd thanh nhu cau thiét yéu trong cac linh
vuc nhu thiét ké do hoa, tro choi dién tir, hoat hinh va thuc té a0, kha nang dung lai mo
hinh ba chiéu tir mot hodc vai anh 2D dang thu hut sy quan tim manh mé& tir ca gidi
nghién ciru 1an nganh cong nghiép sang tao. Trén thuc té, nhidu tng dung hién nay da
hd tro tai tao md hinh 3D tir anh 2D, bao gdm ca phin mém mién phi 1an thuong mai.
Tuy nhién, phan 16n cac img dung nay van dua trén cic k¥ thuat hinh hoc truyén thdng,

doi hoi sy can thiép thu cong dang ké tir ngudi dung dé dat duoc két qua mong mudn.

Viéc ung dung cac phuong phap hoc sdu mé ra co hdi nang cao tinh tu dong hoa,
giam thiéu thao tac thu cong va cho phép tao ra cac mé hinh 3D c¢6 do chinh xac cao
hon. Tir dinh hudng d6, trong khudn kho dd an tot nghiép nay, toi dé xuat va xay dung
mot hé théng tai tao vat thé 3D tir anh 2D don, véi kién trac pipeline dugc chia thanh
nhiéu giai doan rd rang nham nang cao kha ning kiém soat va t6i wu hoa chat luong dau

ra.
Cu thé, hé thong dugc thiét ké theo ba thanh phan chinh:

e Tién xtr Iy va trich xuét ddc trung: Xir 1y anh dau vao va trich xuét ban d6 do
sau (depth map) thong qua mo6 hinh MiDaS — mot mé hinh hoc sau pretrained
c6 kha nang trich do sau tir anh don mot cach hiéu qua.

e Point Cloud Inference: Stir dung kién trac CNN duoc dua trén mo hinh géc
Pixel2Point dé du doan dam may diém (point cloud) cta vat thé.

e Hau xir Iy dir liéu dau ra: Giai doan ndy bao gdm cic budc nhu ndi suy
(upsampling) dam mAay diém, loai bo diém nhiu, tai tao bé mat va ap dung
cac k¥ thuat 1am muot (smoothing) dé hoan thién mé hinh 3D. Pay 1a thanh
phan c6 vai trd quan trong, anh hudng truc tiép dén do chi tiét va tinh tham
m§ ctia md hinh cudi clng.

B4o cdo duoc trién khai nhu sau:

Chuong 1: Tong quan vin dé — Chuong nay trinh bay vé van dé trong viéc tai

tao vat thé 3D, nhitng nghién ctru lién quan, thach thic va muc tiéu nghién ctru.

Chuong 2: Co s& ly thuyét — Chuong nay trinh bay vé kién triic cia mé hinh du

doén point cloud, nhitng thudt toan va mo hinh upsampling, tai tao bé mat vat thé, va

cac k¥ thuat lam muot bé mit vat thé.

Sinh vién thyuc hién: Nguyén Hoang Quan Huéng dan: Th.S Mai Vin Ha 1



Xav dung hé théng tdi tao vit thé 3D tir anh 2D hé tro trong thiét ké dé hoa

Chuwong 3: Giai phap dé xuit — Chuong nay mé ta chi tiét giai phap va quy
trinh trién khai hé thong, bao gdm chuan bi va xt Iy dit liéu, thiét ké va huin luyén mé
hinh, trién khai mé hinh, thiét 1ap cAu hinh trén nén tang cloud va xay dung tng dung

web.

Chuong 4: Panh gia két qua — Chuong nay trinh bay két qua huin luyén, danh
gi4 hiéu suat mo hinh trén tap kiém thir cung vé6i két qua du doan, danh gia hiéu ning
hoat dong cua hé théng khi trién khai thuc té.

Két luan va hwéong phat trién — Phan nay tong két cac dong gop chinh cia dé
tai, tom luoc két qua dat dugc, chi ra cac gidi han con tdn tai, déng thoi dé xut mot sb
huéng nghién ctru va cai tién trong twong lai nham nang cao hiéu qua va kha ning tng

dung thuc té ciia hé théng.

Sinh vién thyuc hién: Nguyén Hoang Quan Huéng dan: Th.S Mai Vin Ha 2



Xav dung hé théng tdi tao vit thé 3D tir anh 2D hé tro trong thiét ké dé hoa

CHUONG 1: TONG QUAN PE TAI

1.1.  Khai niém vé tai tao vat thé 3D

Theo Wikipedia, trong thi gidc may tinh va do hoa may tinh, tai tao vat thé 3D
1a quy trinh tai tao lai hinh dang va ngoai hinh cua vat thé that. Qua trinh nay dugc thuc
hién bang cach tao ra md hinh ba chiéu hoan chinh tir cac dit liéu dau vao con thiéu nhu
anh 2D, anh RGB-D hodc dam may diém (point cloud).

Trong qua trinh tai tao, hé thong phai suy luan va khoi phuc cac thong tin khong
gian quan trong nhu vi tri, kich thudc, hinh dang, cAu trac bé mit, va trong nhiéu truong
hop con bao gdm ca mau sic hodc dic trung vat 1y khac. Két qua ctia qua trinh tai tao
thuong la cac mo hinh 3D dudi dang mesh, point cloud, hodc 1a voxel — tuy thudc va

muc ti€u sir dung va dinh dang dit li¢u dau ra mong muon.

Mot trong nhiing thach thirc 16n nhét cia bai toan nay nam & tinh chat khéng day
da va mo ho cua dir liéu ddu vao. Mot hinh anh 2D ¢6 thé twong (mg véi vo s6 hinh hoc
3D kha thi, do vay viéc tai tao doi hoi phai 4p dung nhitng kién thtrc tién nghiém hoic
cac k¥ thuat hoc may/hoc sau hién dai dé lua chon mo hinh 3D phu hop nhét véi dit liéu
quan sat. Ngoai ra dir li¢u dau vao cling c6 thé bi nhiéu, thiéu diém, hoic sai l1éch do han
ché cua thiét bj thu thap va diéu kién mai trudng, khién viée xir Iy cang trd nén phtc

tap.

Tai tao vat thé 3D khong chi 1a mot bai toan ky thuat ma con la nén tang quan
trong cho nhiéu ung dung thyc tién nhu thiét ké k¥ thuat, in 3D, bao ton di san van hoa,
thuc té 40 va tang cuong (VR/AR), robot, xe tu 1ai, ban dd 3D, va nhiéu linh vuc nghién
ctru khoa hoc khac. Pic biét trong ky nguyén s, viéc xay dung cac md hinh 3D chinh
xéc tir anh chup da trd thanh mot bude di quan trong dé s hoa thé gidi vat 1y va phuc
vu cac hé théng thong minh nhu mé hinh song sinh s (digital twins). Trong khuén kho
dé tai ndy, viéc tai tao 3D duoc tip trung vao bai toan sinh mo hinh dam may diém tir
anh RGB-D. Day 1a mot budc nén quan trong, cho phép may tinh khong chi nhan dién
ddi tuong qua anh tinh, ma con hiéu duoc ciu tric hinh hoc khong gian cua vat thé - tur
d6 mo duong cho cic tng dung nang cao nhu hoan thién mo hinh vat thé, nang do chi

tiét (point cloud upsampling), hay dung mesh (mesh reconstruction).

1.2. Tong quan vé nhirng ing dung lién quan hién nay
Trong thuc tién, di c6 nhiéu cong cu phan mém va dich vu hd tro viéc chuyén
anh 2D thanh cdc mé hinh 3D — tir giai phap truc tuyén don gian dén cac phan mém

chuyén nghiép vo1 do phtrc tap va chi phi khac nhau.
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Céc giai phap truc tuyén (web-based) gdm céc cong cu phd bién nhur:

e Hyper3D Rodin 1a mét nén tang Al mién phi chuyén tao mé hinh 3D chat
lugng cao tir &nh hodc mo ta van ban (text prompt). Cong cu nay ngoai chirc
ning chuyén ddi image-to-mesh thi con tich hop céc tinh ning nang cao nhu
Al Texture Generation — ty dong tao bao dd texture va vat liu duoc tdi vu
cho d6 hoa ky thuat s6 chat luong cao, AI Remesh & Re-Texture: t6i wu hoa
topology, 1am muot bé mit va tai cdu trac ludi dé sin sang st dung trong
game, VR hoic cac visual pipeline. Ngoai ra nén tang ciing hd tro nhiing tinh
ning quan trong khac nhu Text-to-3D & Image-to-3D, hd trg xuit file da dinh
dang nhu OBJ, FBX, GLB, STL...

e Meshi, Tripo AI l4 cic nén ting Al tao mo hinh 3D tir anh don hodc nhiéu
anh da goc nhin; cho két qua rat t6t nhung thuong bi giéi han vé s 1an st

dung mién phi.
Déi voi nén tang di dong thi c6 cac img dung phd bién nhu:

e KIRI Engine la img dung cho 10S/Android dung k¥ thuat photogrammetry
(chudi anh chup da goc nhin), quét da goc nhin dé tao mo hinh 3D
(OBJ/FBX/STL) nhanh chong va mién phi giéi han theo tuan.

e Qlone — ng dung photogrammetry trén smartphone, ho trg quét 3D dé dung,
phu hop trong nganh in hodc model hoc.

boi voi céac phén mém do hoa truyén théng, nhiéu cong cu manh m¢ da hd tro
ngudi dung dung vat thé 3D tir anh, tuy nhién phan 16n van dua vao thao tac thi cong
v6i cac plugin hodc tinh ning phu tro chir chua dat dén murc ty dong hoa toan bo quy

trinh:

e Blender la phén mém dd hoa 3D mi nguén m¢ manh mé, dugc sir dung dé
1am phim hoat hinh, k¥ xao, anh nghé thuat, miu in 3D, phin mém tuong tac
3D va video game. Hién nay Blender hd trg dung hinh thé 3D tir anh thong
qua cac add-on nhu Photogrammetry Importer — add-on cho phép nhép dir
liéu tir cac cong cu SIM/MVS nhu COLMAP, Meshroom, VisualSFM, roi
tryc tiép tai tao point cloud, mesh va camera poses thong qua Geometry Nodes
hodc OpenGL. Céic add-on nhu Image-to-Mesh (I2M) va Sketch N’Trace
dugc phat trién cho phép chuyén anh 2D thanh mé hinh mesh hoic curve so
khai; hd tro batch processing, UV projection, rat phit hop cho concept art hozc
FX. Ngoai ra add-on nhu Motion-tracking, 3D Marker to Mesh theo doi cac

diém dic trung tir nhidu khung hinh, Blender c6 thé tai tao point cloud rdi
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chuyén thanh ludi 3D, tir d6 ngudi dung ¢ thé remesh va gin texture thi
cong.

e Adobe Substance 3D 13 bd cong cu manh mé& hd trg quy trinh tao va hoan
thién m6 hinh 3D tir anh thuc té hodc dir liéu quét. Substance 3D Sampler cho
phép tai tao point cloud, mesh va texture chit luong cao tir anh chup da goc
nhin bing Al gitp téi vu mé hinh trude khi xudt cac phan mém khac nhu
Substance Painter hay Blender. Substance 3D Modeler cung cap méi truong
diéu khic 3D linh hoat, hd tro sculpting chi tiét trén ca VR va desktop.
Substance 3D Stager gitp dung canh va render photorealistic, tich hop Al tao
nén tr text prompt va tu dong diéu chinh anh sang, phdi canh, hd tro
animation quay 360 dg. H¢ sinh thai plugin cua Adobe Substance 3D tich hop
sdu voi cac phan mém dyng hinh va game engine nhu Unreal Engine, gitip ap

dung va tiy chinh vat thé nhanh chong, nang cao hiéu qua quy trinh lam viéc.

Mac du cac phﬁn mém do hoa truyén théng rit manh mé, ching van doi hoi nguoi
dung c6 k¥ ning chuyén sau va thuc hién nhiéu thao tac thi céng trong qua trinh dung
hinh. Quy trinh chuyén di tir anh sang mé hinh 3D thuong khong hoan toan tu dong,
dic biét khi can tinh chinh mesh, UV, hodc texture. Nguoc lai, cac nén tang Uig dung
Al nhu Hyper3D Rodin, Meshi, Tripo Al,... mang lai quy trinh gan nhu ty dong hoan
toan — tir phan tich anh, tai tao hinh khdi, dén sinh texture va téi vu mo hinh. Chung hd
trg xuat da dinh dang, sin sang cho céac pipeline d6 hoa hodc game engine. Chinh kha
nang ty dong hoa cao va than thién véi ngudi dung khong chuyén cia nhitng nén tang

nay 1a nguoén cam hing quan trong cho hé thong ma t6i xdy dung trong do an nay.

1.3. Toéng quan vé hé thong tai tao vat thé 3D tir anh 2D

Trong khudn khd dé tai ndy, toi da nghién ctru xay dung mot hé théng c6 kha
nang tai tao vat thé 3D dudi dang biéu dién point cloud va mesh tir anh RGB dau vao.
Hé théng bao gém cac thanh phan chinh: pipeline xur 1y dit liéu, m6 hinh hoc sau du
doan point cloud, budc hau xtr 1y tao mesh, cung giao dién web truc quan giup nguoi
dung tai anh 1€n va tryc quan hoa két qua tai tao 3D. Mo hinh duogc trién khai trén ha
tang cloud (Google Cloud Run) dé thyc hién inference va quan 1y model hiéu qua.
1.3.1. Muc tiéu dé tai

Dé tai hudng dén viéc xay dung mot hé théng tai tao vat thé 3D hoan chinh, véi
muc tiéu cu thé nhu sau:

e Tdi hién hinh hoc 3D tir dnh 2D: Phat trién mot pipeline hoan chinh c6 kha
nang suy luan cau trac khong gian ciia vat thé tir anh chup 2D, théng qua mo
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1.3.2.

chinh sau:

hinh hoc sdu, va biéu dién két qua dué6i hai dang phd bién 1a point cloud va
mesh.

Thiét ké mé hinh hoc sdu hiéu qud: Ap dung va tinh chinh mé hinh dy doan
point cloud (Pixel2Point) dé téi wu kha ning hoc dic trung hinh hoc tir anh
RGB-D. Bam bao chat luong téi tao cao, dac bi€t voi cac vat thé ¢6 hinh dang
phtrc tap.

Xdy dung giao dién vwng dung truc quan: Phat trién mot hé théng web cho
phép nguoi dung tai anh 1én, khoi chay qué trinh tai tao va xem truc tiép két
qua 3D. Viéc truc quan hoa két qua dudi dang tuong tac 3D gilp ting kha
nang kiém chimg dau ra ctia mé hinh.

Tich hop cong nghé dién todn dam mdy: St dung nén tang Google Cloud dé
trién khai mo hinh inference trén Cloud Run, luu trit va quan Iy mé hinh hoc
sdu bang Artifact Registry, dong thoi dam bao kha ning mé rong, dé cap nhat
va tich hop vao cac hé thong 16n hon trong tuwong lai.

Dam bao tinh kha thi va wng dung thuc té: Hudng dén viéc tao ra mot hé
thong co thé hoat dong véi dir liéu dau vao tir moi trudng thuc, qua d6 mo ra
tiém ning tng dung trong cac linh vuc nhu thiét ké d6 hoa, mo phong ky
thuét, sd hoa san phém va hd trg sang tao ndi dung 3D.

Cong nghé sur dung
Trong qué trinh phat trién hé thong, t6i da st dung cac cong cu va cong nghé

e Ngon ngit lap trinh: Python cho pipeline huan luyén mé hinh va backend,

Javascript cho irng dung web frontend.

Moi truong huan luyén: Google Colab dé tan dung tai nguyén GPU, Google
Drive d¢ luu trit dir liéu.

Framework va thu vién: PyTorch cho xay dung kién trac va huin luyén mo
hinh hoc sau. Cac thu vién bao gdm OpenCV, NumPy va torchvision cho
xtt Iy anh va dit 1iéu s6, Matplotlib va Plotly dé truc quan hoa dir liéu va két
qua huan luyén.

Ha tang trién khai: Docker dé dong goi mé hinh va trién khai trén Google
Cloud Run, sir dung Artifact Registry dé quan Iy phién ban mo hinh.
Frontend: K& thira giao dién web tir Three.js Editor.

