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Tém tat

Giai phap thanh lap ban dd dia hinh béng thiét bi bay khong ngudi 1ai (Unmanned Aerial Vehicle - UAV) dang
ngay cang phd bién & Viét Nam. Da c6 nhiéu nghién ctiu chiing minh thiét bi UAV dam bdo do chinh xac thanh
14ap ban do dia hinh ty 1¢ 16n, tuy nhién chua c6 cic giai phap cu thé cho cong trinh dic thu dang tuyén. Muc tiéu
nghién cifu ctia bai bao la cic ché do bay phit hop cho cong tic khao sét dia hinh cic cong trinh dang tuyén. Dbi
tugng thuc nghiém, mot doan duding bd thudc dia phan dé Xuan Quan, Ha Noi, dugc khao sat bang thiét bi UAV
Phantom 4 Pro véi cdc ché d6 khac nhau trén cic phan mém diéu khién bay c6 sin. Két qua thuc nghiém cac
ché do bay dugc so sanh véi két qua do dinh vi dong thoi gian thuc (Global Navigation Satellite System/Real
Time Kinematic - GNSS/RTK) d€ ddnh gia do chinh xdc. Nghién ciiu chi ra kiéu bay dai pha trum, ddi véi
cong trinh dang tuyén, thich hop & cic giai doan thiét ké k¥ thuat va thiét ké thi cong. Trong khi kiéu bay 2 dai
don phu hop va hiéu qué cho cac qua trinh quy hoach, danh gid so bo cong trinh dang tuyén.

Tir khod: UAV; ché do bay; khio st dia hinh; cong trinh dang tuyén; do chinh xac.

STUDYING OF UAV FLIGHT MODE FOR THE LINE CONSTRUCTIONS TOPOGRAPHIC SURVEYING
— A CASE STUDY ON XUAN QUANG DIKE ROAD, HANOI

Abstract

Unmanned Aerial Vehicle (UAV) has become a commonly used solution for topographic surveying applica-
tion in Vietnam. There have been many studies proving that UAV ensures the accuracy of large-scale topo-
graphic mapping, but there are no specific solutions for the line construction. This study aims to suitable flight
mode was carried out with a dike road section in Xuan Quan, Hanoi by Phantom 4 Pro UAV. Experimentally,
we use different modes on available flight autonomy software, results could compare the UAV data with the
GNSS/RTK data to evaluate accuracy of topographic surveying. The study shows that the grid flight mode,
for line construction, is suitable for the engineering design and the construction design. While the single 2-
strip flight mode is suitable and effective for the planning processes, the preliminary evaluation of the line
construction.

Keywords: UAV; flight modes; topographic surveying; line construction; accuracy.
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1. Giéi thiéu

Tai liéu khao sat dia hinh cd ban bao gdm ban d6 va mit cat dia hinh ty 1& 16n. Ban do dia hinh lai
dugc chia thanh hai dang chd yéu, phu thudc vao dic diém khu vuc khao sit, 1a dang vung va dang
tuyén. Phuong phdp khdo sat dia hinh cong trinh hién nay thudng ding cic phuong phép truc tiép nhu
toan dac dién ti hodc cong nghé dinh vi vé tinh (GNSS) va gidn tiép nhu bay chup anh bing thiét bi
bay khong ngudi lai (UAV).

Cong nghé vién tham, anh hang khong 13 mot trong cac gidi phap thanh 1ap ban dd dia hinh da
dugc phat trién tii 1au v6i nhidu uu thé vé thoi gian, nhan luc so véi cdc phuong phap do vé truc tiép.
Phét huy uu diém phuong phap bay chup véi muc dich thanh 14p tai liéu khao sat dia hinh cong trinh
ty 1& 16n, UAV dugc ting dung ngay cang rong rii. Khai niém UAV & day dung d€ chi thiét bi bay c6
kich thu6c nhé va khong c6 phi cong diéu khién. Cac bd phin co ban ctia UAV bao gdbm mdt may bay
khong ngudi 1di nhd, mot hé thdng diéu khién bay trén mit dit va mot hé thoéng truyén tin hiéu giita
may bay va bo diéu khién.

