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E HOI NGHI TOAN QUOC KHOA HQC TRAI AT
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NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru tng dung StM x4y dung mo hinh 3D
tur dit liéu anh chup UAV

Pham Van Hiép"”", Bui Ngoc Quy', Duong Anh Quan', ngyén Hoang Anh’, Nguyén Danh Pirc!, Lé Thi
Nga!, Tran Trung Kién?, Hoang Xuan T&°, Nguyén Dai Dong*, Nguyen Duc Hung®, Nguyén Vin Manh®

! Truong Pai hoc M6 - Pia chat
2 Cuc tac chién, Bo tong tham muu
3 Cong ty Co phdn tu van do dac dia chinh
 Cuc Po dac - Ban do va thong tin dia Iy Viét Nam
5 Trung tam Khao sdt quy hoach xdy dung, Vién Quy hoach Pé thi va Nong thén quéc gia
¢ 8¢ Tai nguyén va Moi truong tinh Thdi Binh

TOM TAT

K§ thudt SfM (Structure from Motion) 4p dung cho cac tim anh khong sip xép 1a mot k¥ thuat da dugc phat trién manh
mé trong nhung nam gan day. Cac tmg dung chinh ctia SfM phai ké dén ddu tién 1a di voi viéc xdy dung cac mo hinh
kién truc, vat thé, hinh khi.... Vi su phat trién ciia cong nghé thu nhan hinh anh va cac phuong phép xir Iy tién tién,
SfM khéng chi hd trg viéce tai tao cdu tric 3 chiéu cua céc kién tric, vat thé ma con dugc ung dung trong cac khao sat
& quy md 16n trén bé mit trai dat nhu khao sat dia chat, dia mao, dia hinh... ing dung trong nhiéu nganh khoa hoc trong
d6 c6 khoa hoc trai dét. Hién nay, su phat trién manh ciia cac thiét bi bay chup khong ngudi 1ai (UAV) da tao ra ngudn
dir liéu chup anh bé mat dia hinh ¢ ty 1& 16n kha da dang va dé dang thu nhan dugce ¢ moi dang dia hinh khac nhau. Céc
dir lidu anh nay co thé dugc xir Iy bang ky thust SfM dé tao ra hé théng dam mdy diém va mo hinh dia hinh. Dé tan
dung dugc wu thé cua dir liéu anh UAV, viéc nghién ciru tmg dung SfM vao xir Iy va tao md hinh dia hinh 3D tir dit
lidu anh UAV cang trd 1én c6 tinh cip thiét. Bai bao gidi thidu két qua nghién ctru Gng dung SfM trong xdy dung mo
hinh dia hinh 3D tir dif liéu anh chup UAV trén co s& phdn mém Visual STM.

Tur khoa: May bay khong nguoi 1ai - UAV, M6 hinh 3D, Structure from Motion - SfM.

1. Pit vin dé

Céc ung dung chinh ciia SfM phai ké dén dau tién la ddi voi viéc xay dung cac mo hinh kién truc tir cac
anh chup khong sip xép. Ung dung nay la nén tang dau tién cho cac tmg dung SfM sau nay. Tir nam 1979,
(S. Ullman, 1979) d4 dua ra nhiing co s& khoa hoc dau tién cho SfM. Trong d6 néu rd, ciu tric 3 chidu co
thé dugc xac dinh tir cac anh chup 2 chiéu ma khong can cac thong tin cta chiéu thir 3. Ngay nay vai su
phat trién ciia cong nghé may tinh, viéc tinh toan cac cu tric c6 thé 1én téi hang trim triéu anh hd tro dic
luc cho cac cong tac tai tao cau triic ciia cac vat thé va dia hinh. Mot trong nhiing vi du gan day la tmg dung
SfM két hop voi do Laser mit dét tai tao lai mo hinh kién tric do chi tiét va chinh xac cao duoc sir dung
trong viéc phuc hdi lai nha tho Dirc Ba Paris sau tai nan ngay 15/04/2019.