Backend API: sir dung FastAPI dé xay dung cic endpoint inference va két

no1 gifra frontend va mo hinh trién khai trén cloud.
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1.3.3. Thdch thirc khi thuc hién
Mic du hé thdng di dat dugc nhitng két qua nhat dinh, qua trinh thuc hién van
gip nhiéu thach thirc k¥ thudt va mot s6 han ché chua thé khic phuc triét dé.

e Chit lrong dir liéu dau vao: Viéc suy luan hinh hoc 3D tir anh RGB don
thuan 14 mot bai toan bat dinh, dic biét khi anh dau vao thiéu thong tin vé
chiéu sau, gbc chup bi khuét, hodc vat thé c6 hinh dang phtrc tap. biéu nay
anh hudng 16n dén do chinh xac cua point cloud dugc tao ra.

e Hiéu ning va dd chinh xac ciia md hinh: Mic du mé hinh cho két qua tot
trén dir liéu téng hop, viéc tai tao cac chi tiét nho hoic phﬁn khuat van con
han ché.

e Hau xir Iy hinh hoc: Viéc chuyén tir point cloud sang mesh doi héi cac budc
xtr 1y hinh hoc nhu surface reconstruction (téi tao bé mat) va mesh smoothing.
Pay 1a nhitng budc phire tap, dé sinh 16i hinh hoc nhu mesh khéong khép kin,
16 hong hodc mit tam giac 1éch.

e Toi wu héa trién khai trén cloud: Viéc dong goéi mo hinh va trién khai
inference trén ha tang cloud nhu Google Cloud Run gip kho khin ban dau
lién quan dén gidi han tai nguyén, thoi gian phan hoi, va quan 1y mi truong

phu thudc.
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CHUONG 2: COSOLY THUYET

2.1.  Céc hinh thirc biéu dién dir liéu 3D

Trong linh vyc thi giac may tinh va dd hoa may tinh, dir li¢u 3D co thé dugc biéu
dién dudi nhiéu hinh thirc khac nhau, tiy thudc vao muc dich st dung va dic diém k¥
thuat ciia tng mg dung. Céc hinh thirc biéu dién nay khong chi khac nhau vé cach luu
trit va xtr 1y thong tin ma con c6 thé duoc phan loai dya trén cdu trac hinh hoc thanh hai

nhom chinh: dit li¢u Euclidean va dir li¢u phi Euclidean.

2.1.1. Dir liéu Euclidean

Dit liéu Euclidean 1a dit liéu ¢6 cdu trac ludi déu ddn, tudn theo hinh hoc
Euclidean, cho phép ap dung truc tiép cac phép toan hoc truyén théng nhu tich chap
(convolution). Nhitng dang dit liéu nay pht hop véi cac mé hinh hoc sau tiéu chuan do
tinh chét to chirc déu va dé xu 1y. Nhitng dang biéu dién dir liéu 3D chinh thudc dir liéu
Euclidean bao gdm: descriptors, projections, dit liéu RGB-D, volumetric data, multi-

view data. [1]

e Descriptors trong khong gian 3 chiéu 13 mot dang bicu dién dic trung dugc
trich xudt tir hinh dang, bé mat, hodc vung lan can ciia mot diém trong dir liéu
3D. Loai dir liéu ndy nhim mé ta cac dic diém hinh hoc hoic topo hoc cta
n6. Descriptor 3D cung cip mdt cach biéu dién dir liéu gon nhe nhung vin
giir duoc cac dic tinh quan trong cua ddi twong. Ching thuong duoc két hop
v6i cac md hinh hoc may/hoc sau dé trich xuat thém cac dic trung phan biét
c¢6 dic tinh phan cap cao hon, gitip mo hinh hiéu hinh dang tot hon.

e Projections 12 mot phuong phap biéu dién dit liéu 3D bang cach chiéu d6i
tugng 3 chiéu sang khong gian 2 chiéu. Qua trinh chiéu nay giir lai mot sd dic
trung quan trong ctia hinh dang gdc, tity thudc vao loai phép chiéu duoc st
dung. Phép chiéu gitp chuyén doi d6i twong 3D thanh mot ludi 2D c6 ciu
trac Euclidean, cho phép ap dung truc tiép cac mo hinh hoc siu truyén thong
von da duge nghién ctru ki ludng cho anh 2D. Tuy nhién, han ché 16n cta
phuong phap nay 1a mat mat thong tin trong qua trinh chiéu, khién chung chua
phu hop cho cac bai toan yéu cau do chinh x4c cao, nhu nhan dién diém twong

ung day dac (dense correspondence) trong thi gidc may tinh 3D.
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a b

Hinh 2.1: (a) Dit liéu descriptors. (b) Dir liéu projections

e Dirliéu RGB-D la mot dang bicu dién 3D kha pho bién trong nhitng nim gan
day, nhd vao su phat trién va phd bién cua cac cam bién RGB-D nhu
Microsoft Kinect. Dit liéu RGB-D cung cap thong tin “2.5D” vé ddi tugng
3D, bang cach két hop hinh anh mau (RGB) véi ban d6 do sau (Depth map —
D). Loai dit li¢u nay dé thu thap, d@)ng thot lai hi¢u qua trong viéc mo ta hinh
dang khong gian cua cac d6i tuong, nén thuong dugc st dung trong nhiéu bai
toan nhu nhan dang danh tinh (identity recognition), uéc lugng tu thé (pose
regression) va tim diém tuong tng (correspondence).

Mot loi thé 16n cua dit liéu RGB-D 1a su phong pht vé dit liéu, s6 luong tap
dtr 1iéu RGB-D hién ¢6 vuot tro1 hon so voi cac loai dir li€u 3D khac nhu
point cloud hay mesh, gop phan hd tro manh mé cho viéc huan luyén va danh
gia cac mo hinh hoc sau trén khong gian 3D.

Trong hé thng t6i xdy dung cho dd an nay, RGB-D duoc sir dung lam dau
vao cho mé hinh du doan point cloud thay vi anh RGB thong thudng, nhaim
gitr lai nhitng thong tin khong gian quan trong, tir 6 gitip mo hinh tai tao hinh

dang vat thé 3D mot cach chinh xac hon.
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RGB data Depth data

Hinh 2.2: Dit liéu anh RGB va ban dé dé sdu ciia né
e Volumetric data 1 mot phuong phép biéu dién bang cach anh xa d6i twong

vao mot ludi déu trong khong gian 3 chiéu, trong d6 cac phan tir nho nhat
dugc goi 1a voxel. Mdi voxel md ta su phan bd cua d6i tugng trong khong
gian, c6 thé mang thong tin vé hinh dang ciing nhu goc nhin bang cach phan
loai chiing thanh cac voxel nhin thay, bi che khuat (occluded) hodc tu che
khuit (self-occluded).

Biéu dién voxel-based c6 wu diém vé tinh don gian va kha ning ma hoa hinh
dang 3D mdt cach rd rang. Tuy nhién, né cling tdn tai nhiéu han ché, dic biét
1a hiéu qua vé luu trit. Phuong phap nay luu trit ca cac phan khong gian bi
chiém dung lan khong bi chiém dung, dan dén dung lugng bd nh¢d tang cao,
gy kho khan khi xtr 1y cac ddi twong co do phén giai cao.

Mot hudng cai tién 1a sir dung biéu dién octree-based, trong d6 khong gian
3D duoc phén chia theo cau tric phan cap, trong tu nhu quadtree trong khong
gian 2D. Thay vi cac voxel c6 kich thudc ¢ dinh, octree su dung céc voxel
c6 kich thuée thay doi, giup dai dién cac ving dong nhat bang cac khdi 16n
hon, tir d6 tiét kiém bo nhé va giam chi phi tinh toan.

Tuy vy, ca voxel-based va octree-based déu khong bao toan dugc day du
hinh hoc ndi tai va tinh muot ciia bé mat ddi tuong, nén chua phai 1a lya chon

toi uu cho cac tac vu doi hoi dd chinh xac hinh hoc cao.
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Hinh 2.3: Dit liéu volumetric gom voxels (trdi) va octree (phdi)

e Multi-view data 13 mot phuong phap biéu dién d6i twong 3D thong qua tip
hop cac hinh anh 2D dugc chup tir nhiéu gbc nhin khac nhau. Cach tiép can
nay cho phép mo hinh hoc dugc nhiéu tdp dac trung tu cac quan sat khac
nhau, tir d6 giam thiéu anh huong cta nhiéu, thiéu dit liéu, hién tuong che
khuét va thay ddi 4nh sang trong qua trinh thu nhan dir li¢u. Tuy nhién, mot
thach thirc 16n ctia phuong phép nay 1a xac dinh sé luong goc nhin ti wu. S6
luong qua it co thé khong du dé bao quat day du cac dic trung cua dbi tuong,
din dén hién tuong overfitting. Nguoc lai, st dung qua nhiéu g6c nhin s€ lam

tang chi phi tinh todn khong can thiét.
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Hinh 2.4: Dit lieu da goc nhin cua mot vat thé
Mic du ton tai nhitng han ché nhu vay, dit liéu da goc nhin (multi-view) van
chtrng minh van duoc ching minh 13 hiéu qua hon so voi dit lidu thé tich
(volumetric) trong nhiéu tac vy xtr Iy va nhan dang d6i twong 3D. Ca hai loai
dir liéu multi-view va volumetric déu to ra phit hop hon véi cac ddi tuong cd
hinh dang cting (rigid) va it bién dang, chang han nhu cic mé hinh CAD trong
tap dit liéu ModelNet (bao gdm cac ddi twong nhu ban, ghé, ta...). Nguoc lai,
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voi cac doi tuong bién dang manh nhu dit 1iéu bi€éu cam khuén mat trong bo

BU4DFE, cac phuong phap nay thuong khong dat hi¢u qua cao.
2.1.2. Dir liéu phi Euclidean

Loai biéu dién thir hai trong biéu dién dit liéu 3D la dit liéu phi Euclidean. Loai
dir liéu nay khong c6 hé toa dd toan cuc hoic ciu truc khong gian vector chung, khién
cho viéc xir Iy tré nén phre tap hon. Cac dang dir liéu tiéu biéu thudc loai nay gdm point
cloud, mesh va d6 thi (graph). Nhitng cu triic nay thuong c6 dic diém hinh hoc phtrc
tap nhu d6 cong vo han, kha ning tir giao nhau va thay d6i chiéu khéng gian tuy theo vi
tri hodc murc d§ phan tich. Mac du mét ) dang dir li¢u nhu point cloud va mesh co thé
dugc coi 1a Euclidean & mitc d6 cuc bd, nhung trén toan cyc, chiing van mang tinh phi
Euclidean. Do d6, ching thuong dugc xir Iy & quy mé toan bd dé phuc vu cho céc tac
vu phtrc tap nhu nhan dang (recognition) va tim twong ung (correspondence), hoac tai

tao hinh hoc (3D reconstruction).

I\'llll \}Ul)\‘ oo .I}‘l\

Hinh 2.5: Ba loai dit liéu phi Euclidean phé bién nhat

e Mesh (luéi tam giac) 1a mot trong nhitng dang biéu dién pho bién nhét cho
hinh dang 3D, dugc cau tao tir cac da giac (faces) tao thanh béi tap cac dinh
(vertices) c6 thong tin két ndi v4i nhau trong khong gian 3D. O muc cuc b,
mesh c6 thé dugc coi 1a dit liéu Euclidean do thiéu cac dic tinh nhu bat bién
tinh tién, phép toan vector va hé toa do toan cuc.
Viéc xir Iy mesh bang cac phuong phap hoc sau gap nhiéu kho khin do dir
lidu c6 ciu triac khong déu, dé bi nhiéu, thiéu dit liéu va khac biét vé d6 phan
giai. Mot huéng tiép can hiu qua 1a biéu dién mesh dudi dang do thi (graph),
trong d6 cac dinh ciia do thi twong ng véi cac dinh trong mesh va cac canh
biéu dién quan hé két ndi. Dang biéu dién nay cho phép ing dung cac ki thuat
hoc sdu trén d6 thi (Graph Neural Networks — GNNs), dic biét thong qua
phan tich phd db thi (spectral analysis) nhu st dung phan r tri riéng cia ma

tran Laplacian dé dinh nghia cac phép tich chap twong tu nhu trén anh. Cach
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tiép can ndy d3 md ra nhiéu hudng nghién ctru méi day tiém ning trong viéc
xur 1y dir liéu hinh hoc.

e 3D point cloud 13 tap hop cac diém 3D r0i rac trong khong gian, dung dé mo
ta hinh hoc cua bé mat d6i tuong. Mac du & quy md cuc bd cod thé coi 1a dit
li¢u Euclidean, nhung ¢ quy mo toan cuc, point cloud dugc xem la dir liéu phi
Euclidean do thiéu thong tin vé két ndi hinh hoc gitta cac diém. Dit liéu point
cloud c6 thé thu thap dé dang tir cac thiét bi nhu LiDAR, Kinect, hodc camera
d6 sau hién dai, va ngay cang dugc st dung rong rai trong nhiéu linh vuc nhu:
tu 14i, robotics, ban d6 3D, thuc té 4o (AR/VR), va dac biét la trong cac tac
vu nhu nhan dang, tai tao 3D, va du doadn hinh dang.

Tuy nhién viéc xir Iy chung gap nhiéu thach thire do khong cé cau trac ludi
6 dinh (khac véi mesh) gay kho khan trong viéc xac dinh bé mat. Mot thach
thire nita 13 viéc xir 1y bi anh huong boi méi trudng thu thap nhu nhiéu, thiéu
dir liéu, mat d6 diém khong déng déu hodc c6 15 héng do gidi han cua cam
bién va diéu kién moi truong.

Gan day, voi su phat trién cua hoc sdu, nhiéu mo hinh tién tién nhu
PointNet/PointNet++, DGCNN, PointNeXt (CVPR 2023), Pixel2Point,... da
duogc dé xuat dé khai thac hidu qua dac trung tir dit liéu point cloud ma khong

can chuyén do1 sang dang mesh hoac voxel.

Trong bdi canh cac phuong phap tai tao hinh hoc 3D tir anh 2D ngay cang phat
trién, viéc Iya chon dang dir liéu ddu ra phu hop déng vai trd quan trong trong hiéu qua
huén luyén va chat luong két qua. Trong sb cac dang biéu dién hinh hoc phd bién nhu
voxel, mesh hay point cloud, trong dd an nay dir li¢u point cloud dugc Iya chon lam dau

ra cho mo hinh dy doan v61 nhitng 1y do sau:

e Point cloud khong yéu cau cau tric két ndi 6n dinh nhu mesh, ciing khong doi
ho6i bd nhé 16n nhu voxel. Diéu nay gitp mé hinh d& dang hoc dugc dic trung
hinh hoc ctia d6i twong ma khong bi rang budc boi cac yéu té hinh hoc phire
tap nhu lién két canh hay d6 phan giai luéi.

e Point cloud nhe vé mit tinh toan va bd nhd, phu hop v61 cac mod hinh hoc sau
khi xtr Iy dir 1iéu 3D & quy mo 16n hoac thoi gian thuc.

e Vi sy phat trién ctia cac mé hinh nhu PointNet, DGCNN, PointNeXt,
Pixel2Point..., dir liéu point cloud cho phép trich xuat dic trung hiéu qua va
hoc 4nh xa tryc tiép tir anh 2D sang khong gian 3D ma khong can budc trung
gian chuyén d6i sang mesh hay voxel.
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2.1.3. Phdn loai cdac phwong phdp trong tdi tao 3D

Theo M. Jia va M. Zhang [2], cac phuong phép tai tao 3D hién nay c6 thé chia
thanh hai nhém chinh: phwong phép truyén thdng va phuong phap dua trén hoc siu.
Phuong phép truyén théng thuong co d6 chinh xac cao, ky thuit da duoc hoan thién va
kiém chimg qua thoi gian. Trong khi d6, cac phuong phap hoc sau ndi bat véi toe do xir
1y nhanh, kha ning hoat dong thoi gian thyc t6t, va it phu thudc vao phan ctng chuyén

dung.

Deep
estimation
network

3D
reconstruction
network

Hinh 2.6: Phén loai phirong phdp trong bai todn tdi tao vt thé 3D

a) Phuwong phdp hinh hoc truyén thong
Céc phuong phap truyén thong chu yéu duya trén viéc phan tich truc tiép cac manh
mdi hinh hoc c6 trong anh, sau d6 st dung cac thuat toan dac thu dé khoi phuc thong tin

khong gian ba chiéu nhu do siu va hinh dang bé mit.

Mot trong nhirng nghién ctru sém nhat duoc thuc hién boi Robert et al. [3], ong
phan tich kha ning thu duoc thong tin ba chiéu tir anh hai chiéu théng qua cac phuong
phap thi gidc may tinh. Horn et al. [4] da gidi thi€u phuong phép tai tao do sau tir bong
d6 (Shape From Shading — SFS). Con Kiyasu et al. [5] tir Pai hoc Tokyo thi sir dung
hinh anh phan chiéu anh séng trén vat thé dé khoi phuc hinh dang bé mat 3D.