Tac gia [1] trinh bay v& quy trinh cong nghé sit dung UAV d€ xay dung cdc san phdm ban dd dia
hinh. Trong quy trinh thanh l1ap ban do dia hinh bing UAV c6 hai cong doan chinh 14 quy trinh thiét
ké bay chup va xi ly anh chup tit UAV. Nhiém vu co ban ctia quy trinh thiét ké bay chup bao gom tinh
todn do cao bay chup, tdng sb dudng bay, tdng sd dnh va tdc dd chup anh [2]. PO chinh x4c cdc san
phdm ban do ctia cong nghé UAV sé phu thudc vao chét lugng anh thu thap va thuit toan xi ly anh.
Hién nay c6 rat nhiéu cac san pham phan mém mién phi va thuong mai dudc st dung rong rai dé xir
ly anh UAV [1, 3].

Da c6 rit nhiéu ting dung UAV thu thap va thanh 1ap tai liéu khao sét dia hinh nham xay dung mo
hinh hién trang trong cong tic thiét k&, quan ly, gidm st ha tang, giao thong [4—6]; nghién ctiu hinh
thai bé mit dat va bién ddi nhiét d6 moi trudng ving bo bién [7-9]; nghién ciiu vé su thay d6i dia mao
clia cdc dong chéay nho trén bé mit trai dat cing sy x6i mon dat [10]. Ngoai ra cling c6 nhiéu nghién
cifu st dung cong nghé UAV ting dung trong viéc mo phéng lai bé mit dia hinh [1, 11, 12].

(a) Dai bay ngang (b) Dai bay doc (c) Dai bay doc va ngang

Hinh 1. Vi du mot sé ché do bay kiéu dai phii trim

Trong cic ung dung UAV & trén c6 chung dic diém 1a ché do bay dugc thuc hién kiéu dai phi
trum (véi cac dai bay doc, ngang hoic c hai) khu vuc khao sat, Hinh 1. Véi rt nhiéu dbi tugng dang
tuyén (bé rong hep trén mot tuyén kéo dai), ki€u bay nay khong bam st dudc tuyén khio st va lam
mat hidu qua cong viéc trong cac trudng hop can khio sat nhanh dé danh gia so bo tuyén khao sat.

Muc tiéu bai bdo trinh bay vé giai phap bay phu hop dé thanh 14p tai liéu khdo sat dia hinh cho céc
dbi tuong cong trinh dang tuyén. Noi dung chinh bao gdm (i) Nguyén ly bay chup UAV va céc yéu
td do chinh x4c; (ii) Phan tich thuc nghiém ché d6 bay mot doan dudng bd thudc dia phan dé Xuan
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Quan, Long Bién, Ha Nai v6i thiét bi Phantom 4 Pro va (iii) P4nh gid do chinh x4c thanh 1ap tai liéu
khéo st dia hinh phuong phép bay chup UAV khi so sanh véi céc tri do truc tiép mit dat bang cong
nghé dinh vi vé tinh GNSS theo nguyén ly do dong thoi gian thuc RTK.

2. Nguyén ly bay chup va do chinh xac

Muc dich phuong phap bay chup UAV la viéc thu thip céc tim anh chong xép (c6 dd phii doc va
ngang) dé tir d6 xay dung cic san phim md phong bé mit dia hinh nhu anh truc giao, md hinh sé dia
hinh, m6 hinh khéi 3D. D6 chinh x4c sin phim dudc danh gia dua trén sai s6 vi tri va do cao diém
4nh so véi cdc tiéu chuan k§ thuat thanh 1ap ban dd dia hinh ty 1& 16n.