SfM khéng chi hd tro viéc tai tao cau triic 3 chidu ciia cac kién tric, vat thé ma con duoc tmg dung trong
céc khao sat & quy mo 16n trén bé mat trai dat nhu khao sat dia chat, dia mao, dia hinh... img dung trong
nhiéu nganh khoa hoc trong d6 c6 khoa hoc trai dt. Nhiing buéc di dau tién duoc khoi dau bang cac buic
anh dugc chup tir cic camera gan trén cac bong Hellium dé ding trong khao sat dia chat va khao cb (R.
Hartley, 2001). Mac du vay, viéc khao sat nay chi co thé hoan thanh & quy mo nho do han ché vé thiét bi.
Tir nam 2006, céc thiét bi bay khong nguoi lai (UAV) thuong mai 1an luot dugc phd bién va sir dung SfM
tir UAV d4 c6 budc phat trién rt nhanh.

SfM dugc ap dung cho cac buic anh chup tir thiét bi bay khong nguoi lai - Unmanned Aerial Vehicle
(UAV) ngay cang phd bién. Cac thiét bi bay khong nguoi lai ¢6 gia thanh ngay cang ré, chat luong hinh
anh ngay cang cao, va dén nay, mot sb loai thiét bi UAV da co thé duoc tmg dung dé thay thé mot phan

* Tdc gia lién hé
Email: phamvanhiep@humg.edu.vn
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cong tac bay chup anh phuc vu cho thanh Iap ban do, diéu tra, hién chinh va cac cong tac c6 lién quan.
Chinh vi thé trong pham vi ciia chuyén dé nay chung t6i s& tap trung vao nghién ctru co so khoa hoc ctia
phwong phép ti tao hinh anh dua vao anh chup ciia cac vét chuyén dong (Structure from Motion) trong
viéc do anh chup tir thiét bi bay khong nguoi lai.

2. Phwong phap SfM va dir li€u xdy dung md hinh 3D
Dir liéu nghién ciru
Khu vuc nghién ctru thudc pham vi xa Minh Bao, TP Yén Bai, Yén Bai (hinh 1) la khu vuc nhiéu doi

nui. Dif liéu nghién ctru 1a khdi anh chup khu vuc nghién ciru duge bay chup bang thiét bi bay khong nguoi
lai (UAV) Phamtom 4 v&i may chup anh gdm 175 tdm anh.
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Hinh 1, Khu vuc nghién citu: xa Minh Bao, TP Yén Bdi, Yén Bdi
Phwong phdap SfM
Nguyén tdc ciia SfM

S. Ullman d4 dwa ra nén tang dau tién caa SfM. Theo d6, SfM dugc xac dinh bang tinh toan vi tri 3D
bang cac hinh anh 2D.

Hinh 2. Cdp hinh tru miéu ta SfM (C. Caudek and N. Rubin, 2001)
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Céc toa do 3D duoc luu lai trong bd nhé may tinh va hinh chiéu phang cuia cac diém nay dugc tinh toan
va dua 1én man hinh. Khi cac hinh tru nay xoay, cac toa do va hinh chiéu duoc tinh toan lai dé dua 1én mat
phang. Nhu vdy, mdi hinh anh trén man hinh s& cho ra mot tap diém giéng nhu ngau nhién xuét hién. Tuy
nhién, khi géc chiéu thay ddi, cac dbi tuong dich chuyén qua man hinh sé tao thanh 2 hinh tru trong d6 hinh
dang va kich thudc ¢ thé duoc xac dinh. Tir day, cac cdu tric tir chuyén dong (SfM) c6 thé dugc tinh toan.

def'1a sy gia tri phan b ctia mot luong v hudng. Luong v6 hudng nay dugc xac dinh bang sy bién ddi
clia truong van toc tai vi tri diém c6 thé duoc tinh bang mot tap hop 3 diém trén mot cap truong nhin.

Phén nhom trong SfM dua trén su phan b cia def

Cho mét truong van tdc 2 chidu V(x,y)={Vx(x,y);Vy(x,y)} ma tran bién d6i I duoc dinh nghia nhu sau:

Wy AVy
0x ay (1)
aVy 9Vy
0x ay

I' ¢6 thé dugc bién ddi thanh tong ctia 4 ma tran hang sb theo trong s6 boi bién hé sb vo huéng.
1
I'=2%k=1CM 2)

Voi:
vy, 9V, 1
Ci=Caw =554+52 | My= Mgy =
vy, . avy 0 -1
C,=Coyr1 = 6_; E , My = Mgy = [1 0 ]
vy | V. 1 0
C Cd€f1 ox +a_;, y M3 = Cdef1 = [0 _1]
avx AV 0 1
Co=Caep, = 55+5%  My=Caop, =[;
Theo d6

def = ’Cgefl + Ct%efz
Va qua mot sé bién doi, ta c6

1 V,_V)\2  (V,_Vy\2 vV, -V,||V, -V
def = — (1 0) +(2 0) _2|1 Az °|cos(o<—ocA)
|sin o| P1 P2 P1 P2

Duéi day 1a phan bd ciia def.