Sy phat trién tiép theo 13 su ra doi ciia phuong phap Structure From Motion (SfM)
do Snavely et al. [6] dé xuat. STM khai thac rang budn hinh hoc giita céc anh lién tiép
dé phat hién, ddi sanh cac diém dic trung va tir do tinh toan d¢ sau, tai tao mo hinh 3D
cua doi tuong hodc canh. Dy an Kinect Fusion [7] cia Microsoft 1a mgt vi du ndi bat,
su dung cam bién Kinect dé quét vat thé 1ién tuc va tai tao hinh hoc 3D trong thot gian
thuc véi do chinh xac cao hon.

Téng quan lai, cac phuong phap truyén thong c6 thé chia thanh hai nhom chinh:
cam bién chu dong (active sensing) va chién luoc thi gidc thu dong (vision-based

passive).
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e Cic k¥ thuat chu dong sir dung ngudn phat (nhu laser, anh sang cau trac, hoic
cam bién Kinect) dé phat tin hiéu dén bé mat vat thé va phan tich tin hi¢u
phan hdi nham thu thap dir liéu 3D.

e Nguoc lai, cac phuong phap thi giac thu dong tan dung thong tin tr anh RGB
thong thuong dé phan tich dic trung va tai tao moé hinh 3D, noi bat voi uu
diém vé chi phi thap, thiét bi don gian va hiéu suét cao.

b) Phwong phdp hoc siu
Cac phuong phap hoc sau trong tai tao 3D tir anh c6 thé duogc chia thanh hai
huong chinh: mang du doan dd sau (Depth Prediction Networks) va mang tai tao 3D
(3D Reconstruction Networks). Hai phuong phap nay déu nham muc tiéu chuyén doi
thong tin 2D tir hinh anh sang cau trac khong gian 3D.

Mang du doan dé sdu tip trung vao viéc udc lugng thong tin do sau tai moi
diém anh dua trén mot hodc nhiéu anh dau vao 2D. Cac mang nay st dung cac dac trung
nhu két cau, bién doi mau séc, thi sai, chuyén dong. .. dé tinh khoang cach tir diém anh
to1 géc hé toa do cua camera. Thong tin d6 sau duoc t6 chirc thanh ban dd do sau (depth

map), dong vai tro trung gian quan trong trong qua trinh tai tao moé hinh 3D.

Quy trinh chung gdm ba budc chinh: Trich xuat dic trung tir anh, anh xa dic
trung sang thong tin d6 sau, va tir d6 tai dyng mé hinh 3D thong qua cac phép bién doi
hinh hoc va nguyén ly quang hoc.

Feature Sdd I‘
extraction ‘ I M 7
Al / ‘:v'u

Hinh 2.7: Quy trinh hoat dong cua mang dy dodn do sdu

Mapping
features

to depth ﬁ

Tom lai, mang du doan d¢ sau dong vai tro nén tang trong mo hinh hoa 3D, ho
trg hidu qua viéc chuyén thong tin tir anh sang khong gian ba chiéu, dong thoi mo rong
tiém nang ung dung trong nhiéu linh vuyec.

Khac voi mang du doan do sdu, mang tai tao 3D truc tiép hoc anh xa tir anh 2D
sang c4u trac khong gian 3D hoan chinh. Mang nay sir dung cac k¥ thuat hoc sau dé
trich xuat va phan tich cac dic trung phirc tap nhu hinh dang, két ciu, moi quan hé gitra
cac d6i tugng trong anh, tir d6 hoc duwoc mdi lién hé giita dic trung anh va mo hinh hinh
hoc 3D.
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Mang tai tao 3D déc bi¢t hi¢u qua trong viéc xur Iy cac hinh dang phuc tap va co
kha ning tao ra cac mo hinh 3D chinh x4c, lién mach hon. Tuy nhién, cac phuong phap
nay yéu cau tai nguyén tinh toan cao hon va can luong dit liéu duoc gan nhin 16n, dong

thoi thuong phire tap hon vé mit hudn luyén.

Hinh 2.8: Minh hoa quy trinh hoat dong cua mang tdi tao 3D

Tong két lai ca hai phuong phap truyén thong va phwong phap hoc sau déu cd
nhiing uu — nhugc diém riéng biét. Pé 1am rd hon sy khac biét cling nhu 1y do tai sao
cac phuong phép hoc sdu ngay cang duogc ua chudng trong nghién ctru va irng dung hién
dai, to1 da téng hop mot cach truc quan céac dac diém ndi bat cua hai huong tiép can qua
bang dudi day:

Bdng 2.1: So sanh phwong phdp truyén thong va hoc sdu

Phwong phap truyén thong Phwong phap hoc sau

Uu diém

Khéng yéu cau luong dit liéu huan
luyén 16n nhu phuong phap hoc
sau.

C6 thé dé dang giai thich duoc két
qua dua trén nguyén ly vat ly va
hinh hoc.

Phu hop trong cac tng dung can
suy luan dya trén quy tic ctng
(rule-based systems), dac bi¢t khi
diéu kién anh sang va goc chup
dugc kiém soat tdt.

C6 kha nang hoc dic trung phtrc
tap va trich xuét thong tin hiéu
qua tir dir lidu ddu vao ma khong
can thiét ké thu cong cac dic
trung.

Dat d§ chinh xac cao hon trong
nhiéu tac vu, dic biét khi c6 sin
tap dir liéu 16n va da dang.

C6 thé tai tao tot ca trong moi
truong khong 1y tudng (nhiéu,
anh sang yéu, vat thé bién dang).

Nhuoc diém

Do chinh xac thap trong cac moi
truong phtc tap hodc cé nhiéu
nhiéu.

Phu thudc nhiéu vao chét luong
anh dau vao, diéu kién anh sang,

Can lugng 16n dir liéu dé huan
luyén mo hinh hi¢u qua.

Mo hinh khé giai thich (black-
box), kho kiém soat khi xay ra 16i.
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goc chup, va cac dic trung co thé
phat hién dugc.

Kho 4p dung trong cac bdi canh c6
tinh chat thay d6i cao, nhu anh
ngoai troi, anh co vat thé da dang.

2.2. Cac giadi phap hoc sau trong tai tao 3D

Khi ap dung cac mo hinh hoc sau dé sinh vat thé 3D hodc dé giai cac bai toan
khac nhu phan doan, nhan dién, phan loai vat thé, hinh thtrc biéu dién cua vat thé dong
mot vai trd quan trong trong viéc thiét ké mang hoc sau. Cach biéu dién duoc sir dung

nhiéu nhét trong phuong phap hoc sau 13 volumetric data, mesh va point cloud.

2.2.1. Volumetric data

Uu diém 16n trong viée str dung volumetric data 1 sy don gian trong cai dat va
kha nang tuong thich cao véi cic mang neuron tich chap 3D (3D-CNN). Nho dé, nhiéu
mo hinh hoc sau da duoc xay dung trén dang dir liu nay. Vi du tiéu biéu 12 3D-GAN
[8], mOt mang doi nghich tao sinh (GAN) dugc dé xuét dé sinh ra cac vat thé 3D tir
khong gian xac suat bang cach sir dung mang CNN 3D. M6 hinh nay cho thay kha ning
hoc biéu dién khong giam sat hiéu qua hon cac phuong phap trude d6 bang cach anh xa

tir khong gian an chiéu thap sang khong gian dbi twong 3D.

Bén canh do, 3D-R2N2 [9] Ia mot mo hinh noi bat khac sur dung mang neuron
héi quy (RNN) véi kién trac LSTM dé udc luong hinh hoc 3D cua vat thé tir nhiéu anh
chup & cac goc nhin khac nhau. Gan ddy, 3D-FHNet duoc gidi thiéu nhu mot phuong
phap tai tao phan cap c6 kha ning tong hop thong tin tir bat ky s6 lugng anh nao dé tai
dung hinh dang 3D mdt cach hiéu qua hon [10].

Tuy nhién, mdt han ché 16n ctia phwong phap biéu dién bang voxel 14 chi phi tinh
toan va bo nho rat cao, dic biét khi do phan giai ting. Piéu nay din dén viéc céc chi tiét
hinh hoc nho va tinh vi c6 thé bi mat do voxel chi biéu dién dudi dang khong gian bi
chiém dung 14n khong chiém dung, khién kha ning ti tao cac phan phirc tap cua vat thé
bi han ché.

2.2.2. Mesh

Nham khac phuc cic han ché ctia phuong phéap biéu dién thé tich, biéu dién dang
mesh duoc xem 1 lya chon hip dan hon trong cic ing dung thuc té do kha ning thé
hién chi tiét hinh dang vat thé mot cach chinh xac hon. 3D mesh 1a cach biéu dién phd

bién trong mé hinh héa hinh dang 3D.
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Tuy nhién, do céu tric ciia mesh khong déu din va khong tudn theo mot ludi hinh
hoc chuén nhu voxel, viée ap dung truc tiép cdc md hinh hoc sau dé sinh ra mesh van la
mot thach thie 16n. Mot s6 nghién ctru da dé xuit cach tiép can thong qua tham sb hoa
hinh hoc bé mit. Vi du, A. Sinha et al. [11] d3 dé xuit phuong phap xdy dung mot hé
thong tao hinh anh hinh hoc (geometry images) ma hoa toa d6 bé mit (x, y, z) cta vt
thé. Ba mang encoder-decoder riéng biét dugc huén luyén dé sinh ra cac anh hinh hoc
tuong tng véi timg toa do x, y, z. MOi mang c6 thé nhin dau vao 13 anh RGB hoic anh
RGB-D.

Mot huéng di khac 13 wdc luong truong bién dang tir anh dau vao, sau d6 ap dung
truong nay 1én mot hinh mau (template shape) dé tao ra vat thé 3D d3 tai dung. Vi du,
DeformNet [12] 1a mot md hinh duge dé xuat dé thuc hién qua trinh ndy. Mang nhan
dau vao 13 anh va hinh mau 3D gan nhat tir mot tap dir lidu, sau d6 st dung 16p Free

Form Deformation (FFD) dé bién dang hinh mau sao cho khép vé6i anh dau vao.

Ngoai ra, mot phuong phép dang cht y khac 1a Pixel2Mesh [13], cho phép téi tao
mesh tryc tiép tir mot anh don. Mang st dung biéu dién mesh dudi dang d6 thi va ap
dung graph-based CNN (GCNN) dé bién dang mot hinh elip ban dau, khai thac cac d
dic trung nhén thirc tir anh dau vao. Phuong phap str dung chién lugc tir thd dén tinh

(coarse-to-fine) nham dam bao qua trinh bién dang dugc 6n dinh va chinh xac.

Tuy vy, mot han ché chung cta cac phuong phap dua trén mesh 14 hinh dang
dau ra thuong bi gidi han bai hinh mau hodc hinh elip ban dau dugc st dung trong qua
trinh bién dang. Diéu nay khién mo hinh c6 thé gap kho khan khi téi tao cac vat thé c6

hinh hoc qua phirc tap hodc khac biét nhiéu so voéi hinh mau.

2.2.3. 3D Point cloud

Dé vuot qua nhirg han ché da néu trén cia cac phuong phap biéu dién volumetric
va mesh, biéu dién point cloud duoc st dung nham mé ta dit 1iéu 3D mot cach hiéu qua
hon. Dt li¢u point cloud co thé duoc biéu dién dudi dang ma tran kich thuéc N x 3,

trong d6 mdi hang tuong Ung véi toa do X, y, z clia mot diém trong khong gian.

Mang Point Set Generation Network (PSGN) [14] 1a m6 hinh dau tién dugc dé
xuét dé sinh point cloud tir mot anh dau vao duy nhét, va da cho két qua vuot trdi hon
s0 v6i cac phuong phap volumetric. Trong mé hinh RealPoint3D [15], mang duoc thiét
ké vé6i hai encoder: mot encoder trich xuét dic trung 2D tir dnh dau vao, encoder con lai
trich xuat dic trung 3D tur vat thé tuong tu nhét vé& hinh dang duoc truy xuét tr bo di

li¢u ShapeNet. Cac dac trung nay sau do duoc két hop va dua vao mot decoder dé tao
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ra point cloud chi tiét. Viéc str dung point cloud tir vat thé truy xudt giup cai thién do

chinh xé4c va chi tiét cua két qua tai dung.

Mot hudng tiép can khac 1a st dung mang hoc sau dé sinh truc tiép point cloud
tir anh RGB ma khéng cin truy xuét hinh mau twong dong. Pixel2Point [16] 13 mot vi
du dién hinh cho hudng tiép cin nay. Mb hinh c6 thiét ké don gian, chi str dung mot dau
vao duy nhat 13 anh RGB va mét point cloud khoi tao ban dau (initial point cloud), sau
d6 du doan truc tiép point cloud dau ra. Khac véi RealPoint3D, Pixel2point khong st
dung giam sat 2D nhu silhouettes hay thong tin tir cdc mé hinh 3D tuong dong. Thay
vao do, né tan dung dac trung hinh anh dé cai thién do chinh xac trong viéc tai dung ciu

tric 3D cua vat thé.

2.3.  Céc bd dir liéu 3D pho bién

Céc bo dit liéu 3D dong vai tro rat quan trong trong viéc phét trién va danh gia
cac phuong phap hoc sau trong tai tao hinh hoc ba chiéu. Ty vao muc tiéu cu thé nhu
phan loai, phan doan, hoic tai tao 3D, mdi bd dir liéu cung cép nhiing dang biéu dién va
thong tin khac nhau. Trong phén nay, toi s€ trinh bay va so sanh mot s6 bo dit liéu phé

bién, dong thoi di sau hon vao bo dir liéu ShapeNet.

2.3.1. ShapeNet

ShapeNet [17] 1a mot trong nhiing bo dir liéu 3D da dang va phong phu nhit,
ShapeNet chtra hon 3 triéu mo6 hinh CAD véi khoang 220.000 m6 hinh dugc phan loai
theo hon 3100 danh muc (WordNet synsets). Subset pho bién nhit ctia bo dir liéu nay 1a
ShapeNetCore véi khoang 51.300 mé hinh va 55 danh muc chi yéu danh cho nghién
ctru hoc sau. Ngoai ra con ¢6 ShapeNetSem vdi 12.000 md hinh va 270 danh muc danh
cho nghién ctru nglt nghia. Cac m6 hinh trong ShapeNet dugc chuan hoa vé toa do,
hudng va kich thuée, ddng thoi duoc gan nhén theo phin cap WordNet giup thudn tién

cho céc bai toan phan loai hoac tai tao theo tung 16p.
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Hinh 2.9: Cac mo hinh 3D trong tdp dir liéu ShapeNet
Trong khuon kho db an nay, ShapeNetCore duoc sir dung lam bo dir liéu huan
luyén cho mé hinh trong hé thdng, nhd luong dit liéu 16n va phan loai rd rang. Pay la
bo dir liéu phé bién trong cac cong trinh hoc sau khac nhu PointNet, Pixel2Point,
DGCNN,... gitp md hinh hoc 4nh xa hinh anh sang biéu dién point cloud 3D.

2.3.2. ModelNet

ModelNet [18] 12 b dit liéu CAD 3D do Princeton phat trién, 1a mot trong nhiing
b6 dit liéu 3D nén tang duoc sir dung rong rai, dac biét trong cac nghién ctru ban dau vé
phan loai va nhan dang hinh hoc. ModeINet40 va ModelNet10 12 hai phién ban pho bién
nhat, 1an luot chira 12.311 va 4.899 mé hinh 3D, duoc chia thanh cac 16p nhu ghé,
giwdng, ta lanh, va d6 gia dung khac. Mic du it da dang hon ShapeNet, ModelNet van
gilr vai tro quan trong trong vi¢c so sanh va danh gid cac moé hinh hoc sau trén nhitng

tap dit liéu chuan hoa.

2.3.3. ScanNet

ScanNet [19] 12 mot bo dir 1i€u thu thap tir cac canh trong nha thuc té bﬁng cam
bién RGB-D. B9 dif liéu bao gdm hon 1.500 canh véi thong tin hinh hoc, mau sic, ban
dd do siu, va nhéin phan doan ngilr nghia. ScanNet thuong dugc s dung trong céc bai
toan tadi dyng moi truong thuc té, phan doan diém, hoic SLAM (Simultaneous
Localization and Mapping). Do trong tim nghién ctru cua dé tai nay 1a tai dung cac d6i
tuong riéng 1é tir anh RGB, nén ScanNet chi mang tinh chat tham khao nhu mét vi du

tiéu biéu cho céc bd dir liéu 3D trong moi truong thuc.
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2.3.4. Pix3D

Pix3D [20] 1a mét bo di liéu két hop giira anh RGB thuc té va mé hinh 3D twong
g, nhim muc dich nghién ciru cac bai toan tai dung 3D tir anh don. M&i mau dit liéu
bao gdm anh RGB, ban d6 d6 sau, va mo hinh mesh twong tng, cung voi théng tin cin
chinh pose chinh xé4c. Bo dit 1i€u nay dac biét hitu ich cho cac mé hinh can hoc anh xa
tir khong gian anh sang khong gian 3D, dong vai trd nhu mot benchmark thue té hon so

v6i cac tap dir liéu chi chira mo6 hinh 3D.

