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Bai bdo khoa hoc
Phwong phap truc quan héa mo hinh 3D dia hinh day bién tir dir
li€u do sau hoi am da tia va dir liéu thiy am quét swon
Nguyén DPinh Hiil, Nguyén Gia Trong?%*, Cao Hoang Truwéng’, Pham Ngoc Quang??
! Poan Po dac bién v& hai dd va Nghién ctru bién, Quan ching Hai quan;
hthhaithem@gmail.com, hoangtruongutm@gmail.com )
2 Khoa Trac dia - Ban d6 va Quan ly dat dai, Trudong Dai hoc M6 - Dia chat;

nguyengiatrong@humg.edu.vn; phamngocquang@humg.edu.vn
3 Nhom nghién ctru Tric dia cao cip - moi trudng, Trudng Dai hoc Mo - Pia chat

*Téac gia lién hé: nguyengiatrong@humg.edu.vn; Tel.: +84-963124980

Ban Bién tdp nhan bai: 5/7/2023; Ngay phan bién xong: 22/8/2023; Ngay dang bai:
25/9/2023

Tém tit: Ban do dia hinh day bién 1 cong cu hét strc can thiét trong quan 1y tai nguyén
cling nhu trong khao sat va nghién ciru bién. Ban dd dia hinh day bién c6 thé dugc thanh
1ap dudi dang ban d6 2 chiéu (2D) hodc ban db 3 chiéu (3D). Cho dén nay, da phan ban db
dia hinh day bién da dugc thanh 1ap 12 ban d6 & dang 2D. M6 hinh hodc ban d6 3D dia hinh
day bién c6 y nghia quan trong trong nhiéu linh vuc nhu lap dit cong trinh trén bién, khao
) hoc va dac biét quan trong trong dan dudng trén bién cho luc Iugng hai quan. Bai bao
nay gidi thi¢u phuong phap thanh 1ap va phuong phap tryc quan héa moé hinh 3D dia hinh
day bién tir dir liéu do sau hoi Am da tia va dit liéu thay 4m quét swon. M6 hinh di x4y dung
cho phep nguoi st dung theo doi mot cach tryc quan ¢ dang 3 chiéu ban do dia hinh day
bién. Két qua thuc nghiém tai mot khu vuc tai Phan Ri tinh Binh Thuan cho thay sai s6 trung
phuong xac dinh d6 sau ctia mé hinh 3D da dugc thanh 14p 1a £0,379m, twong duwong xap
xi 1% gia tri d6 sau ciia khu vuc thyc nghiém hoan toan dap tmg dugc yéu cau thanh lap
ban d6 dia hinh d4y bién theo quy dinh.

Tir khéa: Do sau hdi am da tia; Thuy am quét suon; M6 hinh 3D; Dia hinh day bién.

1. Mé dau

M®6 hinh 3D dia hinh day bién ¢ nhiéu g dung khac nhau nhu cac img dung trong hai
duong hoc va dia chat bién, giam sat moi trudng bién, trong xay dung co so ha tang hang
hai, 1ap cap va dudng dng, khao cb hoc trén bién, quan 1y doi bo, ddn dudng cho cac phuong
tién trén bién bao gém cac phuong ti€n dan sy va quan su. Pac biét, mo hinh 3D dia hinh day
bién ¢6 y nghia 16n trong dan dudng cac phuong tién trong luc lwong hai quan. Xay dung mo
hinh 3D dia hinh day bién gap nhiéu kho khin hon so v6i thanh 1ap mo hinh 3D trén dat lién
do khong thé quan sat tryc tlep dia hinh bang mét thuong va mot s6 van dé lién quan dén chét
day hodc cac ngudn nhifu dbi véi cong tac do sau nhu sy phan xa tin hiéu do cac dan ca .
Khi thanh 1ap ban dd/ mé hinh 3D trén dit lién c6 thé s dung cac phwong phap nhu quet
laser mat dat, UAV, Lidar ... hoic két hop cac phuong phap néu trén khi thu thap dir liéu
dau vao. Di v6i mé hinh 3D dia hinh day bién, cong nghé dé thu thap dit liéu dau vao co thé
st dung don 1é hodc két hop cac phwong phap nhu do sau hdi 4m don tia, do sau hoi am da
tia, phwong phap thiy &m queét suon.