2.1. Cdc yéu té bay chup

Phu thudc vao dic diém vé dién tich khu vuc bay va do chinh x4c san phdm mo phong bé mit dia
hinh, qua trinh thiét ké bay chup sé xdc dinh c4c yéu td do cao bay chup, tdng sb dudng bay, tong s6
4nh chup va téc dd chup anh. Chit lugng anh dudc dénh gia bdi d6 phan giai diém anh hay néi cach
khéc 1a cic kich thude pixel anh dudc thé hién. Véi viéc thong s6 ky thuat cia mdy anh dit trén thiét
bi UAV da dudgc xéc dinh cu thé, cht lugng anh bay chup sé phu thudc chinh vao do cao bay chup
[11]. Viéc lya chon dd cao bay chup [1] dudc xac dinh theo cong thic (1).

H=WKF/S.100 (1

trong d6, H 1a chiéu cao bay chup; W 1a kich thuéc do rong tAm anh chup; K 1a kich ¢& diém &nh
mong mudn; F 12 d6 dai tiéu cu may chup anh va S 1a chiéu rong cam bién thu nhan anh.

Do phti anh 12 mot trong cac yéu td lién quan t6i chit lugng san phAm mo6 phdng bé mit dia hinh.
Do pht 4nh sé quyét dinh t6i s6 Iuong anh chup, diéu nay anh hudng téi dung luong dif lidu trong qua
trinh bay chup ciing nhu kha niing xi Iy s liéu anh. Cac yéu t6 vé s6 dii bay, tong sb anh va toc do
chup anh dudc tinh todn trén cd s do phi anh (doc va ngang), chi tiét ban doc c6 thé tim hiéu trong
cac tai liéu [1, 2].

2.2. Do chinh xdc cua phuong phdp

O khia canh do chinh xéc, trong nghién ciiu ctia minh, céc téc gia [12] da chitng minh chit lugng
mo hinh sb dia hinh bé miit dAt tu nhién phu thudc vao thong sb ky thuit mdy chup 4nh va giai phap
xt ly dif liéu ctia cac phan mém. Hién nay cdc phan mém dudc ddnh gid tdi wu xi ly anh nhd thuat
toan SfM (Structure-from-Motion) [13].

Nhu viy chiing ta c6 thé thiy v6i cung thiét bi UAV, d6 cao bay chup sé 13 mot yéu t chinh tic
dong t6i cac san pham bay chup. Trong nghién cifu danh gid 4nh hudng do cao bay chup t6i an toan
thiét bi bay va d chinh xdc mo hinh s6 d6 cao (DEM) & khu vuc khio sit c6 do cao dia hinh tif 20 m
dén 100 m so v6i mit nudc bién. Cac tac gia [14] di chon diém cét canh tai vi tri c6 dd cao 80 m va
thuc nghi€ém & nam do cao bay chup UAV Phantom 4 Pro tudng tGng 1a 50 m, 100 m, 150 m, 200 m va
250 m. Dia hinh khu vuc thuc nghiém la mot vung mé da ¢ dia hinh phdc tap, d6 chinh xac cia mo
hinh DEM dudc so sanh véi céac tri do mit dit GNSS/RTK (305 diém) va toan dac dién ti (80 diém).
Két qua do cao bay chup anh, tir 50 m dén 250 m anh hudng dén do chinh xdc md hinh DEM trong
khoang 8,5 cm - 12,5 cm dbi véi sai s6 do cao va 7,9 cm - 12,2 cm dbi véi sai s6 mit bang.

Thuc nghiém trong mot khu vic nho, véi dia hinh tuong ddi bang phang, céc tac gia [1] st dung
UAV Phantom 3 Pro bay ¢ dd cao 120 m d€ xay dung mo hinh DEM. So sanh gia tri do cao 06 di€ém
khdng ché anh va 03 diém kiém tra trich xuét tif md hinh DEM va gid tri do GPS/RTK (c6é d6 chinh
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xé4c do cao 5 cm), tic gia thu dugc sai sb trung phuong (RMSE) tuong ting 14 6,57 cm va 10,76 cm. St
dung UAV cénh lién C-Astral Bramor d€ bay chup khu vuc dia hinh vé6i dic di€ém thuc phii 16n, nhiéu
khdi nha cao tang, tic gia [15] chi ra kha ning thanh 14p ban do6 dia hinh ty 1& 1/200 véi sai s trung
phuong diém mit bang 12 41 mm va do cao 1a 68 mm. O mdt nghién citu khéc, sau khi thuc nghiém
thanh 14p cic tai liéu kho sét dia hinh & ty 1& 1/1000, tac gia [16] ciing khing dinh viéc sit dung UAV
hoan toan dép ing cong tic khao sat dia hinh trong qu4 trinh thiét ké cdc cong trinh giao thong.