Bang 2.2: Khao sat cac b dir liéu 3D

o . S6 lwong Pinh dang | Kha ning két ,
By dir lieu | Nam X o L Ung dung
mau dir liéu dir liéu hop véi anh 2D
ShapeNetCore | 2015 | Hon 50.000 Mesh, C6 ho tro voi Tai tao vat
point cloud | ShapeNetRender thé 3D
ModelNet 2015 12.311 Mesh Khong hd trg | Benchmark
(ModelNet40) phan loai
4.899 3D
(ModelNet10)
Pix3D 2018 Khoang Anh RGB, Cosan (anh | Tai tao vat
10.000 depthmap, | RGB,band6dd | thé 3D,
mesh sau, mesh) benchmark
thuc té
ScanNet 2017 | Hon 1.500 RGB-D Cohd tro (RGB- | Phan doan
canh quét video, D sequence, canh
thuc té mesh, point frame-level indoor,
cloud, annotation) SLAM,
annotation AR/VR

Tir bang so sanh trén c6 thé thiy, ShapeNet ma cu thé 1a ShapeNetCore 13 bo dit
liéu phul hop nhét cho bai toan tai tao vat thé 3D tir anh don nhd sé lvong mau phong
phu, da dang 16p danh muc, dit liéu da duoc chudn hoa va dic biét 1a kha ning két hop
v6i anh 2D thong qua bd ShapeNetRenderer, gitip mé hinh hoc dugc mdi lién két gitra

anh va biéu dién hinh hoc 3D mét cach hiéu qua.
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2.4. Mo hinh Pixel2Point

Pixel2Point (Afifi et al., 2021) [16] 12 m6t mang CNN duoc hudn luyén end-to-
end gidm sat trén tap dir liéu ShapeNet. M6 hinh nhan mot anh dau vao ctia mot vat thé
va sinh ra point cloud cua vat thé d6 voi sb diém cd dinh. Piém ndi bat trong kién trac
mang Pixel2Point 13 tac gia d& xuét khéi tao mot point cloud hinh cau ban dau (initial
point cloud) nhdm gitp cai thién chit lwong cua point cloud dau ra. Tac gia cho rang voi
phuong phap dé xuét cia minh, mé hinh c6 hiéu sudt vuot trdi hon so véi cac phuong
phap state-of-the-art (SOTA) trong viéc giai quyét bai toan ca vé mat dinh luong 13n
dinh tinh trén dir liéu téng hop va dir liéu anh that.

Kién tric mang bao gém hai thanh phan chinh 1a bd ma hoa (encoder) va bo tao
diém (generator). Ngoai ra intial point cloud ¢ dinh dang hinh cau véi vai tro 1a dir
li¢u trung gian, dugc dua vao nhu mot dau vao phu nham hd tro viéc tai tao hinh hoc ba
chiéu. Y tuong then chét ciia phuong phap nay 1a két hop gitra ddc trung hinh anh va
cau triic khong gian 3D so khai dé sinh ra mot point cloud mé ta ddy di va chi tiét vat
the.

Thanh phan dau tién cia mé hinh 1a mot bo ma hoa tich chap (CNN encoder),
c6 vai tro trich xuat dic trung hinh anh cdp cao tir anh RGB dau vao. Kién trac cua
encoder bao gém 7 19p tich chap 2D lién tiép, mdi 16p déu duoc theo sau bai ham kich

hoat ReLU nham ting tinh phi tuyén va kha ning biéu dién ctia mang.

e Baldp dau tién sur dung ) lugng kénh 1an luot 1a 32, 64 va 128, gillp mang
hoc dugc cac dic trung co ban nhu bién canh, hinh dang khéi va mau sic.

e Bon 16p tiép theo sir dung 256 kénh, gitip ma hoa nhiing dic trung triru tuong
hon nhu hinh hoc ba chiéu tiém an va quan hé khong gian.

e Tit ca cac 16p déu s dung kernel size 3x3 va stride = 2, diéu nay khong
nhing gitip giam dan kich thudc khong gian (giéng nhu pooling) ma con giit
lai cac tham s6 c6 thé hoc duoc, giup qua trinh trich xuit dic trung hiéu qua

va to1 uu hon.

Két qua dau ra cua encoder 1a mot tensor kich thudc 1x1x256, tuong tng véi
mot vector dic trung duy nhét kich thudce 256 chidu mé ta ndéi dung toan anh. Tensor
nay duogc reshape vé dang vector 1x256 va duge st dung dé két hop véi initial point

cloud trong giai doan tiép theo.
Mot diém ndi bat trong thiét ké cua Pixel2Point 1a viéc st dung mdt tap diém ba
chiéu ban dau cb dinh (initial point cloud) duoc xay dung trudc va dua vio mang nhu

mot dang hinh hoc khoi tao. Dir liéu nay c6 dang mot hinh cau déu (uniform sphere)
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gém 256 diém 3D. Pic biét, hinh ciu nay khong duoc chon ngau nhién ma duoc sinh
ra bang thuit toan Fibonacci sphere — mot thuét toan phd bién giup phan bd déu cac
diém trén bé mit cau. Viéc nay giup dam béo point cloud sinh ra c6 phan bé diém dong
déu, tranh tu diém & cuc. Ngoai ra initial point cloud gitp cung cp thong tin ciu trac
3D so khai gitip mé hinh d& hoc hon va ting tinh téng quat ciia mé hinh vi khong phu

thudc vao mdt template hinh hoc cu thé.

Tap diém 256x3 nay sau d6 dugc ndi (concatenate) véi vector dic trung 1x256
duoc trich xuét tir encoder, mdi diém trong initial point cloud s& dugc ndi véi ciing mot
vector dic trung ndy, tao thanh mot tensor dau vao mdi cho generator c6 kich thudce
256%(3 +256).

B0 sinh (generator) 1a mot mang don gian gém bdn 16p fully connected (FC) ¢6
chtrc nang anh xa tir khong gian dic trung két hop sang khong gian toa d6 3D thuc. Ba
16p dau tién sir dung ham kich hoat ReLU, giup md hinh hoc cac phép bién doi phi
tuyén. L6p cudi cung khong st dung ham kich hoat, nham dam bao dau ra 1a cac gia tri

toa do thuec.

Pau ra cudi ciing ctia generator 1a mot point cloud gdm 2048 diém, mdi diém co6
toa do khong gian 3 chiéu (X, y, z) dugc biéu dién dudi dang ma tran kich thudc 2048x3.
Viéc sinh nhiéu diém hon so véi initial point cloud cho phép mé hinh ndi suy va tai tao
hinh hoc chi tiét hon, bao gém ca nhitng phan khong nhin thiy trong anh dau vao.

Feature vector
1D Encoder (236+1) nitial PC + FY Generator

256+(256+3)

RGEB Inpur

Image Ceaerated

point ced

l ! Comvolutional Layer (3+3

Fully cosnected laver

=) Pully comecied tayel Initial point chend
S (2568

Hinh 2.10: Kién triic cia mé hinh Pixel2Point
Tac gia lya chon s6 diém cua point cloud dau ra tur mang CNN la N = 2048. Tu
nhiéu thtr nghiém trudce 4o, day 1a sb diém vira da dé phu kin toan bo bé mit cua vat thé

va bao toan duoc cac cau tric chinh.

2.5. Tiéu chi danh gia mo6 hinh du doan
Trong cac bai toan hoc may truyén théng, dac biét 1a cac bai toan phan loai
(classification) hodc phat hién d6i twong (object detection), cac chi s6 nhu accuracy,

precision, recall hay F1-score thudng duoc sir dung rong rdi dé danh gia chat luong mo

Sinh vién thyuc hién: Nguyén Hoang Quan Huéng dan: Th.S Mai Vin Ha 23



Xav dung hé théng tdi tao vit thé 3D tir anh 2D hé tro trong thiét ké dé hoa

hinh. Cac chi s6 nay c6 y nghia r0 rang vi dau ra cua mo6 hinh 1a cac nhan roi rac hoac
bounding box cua doi tuong, va co6 thé dé dang so sanh véi ground truth dudi dang

“dang” hoac “sai”.

Tuy nhién, trong bai toan tai tao vat thé dudi dang point cloud tir anh 2D, ban
chit diu ra ctia mé hinh 1a mot tap hop diém ba chiéu khong co thir tu ¢d dinh (unordered

3D points). Do d6, viéc danh gia chét luong dau ra tré nén phirc tap hon nhiéu vi:

e Khong tdn tai sy trong tng mot-mot rd rang gitta cac diém trong point cloud
du doan va ground truth. Hai tdp diém c6 thé mo ta hinh dang giéng nhau
nhung khong trung khép timg diém cu thé.

e Cic diém trong point cloud khong c6 thtr ty nhu chudi dir liéu, nén khong thé
ap dung cac metric nhu accuracy von doi hoi phai xac dinh timg phan tir co

dang vi tri hay khong.

Chinh vi vay, dé danh gia hiéu qua mo hinh trong bdi canh nay, can phai chuyén
hudng sang cac tiéu chi do mirc do twong dong vé hinh hoc giita hai tap diém. Thay vi
xéac dinh mot diém c6 chinh xac hay khong, cic metric mdi s& do khoang cach trung
binh hodc toan cuc giita cac diém trong hai tap point cloud, phan anh mic do “gan
gidng” gitra vat thé dugc dy doan va ground truth.

Viéc Iya chon ham mat mat phut hop dong vai trd then chét trong qua trinh huan
luyén mo hinh hoc sau, dac biét la trong cac kién trac CNN ap dung cho bai toan tai tao
point cloud. Him mat mat phai thda man céc tiéu chi sau:

e Tinh kha vi (differentiable) va hiéu qua tinh toan (computationally cheap) dé
dam bao qu4 trinh lan truyén nguoc dién ra muot ma va kha thi trén cac mo
hinh 16n.

e Tinh 6n dinh d6i véi nhidu hodc diém ngoai lai, vi trong qua trinh tai tao, mo
hinh ¢6 thé du doan ra nhirng diém 1éch 16n do nhiéu tir anh dau vao hoic 15i
hoi tu.

bé dap ung cac yéu cAu trén, cac nghién ctru hién dai thuong dinh nghia ham mét

mat L gitra hai point cloud, ky hi€u 1a Spcq4, Sy © R3 nhu sau:
L(Spred: Sgt) = Xd(Spredl Sgt)
Trong do:

®  Spyreq: point cloud dugec mo hinh sinh ra

e S, point cloud ground truth
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e X4 ham do khoang cach giita hai tp hop diém

Hién nay, hai metric dugc st dung phd bién va da trg thanh chuan muyc trong
cong dong nghién ctru 1a Chamfer Distance (CD) va Earth Mover’s Distance (EMD).

2.5.1. Chamfer Distance

Chamfer Distance (CD) 1a mot ham do khoang cach phd bién dugc str dung rong
rdi trong cic bai toan hoc sau lién quan dén tai tao vat thé 3D duéi dang point cloud.
Khac voi cac metric truyén thong nhu accuracy hay Fl-score, CD do luong mirc do
tuong dong hinh hoc giita hai tap diém khong c6 thir tw ¢b dinh — cy thé 1a giira tap diém

du doan va ground truth.

Cho hai tap diém trong khong gian 3 chiéu S1, S2 © R3, Chamfer Distance dugc

dinh nghia nhu sau:

dcp(S1,S2) = 2 min||x — )’||22 + 2 min|ly — xlli

YES2 XES
XESq YES?

Trong do:
e Thanh phan dau tién dai dién cho trung binh khoang cach tir mdi diém trong
tap du doan S1 dén diém gan nhit trong tap ground truth S.

e Thanh phan thi hai thuc hién diéu trong tu nhung theo chiéu nguoc lai, tir
ground truth dén tap du doén.

dep($1,82) = 3 min [z —yllF + Y min [z -yl
co2 rEo)

r€S; yES:

Prediction Ground-Truth

Hinh 2.11: Chamfer Distance
Mot trong nhirng vu diém noi bat cua CD 1a tinh kha vi va lién tuc. Cu thé, day
1a mot ham lién tuc va kha vi theo ting phéan, cho phép gradient cé thé duoc lan truyén
nguoc trong qua trinh huén luyén mo hinh hoc sau. Ngoai ra, CD cling hi¢u qua vé mit
tinh toan. Viéc tim diém gan nhat giita hai tap point cloud 1a mot qué trinh doc 1ap cho
tirng diém, khong phu thudc vao tha ty hay cau tric toan cyuc. Do d6 qua trinh nay c6
thé dugc song song héa dé dang trén GPU, gitip ting toc do huan luyén dang ké va toi

uu héa mo hinh trén tap dir liéu 16n. Mot diém manh khac 1a n6 khong yéu cau anh xa
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mot-mat gitra cac di€m trong hai tap. Pi€u nay dac biét quan trong vi dit li€u point cloud
la dang unordered, va viéc xac dinh twong tng chinh xac tung diém gitta dau ra va

ground truth thudng khong kha thi hodc khong can thiét.

Tuy nhién, CD van tdn tai mot s6 han ché nhu thiéu co ché kiém soét su phan bd
déu (uniformity) cua cac diém trong tap point cloud dugc sinh ra. Trong qua trinh tdi
wu, md hinh ¢6 thé hoc céach tai tao mot ph?m hinh dang véi mat do diém rat cao, trong
khi cac viing con lai thua thét hodc thim chi bi bé tréng. Diéu nay 1am giam chét luong

hinh hoc téng thé cua vat thé duoc tai tao.

Bén canh do, CD ciling c6 xu hudng dan dén hién tuong hoi tu tai cac cuc tiéu
cuc bo. Do sy tu do trong viéc chon vi tri diém gﬁn nhat, md hinh c¢6 thé dat dugc gia tri
loss thap ma khong can tai hién day du hinh dang thuc té, din dén cac két qua thiéu chi
tiét hoac khong dong déu. Hién tugng nay kha phd bién khi mé hinh khong duoc khai
tao t6t hoidc khong co cac co ché bo sung dé duy tri tinh da dang hinh hoc trong tip
diém.

2.5.2. Earth Mover’s Distance

Earth Mover’s Distance (EMD) 1a mot metric do luong mirc d6 twong dong hinh
hoc gitta hai tip point cloud bang cach xac dinh phép anh xa tdi wu giita chung. Khac
v6i CD, EMD nhiam t6i viéc xay dung mdi quan hé mot-mot (bijection) giira hai tap

diém, dam bao cau tric dugc gitr lai mdt cach toan dién.

Cho hai tap diém bat ky S, S; < R3, trong d6 |S;| = |Sz| = N, EMD duoc dinh
nghia nhu sau:

deyp(S1,S2) = min ||x — ¢p(x
pun($1,52) = min_ [l = G0l

Trong d6, ¢ 1a 4nh xa mot-mot giira hai tp diém, dam bao mdi diém trong S1
duoc ghép véi mot diém duy nhat trong Sz va nguoc lai. EMD do tong binh phuong
khoang cach Euclidean giita ting cdp diém tuong tng theo 4nh xa nay. Nho d¢6, EMD
phéan anh chinh x4c mirc do khac biét vé hinh hoc téng thé gitra hai hinh dang 3D duoc

biéu dién dudi dang point cloud.

Uu diém 16n nhit ctia EMD 13 kha ning duy tri cdu trac hinh hoc toan dién cta
ddi tuong. Do EMD yéu cu anh xa mot-mot gitra hai tap diém, n6 dam bao mdi diém
trong tap diém dugc ddi sanh v6i mot diém twong tng duy nhat, gitp tranh duoc cac
hién tuong nhu bo s6t mot phan hinh dang hoic phan bd qua day diém ¢ mot ving cu
thé. EMD con dugc xem 1a mot metric diing nghia trong khong gian toan hoc. Khoang

cach nay duoc xay dung dua trén Iy thuyét Wasserstein-1, von c6 cac tinh chat hinh thirc
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clia mot metric, bao gém tinh ddi xtng, bat dang thirc tam gidc va nhan gid trj bang 0
khi hai tap diém trung khdp hoan toan.. Diéu nay khién EMD trd thanh metric 1y tuong
dé danh gia d6 twong dong giira cac ciu tric hinh hoc mot cach chinh xac va nhay cam
v6i cac bién d6i khong gian.

