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UNG DUNG THIET BI BAY CHUP ANH KHONG NGUOT LAI
TRONG KHAQ SAT, THIET KE DPUONG GIAO THONG

Hoang Quéc Long’, Vi Phan Long’

Tém tat: Bai bao gidi thiéu téng quan vé sy phat trién cda thiét bi bay khéng nguoi lai (UAV) va ddc tinh ky
thuét ciia mot sé thiét bj bay khéng nguoi lai théng dung trong linh vy do dac ban dé. Ung dung cu thé thiét
bj bay khéng ngudi lai SWINGLET CAM - Thuy Sy dé chup anh va xtr ly s6 liéu, tw dong tao dam may diém
3D, mé hinh sé bé mét dia hinh, binh dé anh trure giao, thanh 14p ban dé dia hinh ty 1é 1/500, hé tro céng téc
khéo sét, thiét ké durong giao théng.

Ttrkhéa: Thiét bi bay khéng ngudi lai: thiét ké duong giao théng; khdo sat bé mat: mé hinh sé bé mét dia hinh.

Summary: The article describes generally the development of unmanned arial vehicle (UAV) and specs of
popular UAVSs in the field of surveying and mapping. Using the Swinglet - Cam UAV by Switzerland taking
aerial photography, the processing of data, creating 3D Point clouds, digital surface model (DSM),

TrueOrthophoto, to make a corridor topography map with large scale 1/500, aims to support surveying and
designing traffic roads and power lines.
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Nhéan ngay 02/3/2015, chinh stra ngay 23/3/2015, chap nhan dang 30/9/2015

(® 1.pstvandd

Trong thiét ké dudng 6 td viéc xay dwng ban dd dia hinh tir cong tac khao sat tuyén 1a vé cung quan
trong, nd bao dam cho viéc thiét ké dueng 6 td dwoc ti wu. Thuc té san xuat hién nay tai Viét Nam chu yéu
st dung cac thiét bi do dac phd théng nhu may GPS, toan dac dién tl, may kinh vT, thiy chuén dé cao. Do
vay, viéc khao sat, 1ap ban db dia hinh tuyén dwéong 6 td mat nhiéu cdng sirc va thoi gian, dac biét véi nhirng
khu vire dia hinh nui cao, rivng ram. Véi dac diém cta cac tuyén duwdng thwdng dai hang chuc km va hep,
tinh tr tim dwéng sang méi bén chi khodng 50m dén 200m, viéc st dung may bay c6 nguwoi lai truyén théng
trong trierng hop nay 1a gan nhuw khéng thé vi gia thanh rat cao va khé dam béao dd chinh xac.

V6i sy phat trién manh mé cla thiét b bay khéng ngudi lai trong nhirng nam gan day, viéc (rng dung
chung trong linh vire tric dia ban dd da dwoc mé ra. Da cd nhigu cdng trinh nghién clru trong va ngoai nuére,
nhirng d6 an tét nghiép dai hoc, luan an tién si chirng minh d chinh xac va hiéu qua cuia viéc (rng dung UAV.
Qua thure té st dung thiét bi bay chup anh khéng ngudi 1ai Swinglet CAM - Thuy S§ & mét sé du an tai Viét
Nam nhuw bay chup khu vire khai thac mé 16 thién [3], hanh lang tuyén duéng day dién cao thé [4], thanh 1ap
ban dd dia hinh ty 1& 1/500, cho thay nhirng wu diém ndi bat ciia né nhw chi phi thap, quy trinh bay chup, xt Iy
anh nhanh, chinh xac cao va dé dang tao di liéu 3D. Diéu nay dac biét thich hop véi nhirng dw an thanh lap
ban dd khu virc nhd, hep nhuw tuyén dwdng 6 td, dwérng sét. ..