Chét lugng ctia tai liéu khao sat dia hinh phu thudc vao hai yéu t6 co ban 1a mic do chi tiét biéu
dién bé mit dia hinh va do chinh xac diém chi tiét biéu dién. Nhu viy dé danh gid chét luong tai liéu
khéo sét dia hinh dugc xay dung tit UAV, phuong phdp hiéu qué nhét Ia so sanh gid tri cao toa do cic
diém do truc tiép trén mit dit (bing GNSS/RTK hoic toan dac dién ti) véi cac diém tuong dng trén
cdc san pham md phong bé mit dit. Cac nghién ciiu trén da chi ra kha ning thanh 1ap céc loai tai liéu
khao sat dia hinh 6 ty 1€ 16n dam bao do chinh xac ctia UAV.

Mot trong cac nhudc diém 16n nhit ctia cong nghé UAV hién nay 1a thdi gian bay nhé (khoang 15
— 25 phit/lugt bay) [1]. V6i cdc cong trinh dang tuyén c6 bé rong khong 16n, néu thuc hién viéc bay
chup theo dang dai bay don (1 hodc 2 dai bay bam sit doc theo tuyén) sé tiét kiém thoi gian va tong
dung Iugng anh trong qua trinh ngoai nghiép ciing nhu hiéu qua trong qua trinh xt 1y anh. Tuy nhién
v6i kiéu bay nay, cac san ph4m md phdng bé miit dia hinh sé& kém chét lugng hon. Do d6 cau hoi dit ra
1a cdc san pham nay c6 dam bao chit lugng xay dung tai liéu khdo sat dia hinh dang tuyén & ty 1¢ 16n.

3. Khu vuc nghién citu, phweng phap va két qua nghién ciu
3.1. Khu vuc nghién ciiu

Khu vyc thyc nghiém dudc chon 1a mdt doan dutng dé Xuan Quan, Long Bién, Ha No6i c6 do
dai khoang 0,6 km. Khu vuc khao sat c¢6 dién tich khoang 4 ha véi dia hinh quang dang, it dia vat va
chénh léch do6 cao dia hinh khoang 10 m (Hinh 2). Thiét bi UAV thuc hién bay chup 12 Phantom 4 Pro
va Iya chon phan mém Agisoft Megashape dung dé xit 1y s6 liéu bay chup UAV vi diy 1a mot phan
mém dudc danh gid c6 gidi phap xi ly anh va hiéu chinh anh tu dong hiéu qua [3].

Hinh 2. Khu vuc thuc nghiém bay chup UAV cung vi tri phan bd cic di€ém khdng ché mit dat va diém kiém tra
dudc danh diu bing cac 4nh 10 tiéu (4nh nho, géc dudi bén phai)

3.2. Phuwong phdp nghién cviu
Céc diém 16 tiéu LT3, LT6 va LT10 khdng ché mit dit dugc phan bd déu trén toan tuyén ding dé
nan 4nh con 7 diém khac dugc dung dé kiém tra d6 chinh xdc mit bing.
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Bén canh d6 chiing t6i ciing x4c dinh m& rong thém 47 diém chi tiét trén khu vuc thuc nghiém dé
danh gid do chinh xdc do cao. Hé théng diém khong ché mit dat va cac diém chi tiét do theo cong
nghé GNSS/RTK vdi thiét bi Trimble R8S trong hé toa dd VN 2000, mii chiéu 3 do, kinh tuyén truc
1050, hé d6 cao Nha nuéc.