Trén thé gidi, khi thanh 1ap ban dd 3D cho cac tng dung khac nhau ddi véi phan trén
can, cong nghé may bay khong ngudi 1ai dugc st dung mot cach phd bién [1]. Viée sir dung
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cong ngh¢ UAV cho phep tiét kiém thoi gian do dac ngoai thuc dia, do chinh xac dong nht.
Nhuoc diém cta cong ngh¢ nay d6 1a khong thu nhéan duoc dir li¢u tai nhitng noti bi che khuét
v6i chiéu cao thap.

Dua trén dir liéu vé tinh WorldView-3, nghién ctru [2] da 1ap dugc ban dd 3D céc rang
san ho v6i d6 chinh xac xac dinh d6 cao dat & mtc 1m. Uu diém cua phuong phap st dung
dir liéu anh v¢ tinh trong xac dinh d¢ sau do 1a cho phép rat ngén thoi gian thu nhan dir li¢u
do dic diém cua cac vét quét 16n. Tuy nhién, phuong phap nay c6 nhuoc diém d6 13 hién tai
méi chi x4c dinh duge cho nhitng khu vuc ¢6 d¢ sau nho va nudc can c6 do trong nhét dinh.

Bén canh cac phuong phap nhu di gidi thiéu trude d6, dé thanh 1ap ban do 3 chiéu dudi
nude c6 thé sir dung cong nghé chup anh 1ap thé [3] v6i ba bude quan trong d6 1a: (1) lva
chon quy dao chup anh; (2) dinh vi quy dao va (3) két hop céc quy dao khac nhau dé tao anh
1ap thé trén co so ung dung phép loc Kalman.

Tac gia [4] da nghién ctru chi tlet vé& cac cam bién thu nhan dit lidu cing nhur cac phuong
phap thanh 1ap ban d6 3D khao c6 dudi nude. Theo do, cac dic diém nhu d6 sau, do duc,
nhi¢t do ... anh hudng dén viéc lya chon cam bién. Bbi véi nhitng vung nudc cé do sau 16n
hon 50 m can sir dung r6 bdt chup anh quang hoc trong khi nhirng viing nude noéng hon cé
thé lya chon cong nghé Lidar hoac chup anh hang khong néu do duc trong gid1 han cho phép.

D3 c6 nhiéu cong bd vé ing dung cac loai cong nghé thu nhan dir liéu khac nhau thanh
1ap moé hinh 3D, ban dd 3D tai Viét Nam.

Tac gia [5] da tmg dung cong nghé quét laser mat dat dé thanh 1ap co so dir liéu cia cac
d6i tugng cong trinh xay dung tai truong Dai hoc Xay dung véi két qua 1a co so dit liéu quan
1y trén nén GIS. V&i muc tiéu xay dung co so dir lidu phuc vu quan 1y cong trinh trong khu
vuc khai thic mé ham 10, tac gia [6] da sir dung may Faro FOCUS3D dé tién hanh thu nhan
dir liéu v6i d6 chinh xac do khoang cach 6 mm dén 14 mm trong khoang cach do tuong tng
tir 50 dén 150m. Bén canh cac nghién ctru trén, may quét Hokuyo UTM LX30 ciing da dugc
khao sat, danh gia tinh ning trong thanh 1ap mé hinh 3D cac ddi tugng cong trinh xay dung
[7-8].