@ 2. Téng quan vé sy phat trién may bay khéng ngwi lai ding trong tric dia - ban dé

N&m 1916, nha thiét ké ngudi Anh, Archibald Montgometry Low ché tao chiéc may bay khéng nguei
lai dAu tién va Bé Quéce phong Anh stk dung lam cac muc tiéu tap ban di déng cho lwe lwgng phong khéng.
Thanh tyu tiép theo clia phat kién may bay khong nguwei lai la da ché tao cac may bay mang dwoc cac qua
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bom nang 450 kg bay xa dwoc 100 km. May bay khéng nguwdi lai da tham gia hai cudc chién tranh thé gidi thi
nhat va thir hai. Tuy vay, cac phwong tién nay khéng dong vai tro gi dang ké trong hai cudc dai chién nay. Cho
maéi dén cudc chién tranh Viét Nam, My da st sung 3.500 cac loai may bay khéng nguwrdi lai (UAV) cho nhiéu
muc dich khac nhau, nhiéu nhét la cho muc dich do tham. Cé thé néi cude chién tranh Viét Nam la khdi ngudn
cho ky nguyén ky thuat khéng ngudi lai phat trién. Sau chién tranh lanh, UAV bat dau dwoc (rng dung trong
dan sw, cac thé hé UAV md hinh nhé nhe ra doi trng dung trong nhiéu Iinh vwc trong d6 co linh vuc trac dia -
ban db. Cac loai may anh duwoc thiét ké ché tao 1&p trén cac UAV dé tién hanh chup anh dia hinh. U'ng dung
UAV bay chup anh dia hinh ¢é nhiéu wu diém néi trdi so véi cac phwong phap do vé dnh hang khéng truyén
thdng, trong dé phai ké dén dau tién 1a kinh phi thap. Peter Johson & trwéng Pai hoc Columbia da chirng
minh r&ng: gia chup anh 1 km® khéng vt qua 5 dé la My (USD). UAV chuyén dung duoc thiét ké gon nhe
kha nang thich ng véi moi diéu kién do dac. C6 nhiéu phwong tién bay chup UAV chi cin khéi bay bang tay
hoac bang cac dung cu khéi bay don gian. Chi it phat sau khi ha canh UAV c6 thé cung cap di¥ liéu cho ngudi
dung. Cac hang san xuat UAV vai cac thiét bi chup anh luén huéng téi sy don gian trong thao tac. Da thue
nghiém thay rang: chi can hwéng dan trong mét tiéng déng hd, cac k§ thuat vién da co thé sir dung UAV [2].

Theo Hai Vién tham thé gidi (ISPRS), UAV la twong lai phat trién cha vién tham va do anh. Hoi Vién
tham thé gidi da thanh 1ap mot td chuyén mén phu trach nghién cieu va phét trién UAV. Cac hang sén xuét cac
thiét bi dia tin hoc may chup anh sé, may thu GNSS, may quét laser... cling tham gia trong céc té chuyén mén
tw van nay. Muc tiéu phan dau la huéng toi cac thiét bi UAV gon nhe véi cac thiét bi chup anh thanh 1ap ban
dd dia hinh chinh xac, gidm th&i gian va céng strc trong cac ndi dung tric dia - ban dé néi riéng 1a céng cu
hiéu qua trong cong tac giam sat cac thanh phan méi trwérng mé néi chung. Bang 1 duwéi day gidi thiéu mot sé
thiét bi UAV méi nhat véi cac théng sb k§ thuat co ban [2].

Bang 1. Mot s6 thiét bi UAV

Md4 - 1000 Pteryx Swinglet - CAM X100
Loai N gl N
Haing san xuét Microc’lrones Trigger Composites Sensﬂx Trimble Gwatewing
(Brc) (Ba Lan) (Thuy s¥) (My)
Nam san xuat 2010 2010 2009 2009
Trong lvong [kq] 2,65 5,0 0,5 1,9
Chiéu dai [m] 1,0 1,5 0,5 6,0
Sai canh [m] 1,0 24 0,8 1,0
Pham vi [km] 1,0 100 10 5-10
Thoi gian bay toi da
(phat) 70 120 30 45
Tbc do ti thiéu )
km/h] 0 37 60
Toc do toi da [km/h] 54 70 36 130
Méy chyp 4nh sé Pentax Optio May anh s6 va May anh s6 May anh s6 10
A40 (12 Mpx) NIR 16MPx Mpx
Tw déng chup anh X X X X
Kha nang chup anh
thang dirng S 2 X x