V6i phan mém diéu khién bay DroneDeploy chiing toi thuc hién bay theo kiéu dai phii tram &
do cao 80 m (sau day con goi 1a kiéu bay 1). Két qua trong khoang thdi gian bay chup hon 25 phiit
(v6i mot 1an ha canh thay pin) thu nhan dudc 313 tAm anh c¢6 d6 phi doc 74% va do phi ngang 70%
(Hinh 3).

Thach Ban UPLOAD EXPLORE REPORT
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Hinh 3. Kié€u bay dai pha trim & d6 cao 80 m

Do DroneDeploy khong ho trg ché do bay dang dai don bam sit theo tuyén khéo sat nén ching
t6i stt dung phan mém diéu khién bay 3Dsurvey thuc hién kiéu bay dang 2 dai don & cic d6 cao 60 m
va 80 m (sau day con goi 1 cdc kiéu bay 2 va 3). Cai dit thong sd do phii doc va ngang tuong tu kiéu
bay 1, sau khoéng thdi gian bay xp xi 7 phiit/mdi trudng hgp chiing t6i 1an lugt thu duge 108 va 81
tam anh (Hinh 4).
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Hinh 4. Kiéu bay 2 dai don & do cao 60 m

3.3. Két qud va thdo ludn

Qua trinh xi ly v6i phan mém Agisoft Megashape cho thiy thdi gian xi ly d6i v6i kiéu bay dai
pht trim mét thai gian gp 6 14n bay dang dai don. Két qua thu dugc gdbm c6 anh truc giao (Hinh 5)
va md hinh do cao khu vuc thuc nghiém (Hinh 6).
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(a) Kiéu bay 1 (b) Kiéu bay 2 (c) Kiéu bay 3
Hinh 5. Anh truc giao khu vuc khao sat dia hinh
R rang ché do bay theo kiéu bay 1, Hinh 5(a), sé cho do phii ngang khu vuc kho sat tot hon kiéu

bay 2 va 3, Hinh 5(b), (c). Tuy nhién v6i viéc mit nhiéu thdi gian bay va xi{ 1y hinh &nh diéu nay 1a
khong can thiét dbi véi cac cong trinh c6 dang tuyén.

(a) Kiéu bay 1 (b) Kiéu bay 2 (c) Kiéu bay 3
Hinh 6. M6 hinh s6 d6 cao khu vuc khao sat dia hinh

Trong Hinh 6 mo hinh s6 do cao cla cic trudng hop bay chup déu biéu dién tét ki€u ding tdng
thé dia hinh khu vuc khéo sat, chiing ta déu dé nhan biét dudc tuyén khio sét (doan dudng dé Xuan
Quan) c6 dd cao 16n hon khu vuc hai bén. Tuy nhién cin danh gi4 chi tiét thém vé chét lugng mo hinh
dd cao c6 dam bdo cac tidu chuin ky thuat tai liéu khio st dia hinh ty 1& 16n.

Dénh gid chit lugng san pham bay chup UAV, tiéu chi sai sb trung phuong (RMS) dudc st dung
khi so sdnh toa d6 diém trich xuét trén anh truc giao va md hinh s6 do cao véi céc tri do truc tiép mit
d4t bang GNSS/RTK, cong thiic (2).
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E;X — XiUAV _ XZRTK

EzY — Yl_UAV _ YiRTK (2)
EzH — HiUAV _ HiRTK

trong do, XI.UAV, YiUAV, HZ.U AV 1a toa do va cao cdc diém xdc dinh trén mo hinh bay chup UAV;
XZRTK , YI.RTK , HIRTK 1a gid tri toa dd va dd cao cac diém xéc dinh truc tiép bang GNSS/RTK; ElX , EZY , ElH
12 chénh 1éch toa do va cao do cac diém.

Sai s6 trung phuong vi tri diém mit bang va do cao dudc xac dinh 1an lugt theo cac cong thiic (3),
4.

RMSy = \Z .

Y 2
(Ei ) (3)

RMSy = \ Zn: ;
|(EX) + (2]

n

S

RMSp =

\ i=1
trong d6, RMS y 1 sai s6 trung phucng mit bang theo phuong X; RMS y 1a sai sd trung phuong miit
bing theo phuong Y, RMS p 1a sai s6 trung phuong mit bang tdng hop va n 1a sb diém dugc xac dinh
bing hai phuong phap UAV va GNSS/RTK.