02 02

e

&
e
&

Proportion (def)
Proportion (def)

°
&
T
°
]

0.021 0.147 0.273 0.400 0.021 0.147 0.273 0.400

def (rad/s) def (rad/s)

Hinh 3. Phdn bé ciia def véi 150 diém dwoc xoay (C. Caudek and N. Rubin, 2001)
Ky thudt tim kiém cdp anh song trimg

Budc dau tién ctia SM la viéc tim kiém cac khu vuc tring nhau trén cac tdm anh I= {Ii| i=1...NI} va
xac dinh céac phép chiéu hinh trong céac cdp anh. Pau ra ctia qua trinh nay 1a mot tdp hop cac cap anh song
tring va phép chiéu hinh cho mdi diém.

Phdn tach cdc doi tirong

Tai mdi anh Ii, SfM phat hién mot tap Fi = {(xj,fj)j=1...NFj } ciia cac dbi twong tai mdi vi tri xj thudc
R biéu dién bai tap fj. Cac dbi twong nay sé& co dac tinh hinh hoc va do xam thich hop dé SfM c6 thé tim
kiém trong cac hinh anh. SITF (D. G. Lowe, 2004) va cac bién thé cua no (T. Tuytelaars and K.
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Mikolajczyk, 2007) ciing nhu cac phuong thirc moi (M. Brown, G. Hua, and S. Winder, 2010) dugc sir
dung khéc 1a tiéu chuan dé phan tach cac doi tuong.

Hinh 4. Tim kiém cdc diém trung nhau trén cdc burc anh.

F B ooBa L3P XPFntn WA

Hinh 5. Phdn tach cdc doi tiwong
Két hop cdc déi twong

SfM s& tién hanh tim kiém va két hop cac déi tuong dua trén cac diém F; trong cac tim anh. SfM s& tim
kiém trén toan bo khu vuc anh tring nhau bang cach tim kiém cac ddi twong c6 ciu truc va do sang tuong
tu cho mdi tAm anh. Cong tac nay s& cuc ky phirc tap trong viéc tinh toan va s& rat khé c¢6 thé thuc hién dbi
v6i cac tap hop anh 16n. Dé thuc hién dugc cong viéc nay déi voi tap hop anh 16n, cac nha khoa hoc da dua
ra mot s6 giai thuat dé tang cuong hiéu suét két hop cac ddi tuong trén anh. Pau ra ciia qua trinh két hop
dbi tuong nay 1a mot tip hop cac diém anh c6 kha nang tring nhau C va cac doi tugng tring nhau M.

4. VisualSFM - [Sparse Reconstruction] - [0] - [1 — o <

File SfM  View Tools Help

B e B o065 m &0 X wwoatn [ aWdam |

Vork thread terminated!

Hinh 6. Két hop cdc ddi twong dwa trén cdc diém Fi trong cdc tdm dnh
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Hiéu chinh hinh hoc

Budc thtr 3 trong k¥ thuat tim kiém diém anh song tring la hiéu chinh cac cap anh trung nhau C. SfM
s& hiéu chinh hinh hoc cac diém anh trong cac cp anh tring nhau bang cac phép chiéu hinh. Phu thudc va
tinh chat khong gian ctia timg cap anh, cac hiéu chinh nay s& thé hién méi lién hé hinh hoc giira chiing. Céac
phép chiéu hinh dong nhét dugc dung dé miéu ta su bién dbi xoay hodc dich chuyén thuan tuy. Cac phép
chiéu da cuc dugc ding cho cac bién ddi phirc tap thong qua cac ma tran chudn héa va da tiéu cu. Khi cac
bién ddi nay duoc xay dung day du cho cac ddi tuong trén anh, cac dbi tugng nay duoc coi la da hiéu chinh
hinh hoc. Tuy nhién, viéc xac dinh cac phép chiéu nay dbi véi anh thuong cé rat nhidu cac nhiéu, do vay,
céc chuong trinh SfM sé& phai sir dung dén mot s6 thuat toan nhu RANSAC hoic GRIC hoic QDEGSAC
dé xir Iy loai bo cac nhidu. Sau khi da chay hiéu chinh hinh hoc, SfM cung cip mot dd thi canh (scene
graph) voi anh 1a cac diém va cac cip anh duoc coi nhu cac canh.