@ 3. Gii thiéu thiét bi bay chup anh khong ngwei lai Swinglet - CAM

3.1 Nhirng déc tinh corbén cta hé théng Swinglet- CAM

Swinglet - CAM Ia loai may bay canh bang s dung 1 déng co dién gén phia sau, ¢ chirc nang ha
canh khan cép trong khoang cach 50m rong 40m. Sai canh dai 80cm, nang 0,5kg la thiét bi bay nhe nhét trén
thi trwérng hién nay, cling déng nghia véi dd an toan cao nhat. Co thé dé dang cét canh bang tay khéng can
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thiét bi nang d& phu tro ndo khac. Hé théng pin Lithium Polymer nhe, c6 thé bay 30 phut cho méi lan cét canh,
véi tbe do 36km/h (10/s), chiu dwoc stic gid 25km/h (7m/s). Tin hiéu diéu khién, truyén sb liéu Radio tan sb
2.4GHz |én t&i khodng cach 1km. Trong diéu kién mét tin hiéu Radio link ciing khéng cé &nh hwéng Ién, vi
toan bo sd liéu thu nhan trong qua trinh bay dworc lwu trir trén bd nhé cla thiét bi bay va thé nhé ctia may anh
[5]. Swinglet - CAM s dung may anh nhé CanonlXUS 127HS, duoc hang Sensefly dat hang dé co thé xac
dinh cac yéu té do anh. D6 phan giai 16MP, tiéu cw 4.3mm, dé phan giai mat dat co thé dat dén 3cm & dé cao
bay khodng 100m [5]. Cac thiét bj chinh cuia thiét bi bay dwoc thé hién trong Hinh 1.

Hinh 1. Céc thiét bj chinh cdia thiét bj bay Swinglet - CAM

3.2 Phan mém I4p ké hoach bay va xurly sé liéu

- Phan mém |ap ké hoach bay, ciing la phan mém diéu khién trong qua trinh bay chup. Cac tuyén bay
tw ddng dugre tinh toéan khi cé céc théng sé vé& khu do nhu: pham vi bay chup, dé phan giai anh (chiéu cao bay
chup), d pha anh. C6 thé tw déng xac dinh dé cao bay thay dbi theo bé mét dia hinh dwa trén di liéu dé cao
SRTM 90m mién phi trén mang Internet hodc di liéu dé cao dwoc cung cap bédi ngudi dung. Co thé mo
phéng qua trinh bay chup trvéc khi bay ngoai thire dia dé kiém tra tién trinh cét, ha canh. Trong qua trinh bay
chup tw déng van cé thé diéu khién thurc hién lénh khan cdp nhw ha cach hoac quay vé vi tri xuét phat.

- Phan mém x ly két qua bay chup Postflight Terra 3D dwa trén nguyén ly tang day chum tia, t déng
nhan dang diém anh ciing tén va lién két khéi, véi sw dbi maéi ap dung dé pha 1én tir 70% dén 90%. Phdn mém
Postflight Terra 3D hoan toan tw déng trong cong tac tang day, nén anh trwc giao thye (TrueOrtho), tao dir liéu
dé cao dam may diém (Point clouds) va mé hinh sé bé mat (DSM).

(@, 4.Thir nghiém bay chup anh bing UAV Swinglet - CAM
Quy trinh bay chup, x( ly anh ctia UAV dwoc thé hién trong so db duéi day (Hinh 2):

Thiét ké bay, do khdng ché anh

v

Bay chup

v

Kiém tra nhanh tai thuc dia
X ly nGi nghiép

I

_ San pham tryc tiép
Anh tric giao, M& hinh s bé mat, dam may diém 3D

Hinh 2. Quy trinh bay chup, xtr ly énh cda UAV
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4.1 D n khéo sat hién trang tuyén dién cao thé

Khu do ndm doc theo tuyén duéng dién 35KV tir Ha Déng dén Son Tay - Ha Nai, dai khoang 40 km,
réng 100m tinh tr thm dwéng dién vé méi bén 50m. Ludi khéng ché anh duwoc thiét ké 40 diém gdm 30 diém
khdng ché va 10 diém kiém tra. So db Iwéi dwoc thiét ké so le vé hai phia clia dwéng day dién, tai nhitng géc
ngoat bé sung 1 diém khéng ché ndm chinh gitra tuyén day dién (Hinh 3). So db bay dwoc thiét ké gdm 2
tuyé&n bay vé& hai phia clia dwéng day dién, do cao bay chup 150m, dé phan gidi anh 6cm/pixel, d6 pha doc,
ngang 80%x80%.