RMS y = 4)

trong d6, RMS p 1a sai s6 trung phuong do cao.

Panh gid d6 chinh xic cic diém khéng ché mit dét, trong Bang 1 chiing ta c6 sai s6 trung phuong
cho céc trudng hgp bay dai phi trum & d6 cao 80 m va bay dang 2 dai don & dd cao 60 m va 80 m. Sai
s6 trung phuong 3 diém nin 4nh trong tt ca cdc trudng hdp c6 gid tri rit nhd, cd milimet, cho thiy
chét lugng xt 1y anh 1a rét tot.

Déi véi 7 diém 16 tiéu (LT1, LT2, TL4, LTS, LT7, LTS8 va LT9) dung kiém tra d6 chinh xdc mo
hinh cho thiy tucng ting véi cc kiéu bay 1, 2 va 3 1a sai sb trung phuong mit bang (RMS p) 1an lugt
c6 gia tri 3,05 cm, 5,96 cm va 27,99 cm (Bang 2). Nhu vay ki€u bay dai pht truim c6 do chinh xac
t6t hon nhiéu so véi kiéu bay dang 2 dai don va do cao bay chup & cuing dang kiéu bay ciing 1a yéu t6
quan trong quyét dinh do chinh xdc mit bang. Theo tiéu chudn k¥ thuét thanh lap ban do dia hinh ty
1¢ 16n [17], sai s6 trung phuong x4c dinh vi tri diém dia vat khong qua 0,3 mm nhén véi ty 1 ban dd,
c6 thé thiy san phdm bay chup UAV véi kiéu bay 1 va 2 ddm bdo cdng tic bién tap dia vat ban do dia
hinh ty 1& 1/500 trong khi kiéu bay 3 cho phép bién tap ban do ty 1& 1/1000. Vé su phan bd sai s6 trung
phuong mit bang, & kiéu bay 2 va 3 ching ta c6 RMS x (huéng doc tuyén) c6 d6 chinh xdc kém hon
rit nhiéu so v6i RMS y (huéng vudng tuyén) trong khi ki€u bay 1 c¢6 su phan bd tuong dbi dong déu.

Vé khia canh sai s trung phuong d6 cao (RMS ) clia cac diém dic trung dia hinh khu vuc khao
sat trong Bang 2, tai liéu k§y thuat [17] ciing néu rd khong dudc vuot qua 1/3 gid tri khodng cao déu
dudng dong mic. Néu lua chon khoang cao déu dudng dong miic 0,5 m, tuong duong sai sb trung
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Bang 1. Sai s6 trung phuong (RMS) 3 diém nan anh st dung d€ hiéu chinh mo hinh

Kiéu bay dai phi trim; d6 cao bay: 80 m

Vi tri ElX (cm) E IY (cm) P (cm) EIH (cm)
LT3 -0,18 -0,28 0,34 0,00
LT6 -0,39 -0,36 0,53 -0,01

LT10 0,57 0,64 0,85 0,01

RMS 0,41 0,45 0,61 0,01

Kiéu bay 2 ddi don; do cao bay: 60 m
LT3 —-0,06 -0,03 0,07 0,00
LT6 -0,11 -0,03 0,12 0,00
LT10 0,18 0,06 0,19 0,00
RMS 0,13 0,04 0,13 0,00
Kiéu bay 2 dii don; do cao bay: 80 m
LT3 -0,17 -0,02 0,17 0,00
LTo6 -0,25 0,03 0,25 -0,01
LT10 0,42 -0,02 0,42 0,02
RMS 0,30 0,03 0,30 0,01

Bang 2. Sai s6 trung phuong (RMS) 7 diém kiém tra md hinh

Kiéu bay, Piém 16 Chénh 1éch theo Chénh 1éch theo Chénh 1éch Sai léch
Do cao bay tiéu ki€m tra phuong X, Ef (cm) phuong ¥, E! (cm) dd cao EX (cm) mit bang P; (cm)