Nhitng nim gan day, cong nghé UAV duoc timg dung rong rii tai Viét Nam trong thanh
1ap ban dd 2D, 3D, mé hinh 3D cua cac dbi tuong trén can. Nha bat giac - chua Lang da dugc
xay dung mé hinh 3D sir dung thiét bi Swinglet-CAM [9]; thiét bi InSpire 1 di duoc st dung
dé thanh 1ap mo6 hinh 3D cho cac ddi tuong thuc nghiém nho tai Ba Vi - Ha No6i [10].

bé khic phuc nhugc diém mot s6 doi tuong khong thé thu nhan thong tin bé“mg thiét bi
UAV, mot s tac gia da tich hgp may quét laser mat dat véi thiét bi UAV dé thanh lap mo
hinh 3D cua cac d6i twong [11-13].

Mo hinh 3D (hodc ban d6 3D) can thiét cho rat nhiéu cac tng dung khac nhau nhu phuc
vu cho xe 1ai tu dong [14] ciing nhu dua ra quyét dinh vé cac giai phap to chirc giao thong
d6 thi [15]. M6 hinh 3D ciing da duoc tich hop véi cong nghé GIS dé xay dung va quan 1y
thong tin ciia thanh c6 Quang Tri [16], trong quan 1y bién gidi [17] cling nhu gidm sat tham
hoa nhur 6 nhiém méi truong [18].

Véi dir lidu dau vao thu thap bang cac cong nghé nhu UAV, quét laser mat dat ..
nhiéu phuong phép khac nhau dé xay duyng mé hinh 3D nhu st dung cac phan mém GIS [19—
20], st dung ngdn ngir tiéu chuan Citygym va phan mém ma ngudén mé [21] hodc dua trén
cong cu 3DcityDB, CityGML trén nén tang web [22].

Do dic thu vé diéu kién thu nhan dit liéu, don vi thu nhan dit liéu ma sé luong cong bd
vé xdy dyng mé hinh 3D dia hinh day bién hét sirc han ché. Uu diém cua dit liéu do sau hoi
am da tia d6 1a cho phép xac dinh mot cach chinh xac bé mit dia hinh ddy bién do thu nhap
dugc tap hop s6 diém do sau 16n trong khu vuc khao sat. Cong nghé thiy am quét suon cho
phép thu nhan hinh anh hai chiéu cta cac ddi twong mot cach rd nét nhung c6 nhuoc diém
khong gin véi yéu t6 do sau. Trong nghién ciru ndy, cac tac gia nghién ciru phuong phap va
quy trinh x4y dung mé hinh 3D dia hinh d4y bién tir dit liéu do sau hdi am da tia va dir liéu
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thity am quét suon. Viéc két hop hai loai dit liéu néu trén cho phép phat huy tbi da vu diém
clia cac cong nghé dé thu nhan dugc mo hinh 3D dija hinh ddy bién mot cach chinh x4c nhat.

Khu vuc thuc nghiém trong nghién ctru nay la khu vuc bién Phan Ri - Binh Thuén do
dic diém bién d6i manh cua dia hinh d4y bién tir 46 m6 hinh 3D dia hinh ddy bién duoc xay
dung dugc thé hién mot cach rd nét.

2. Dir liéu va phwong phap nghién ciru

2.1. Gidi thiéu vé khu vuc va dir lidu thuc nghiém

Khu vuc thyc nghiém trong bai bao nay do 1a khu vuc bién Phan Ri, tinh Binh Thuan
(Hinh 1).
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Hinh 1. Khu vuc thir nghiém tai Phan Ri - Binh Thuén.

Trong hinh 1, khu vuc thtr nghiém Ia viung dugc bao béng hinh 6 vuéng mau do. Dt liéu
thuc nghiém bao gom dir li¢u do sau da tia, dir liéu thuy am quét suon dugc thu nhén tai thuc
dia boi Poan Po dac, bién vé hai d6 va nghién ctru bién.

2.2. Phwong phap nghién cuu

Phuong phéap nghién ciru, xay dyung truc quan mé hinh 3D dia hinh day bién dugc thé
hién nhu trong hinh 2.
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DU LIEU THUY AM QUET SUON

Tao mau nhén dang
tram tich

Xuly dir liéu
(Phwong phap Swath,
Cube...)