Trong s cac thuat toan trén RANSAC duoc tmg dung nhiéu nhat. RANSAC duoc tmg dung dé udc tinh
quan hé T vé6i n tham s6 trén dit liéu {p}. Theo d6, n6 s& chia {p} thanh ca gia tri trong va ngoai. N6 s& lua
chon mot tap m cac doi twong tir {p} va tinh toan mot tmg vién quan hé Tc tir tap ngau nhién nay. S6 luong
nho nhat m = (n/r) ciia cac doi tuong ding dé tinh toan quan hé phu thudc vao sb luong cac han ché r duge
cung cap béi mdi ddi twong va sé lugng n cac tham sé ciia quan hé T.

Dé tang toc do tinh toan, RANSAC thuong sir dung wéc tinh tuyén tinh cho quan hé T. Pbi vi mot ude
tinh tuyén tinh, chung ta c6 mt ham noi tai tuyén tinh fin nhu sau:

fn (@, w) = |Ayt]l v&iw € {p}

trong d6, vector don vi t biéu dién cho quan hé T va Aw la ma tran chira cac dir liéu tir tip w. Ma tran
Aw c6 r hang doc 1ap béi mdi tap w chira r cac gidi han hing s doc lap. Mot dbi tuong nam trong ¢ quan
hé 1a mot diém dir liéu w véi fin (t,w)< ct. N6i chung, mot hé thong cac ham sé tuyén tinh dugc xac dinh
tir cac ham noi fiy va di liéu {p}:
A, t =0v6iw € {p}
il
A
trong d6 ma tran A thudc R cua tAt ca cac ma tran Aw thudc R xac dinh bai w thudce {p}. Tur 9, cac
hang ctia ma tran dir liéu A chura cac kiém tuyén tinh boi cac ham tuyén tinh fi,. Quan hé t 1a xac dinh nhu
mot tap N cua ma tran dit liéu A. Theo d6, ma tran dit liéu s& c6 mot mirc rA ciia mdi n dé thu nhan mot
giai thuat. Nhu vay, chiéu rn ctia khong gian tréng s& c6 it nhat mot A. D6i vai cac dit liéu khong ¢é nhiéu,
muc rA dugc giam xuéng rd <n 12 mot s& nho hon céac han ché doc 1ap duoc cung cép bdi dir li€u va tap
quan hé Tc tré nén khong chic chin. Theo do, quan hé Tc 14 thanh vién ciia mot khong gian con N véi
chidu c6 thé dugc biéu dién bang ma tran N thudc R.
. VioostSPA - 5porse Raconruction] - ¥1 -0 o x
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Hinh 7. Hiéu chinh hinh hoc cdc tdm anh
Sau khi tinh toan Tc, RANSAC 4p dung né cho toan bd dir liéu {p} va phan nhom bdi ngudng trong
{inc} va ngoai {outc}. Viéc 1dy mau ngau nhién dugc lap lai cho dén khi day du sé lugng mau dé danh gia.
S6 luong mau yéu cau S dugc xac dinh phit hop béi ap dung phan sé €= (|{inc}|/|{p}|) va x4c xuat ». Nhin
chung RANSAC s& dimg 1dy mau khi s6 lwong mau S duoc xac dinh nhu sau:
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B log(1 —n)
" log(1—em)

Trong d6 Sm 1a sb lugng cac ddi tugng trong lay mau. Sau khi c6 duge Tc tt nhét, Tc nay duoc xac

dinh 1a TRANSAC phu hop nhét véi dir liéu.
3. Thuc nghiém xay dung mé hinh 3D tir anh UAV