LT1 -0,02 -0,61 1,78 0,61
Kicu bay LT2 -3,85 —4,86 -2,45 6,20
dai phii LT4 -0,31 1,06 -5,93 1,10
tram; do LT5 1,96 0,49 -1,96 2,02
a0 bay; LT7 -0,03 1,74 —-4,92 1,74
30 m LTS8 0,66 -3,33 —-491 3,39
LT9 -2,32 1,13 -5,34 2,58
RMS 1,87 2,41 4,23 3,05
LT1 0,34 -1,05 -3,46 1,10
LT2 3,77 —-4,36 39,50 5,77
Kiéu bay LT4 8,08 4,87 62,83 9,43
2 dai don; LT5 1,25 0,50 3,14 1,34
dd cao LT7 -0,97 2,09 15,19 2,31
bay: 60 m LTS8 7,99 -1,00 44,59 8,05
LT9 6,49 3,32 47,61 7,29
RMS 5,18 2,94 37,82 5,96
LT1 1,14 -1,11 —14,23 1,59
LT2 34,53 -2,57 157,96 34,63
Kiéu bay LT4 35,15 19,69 261,17 40,29
2 dai don; LT5 -0,13 0,20 23,36 0,23
do cao LT7 -5,08 0,80 88,84 5,14
bay: 80 m LTS8 36,90 8,01 179,57 37,76
LT9 33,34 9,67 218,08 34,71
RMS 26,53 8,89 161,07 27,99
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phuong d6 cao diém dia hinh bang 16,7 cm, chiing ta thiy ring chi c6 mo hinh s6 d6 cao kiéu bay 1
v6i RMS 1 = 4,23 cm dii ddm bao yéu cau ky thuat. Mo hinh sb do cao kiéu bay 3 hoan toan khong
dam bao yéu cau k§ thuat ban do ty 1 16n trong khi kiéu bay 2 dap ting dugc cho khu vuc dia hinh
ddi nii ¢6 d6 dbc 16n hon 60 v6i khoang cao déu dudng dong mic 14 2,5 m [17].

Bang 3. Sai s6 trung phuong do cao (RMS) 47 diém kiém tra mé rong

. H (m) EF (cm)
biém " . .
GNSSRTK  Kiéu bay 1 Kidubay2  Kiéu bay 3 KBI-RTK  KB2-RTK  KB3-RTK