@®ccr @®ccr Tuyén bays6 1 @
GCP

Buong day dién
@®ccr GCP @  Tuyénbaysb 2

Hinh 3. So dé b6 tri diém khéng ché
4.2 Dwr én khéo sét tuyén duwong 6 t6 khu vyre tinh Son La
Tuyén dwéng dai khoang 6km, rang 50m. Ludi khéng ché anh gdm 6 diém khéng ché va 4 diém kiém
tra, dwoc thiét ké so le vé hai phia ctia tuyén dwéng, dat tai vi tri goc ngoét, duoc do bang may GPS Trimble
GeoXT, thoi gian do 45 phut/ca, d6 hinh do ndi dang chudi tam giac. Chuong trinh x( ly binh sai la Trimble
Total Center. So d6 bay ciing duworc thiét ké gdm 2 tuyén bay vé hai phia ctia tuyén dudng, do cao bay chup
150m, do phan giai anh 6cm/pixel, dd phi doc, ngang 80%x80% (Hinh 4, 5).

Hinh 5. Vi tri dénh déu diém khéng ché duoc thu nhén trén anh
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4.3 San pham trure tiép sau khi bay chup anh bing UAV

Céac san phdm mé hinh sb b& mat (DSM), dam may diém (Point Clouds), binh anh tryc giao thuc
(TrueOrtho) d6 phan giai 6¢cm, cho chét lwgng tét, khdng co vét ghép gitra cac tAm anh, mau sac dong déu
trén toan khéi (Hinh 6).

Hinh 6. M6 hinh sé bé mat (DSM) va binh dé énh truc giao thuc (TrueOrtho)

Mat d6 diém do cao day dac 6¢cm dén 10cm/1diém, ngoai gia tri toa d6 XYZ, mbi diém con lwu trir gia
tri d& xam cua pixel anh, vi vay da tao nén ngudn dir liéu 3D trwc quan sinh déng. D& hién thi di liéu dam
may diém trong khéng gian 3D, tac gia da phat trién thém céng cu tién ich d& doc nhanh di liéu trong phan
mém Skyline 3D (Hinh 7).

TerraExplorer Pro

Analysis Navigation

Boc file CPT ®

% Buong din  |D:\Long\cpt.cpt Browse...
Projeatn Tén |CaoThe_PointClouds

[ ] Boc dif liéu I

Hinh 7. D@ liéu Point clouds hién thj trong khéng gian 3D
4.4 San pham gién tiép tirkét qua bay
Mét cét doc tuyén dwérng AB dai khoang 3km dwgrc tinh toan tir mé hinh sé bé mat véi do phan giai
10cm/1 diém dd cao, st dung chwong trinh Global mapper. Két qua cho théy vij tri cao nhét tai tuyén nay la

202,55m, vi tri thap nhét |a 106,3m, dia hinh c6 d6 déc I&n (Hinh 8). Mé&t cat ngang tuyén dweérng tai vi tri co
do cao 202m (Hinh 9, 10).

o b Peottane of Sgpt
b Pty Duginy Opms  Cooiane
From Pos 399426 671, 2374000 128

To Pox 399483 315, 237

Hinh 8. Mét cat doc tuyén dudng tor diém A dén diém B
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—
# Patn Profie/Line of Sght —
Fie PathSeup Dupley Optons Calculate

From Pos 399516 459, 2377830 133 To Pos: 399668 376, 2377884 948

Hinh 10. Mé hinh 3D tai vi trf c6 dé cao Ién nhét 202m

(® 5.panhgiakétqua

5.1 So v&i phwong phap bay chup c6 nguwi lai

So sanh mét sé dac diém gitra phwong phap bay chup co ngui lai va st dung may bay khéng nguei
14i UAV [1]. Cac thong sb so sanh dwoc thé hién & Bang 2. Di véi nhibng dw &n thanh 1ap ban dé hanh lang
khu vire nhé hep nhu tuyén dwéng dién, dwéng sét. .. ré rang thiét bi UAV cé wu diém ndi trdi hon hdn so véi
phwong phap bay chup truyén théng vé kha nang co dong trong khu viec nhd, it bi anh hudng béi diéu kién
thevi tiét, thu nhan div lidu nhanh, giathanhré.