Tuy nhién, EMD tdn tai han ché 16n 1a chi phi tinh toan. Vi¢c xac dinh anh xa tbi
wu gitra hai tap diém doi hoi phai giai mot bai toan toi vu kiét hop doi (optical matching),
thuong duge biéu dién dudi dang bai toan 1ap trinh tuyén tinh. Trong thuc té, bai toan
nay thudng dugc giai bang thuat toan Hungarian voi d6 phirc tap thoi gian 1a O(N3),
v6i N 1a s6 diém trong mdi tap. Piéu nay din dén viée tiéu ton dang ké tai nguyén bo
nhd va thoi gian xur ly, ddc biét khi lam viéc vo1 céac point cloud c6 do phan giai cao.

Do d6, viéc st dung EMD 1am ham mat mat trong cac mé hinh hoc siu quy mo
16n thuong khong kha thi. Mac du EMD cung cap danh gia chinh xac hon vé mat hinh
hoc nhung chi phi tinh toan cao khién né it dugc ap dung truc tiép trong qué trinh huan

luyén so véi lya chon nhu CD.

2.6. Cac thuat toan upsampling point cloud
Mac du nhiém vu chinh cua hé théng 13 tai tao vat thé 3D tir anh 2D, dau ra dudi
dang point cloud thuong c6 mat do kha thua do gidi han cia mo hinh du doan hoac dix

liéu hudn luyén. Do d6, upsampling point cloud tré thanh cong doan quan trong dé:

e Ting d6 day va chi tiét hinh hoc, giup mé hinh tai tao mesh muot va chinh
xac.

e Giam cac vung thiéu diém, cai thién chit luong téng thé.

e Chuin hoa mat do diém, hd trg tot cac budc tiép theo nhur mesh reconstruction

va render.

Céc thuat toan upsampling point cloud thuong dugc chia lam 2 nhém chinh: thuat

toan truyén théng va phuong phap sir dung hoc sau.

2.6.1. Thudt todn truyén thong

Céc phuong phap truyén thong thuong dwa vao cac nguyén 1y ndi suy va tbi uu
hoa hinh hoc ma khong can dén dir liéu nhan (ground truth) hodc huan luyén phirc tap.
Mic du chiing khong dat dugc chat lwong nhu cac phuong phap hoc sau, nhung van 1a

lwa chon don gian, nhanh chong va it tidu ton tai nguyén tinh toan.
a) Moving Least Squares (MLS)

MLS 1a phuong phép tai tao bé mat lién tuc tir dir liéu diém roi rac thong qua tdi

wu hoa binh phuong tbi thiéu ¢ trong sd, dic biét hiéu qua cho upsampling point cloud.
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MLS x4y dyng mot ham 4n I(p) xac dinh khoang cach c6 dau dén bé mit muc tiéu
thong qua quy trinh t6i wu hoa trong s cuc bo. Vi mdi diém p trong khong gian, MLS
giai bai toan:
N
min 3, 6(llp — pill) - (Falp) — 202

i=1
Trong do:
e fu(p) =aT- b(p)): Haim xap xi da thirc (thudng bac 1 hoic 2)

e 0: Ham trong s6 Gaussian 8(d) = e-4"/" | y¢i b 1a ban kinh anh huong

e z;: Gia tri muyc tiéu (thuong la toa do z hoac do 1€ch tir mat phéng tiép tuyén)
Quy trinh xtr I point cloud ctia MLS goém 4 budc:

e Xac dinh vung 1an can dong: V&i mdi diém p, MLS tu dong diéu chinh ban
kinh 1an can h dua trén mat d6 diém, dam bao sd lugng diém tham gia t6i uu
(thuong 15-30 diém). Piéu nay khac biét véi cac phuong phéap lay mau cb
dinh nhu voxel grid.

e Udc luong mat phang tiép tuyén: MLS sir dung phén tich thanh phan chinh
(PCA) trén cac diém 1an can dé xac dinh mit phang tiép tuyén t6i wu, giam
nhidu bang cach gan trong s nghich dao véi khoang cach.

e Projection va lam min: Cac diém dugc chiéu 1én mat phang tiép tuyén va lam
min béng ham da thirc cuc bg. Qua trinh nay lap lai cho dén khi hoi tu, dam
bao tinh lién tuc Ck (thuong k = 2).

e Tai thiét bé mat: Ham an I(p) duoc sir dung dé sinh diém méi thong qua
upsampling va smoothing.

b) Poisson Disk Sampling

Poisson Disk Sampling 1a mdt k¥ thuat chon mau diém nham tao ra cac diém
phan b déu, tranh hién twong tap trung hodc qué thua, rat phu hop cho viéc upsampling
point cloud dé tang mat do diém ma van gilr dugc tinh déng déu va chi tiét hinh hoc.
Thuat toan ndy dam béo rang khoang cach giira bat ky hai diém duoc chon déu 16n hon
mot gia tri toi thiéu goi 13 ban kinh Poisson (disk radius). Diéu nay giup tranh viéc cac
diém mai bi chéng 14n hoac qua g?m nhau, tao ra phan bd diém déu va tu nhién trén bé

mat. Thuat todn gom céc budc:

e Khoi tao: Chon ngiu nhién mét diém dau tién trong khong gian mau.
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e Sinh diém m&i: Ttr mdi diém hién co, sinh cac diém tmg vién trong vong ban
kinh gap d6i ban kinh Poisson.
e Lip lai: Tiép tuc qué trinh cho dén khi khong thé sinh thém diém méi thoa

man diéu ki¢n khoang cach.

Thuét todn nay co thé dugc tdi wu béng cach sur dung cAu trac dit liéu nhu k-d

tree hodc voxel grid dé ting toc viéc kiém tra khoang cach va tim kiém diém gan nhat.
¢) Farthest Point Sampling (FPS)

Trong bai toan upsampling point cloud, thuét toan FPS dugc sir dung dé chon ra
cac diém phan bd déu trén bé mit, nham tang mat do diém mot cach dff)ng déu va hiéu
qua. FPS bat dau voi mot diém ngiu nhién trong tap diém gdc, sau d6 lap lai chon diém
xa nhit so véi tap diém d3d chon, nham dam bao cac diém dugc trai déu trén toan bd
khong gian. Qua trinh nay gitip tranh viéc cac diém mdi bi tap trung qua muc hodc thua

thot. Quy trinh hoat dong cua thuat toan toan gom:

e Chon diém hat giéng (seed points): FPS dugc dung dé 1dy mau cac diém dai
dién tur point cloud ban dau, 1am co s& cho viée sinh thém diém méi trong cac
vung lan can.

e Phan chia cuc bo: Tir cac diém hat giéng, cac vung lan can dugc xac dinh dé
thyc hién upsampling cuc bo, gitp duy tri chi tiét hinh hoc va cAu triic bé mit.

e Két hop diém méi: Sau khi sinh thém diém trong cac ving nay, FPS ciing co
thé duoc 4p dung dé diéu chinh lai phan bé diém nhim dam bao tinh dong

déu cho toan bd point cloud.

2.6.2. Phwong phap hoc sdu

Céc k¥ thuat upsampling dua trén hoc sau da c6 nhiéu tién bo gan day, tir cac mo
hinh giam sat dén cac gidi phadp hi¢n dai nhu hoc tu giam sat va ho tro upsampling & bat
ky ti 1& nao. Cac md hinh hoc sau pho bién hién nay géom c6 PU-Net (Yu et al., 2018)
[23], PU-GCN (Qian et al., 2021) [24],... Tuy nhién hau hét cic phuong phap trén déu

t6n tai mot s6 han ché dang cha y:

e Phu thudc vao dir li¢u ground truth dang dense dé huan luyén, diéu nay khong
kha thi trong nhiéu tinh hudng thyc té do viéc thu thap dir liéu day dic ton
kém va kho khan.

e Nhiéu mé hinh chi hd trg upsampling & ti 18 ¢ dinh (vi du x2, x4), han ché
tinh linh hoat khi 4p dung vao cac hé théng 3D c6 yéu cau thay ddi mat do

diém dong.
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Dé khéc phuc nhirng diém yéu ndy, mé hinh SAPCU (Self-Supervised Arbitrary-
Scale Point Cloud Upsampling) (Zhao et al., 2022) da duoc dé xuét [25]. Pay la mot
kién trac hoc siu khong yéu cau dit liéu ground truth dense va c6 kha ning upsampling
& bat ky ti 16 nao nho co ché hoc tu giam sat va biéu dién ngam.

Y tuéng cbt 16i cia SAPCU 1a xem quaé trinh upsampling nhu mét bai toan chiéu
cac seed points 1én mot bé mit ngadm (implicit surface). Dé thyc hién diéu ndy, mé hinh
hoc 2 ham 4n chinh:

e Direction Estimator (f,): Du doan hudng chiéu tir seed point dén bé mit.

e Distance Estimator (f;): Dy dodn d6 dai doan chiéu dé tim diém gﬁn nhat

trén bé mat muc tiéu.

Ca hai ham nay déu duoc huin luyén theo phuong phép tir giam sat théng qua
cac tac vu hoc tién nhiém (pretext learning tasks), hoan toan khong can cip dit liu

sparse-dense.
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Hinh 2.12: Kién tric ciia mé hinh SAPCU
Kién tric mo hinh gom 2 thanh phan chinh:

e Encoder: Mang trich xuat dic trung dya trén DGCNN [26], c6 kha niang nim
bat thong tin hinh hoc cuc b va toan cuc nhiéu cap do. Dit liéu dau vao 1a
mot tap con diém da dugc chuén hoa, qua encoder dugc biéu din thanh vector
dic trung 2048 chiéu.

o Implicit Decoders: Ca hai ham f, va f, sir dung kién triic giong nhau, gom
4 16p fully-connected (FC) lién tiép. Mdi 16p FC duoc két hop véi batch
normalization va ham kich hoat ReLU, véi sd chiéu lan luot 1a 1024, 512,

128. L6p cubi o kich thude 1a 3 chibu véi fr, va 1 chiéu voi fy.

Sinh vién thyuc hién: Nguyén Hoang Quan Huéng dan: Th.S Mai Vin Ha 30



Xav dung hé théng tdi tao vit thé 3D tir anh 2D hé tro trong thiét ké dé hoa

2.7. Mesh reconstruction

Mesh reconstruction 14 qua trinh chuyén d6i dir liéu diém roi rac 1a point cloud
thanh biéu dién bé mit dang ludi tam giac (triangular mesh) lién tuc, cho phép mé hinh
hoa chinh xac hinh dang hinh hoc cua ddi tuong 3D. Trong thuc té, nhiéu thuat toan
mesh reconstruction di duoc dé xuit, phd bién nhit 1a cac phuong phép dira trén hinh

hoc (geometry-based) va phuong phap dua trén truong ham (function-based).

2.7.1. Phwong phdp hinh hoc

Céc phuong phap nay khai thac truc tiép dic trung hinh hoc cta point cloud (vi
tri, khoang cach, vector phap tuyén) dé két ndi cac diém thanh ludi tam gidc. CHiing
thuong yéu cau dit lidu c6 mat do déu, it nhidu va day du.

a) Ball Pivoting Algorithm (BPA)

Thuét toan Ball Pivoting 1a mot phuong phép hinh hoc pho bién dé tai tao luéi
tam giac (mesh) tir point cloud c6 mat do déu va di kém vector phap tuyén. Y tudng cdt
15i 14 1an mot qua cau ao c6 ban kinh ¢b dinh doc theo bé mit dir liéu dé xac dinh céac
tam giac hop I¢€.

Qua trinh hoat dong cia BPA dién ra nhu sau:

e Mot qua cau duoc dit sao cho nod tiép xtic véi ba diém dit liéu, tao thanh mot

tam giac néu khong c6 diém nao khac nam bén trong qua cau do.

e Sau khi tam giac dau tién duoc xac dinh, qua cau lan doc theo canh ctia tam
giac hién tai dé tim diém thir ba ké tiép, sao cho tiép tuc tao thanh tam giac
moi.

e Qua trinh nay tiép tuc cho dén khi khong con tam gidc mai nao ¢ thé dugc

tao.
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Hinh 2.13: Qua trinh hoat dong cua Ball Pivoting Algorithm
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Uu diém cta BPA 1a kha ning tao ra cac mesh min, lién tuc va c¢6 chat lugng cao
néu dit li¢u dau vao day du va co vector phap tuyén chinh xac. Nhugc diém la né phu
thudc manh vao vi¢c chon dung ban kinh qua cau, va dé that bai néu dir li€u bi thiéu,

phan bd khong déu hoic chtra nhidu.
b) Alpha Shapes

Thuat toan Alpha Shapes 1a phuong phap hinh hoc tong quat héa khai niém
“convex hull” dé mo ta bién cta tap diém theo nhiéu mirc do chi tiét khac nhau. Phuong

phap nay str dung mot tham s6 a dé diéu khién muc do “1ong” cua bé mit bao phu.

e V&imdi gia tri @, thuat todn xay dung mot tp hop cac tam gidc sao cho cac
hinh tron ngoai tiép ctia chung c6 ban kinh nhé hon hoic bang a.

e Khi a rat 16n, két qua 1a mot khéi 16i (convex hull); khi a giam, thuat toan s&
loai bo dan cac tam giac khong phu hop, 1am 16 ra cac chi tiét nho hon trong
cu tric dit lidu.

e Két qua thu dugc 1a mot ludi tam giac phan anh hinh dang cua dir lidu véi
mure do chi tiét tiy chinh.

Hinh 2.14: Qua trinh hoat dong cua Alpha Shapes
Uu diém cta Alpha Shapes 1a kha ning kiém soat chi tiét bé mit thong qua tham
sO @ va tai dung dugc cac bé mit c6 16 hodc hinh dang phire tap. Tuy nhién, nhuoc diém

1a viéc chon a phu hop khong dé, va phuong phap nhay cam véi nhiéu.
¢) Delaunay Triangulation

Delaunay Triangulation 1a mot thuét toan chia mit phing thanh cac tam giac sao

cho khong c6 diém nao nam bén trong duong tron ngoai ti€p cua bat ky tam giac nao
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trong phan hoach. Phuong phéap nay duoc sir dung rong rii dé xay dung ludi tir dir lidu
diém nho cac tinh chat hinh hoc tét ciia tam giac Delaunay.
Qua trinh gdm céc budc:
e Dung luéi tam giac tir tap diém bang thuat toan Delaunay trong khong gian
2D hoac 3D.
° Ap dung céc ti€u chi loc dé loai bo cc tam giac khong thudc vé bé mit thuc
(dua trén d6 dai canh, dién tich hoic hudng phéap tuyén).

e K&t ndi cac tam giac con lai dé tao thanh mdt bé mat lién tuc.

Hinh 2.15: Qua trinh hoat dong cua Delaunay Triangulation
Uu diém la thuét toan don gian, d@ trién khai va tao ra céac luGi tam giac co chat
luong cao. Tuy nhién cting nhu cac thuat toan hinh hoc ké trén, khi gap dir liéu point
cloud mat d6 thap, khong dong déu hodc thiéu thong tin vé phap tuyén, thuat toan cé thé

cho ra két qua khong nhu mong muén.