Dit liéu dia hinh (*.xyz, * if)

Tao model may hoc

Mu trdm tich thuc dia

Phan loai tram tich
c6 giam sat

Xay dung m6 hinh s§
3D dia hinh

Dir liéu thong tin
tram tich (*.xyz, *tif)

Thé hién trdm tich va céc Cong cu 3D GIS
d6i twgng trén md hinh 3D (Surfer, HIPS & SIPS)
Mb hinh 3D 16p pht day bién

Hinh 2. Phuong phép truc quan hda mé hinh 3D dia hinh day bién.

Tt dit liéu do sdu da tia & dang 3 thanh phan toa do cua cac diém do sau, tién hanh tao
ludi dang mit ludi 6 vudng dé tir d6 xay dung dugc ban dd dudng binh do ciing nhu tao bé
mit 3D. Trong do, do sdu cua cac diém sir dung dé xay dung mé hinh duoc quy chiéu theo
chuén do sau cua hai do.

Qua trinh xur ly dir li¢u thiy am quét suwon cho phép thu nhan dugc cac thong tin cta céac
d6i tugng ciing nhu nhan dang tram tich ddy trén co s¢ két hop véi két qua lay mau tai thuc
dia. Trong cong doan nay, phuong phap hoc may duoc ing dung dé nang cao hiéu qua cua
qué trinh xir . Tir b mau dit liéu tram tich thu thap, sir dung cac thuét toan bo trg hd trg
phan loai. Hién c6 nhiéu c6 nhiéu thuat toan khac nhau duoc ung dung trong viéc phan loai
hinh anh. Céc thuat toan nay dugc chia thanh hai nhom chinh 1a Hoc ¢6 gidm sat (supervised
learning) va Hoc khong giam sat (unsupervised learning). Dé t6i uu hoa viéce luu trit va quan
Iy thong tin trim tich thi can chuyen d6i anh phén loai vé dang vector.

Qua trinh két hop dir li¢u tién hanh g0p cac loai dir liéu khac nhau thanh mot bo dir licu
dau vao duy nhét. Trén co s& do, tién hanh trich xuit ra bo dit liéu cac diém do siu theo
nguyén tac tai moi diém co gia tri do sau don tri dé tir d6 1am co s& xay dung cac mo hinh.
Cling nhu nhiéu hoat dong va phan tich khong gian trong GIS, c6 sy khac biét trong cach ban
dd 16p phu duoc thuc hién gitra 2 loai dir li¢u: raster va vector. Trong 16p phu mo hinh 3D,
viéc sir dung dit lidéu dang vector tén nhiéu thoi gian, phirc tap vé mit tinh toan. Trong Khi
do, cac hé thong dua trén dir liéu dang raster thi nguoc lai, nhanh chéng, don gian va hi¢u
qua. Khi thé hién cac dbi tuong trén moé hinh 3D can thyuc hién theo cac budc nhu: (1) xay
dung két cdu hat tram tich; (2) Tang cuong hiéu tng hinh anh; (3) Tao va pha tron thyuc vat
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thiy sinh va (4) moé phong méi trudong dudi nude. Qua trinh thé hién cac dbi twong néu trén
duogc thuc hién thong qua cong cu GIS nhu Surfer, HIPS & SIPS.

Pé khang dinh tinh ding dén cia phuong phap da dé xuit va két qua thu nhan duoc,
danh gia do chinh xac két qua thuc nghiém can phai duoc thyc hién.

3. Két qua va théio ludn

Tir di liéu do sdu hdi am da tia, sir dung phdn mém Surfer [23], xdy dung dugc binh dd
d6 sau nhu hinh 3.

1184500

1184000

1183500

1183000 |8

11825004 |

1182000+

1181500+

T T T T T T T
915500 916000 916500 917000 917500 918000 918500

Hinh 3. Binh db d6 sau khu vuc thuc nghiém.

MBS hinh 3D bé mat thanh 1ap duoc tir dir lidu do sau hoi am da tia va dit liéu thuy am
quét suon nhu trong hinh 4.