Bang 2. So sanh mét sé déc diém cla hai phuong phép bay

Phwong phap bay co nguwdi lai UAV
Lap ké hoach bay Ban ty dong T déng hodc bdng tay
Thu nhan anh Ban ty déng Ty déng hodc bang tay
Pham vi bay chup >1 Km® m’ dén km’
Do phan giai mat dat dm cm
Dé cao bay 100m-10km* 10m -1k
Hwéng thu nhan anh anh bing hodc anh nghiéng manh bang hodc &nh nghiéng
Chi phi T 100 triéu T 10 triéu

5.2D6 chinh xac

Tai thoi diém bay chup, & métkhu bay qua Daild Thang Long, d& c6 dw an do vé ban dé dia hinh ty 1&
1/500 hién trang tuyén duérng cao tbe bang phwong phéap toan dac dién tée. Vi vay, tac gia da st dung két
qua clia khu vire nay dé danh gia do chinh xac ctia phwong phap st dung UAV (Hinh 11).

Phuwong phép danh gia: Xac dinh toa do, d6 cao cla tat ca diém chan cét dién, cot dén cao thé, mée
16 gi¢i trén anh trwe giao, mé hinh s bé mat. Vi tri cac diém nay trai déu trén toan khéi anh. Téng sb lwong
diém lwa chon kiém tra Ia 100 diém. Cac diém nay déng thei cling dugce do bang phwong phap toan dac
dién tiv.
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S dung phwong phap so sanh dé sai léch do cao gitra hai phwrong phap UAV va phwong phap toan
dac dién tcr.

Zi=Zuav-i-Ztc-| (1)

trong dé: Zuav-I 1a dé cao dugc xac dinh béng phwong phap UAV cla diém | va Ztc-11a do cao diém
kiém tra do bang may toan dac dién tir clia diémi.

Hinh 11. Vj tri céc diém kiém tra (mau do)
Sai s6 trung phwrong dé cao clia cac diém kiém tra dwgre tinh theo cong thive:

m= [sn, @2 (2)

trong do: n la sb lwong diém d6 cao dwoc kiém tra.

Ap dung cong thirc trén dé tinh cho 100 diém kiém tra:

m, =.,/1.84/100 =0.136 m (3)

Sai s6 I&n nhat Zmax = 0.299 m. Sai s6 nhé nhat Zmin = 0.004 m. Twong tw sai sb trung phwong vé
mat phéng dat dwoc nhw sau:

Mxy = ,/2.72/100 = 0.217 m

Két qua nhan thay sai s6 dd cao nhé hon sai s6 méat phang, nguyén nhan cé thé do nhikng diém kiém
tra khéng dwoe danh dau triedre khi bay chup, dan dén sailéch khi chich diém trén anh.
@ 6. Kétluan

Qua mdt sb két qua thure nghiém ban diu trén mét sé du an cho thay hé théng thu nhan anh st dung
thiét bi bay khéng nguei lai rat phi hop véi cong tac thanh 1ap ban db dia hinh 3D trong thiét ké dwéng 6 té dac
biét cac khu vy dién tich nhé, hep va dia hinh kho khén béi kha ndng co dong, gia thanh ré hon tat ca cac
phuong phap thanh Iap ban dd hién nay.

Débi véi nhiém vu thanh 14p ban dé dia hinh 3D cho thiét ké dudng thanh phé, viéc bay véi dé pha 80-
90% sé tao san phdm dam may diém Point Clouds day dac, vi vay thé hién dwoc tdi da cac dia vat trén khu
vire khdo sat. Néu két hop voi cac ngudn div liéu dam may diém cla thiét bi quét Laser mat dat sé tao mot khoi
dr liéu 3D téng thé, trc quan tir trén khéng dén mat dat, dwdilong dat.
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