2.7.2. Phwong phap truwong ham

Nhom phuong phép nay khong truc tiép két ndi cac diém dé tao mesh, thay vao
d6 thi hoc hodc xay dung mot ham ngdm (implicit function) ¢ mo ta hinh dang cua ddi
tuong trong khong gian 3D. Bé mit cta vat thé duoc xac dinh 1a tap hop céc diém ma
gia tri ciia ham bang 0 (zero-level set). Sau khi c6 truong ham, thuat toan Marching

Cubes thuong dugc str dung dé trich xuét bé mat dudi dang ludi tam gidc tu thé tich.

a) Poisson Surface Reconstruction
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La mot trong nhitng phuong phap phd bién nhat cho mesh reconstruction tir dit
lidu point cloud c6 thong tin vector phap tuyén. Y tuéng chinh cta thuit toan 1a chuyén
viée tai tao bé mit thanh mot bai toan giai phwong trinh Poisson trong khong gian 3

chiéu. Cu thé:

e Tir cac diém dit liéu roi rac va vector phap tuyén twong tng, thut toan xay
dung mot truong vector V*?sao cho mdi vector hudng ra ngoai tir bé mit tht.
e Gia dinh ton tai mot ham vo hudng an x sao cho gradient cua n6 khdp voi
trudng vector V> :
Vy=~V>
e Bang cach lay divergence hai vé, ta c6 dugc bai toan:
Ay =V-V>
Pay 1a phuong trinh Poisson — mot bai toan elliptic ¢6 thé giai bang cac phuong
phap s6 trén ludi voxel hoa. Thuat toan ndy ciing ¢ han ché khi két qua phu thudc nhiéu
vao do chinh xac ctia vector phap tuyén dau vao, néu vector bi nhiéu thi hinh dang tai
tao c6 thé bi sai léch dang ké.

b) DeepSDF

DeepSDF (Park et al., 2019) [27] 1a mdt phuong phap dua trén hoc sdu dé mo
hinh héa Signed Distance Function (SDF) — mét dang ham ngdm mé ta bé mat 3D.
Trong DeepSDF, thay vi xdy dung SDF theo phuong phép truyén théng hodc giai
phuong trinh vi phan, mé hinh sir dung mang neuron fully-connected dé hoc truc tiép

mot ham anh xa tir toa do khong gian x € R3 sang gia tri khoang cach c6 ddus € R.

e B& mit cta vat thé dugc biéu dién boi zero-level set cia ham SDF — tap hop
cac diém x sao cho f(x) = 0.
e Ham SDF duoc hoc thong qua mang neuron fo(x, z), trong d6 z 1a vector dac

trung dai dién cho mot hinh dang cu thé, va 6 1a tham sb cua mang.
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¥ Decision
_ . boundary
= of implicit

5 surface

Ld L
(ay SDF <0

Hinh 2.16: Minh hoa ham SDF

Phuong phap nay cho phép biéu dién bé mit mdt cach min va lién tuc, khong yéu
cdu mat 4o diém déu. Tuy nhién d6 chinh x4c phu thudc nhiéu vao chat luong dir liéu
huin luyén, mo hinh chi téng quat tdt khi duge hoc trén tap dir liu du da dang. Ngoai
ra, viéc danh gia ham SDF trén toan bo khong gian 3D dé trich xuat mesh c6 thé tiéu
t6n thoi gian tinh toan.

¢) GeoUDF

Khac véi cac phuong phap hoc SDF, GeoUDF (Xiang et al., 2023) [28] su dung
Unsigned Distance Function (UDF) — ham do khoang cach tuyét ddi dén bé mit gan
nhat, khong phan biét trong hay ngoai. Pay 1a vu diém quan trong khi 1am viéc véi dix
liéu khong c6 nhan hay thiéu vector phap tuyén.

GeoUDF str dung mot mang neuron don gian Multi-Layer Perceptron (MLP) dé
hoc anh xa tur toa d§ khong gian 3 chiéu x € R3 sang gia tri khoang cach d € R+, tuc
la:

fo(x) = UDF(x)
Trong do 6 1a cac tham s6 hoc duoc cua mang.

Diém ndi bat cia GeoUDF 14 thiét ké ham mat mat véi cac thanh phan hudng

hinh hoc, bao gém:

e Surface consistency loss: dam bao gia tri UDF tiém can vé 0 tai cac diém nam
trén bé mit point cloud.

e Eikonal loss: khuyén khich gradient cia UDF c¢6 d6 16n bang 1, dam bao ham
khoang cach duoc tron va phit hop vé mat hinh hoc.
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e Tangent constraint: st dung ddc trung cuc b cua bé mat tir cac lang giéng
gan nhat dé dam bao bé mit tai tao c¢6 hudng tiép tuyén phu hop.

Sau khi hoc xong ham UDF, GeoUDF str dung thuat toan Marching Cubes trén

lu6i voxel hoa dé trich xuat zero-level set — tap hop cac diém x sao cho UDF(x) = 0.

Query !oint
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—
By l —— Global Feature ' UDF UDF Gradient
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Un-Oriented Normal
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Hinh 2.17: Quy trinh hoat dong cua GeoUDF
Uu diém 16n so véi cac phuong phap ké trén 13 GeoUDF khong yéu cau vector
phap tuyén hay thong tin bén trong-ngoai bé mat, nho d6 phi hop véi dir lidu point cloud
thuc té thuong khong day du hodc bi nhidu. Nho st dung UDF, mé hinh c6 kha nang
hoc hinh dang mot cach 6n dinh ngay ca khi dit liéu dau vao thiéu nhan hodc thong tin
hinh hoc. GeoUDF str dung mang MLP don gian véi cac rang budc hinh hoc trong ham

mAt mat, cho phép tai tao bé mat chi tiét, lién tuc va min tir dit liéu point cloud dau vao.

2.8. Ky thuit lam mwot bé mit mesh

Sau qu4 trinh tai tao mesh, dic biét tir dit lidu point cloud nhiéu hoic thua thét,
bé mat mesh c6 thé chira nhiéu dinh sic nhon, gon song hodc nhiéu hinh hoc. Dé cai
thién chat lugng hinh dang vat thé, cac thuat todn lam mugt (mesh smoothing) dugc ap
dung nham giam thiéu hinh hoc va tai tao bé mat min hon, déng thoi cb géng bao toan

cac dac trung hinh hoc quan trong.
2.8.1. Laplacian Smoothing

Day la phuong phap don gian va pho bién nhat. Y tudng co ban 1a mdi dinh v;
trén mesh s& duoc cap nhat bang trung binh vi tri cac dinh 1an can (1-ring neighbors):

vi=vi+ 1> (v —v)
JEN(D

Trong do:

e A lahé sd diéu chinh (thudng rat nho, vi dy 0.1)

e N(i)1a tap dinh ké véi v;
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Phuong phap nay dé cai dit va tinh toan nhanh, nhung néu lip nhiéu lan ma

khong c6 co ché bao toan hinh dang, mé hinh s& bj co rit, mat thé tich hoic chi tiét gbc.

2.8.2. Taubin Smoothing

Taubin Smoothing duoc dé xuit béi Gabriel Taubin (1995) nhdm khic phuc hién
tuong co rat cia Laplacian smoothing. Phuong phap thyc hién hai budc lam muot lién
tiép v6i hai hé sb trai dau:

e Lam muot véi hé sb A duong dé di chuyén dinh.

e Lam muot tiép v6i hé s6 u am dé khoi phuc lai thé tich da mat.

Viéc két hop hai budc nay gitp duy tri hinh dang va thé tich tot hon, déc biét hiru

ich trong cac mo hinh c¢6 chi tiét cong tron hodc ciu triic phirc tap.

2.8.3. Bilateral Mesh Denoising
Pay 1a phuong phap lam muot co trong sb, gitip bao toan cac chi tiét hinh hoc
sic canh hodc goc nhon. Thuét toan md rong tir bilateral filter trong x{r 1y anh sang mo

hinh 3D. V&i mdi dinh, trong s6 cac dinh 1an can duoc tinh dya trén:

e Khoang cach Euclidean trong khong gian 3D.

e Do twong dong giira cac vector phap tuyén, gitp phat hién bién hoidc bé mit

phang.

Ham lam muot két hop hai loai trong s6 khong gian va phap tuyén, cho phép khir
nhiéu hiéu qua ma van giit rd cac chi tiét dic trung, tranh hién tuong mo nhoe nhu ¢ cac
phuong phap don gian hon.

2.8.4. HC Laplacian Smoothing

Phuong phéap nay duoc cai tién tir Laplacian smoothing bang cach thém co ché
hoi phuc hinh dang gbc. Quy trinh gdm hai budc:

e Lam muot nhu thuat toan Laplacian, dua dinh dén vi tri méi v

e Phuyc hdi lai hinh dang bang cach pha tron giita vi tri cii va méi dé giir lai dic

trung ban dau.

Diéu nay giup lam muot cac vung phang hodc cong min ma van duy tri hinh dang
tong thé va han ché bién dang. Phuong phap nay thich hop cho cac ing dung can bao

ton chi tiét trong qua trinh ti tao mesh.
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CHUONG 3: GIAI PHAP DE XUAT

3.1. Téng quan giai phap
3.1.1. Phadt biéu bai toin

Tai tao vat thé 3D tir dir liéu 2D 13 mot bai toan quan trong linh vurc thi gidc may
tinh va db hoa mdy tinh, v&i nhiéu ing dung thyc tién nhu thuce té 4o, thuc té ting cudng
(VR/AR), in 3D, nhan dién ddi twong, ... Bai toan dit ra yéu cau xdy dung mot hé thong
c6 kha nang hoc va suy luan vé cu tric khong gian ba chiéu ctia mot vat thé, chi tir mot

hoac vai hinh anh dau vao 2D.

Trong khudn kho pham vi d6 4n nay, hé thong s& nhan dau vao 1a mot anh don
(single-view image), va dau ra mong mudn 13 mot biéu dién 3D cua vat thé tuong tng.
Cu thé, hé thong hudng dén hai hinh thirc biéu dién dau ra chinh 1 point cloud va mesh.
Viéc Iya chon hai dang biéu dién nay dugc dua ra dya trén ca yéu t6 chu quan vé k¥

thuat 14n yéu t6 khach quan tir nhu cau st dung thuc té.

Nhu da dé cap ¢ chuong 1, point cloud 1a tap hop cac diém roi rac trong khong
gian 3 chiéu, dong vai trdo nhu mot biéu dién tho nhung giau thong tin vé hinh dang tong
thé ctia vat thé. Pay 1a dang biéu dién don gian, dé xir 1y, va rat phi hop véi cac md hinh
hoc sau hién nay do tinh chat rdi rac va linh hoat. Nhiéu nghién ciru gan day da khai
thac truc tiép khong gian point cloud nham tin dung kha ning tong quat hoa va biéu

dién linh hoat, gitp danh gia hiéu qua mé hinh trong giai doan dau cia pipeline.

Nguoc lai, mesh 1a dang biéu dién c6 céu tric cao hon, trong do6 cac diém duoc
két ndi lai béng cac mat tam giac dé tao thanh mot bé mat lién mach, truc quan hon.
Dang biéu dién nay thuong duoc wa chudng trong cac tng dung thyc té, noi nguoi ding
cubdi mong mudn c6 dugc md hinh 3D hoan chinh, d& tich hop vao phin mém db hoa

hodc cac moi truong mo phong.

3.1.2. Téng quan gidi phdp hé thong

Thay vi xy dung mot mo hinh end-to-end dy doén tryc tiép mesh tir anh, t6i dé
xuat thiét ké hé thong theo hudng hai giai doan: dau tién dy doan point cloud tir anh dau
vao béng mo hinh hoc sau, sau dé thuc hién hau xur ly dé chuyén doi point cloud thanh
mesh.

Ly do chinh cho thiét ké nay 1a mesh 1a dang biéu dién c6 cau tric phirc tap, yéu
cau kién tric mang chuyén biét va dit liéu huan luyén phong phu, diéu nay gy kho khan

trong viéc huan luyén mé hinh 6n dinh va chinh xac. Nguoc lai, point cloud 1a biéu dién
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don gian hon, phu hop véi cac kién tric hoc sau hién tai va d& danh gia, tir 6 gitp qua
trinh huin luyén va kiém thir ban dau hiéu qua hon. Bén canh do6, viéc tach riéng hai

giai doan mang lai nhiéu loi ich:

e Cho phép tan dung vu diém riéng cua timg dang biéu dién.

e Ting tinh linh hoat trong diéu chinh, kiém thir va thay thé timg thanh phan.

e D32 dang tich hop cac thuit toan hau xur 1y tién tién ma khong can huin luyén
lai toan bd mo hinh.

e Giam d6 phtrc tap ctia mé hinh, gitip hé thong dé bao tri va mé rdng trong

tuong lai.
Hé théng duoc chia 1am 3 thanh phan chinh:

e Tién xir Iy va trich xuat dic trung: Anh RGB dau vao duoc resize vé kich
thude 128x128. Sau d6, depth map duoc trich xuat va ghép ndi (concat) voi
anh RGB d¢é tao anh RGB-D. Anh nay dugc chuyén thanh tensor lam dau vao
cho mo hinh.

e M4 hinh dy doan point cloud: Sir dung lai kién trac Pixel2Point, nhung
dugc diéu chinh dé tiép nhan anh RGB-D thay vi chi anh RGB. M6 hinh dau
ra 12 tap hop cac diém trong khong gian 3D dai dién cho hinh dang vt thé.Hau
xur ly

e Hau xir ly: GOm céac budc upsampling dé ting mat do point cloud, loai bo
diém nhiéu (outlier removal), va cudi cung 1a tai tao mesh tir point cloud thong

qua cac thuat toan dung hinh phu hop.
3.2. Chuén bi dir liéu

Pé huan luyén va danh gid hé théng, toi lya chon st dung bo dir li€u
ShapeNetCore, mot bo dir liéu 16n va dugc sir dung rong ri trong cac nghién ciru vé tai

tao hinh hoc va nhan dién vat thé 3D.

Tuy nhién, mot han ché dang ké ctia ShapeNetCore 1a khong cung cap sin anh
RGB 2D dugc render tir cac mo hinh nay. Trong khi d6, h¢ théng yéu cau anh dau vao
& dinh dang RGB lam co s¢ dé dy doan mé hinh vat thé 3D. Viéc ty render anh tir cac
mo hinh ShapeNet s& can xay dung pipeline riéng cho viéc dung hinh, ddt camera, 4nh
sang,... Didu ndy vira ton thoi gian, vira doi hoi tai nguyén tinh toan 1on va dé phat sinh
sai 1éch néu khong dam bao tinh nhat quan giita 4nh va mo hinh géc.

Dé giai quyét van dé nay, toi quyét dinh st dung bo dir liéu da dugc xir 1y sin tir
ShapeNetCore, duoc xay dung va cong bd boi Xu et al. [21]. Bo dit liéu nay cung cip
anh RGB duoc render tir nhiéu goc nhin khac nhau quanh vat thé.
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MOi vat thé trong bo dir li€u dugc render dudi 72 goc nhin khac nhau, trong do
bao gdm 36 goc chup dé (easy views) — thudng 1a cac goc phd bién nhu mat trude, bén
hoéng, tir trén xudng, va 36 goc chup kho (hard views) — thudng 1a cac goc khuat hodc it
thong tin hinh hoc. Mdi anh ¢6 kich thudc ban dau 224x224.
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Hinh 3.1: Cac anh voi goc chup khac nhau cua mot vat thé
B¢ dit liéu gom tong cong 13 16p vai s6 luong phan bd mau ban dau nhu sau:
Number of cbjects in each category
table - 8436
chair - 6778
arplane 2045
car EL) L)
sofa 3173
Y rifle 4 2373
5
g smp 2318
S watercraf 1873
bench 1813
speaker - 1597
cabinet 1571
display 1093
phone 1089
0 1000 2000 302)0 4000 50'00 602]0 7000 8000

Number of objects

Hinh 3.2: Théng ké s6 lwong mau ban dau cia cdc 1op
Trong khuén khd d6 an nay, cac dbi twong duoc lya chon tip trung vao nhom vat

thé noi that (indoor), bao gom 6 16p: table, sofa, bench, chair, cabinet, lamp.
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Number of objects in each category

table 1 #8384
chai 6591
sofa 3159

<
3
51 lamp 2316

bench 1808

cabinet 1543
Q 1000 2000 000 4000 5000 6000 7000 8000

Number of objects

Hinh 3.3: Thong ké s6 lwong mdu ban dau ciia 6 16p da chon
Do su chénh léch dang ké vé s6 luong mau giira cac 16p, viée gilt nguyén phan
bd ban dau co6 thé dan dén hién trong mat can bang dit liéu. Piéu nay dé khién mé hinh
bi thién 1éch trong qua trinh huan luyén, tip trung qua muic vao cac 16p phd bién va bo
qua céc 16p c6 it dit liéu hon. Hé qua 1a kha ning tong quat hoa bi suy giam, dic biét
trong bdi canh bai toan yéu cau mé hinh nhan dién hiéu qua nhiéu loai vét thé khac nhau.

Pbé khic phuc van dé nay, cac lop co $6 luong mau vuot troi duoc tién hanh
downsample, nhiam can bang lai phan b dir liéu giita cac 16p. Céch tiép can nay khong
chi gitip mo hinh hoc dugc dac trung hinh hoc mdt cach dé)ng déu, giam thiéu hién tuong
overfitting vao céac 16p chiém wu thé, ma con gop phan rat ngin thoi gian huan luyén,
phu hop véi diéu kién tai nguyén tinh toan c6 han.

Number of objects in each category

chaur 2400
sofa 2400
table 2400
g
o
[
3
~ lamp 2316
bench 1808
cabiner 1543

500

1000

1500 2000 2500

Number of objects

Hinh 3.4: Théng ké s6 lwong mdu cia 6 16p sau khi dd downsample
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Sau khi downsample, bo dit liéu dugc chia thanh 3 phan: tip huin luyén (train
set), tap kiém dinh (validation set), tap kiém thir (test set) theo ti 1& 80:10:10. Viéc chia
dir liéu duoc thyc hién stratified sampling theo tung 16p nham dam bao ti 1 miu cua

mdi 16p trong timg tip con phan anh dung phan bd cua toan bo tap dit lidu.
Tiép theo 1 x4y dung bo dir liéu hoan chinh biang cach gin mdi anh RGB véi
point cloud twong Gmg ctia vat thé, dira trén object ID chung giita hai ngudn dit liéu.