Hinh 4. (a) M6 hinh 3D bé mat tir dit liéu do sau hdi am da tia; (b) Thuy 4m quét suon.

Ddi v6i mdi loai chat day, két cAu hat trAm tich c6 dic diém vé hinh anh va mau séc khac
nhau. Pay la co s¢ dé xay dung thong tin vé tram tich. Hinh anh dac trung cua mot so loai
tram tich dugc cho nhu trong hinh 5.
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(d)

Hinh 5. Cac hat két cau trAm tich khac nhau dugc tao ra bang phép do anh: (a) P4, soi; (b) Bun; (c)
Cat; (d) Thyc vat bé mit.

Mot van dé rat quan trong khi xay dung thong tin ciia cac ddi tuong trén mo hinh 3D d6
1a loai bd hién tugng 1ap cua két cau trong hinh anh thu nhan dugc tir dir liéu thuy am quét
suon. Hinh 6 minh hoa két qué loai bo hién tugng 1dp két cau tir dir li€u thiy &m quét suon.

(a) (b)

(a) (b)

(c) (d)

Hinh 7. Két qua mé phong thiy sinh (a) va (c) khong c6 nude bién; (b) va (d) c6 nudc bién.
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Ngoai thong tin vé tram tich, cac ddi tuong tu nhién va nhan tao (vi du xac tau dém) con
can phai thé hién duoc cac thong tin vé rang san ho, thuc vat thay sinh ... trong mé hinh 3D
dia hinh day bién. Hinh anh minh hoa mé phong cac ddi tugng néu trén duoc cho nhu trong
hinh 7. Sau khi d4 két hop cac d6i tugng, xdy dung duge mé hinh 3D cho khu vyc Phan Ri -
Binh Thuén nhu trong hinh 8.

Dang thuy sinh vat
Cét pha bun

Hinh 8. (a) Két qua phan tich tram tich; (b) X4y dung mé hinh 3D khu vic bién Phan Ri-Binh Thuan.

Tir hinh 8 c6 thé thiy, tir dit liéu do sdu hoi 4m da tia va dit liéu thiy 4m quét suon, dya
trén phuong phap xay dyng mé hinh 3D dia hinh day bién da dé xuit, xay dung dugc md
hinh 3D dja hinh day bién mét cach truc quan. Trong mé hinh da xay dung, khong nhiing thé
hién duoc thong tin 3 chiéu cua dia hinh day bién ma con cho phép theo ddi mot cach truc
quan thong tin vé 16p phu ctia dia hinh day bién.

Pé danh gia do chinh xac, tir tip hop dir liéu 2481 diém trong mé hinh TIN dugc minh
hoa nhu trong hinh 9, chia thanh hai nhém bao gdm nhém cac diém noi suy (2209 diém) va
nhém céc diém kiém tra (272 diém). Két qua danh gia do chinh xac dugc cho trong bang 1.

Po sau

-35.1m

-37.5m

-40.0 m

-45.0m

-47.5m

+ Piém tri do

Hinh 9. Céc diém d6 siu trong mé hinh TIN.
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Bang 1. Két qua danh gia do chinh xac xac dinh d6 sau.

TT x (m) y (m) Tridosdu (m) P sdu md hinh (m)  Sai léch dd sdu (m)
1 916286,31  1184290,88 -43,58 -43,55 -0,03
2 915865,48  1183664,95 -43,24 -43,24 0,00
3 915205,54  1184585,19 -39,51 -39,79 0,28
4 915544,44  1184396,05 -43,12 -43,39 0,27
5 915499,31  1184669,53 -40,81 -40,46 -0,35
6 915676,57  1184451,60 -44,58 -44,44 -0,14
7 916040,77  1183757,84 -45,15 -44,97 -0,18
8 915469,96  1183899,10 -43,41 -43,44 0,03
9 915096,32  1184561,31 -37,41 -37,92 0,51

269 916167,98  1184108,90 -44,28 -44,82 0,54

270  916238,02  1184028,42 -46,18 -46,28 0,10

271  915634,51  1184141,07 -44,03 -43,87 -0,16

272  915506,84  1184044,50 -43,51 -43,76 0,25

Tir két qua danh gia do chinh xac nhu trong bang 1, xac dinh dugc sai s6 trung phuong
dat £0,379m. Qua két qua danh gia do chinh xéc cho thay, do chinh x4ac cua mo6 hinh da xay
dung hoan toan dam bdo vdi sai so xap xi 1% gia tri do sau.