3.1. Quy trinh xir Iy anh UAV tir phan mém SfM (hinh 8)

| Cong tac chuén bj ‘

v v

Lam ddu mdc va do khdng ché anh ngoai nghiép Thiét ké tuyén bay
| Bay chup anh |
v

| Xir ly anh trén phan mém SfM

Khoéng dat

Tao céc san pham

v v v

Tao d4m may diém | [ LapDSM | | Lap binh db anh
v
| Tao DEM |
v
| Mb hinh 3D |

Hinh 8. Quy trinh xdy dung mé hinh 3D trén phan mém SfM
3.2. Cdc sin phém xie Iy anh UAV tic phin mém SfM

Trén co sé nghién ctru co s& ly thuyét va ban chét cia SfM chung t6i da tién hanh bay chup va thuc
nghiém xay dung mé hinh 3D tir dit liéu anh UAV cho khu vuc Xa Minh Béo, Thanh phd Yén Bai. Két

qua cta thuc nghiém mé hinh 3D tir anh UAV bao gom céc san pham:

3.2.1 Pdm may diém co s6 - Spare Point cloud

Hinh 9. Pdm mdy diém co so
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DPam may diém - point cloud 14 san phdm chinh ctia qua trinh xir Iy anh UAV bang thuat toan SfM (hinh
9). San pham nay la mot tap hop cac diém c6 day di toa do x, y, z. Tap hop cac diém nay la khung co s
cho céc thuat toan xir Iy tiép theo nhu tang day mat do dam may diém hoic tao mo hinh DSM, DEM.

3.2.2. Bdm may diém duwoc ting day va mé hinh 3D ciia bé mdt dia hinh:
DPam may diém ban dau duoc tang day bai thuat toan tang day cho ra mot point cloud c6 chét luong cao

hon, d6 phu t6t hon va chi tiét hon.
& a‘ﬂi:"‘" 2

Hinh 10. Bdm may diém duwoc ting day (a) va mé hinh sé bé mdit (b)

Trén co so két qua xay dung DSM, tién hanh chdng gop voi binh dd anh ta s& thu dwoc mé hinh 3D ciia
khu vuc thuc nghiém (hinh 11)

Point # 1220832

(b)
Hinh 11. Thugc tinh ciia diém trong ddm mdy diém tang day (a) va M6 hinh 3D ciia khu viee thiee nghiém (b).
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MO hinh 3D ctia khu vuc bay chup dam bao mirc do chi tiét rat tbt, kha nang miéu ta dia hinh, dia vét
chuan xac, c6 kha ning tmg dung trong mo phong bé mit dia hinh va xay dung ban d6 dia hinh cho khu
vuc thuc nghiém.

4. Két luan

Trén co sé cac nghién ctru ly thuyét va thuc nghiém, nhom tac gia da xay dung duge mé hinh 3D thuc
nghiém cho khu vuc x3 Minh Bao, thanh phé Yén Bai. Két qua mé hinh cho thay viéc ing dung thuat toan
SfM trong viéc xir ly anh chup tir UAV dé xay dung mo hinh 3D 1a hoan toan kha thi. Viéc xay dung mo
hinh 3D bé mit cho thay tiém nang to I6n trong viéc tmg dung vao san xuét ban db véi do chinh xéac cao,
ung dung trong xay dung, quy hoach va trong quén su, Péc biét la trong cong tdic mo phong dia hinh phuc
vu cac muc dich An Ninh - Qudc phong, quy hoach,...

Loi cam on

Dé hoan thién bai bao, nhom téc gia da nhan dugc su ho tro tir Truong Dai hoc Mo - Dia chat thong qua
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ABSTRACT

Structure from Motion (SfM) applied to unorganized images is a technique that has been strongly developed in recent
years. The main applications of SfM must mention firstly for the construction of architectural models, objects, cubes....
With the development of image acquisition technology and advanced processing methods, SfTM not only supports the
reconstruction of three-dimensional structures of structures and objects, but also applies to large-scale surveys of the
earth's surface such as geological, geomorphological and topographic surveys and other fields of earth science.
Currently, the strong development of drones (UAVs) has created a large variety of terrain surface photography data
which are easily obtained in all other terrain types. These image data can be processed by SfM technology to create
point cloud systems and topographic models. To take advantage of UAV image data, the study of SfM application in
processing and creating 3D terrain models from UAV image data is even more urgent. The article introduces research
of applying SfM in building 3D terrain model from UAV image data by Visual StM sortware.

Keywords: Unmanned Aerial Vehicle - UAV, 3D model, Structure from Motion-SfM.
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