- S - - .
¥ ~ ’

Hinh 3.5: Cdc cap anh RGB vdi point cloud ground truth twong ung

Mdi obejct ban dau dugc render voi 36 anh tir easy views. Tuy nhién trong thuc
té, mo hinh khong can dén toan bd sb anh nay dé c6 thé trich xuét dugc cac dic trung
hinh hoc can thiét. Do d6, 24 anh dugc chon ngiu nhién tir 36 anh easy views nhim
giam thoi gian xir Iy khi xay dung tap dit liéu, dong thoi van giit duoc sy da dang goc
nhin can thiét. Phuong phap nay gitip t6i uu hiéu suat huan luyén va khuyén khich mo
hinh hoc duoc cac biéu dién khong gian tong quat thay vi phu thudc vao sé luong 16n
anh.

Cubi cuing toi compile cac sample di xir Iy (bao gdm anh RGB, point cloud twong
g, object ID va nhan 16p) vao cac file .h5 riéng biét cho timg 16p, duoc to chirc theo

ba tap train, validation va test.

desktopani | shapenet_bench_tram_easy.h | shapenet_bench_val_easy.h
"_ shapenet_cabinet_train_easyhd | shapenet_cabinet_val_easy.h$ L] shapenet_cha_tram_easy hs
T shapenet_chair_val_easy.h’ ] shagenet_lamp_train_easy.hS | shapenet_larmp_val_easy.h’$
| shapenet_sofa_train_easy h’ L shapenet_sofa_val_easy.hS | shapenet_table_tram_easy.h$
T shapenet_table_val_easy.hS

Hinh 3.6: B¢ dir liéu sau khi da compile thanh file .h5
3.3. Tién xir Iy va trich xuét dic trung
Pé chuan bj dir liéu dau vao cho mé hinh hoc sau, toan b anh RGB dugc xtr 1y
qua mdt chudi cac budc tién xir Iy nham tich hop thong tin chiéu sau vao biéu dién anh.

Quy trinh hoat dong duoc moé ta truc quan qua so d6 dudi day:

Sinh vién thyuc hién: Nguyén Hoang Quan Huéng dan: Th.S Mai Vin Ha 42



Xav dung hé théng tdi tao vit thé 3D tir anh 2D hé tro trong thiét ké dé hoa

—»  Besize = —3 Depth estimator —b| Drepth map ‘

RGE Input I »* Concat —){ RGB-D H Tenscr ‘

Hinh 3.7: So d6 hoat déng ciia bude tién xir Iy va trich xudt ddc trung

Viéc str dung ban d6 d6 sau (depth map) két hop v6i anh RGB dé tao ra RGB-D
thay vi chi str dung 4nh RGB thuan tay lam dau vao dd dugce chimg minh 13 mang lai
hi€u qua cao trong cac bai toan li€n quan dén nhan dién va tai tao hinh hoc 3D. Giai
phap nay duoc dé xuat boi Yousra Shleibik [22], trong d6 tac gia chi ra rang anh RGB-
D gitip mo hinh khai thac t6t hon cac dic trung khong gian cia vat thé, dic biét trong

cac goc nhin phuc tap hodc it thong tin thi gidc.

Ban d6 d6 sau cung cap thong tin vé khoang cach tir timg diém anh dén camera,
tir 46 mo hinh c6 thé hiéu 16 hon vé cau triic hinh hoc ba chiéu tiém an trong anh hai
chiéu. Khi két hop véi dic trung mau sac va két cdu tir kénh RGB, anh RGB-D trd thanh
dau vao giau thong tin, hd tro qua trinh trich xuat dic trung mot cach day du va chinh

xac hon.

Depth estimator st dung pretrained model dé du doan do sau cho cac anh RGB.
Mo hinh dugc sir dung 1a MiDaS, do Intel Intelligent Systems Lab phat trién. Pay 1a
mot trong nhitng mo hinh hang dau hién nay trong linh vire monocular depth estimation
(uwdc luong do sau tir anh don), véi kha nang hoat dong tot trén nhiéu ngit canh hinh anh

khéc nhau ma khong can thém thong tin tir camera hoac cac cam bién bo sung.

MiDaS hién hd tro 3 phién ban chinh: DPT Large, DPT Hybrid va
MiDaS_small. Trong do:

e DPT Large la phién ban co kién tric 16n nhat, cho ra ban d6 d6 sau véi do
chi tiét va d6 chinh xac cao nhit thich hop véi cac tac vu yéu cdu do phan giai
khong gian cao. Tuy nhién, tdc d6 inference cham hon, do d6 phtrc tap cua
mo hinh.

e DPT Hybrid 13 lua chon can bang giita toc do va chit luong, két hop giira
kién tric cia DPT Large va cac dic trung va cac dic trung nhe hon tir cac
backbone khac nhu ResNet.

e MiDaS_small la phién ban gon nhe, phu hop véi cac trng dung real-time hoac
trén thiét bi tai nguyén han ché nhung c6 d6 chinh xac thap nhét so vdi cac

phién ban trén.
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Do d6 phién ban DPT Hybrid dugc lya chon nhim dam bao sy can bang giita

hi€u suat tinh todn va chat lugng dd sau dau ra.

Anh dau vao RGB déu tién s& duoc resize vé kich thudc 128x128, sau d6 sé& di
qua Depth Estimator dé trich xuét dugc ban db do sau twong Gmg cung kich thudce. Ban
dd do sau dugce chuan hoa vé khoang gia tri [0, 1] va dugc ghép ndi (concat) cung véi
anh RGB theo chiéu kénh, tao thanh mot tensor 4 kénh (R, G, B, D).

Anh RGB

Depth Map Anh RGB + Depth Overlay

Hinh 3.8: Anh RGB, ban do dé su, va anh RGB-D
Tensor RGB-D thu dugc sau budc nay 1a dang dau vao hoan chinh, két hop gitra
thong tin mau sic va hinh hoc khong gian, sin sang dé dua vao huan luyén mé hinh hoc

sau.

3.4. Huén luyén mé hinh

Kién tric mé hinh huin luyén dugc xay dung dya trén nén tang ctia mo hinh
Pixel2Point, m§t mang CNN dugc thiét ké cho tac vu anh xa tir anh 2D sang point cloud
3D. Tuy nhién kién trac gbc cua Pixel2Point dugc thiét ké dé xir Iy anh RGB (3 kénh)
lam dau vao. Trong hé thdng hién tai, anh ddu vao da mé rong thanh dang RGB-D (4
kénh), vi vay kién trac ban dau di duoc diéu chinh dé twong thich v6i dau vao méi. Phan
con lai ctia kién trac CNN van dugc giit nguyén, ké thira tir thiét ké gdc cua Pixel2Point,

v6i nhiéu tang tich chip va cac tang fully connected.

Qua trinh huin luyén mod hinh dugc thyc hién trén Google Colab véi lya chon
GPU NVIDIA L4. So voi cac GPU phé bién nhu T4 hay P4, GPU L4 c6 bd nh¢ VRAM
16n hon (24 GB) va kha ning xir Iy nhanh hon, tir d6 hd tro qua trinh huan luyén mo
hinh hiéu qua hon.

Pé dam bao mo hinh huan luyén hiéu qud, cac tham s6 huan luyén quan trong
nhu learning rate, batch size, sé epoch va cac gia tri lién quan khac duoc trinh bay trong

bang thong s6 dudi day.
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Bang 3.1: Cdc tham sé hudn luyén mé hinh

Thong tin Gia tri
Input shape (4,128, 128)
Batch size 16
S6 epoch 15
Learning rate 0.00005
Optimizer Adam
Loss function Chamfer Distance
Gradient Scaler AMP (%?égimsiit;): Mixed
GPU NVIDIA L4
Visualization TensorBoard + Plotly

3.5. Hau xiwr ly point cloud
Dé thu duoc vat thé 3D v6i bé mat hoan chinh, ¢6 tinh thAm mi va c6 tinh tng
dung thuc té duoc, dir liéu point cloud dau ra tr mo hinh hoc su can trai qua cac budce

hau xt Iy. Quy trinh hau xtr Iy dwoc mo ta nhu trong so d6 dudi day:

ol | o | O | P | deb | St of ikt
Hinh 3.9: So dé hoat déng ciia bude hdu xir 1y point cloud
3.5.1. Upsampling
Point cloud dau ra tr md hinh hoc sau véi N = 2048 diém maic du duogc cho la
vira du dé che phu duoc bé mait cua vat thé, nhung vé két cAu chung thi van kha thua.
Do d6 budc Upsampling 1a mot budce quan trong trong pipeline hau xir Iy nhim dam bao
point cloud trudce khi di qua mo hinh tai tao mesh c6 du d6 day va dg min can thiét, giap

vat thé mesh dau cuoi dugc hoan chinh hon.

O budc nay ti st dung mo hinh pretrained sir dung kién trac SAPCU (Self-
Supervised Arbitrary-Scale Point Cloud Upsampling) dugc cung cap béi chinh tac gia
Zhao [25]. Nhu da dé cap o chuong 2, kién tric nay cé kha nang thyc hién upsampling
& cac ti 1¢ tlly y (arbitrary scale) ma khong can dir liéu ground truth dense. Thay vi hoc
truc tiép mapping tur dir liéu mat do thua sang dir li¢u mat 4o day, SAPCU tiép can bai
toan dudi goc nhin hinh hoc: mdi diém dugc upsample duoc xem 1a két qua chiéu cua

mot seed point 1én mot bé mat ngérn da hoc.
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T6i cdu hinh thie hién upsampling tir 2048 diém 1én 8192 diém, cho két qua diém
day va phan bd déu hon. Cac tham sb nhu ty 18 scale va phuong thire chon diém seed
déu duogc git nguyén nhu thiét 1ap mic dinh cua tic gia, nhim dam bao két qua nhat
quan véi cong bd gdc.

3.5.2. Outliers removal

Sau khi thue hién upsampling, két qua point cloud c6 thé van chira mét sé diém
nhiéu, nhitng diém nam rai rac hodc cach xa khoi bé mat chinh cta vat thé. Bé loai bo
nhidu, t6i 4p dung k-nearest neighbors (k-NN). Cu thé, v6i mdi diém trong point cloud,
t6i tinh khoang cach trung binh dén 30 diém 14n c4n gan nhat. Sau d6 tinh khoang cach
trung binh toan cyc ciia toan bd point cloud. Nhitng diém nao c6 khoang cach trung binh

16n hon 1.5 1an khoang cach trung binh toan cuc s& duoc xem 1a nhiéu va bi loai bo.

Tuy nhién, sau budc loai bé nhiéu, ) luong diém con lai khoéng con cb dinh —
c6 thé it hon hodc nhiéu hon muc tiéu 8192 diém. Dé dua dit liéu vé dang kich thudc
dau ra yéu cau 1a 8192 diém, t6i 4p dung thuat toan Farthest Point Sampling (FPS) lén
tap point cloud sau khi da dugc dua nguoc tro lai khong gian ban dau. Cu thé, timg diém
dugc nhan lai v6i hé sb scale va cong lai vdi vector dich chuyén loc (da dugc tinh trong
budc chuan hoa truée khi dua vao mé hinh), nham phuc hdi ding vi tri va ty 16 ban dau

cua vat thé.

FPS sau do duoc sir dung dé chon ra ding 8192 diém sao cho céc diém duoc léy
mau cach xa nhau nhat trong khong gian 3D. Piéu nay khong chi dam bao phan bb déu
khap bé mat vat thé, ma con gitp giit lai cac dic trung hinh hoc quan trong. Nho do,
point cloud dau ra vira dugc lam sach nhiéu, vira c6 mat do diém 6n dinh va phéan b tot,
phu hop cho bude tai tao mesh ké tiép.

3.5.3. Mesh reconstruction
Budc tiép theo trong pipeline hau xir 1y 1a mesh reconstruction, tai tao ludi tam
giac tur dir licu diém point cloud roi rac. Toi1 st dung md hinh GeoUDF, keém theo trong

s pretrained dugc cung cip boi tac gia Xiang et al. [28].

Nhu da dé cap ¢ chuong 2, GeoUDF tiép can bai toan tai tao bé mit dudi dang
hdi quy mot trudng khoang cach vo hudng (unsigned distance field - UDF), trong d6
mdi diém trong khong gian 3D dugc anh xa dén khoang cach gan nhéat dén bé mit vat
thé, khong phan biét bén trong hay bén ngoai. Pay 1a vu diém 16n trong truong hop
khong c6 nhin ground truth hodc thiéu vector phap tuyén — mot dic diém phd bién cua
dir 1i€u point cloud thu tir anh RGB.
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Cu thé, point cloud (8192x3) sau khi di dugc upsample va lam sach dugc dua
qua md hinh GeoUDF dé infer trudng khoang cach vo huéng UDF 4n trong khong gian
3D. M6 hinh cho dau ra 13 mot trudng gi tri lién tuc, trong d6 mdi diém trong khong

gian dugc anh xa dén khoang cach gﬁn nhét t&i bé mat vat thé.

Dé chuyén doi trudng gia tri nay thanh mesh tam giac, thuat toan Marching Cubes
— mot phuong phap pho bién nham trich xuét isosurface tir trudng vo hudng duoc ap
dung. Két qua thu dugc 1a mot moé hinh vat thé mesh duge luu dinh dang .ply dai dién
cho hinh dang 3D lién mach cta vat thé.
3.6. Xay dung h¢ thong
3.6.1. Téng quan kién triic hé thong

Hé théng gom céc thanh phan chinh: Web Application, Backend FastAPI, Google
Cloud Run, va cac dich vu hd trg khic cia Google Cloud nhu Artifact Registry va Cloud

Storage.
Model Image
Artifact Registry
ey
Upload =
- o| %
- Wy
ol ’
Pull image
-ply, .xyz, .obj ol
; Cloud Run
) /4
30 o®
. \)\)\0 S 3
3 o
$ oow‘i(\
Cloud Storage °
Response || Request

0 FastAP| ——— (k8

Response

Backend Web Application

Hinh 3.10: So dé kién tric cia hé thé'ng tdi tao vt thé 3D

e Web Application: Giao dién frontend cho phép nguoi dung tai 1én anh dau
vao va nhan két qua 3D. Ung dung gui yéu cau tdi backend va hién thi két
qua tra vé.

o FastAPI Backend: Dong vai tro trung gian xur ly logic iing dung. Backend
nhan request tir frontend, thyc hién céc tac vu trao d6i file voi Cloud Storage,
va glri yéu ciu téi mo hinh inference thong qua Cloud Run.
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e Cloud Run: Trién khai cdc mé hinh hoc séu trong container. Khi dugc goi,
Cloud Run ty dong pull image tur Artifact Registry va thyc hién xu 1y
inference véi dir liéu duoc 14y tir Cloud Storage, sau d6 tra két qua vé server
FastAPL.

e Artifact Registry: Luu trit cac Docker image chira m6 hinh. Cloud Run sé
truy Xuét image tai day mdi khi khoi chay hodc duoc cap nhat.

e Cloud Storage: Luu trit dir liéu input (anh, point cloud) va output (.ply, .xyz,
.0bj). Ca Cloud Run va FastAPI déu tuong tic hai chiéu véi Storage dé

upload/download dir 1i€u phuc vu cho pipeline xur Iy.

3.6.2. Thiétlip Google Cloud Platform
Véi viéc pipeline xtr 1y ciia hé thong gdm nhiéu mé hinh hoc sau trong cac budc,
viéc lwa chon mét nén tang dich vu c6 hd trg GPU dé host mé hinh 1a mot cong viéc

quan trong. Trong s cac nén tang hién co, toi lua chon Google Cloud Platform (GCP).

GCP 1a mét nén tang dién toan dam may do Google cung cip, voi hé sinh thai
dich vu da dang, bao gém ca ha téng phén cung manh m€ va cac cong cu hd tro trién
khai cdc mo6 hinh hoc may quy moé 1on. Viéc lya chon GCP gitp tan dung duoc tai
nguyén GPU dé xtr Iy cac budc ning tinh toan trong pipeline xir 1y, dic biét 1a cac mo
hinh hoc sau nhu SAPCU, GeoUDF va m6 hinh du doéan point cloud.