4. Két luén

MBS hinh 3D dia hinh day bién duoc Gng dung trong nhiéu linh vuc khac nhau ca trong
linh vyc dan sy 1an quan sy. Xay dung mé hinh 3D 13 xu huéng tit yéu trén thé gidi ciing
nhu tai Viét Nam. Tai Viét Nam, do dic thu vé thu thap ciing nhu cong bd dit liéu ma cho
dén thoi diém hién tai c6 rat it cac cong trinh da cong bd lién quan dén xay dung mo hinh 3D
dia hinh day bién.

Céc tac gia da dé xuat phuong phap va quy trinh xay dung mé hinh 3D dia hinh dy bién
tir dir liéu do sau hoi 4m da tia va dir liéu thiy 4m quét swon. Tir phuong phap va quy trinh
da lya chon, nhém nghién ctru dé thyc nghiém xay dung mé hinh 3D dia hinh day bién cho
khu vyre Phan Ri tinh Binh Thuan. Két qua kiém chimg x@y dyng mo hinh cho thay, d6 chinh
xac cua viéc xay dyng mo hinh hoan toan dap ung yéu cau vé do chinh xac cta viéc thanh
1ap ban d6 dia hinh ddy bién.

V61 md hinh 3D da xay dung duoc, c6 thé duge s dung cho nhiéu linh vuc khac nhau,
dic biét trong din duong cac phuong tién trong luc lugng hai quan ma dién hinh 13 dan dudng
cho tau ngam.

Trong thoi gian t6i, can tiép tuc nghién ctru xay dung maéi truong 3D thyc té ao dé c6
thé phat huy t&i wu hon nita ctia viée xay dung mé hinh 3D dia hinh d4y bién. V&i méi truong
thue té 40, bén canh ¥ nghia str dung trong thuc té con tmg dung ¢ hiéu qua trong huén luyén
cling nhu dao tao céc linh vuc ¢6 str dung mo hinh 3D.

bong gop cua tac gia: Xy dung y tuong nghién coru: N.D.H., N.G.T., P.N.Q.,, C.H.T.; Lya
chon phuong phap nghién ciru: N.G.T., P.N.Q., N.D.H.; Xu ly s6 ligu: N.G.T., P.N.Q,,
C.H.T.; Viéct ban thao bai bao: N.D.H., N.G.T.; Chinh stra bai bao: N.D.H., N.G.T., P.N.Q.,
C.H.T.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong co su tranh chap loi ich trong nhém tac gia.
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Method of visualization of seabed topography from multi-beam
echo sounding data and side scan sonar data
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Abstract: Bathymetric map is a essential tool in resource management as well as in marine
survey and research. It can be created as 2D or 3D map. Up to now, most of the sea bed
topographic map has been established in 2D map. The 3D seabed topographic model is not
only important in many fields such as marine installation, archeology but also crucial in
maritime navigation for the navy. This paper introduces the method to establish and
visualize a 3D model of seabed topography from multi-beam echo souding and Side Scan
Sonar data. The established model allows users to visually monitor the bathymetric map in
3D. The experimental result at Phan Ri, Binh Thuan province shows that the root mean
square of depth is £0,379 m, equivalent to approximately 1% of the actual depth of the area.
It can be seen that the experimental results completely meets the requirement for
establishment of seabed topographic map according to the State regulations.

Keywords: Multibeam echosounder; Side scan sonar; 3D model; Seabed topography.
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