Véi goi trial mién phi duoc Google cung cip, va $300 credit st dung trong vong
90 ngay, du dé trién khai thir nghiém toan bo hé thong. Ngoai kha ning tao may ao GPU
qua Compute Engine, GCP con hd trg nhiéu dich vu hiru ich trong qua trinh phat trién
nhu:

e Vertex Al: quan 1y, hun luyén va trién khai mé hinh.

e Cloud Storage Bucket: luu trit dit liéu point cloud, mesh ctia vat thé va mo
hinh d4 huén luyén.

e Artifact Registry: quan 1y va luu trir cac Docker image chira m6 hinh, thuan
tién cho viéc trién khai container.

e Cloud Functions: dugc str dung dé trién khai cac container model. Trong hé
thdng nay, Cloud Functions dong vai trd nhu entry point, sau khi khoi chay
container chira mé hinh hoc sau, nhan request tur client dé thyc hién inference
va tra két qua vé.

V&i mdi md hinh hoc sau, toi thiét l1ap xay dung va cAu hinh cho Cloud Functions

dé tao ra cac entry point trong tmg v6i ting mé hinh. Quy trinh ndy duoc mé ta nhu

trong so d6 dudi day:
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Xay dung FastAPI entry Thiét lip méi trrdng may

- _ . —»  Build Docker image
point server do, thr vién =

Ehéi tae va chay container Céu hinh cho Cloud Run : Diy image 1én Artifact
d2 sin sang inference Service Begistry

Hinh 3.11: Quy trinh thiét Igp va cdu hinh véi Cloud Run Service
Cloud Run Service dugc cAu hinh nhu sau:

e Region: asia-southeast1 (Singapore), khu vue nay c6 hd trg¢ VM GPU.

e Authentication: yéu cau xac thuc ddi v6i mdi request dén endpoint, chi chap
nhan céc request c6 credentials cta tai khoan chinh hodc service account.

e Billing: theo instance-based, tirc 13 s& tinh phi trong sudt vong doi hoat dong
ctia instance nay, khi sir dung VM GPU thi yéu cau nay 13 bt budc.

e Service scaling: auto scale vé 0 instance.

e Tainguyén VM: ddi v6i GPU thi yéu cau memory 16GiB, 4v CPUs. GPU sir
dung NVIDIA L4 véi s6 lugng 14 1 GPU.

e Request timeout: mdc dinh 300 giay,

e Concurrency: cho phép t6i da 80 request dong thoi trén mdi instance.

Ngoai ra Cloud Run Service c6 co ché health check theo hai hinh thirc 13 startup
check va liveness check nhiam kiém tra xem container di dugc khoi chay 6n dinh chua.
T6i lwa chon startup check vi né chi kiém tra lan dau khi bat dau chay service, con
liveness check thi lién tuc giri request dé kiém tra do d6 gay tiéu hao tai nguyén khong
can thiét.

[J ®@ Name 1 Deployment type Regisec @ Region Authentication @ Ingress @

0O e depth2point (¢s) Container 0 asia- Require authentication A
southeast

|:] ® fastapi-mesh (%) Container 0 asia- Require authentication Al

e

[J ® fastapi-upsampling (%) Container 0 asia- Require authentication

southeastl

Hinh 3.12: Cdc entry point ciia mé hinh sau khi trién khai trén Cloud Run Service
3.6.3. Xdy dung wrng dung web
Dé cung cap mot giao dién tryc quan cho ngudi ding tuwong tac voi hé thong, toi
xay dung mot tng dung web tich hop frontend va backend. Hé théng web nay khong

chi dam nhén vai trd hién thi mo6 hinh 3D ma con hd trg toan bd pipeline xu ly — tur vi¢e
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nhan anh dau vao, xtr Iy qua cac moé hinh hoc sau, dén tai tao mesh va hién thi két qua

tryc tiép trén trinh duyét.

Frontend duoc xay dung dwa trén ma ngudn mé ctua Three.js Editor, 1a mot cong

cu dyng sin dugc cung cép trong bo thu vién Three.js. Three.js Editor cung cip céc

chtrc ning chinh sira m6 hinh 3D co ban nhu: xoay, phéng to, thu nho, thay doi anh

sang, hién thi mesh hodc point cloud, ciing nhu hd trg import/export file cac dinh dang

phé bién nhu .ply, .obj, .glb,...

T6i mé rong Three.js Editor dé tich hop thém cac chic ning dic thi ciia hé thong:

Giao dién upload anh 2D tir phia nguo1 dung.

Trinh hién thi két qua point cloud va mesh tai tao tir anh.

Menu lya chon céac thuat todn smoothing (nhu Laplacian Smoothing, Taubin
Smoothing) dé cai thién d6 muot bé mit.

Backend dugc xay dung voi FastAPI — mot framework hién dai, nhe va c6 hi¢u

nang cao danh cho cac ung dung web noi chung va cac xu 1y lién quan dén hoc may,

hoc sau. Backend gom cac nhi€ém vy chinh sau:

Nhan anh dau vao tir phia nguoi ding.

Tién xir 1y dit liéu va trich xuat ban d6 d6 sau thanh anh RGB-D.

Guri anh dén endpoint cta Cloud Run twong tmg véi mé hinh hoc su.

Xtr Iy két qua inference tra vé tir mo hinh, bao gdom point cloud hodc mesh
clia vat thé.

Chuyén d6i dit liéu thanh cac file .xyz, .ply dé upload va luu trén Bucket ctia
Google Cloud Storage.

Cung cip API cho phép frontend export file theo cic dinh dang mong muébn
(xyz, .ply, .obj,...) dé st dung & cac phan mém dd hoa chuyén nghiép hon.
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Hinh 3.13: Giao dién cua ung dung editor 3D
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CHUONG 4

4.1. Két qua huin luyén

: PANH GIA KET QUA

Qua trinh hudn luyén mé hinh duoc theo ddi thong qua chi s6 CD loss trén tip

train va tdp validation qua tirng epoch. Sy thay ddi cua cac gid tri loss trong sudt qua

trinh hudn luyén dugc minh hoa trong biéu db duéi day:

563

4e-3

Training loss

3e3

2e-3

Train Loss over Epochs

2 4 6 8 10 12 14

Epochs

Hinh 4.1: Biéu dé train loss

4.3e-3

4.1e-3

3.9e-3

3.7e-3

Validation loss

3.5e-3

3.3e-3

Validation loss over Epochs

2 4 6 8 10 12 14
Epochs

Hinh 4.2: Biéu doé validation loss
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Nhu di thy, training loss giam déu qua cac epoch, cho thiy mé hinh dan hoc
duoc dic trung cua dit liéu dau vao. Tir epoch 1 dén 6, validation loss giam manh, phan
anh qua trinh hoc dién ra hiéu qué ca trén tp train va tap validation. Bit dau tir epoch
7, d0 giam cua validation loss cham lai va dao dong nhe trong khoang [3.21e-3, 3.30e-

3] tirepoch 11 dén 15, cho thdy mé hinh di dan hoi tu va khong c6 dau hiéu overfitting.

Trong d6, epoch 13 dat validation loss thip nhét 1a 3.2124e-3, dugc chon 1am
best checkpoint dé luu lai trong s6 mo hinh. Viéc lya chon checkpoint theo tiéu chi
validation loss nhé nhat nhdm dam bao mé hinh duoc danh gia tai thoi diém tong quat

hoa tot nhit.

4.2. Két qua kiém thir

Sau khi hoan tit huin luyén va lya chon checkpoint tot nhat & epoch 13, to1 tién
hanh danh gia mé hinh trén tap test dé kiém chtng kha niang tong quat hoa cia mo hinh.
Vi¢c danh gia dugc thyc hién trén tirng category trong tap dir li€u, st dung hai metric
do ludng d6 twong dong hinh hoc giita point cloud du doan va ground truth 13 Chamfer
Distance Loss (CD) va Earth’s Mover Distance Loss (EMD). Két qua dénh gié chi tiét
cho tung category duogc trinh bay trong bang dudi day:

Bang 4.1: Két qua danh gid trén tdp test

Category Chamfer Distance Loss Earth’s Mover Distance Loss
Chair 0.002969 0.119864
Sofa 0.002935 0.117158
Bench
Cabinet 0.002952 0.120932
Lamp 0.003122 0.119840
Table 0.002953 0.116849
Mean 0.002966 0.118327

Céc két qua cho thiy do sai 1éch giita point cloud dy doan va ground truth 13 rat
nhd trén ca hai metric, phan dnh hiéu suét tai tao hinh dang tdt va nhat quan ctia mo hinh
trén nhiéu loai ddi twong khac nhau. Trong d6, mo hinh dat két qua tot nhat véi Bench
(CD thap nhat 0.002864, EMD thap nhat 0.115318), cho thay kha ning hoc tbt cac cau

tric hinh hoc dac trung cua loai vat thé nay.

Nguoc lai, mé hinh c6 két qua sai léch cao nhét vi Lamp (CD cao nhét 0.003122)
va Cabinet (EMD cao nhat 0.120932). Viéc sai 1éch cao & Lamp c6 thé dugc 1y giai boi
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tinh chat hinh hoc phtrc tap va nhiéu chi tiét nhé cua loai vat thé nay. Bén canh do, su
da dang 16n vé kiéu dang giita cac miu Lamp trong tap dir liéu cling khién mé hinh kho

hoc duoc biéu dién chung, tir d6 anh hudng dén d6 chinh xac cua két qua tai tao.

Input 2D image Ground truth point cloud Output point cloud

Input 2D image Ground truth point cloud Output point cloud

Input 2D image Ground truth point cloud Output point cloud

Hinh 4.3: Két qua dinh tinh cua mo hinh trén cdc loai vat thé khéc nhau. Tir trdi qua
phdi.: anh dau vao, point cloud ground truth, point cloud du dodn
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4.3. Ung dung web editor 3D
Két qua dau ra ciia hé thong c6 thé dugce quan sat thong qua giao dién tmg dung
web dugc dua trén ma nguén mo Three.js Editor, dugc minh hoa nhu cac hinh anh bén

duoi.

Cu thé, ngudi dung s& chon va md anh tir File System.

a) b)
Hinh 4.4: Chon va upload anh
Sau khi upload anh 1én thi nhan duoc két qua mé hinh vat thé dudi dang biéu dién

point cloud:

Hinh 4.5: Két qua vt thé 3D dudi dang point cloud
Ung dung cung cép chirc ning cho phép upscale point cloud vira sinh ra dé tang do

day cho vat thé:

Sinh vién thyuc hién: Nguyén Hoang Quan Huéng dan: Th.S Mai Vin Ha 55



Xav dung hé théng tdi tao vit thé 3D tir anh 2D hé tro trong thiét ké dé hoa

Hinh 4.6: Point cloud sau khi da dwoc upscale
Sau khi c6 dugc point cloud sau khi upscale, tién hanh sinh mesh cta vat thé va
thu duoc két qua:

Hinh 4.7: Két qua vt thé 3D dudi dang mesh
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KET LUAN VA HUONG PHAT TRIEN

Thong qua qua trinh nghién ctru, tim hiéu 1y thuyét va trién khai thyc nghiém, du
an Xay dung hé théng tai tao vat thé 3D tir anh 2D phuc vu cho thiét ké dd hoa da hoan

thanh phan 16n cac muc ti€u dé ra. Tuy nhién, cling nhu nhiéu cong trinh nghién clru

thuc nghiém khac, h¢ thong van con mot s6 diém can cai thién dé dat dén mirc do to1 uu

va mé rong tiém nang ra ing dung thuc te.

Nhirng két qua dat dwoc:

o Vé mat hoc thudt:

O

ba khao sat cac phuong phép hién dai trong bai toan tai tao 3D tur anh
2D, bao gdm k¥ thuat phét sinh point cloud va khoi phuc mesh, giup
xay dung nén tang 1y thuyét cho hé thong.

Lua chon va huan luyén moé hinh du doéan point cloud dua trén kién
trac Pixel2Point, dong thoi dé xuat cai tién input dau vao tir anh RGB
sang RGB-D, gitip mé hinh khai thac dugc thong tin chidu sdu dé ting
cuong kha ndng hoc dac trung khong gian.

Phan tich hi¢u qué ctia cac md hinh hau xtr Iy nhu SAPCU va GeoUDF
trong viéc tai tao hinh dang mesh tir point cloud, qua d6 tich hop thanh
pipeline xtr 1y hoan chinh.

Tim hiéu cac ky thuat do luong hinh hoc nhu Chamfer Distance va
Earth’s Mover Distance, nhim danh gia chinh xac chét luong tai tao
giita dir liéu dau ra va ground truth.

Thiét ké quy trinh huan luyén hop 1y bao gom lya chon kién truc, loss
function, chién luoc chon checkpoint va danh gia moé hinh dé dam bao
hiéu sudt t6t nhat.

o Vé mt thuc tién:

O

Xay dung hé thong web mg dung véi giao dién frontend ké thira tir
Three.js Editor, cho phép ngudi dung tai anh, nhan két qua tai tao va
truc quan hoa moé hinh dudi dang point cloud va mesh.

Trién khai backend béng FastAPI két ni toi Cloud Run dé thuc hién
inference tir mo6 hinh hoc sau da dong goi dudi dang container.

Téi wu hoa qua trinh trién khai bang cach sir dung Artifact Registry dé
quan ly container model va dam bao kha nang mo rdng, cap nhat linh
hoat.
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o Xay dung pipeline xir Iy hoan chinh tir anh — point cloud — mesh,
cung cip cac chirc ning xir Iy nang cao nhu smoothing va refinement
mesh ngay trén trinh duyét.

o H¢ théng c6 kha nang hoat dong tur dau vao anh thuc t& véi hiéu qua
cao, tao nén tang dé tich hop vao cac tmg dung dd hoa, thiét ké san

pham, va céng nghiép sang tao.
Nhiing han ché con ton tai:

e Chat lwong point cloud chwa dong déu giira cdc category: Mic du hé théng
hoat dong tdt voi nhiéu loai vat thé, nhung v&i nhiing doi tuong c6 hinh dang
phtrc tap hodc cdu tric manh nhu dén (lamp), chat luong point cloud con chua
thuc su sic nét, din dén viéc tai tao mesh chua dat mac do chi tiét mong
mudn.

o  Phu thuoc vao goc chup va ddc diém hinh hoc ciia vt thé: Cac gbéc chup
khuat, che l4p nhiéu phan bé mat vat thé 1a thach thirc 16n trong qua trinh hoc
va tai tao. DU dau vao c6 chira thong tin depth, mo hinh van gip kho khin
trong vi¢c du doan cac phﬁn bi 4n, dan dén két qua tai tao chua tron ven & mot
s6 trudong hop.

o Chua xir Iy triét dé 16i hinh hoc sau khéi phuc: O mét sb trudng hop, mesh
duoc tai tao van ton tai cac 16i nho nhu 18 héng, mat tam giac bi 1éch hodc
khong khép kin hoan toan. Cac bude smoothing hoac refinement maéi chi thuc
hién & mirc co ban va chua toi vu vé mat hinh hoc.

o Thiéu dénh gia dinh luong trén dir liéu thuc té: Heé théng chu yéu duge huan
luyén va kiém thtr trén bd dir liéu tong hop. Viée thir nghiém véi anh thyc té
trong diéu kién méi trudng ngoai con han ché, khién tinh téng quat hoa chua
duoc danh gia day du.

Pinh huéng phit trién:

e Nidng cao chat lwong tdi tao point cloud: Tiép tuc cai tién mo hinh du doan
point cloud bé'mg cach thtr nghi¢ém cac kién trac hoc siu hién dai hon hodc két
hop co ché attention gitip mé hinh hiéu tt hon céc chi tiét khong gian. C6 thé
nghién ctru cac phuong phap két hop thong tin khong gian hiéu qua hon tir
anh RGB-D d¢é ting d6 chinh xac trong cac ving hinh hoc manh hoic khuét
tam nhin.

e Cdi tién cdc bude hdu xir 1y: Tang cuong cic thuat toan refinement va mesh

repair dé khac phuc 16i hinh hoc con ton tai nhu cac 16 mesh, mit 1éch hodc
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mesh khong khép kin. C6 thé tich hop cac céng cu xir 1y hinh hoc manh hon
nhu Poisson Surface Reconstruction hodc cadc phuong phap hoc sau tai tao
mesh tryc tiép tir point cloud.

o T6i uu héa hé théng cho g dung thiee tién: Cai thién téc do inference va
giam d6 tré xir 1y bang cach t6i uu kién trac mo hinh, loai bo cac ting du thira,
d6ng thoi t6i vu pipeline backend (FastAPI + Cloud Run). Bén canh d6, c6
thé trién khai thém kha ning batch inference hoic caching dé phuc vu cho céac

tac vu hang loat trong méi truong d6 hoa chuyén nghiép.
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