1 13,975 14,026 13,642 12,484 5,1 -333 —-149,1
2 12.837 12,882 12,543 11,509 4,5 -29.4 -132,8
3 13,080 13,108 12,867 12,166 2,8 -21,3 -91,4
4 13,220 13,235 13,055 12,408 1,5 -16,5 -81,2
5 13,058 13,110 12,828 11,861 5.2 -23,0 -119,7
6 14,012 14,044 13,742 12,704 3.2 -27,0 -130,8
7 12,723 12,678 12,998 14,240 45 27,5 151,7
8 13,963 13,938 14,142 14,934 -25 17,9 97,1
9 13,241 13,187 13,493 14,610 -54 252 136,9
10 13,107 13,093 13,272 13,949 -14 16,5 84,2
11 14,006 13,998 14,127 14,630 -0,8 12,1 62,4
12 12,704 12,674 12,916 13,743 -3,0 21,2 103,9
13 13,227 13,217 13,336 13,707 -1,0 10,9 48,0
14 13,488 13,481 13,641 14,174 -0,7 15,3 68,6
15 13,318 13,342 13,382 13,499 2,4 6,4 18,1
16 14,052 14,044 14,061 14,102 -0,8 0,9 5,0
17 13,426 13,430 13,528 13,901 0,4 10,2 475
18 13,282 13,288 13,272 13,291 0,6 -1,0 0,9
19 14,013 14,020 13,973 13,839 0,7 4,0 174
20 13,086 13,094 13,064 13,029 0,8 2.2 -5,7
21 11,809 11,837 11,667 10,892 2,8 142 -91,7
22 12,749 12,769 12,875 13,311 2,0 12,6 56,2
23 13,041 13,094 13,076 13,093 5,3 3,5 5,2
24 13,991 14,081 13,984 13,888 9,0 -0,7 -10,3
25 12,921 12,939 13,121 13,771 1,8 20,0 85,0
26 13,264 13,295 13,484 14,169 3,1 22,0 90,5
27 13,108 13,140 13,264 13,606 3.2 15,6 49,8
28 14,002 14,050 14,121 14,305 48 11,9 30,3
29 13,360 13,384 13,682 14,663 2,4 32,2 130,3
30 13,175 13,235 13,426 13,972 6,0 25,1 79,7
31 14,002 14,049 14,206 14,680 477 20,4 67,8
32 6,778 6,780 7,449 9,456 0,2 67,1 267,8
33 11,375 11,377 11,514 12,079 0,2 13,9 70,4
34 8,563 8,568 8,832 9,758 0,5 26,9 119,5
35 7,329 7,304 7,763 9,223 -25 434 189,4
36 8,322 8,294 8,693 9,804 -2,8 37,1 148,2
37 7,444 7,382 7,924 9,462 -6,2 48,0 201,8
38 6,959 6,849 7,557 9,713 -11,0 59,8 2754
39 6,704 6,672 7,286 9,020 -32 58,2 231,6
40 6,848 6,793 7,385 9,030 -55 53,7 218,2
41 6,716 6,623 7,444 9,958 -93 72,8 3242
42 6,533 6,446 7,236 9,577 -8,7 70,3 304,4
43 6,522 6,468 7,185 9,148 54 66,3 262,6
44 6,712 6,654 7,316 9,142 -58 60,4 2430
45 6,350 6,282 7,065 9,505 -6,8 71,5 315,5
46 6,261 6,156 6,916 9,180 -10,5 65,5 291,9
47 6,260 6,207 6,597 7,527 -53 33,7 126,7
RMS y 4,7 35,9 154,4
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M6 rong kiém tra d6 chinh xdc do cao, & Bang 3 thé hién do cao ctia 47 diém chi tiét kiém tra x4c
dinh trén md hinh s6 d6 cao cac kiéu bay 1, 2, 3 va su chénh léch so sanh véi d6 cao do bang cong
nghé GNSS/RTK. Sai s trung phuong do cao tuong dng vé6i cac kiéu bay 1, 2, 3 ciing cho két qui
tuong tu véi gia tri RMS g lan luot bi“mg 4,7 cm, 35,9 cm, 154,4 cm.

Téng hop cac két qua khao sat do chinh xdc mit bang va do cao, c6 thé thiy cac sin phim mo
hinh ctia kiéu bay 1 ¢6 thé dam béo thanh 1ap dudc tai liéu khao sat dia hinh ty 1& 1/500, khodng cao
déu duong dong miic 0,5 m. Trong khi d6 ki€u bay 2 cho san pham ph hop & ty 1 1/000, khodng cao
déu duong dong miic 2,5 m; con kiéu bay 3 chi c6 thé dung d€ bién tap yéu tb dia vat ty 1& 1/1000.
Trong thuc nghiém cdc san phidm binh dd dia hinh va mit cat doc tuyén véi ty 1& 1/500 da dudc bién
tap bang cac san pham mo hinh ctia kiéu bay 1 (Hinh 7). Tai liéu khio sit dia hinh nay dudc kiém tra,
ddi chiéu véi thuc dia va hoan toan ddm bao céc yéu cau k§ thuat.

(a) Binh dd (b) Mit cit doc
Hinh 7. Anh thu nhd binh db va mit cit doc dia hinh ty 1& 1/500 doan dudng dé Xuan Quan

Bén canh cdc sdn pham anh truc giao va md hinh do cao phuc vu cho cdng tic bién tap tai liéu
khdo sat dia hinh, viéc tao ra m6 hinh khong gian 3D khu vuc khao sat 1a mot wu diém ndi bat clia
cong nghé bay chup UAV.

Trong linh vuc xay dung cong trinh, md hinh khong gian 3D sé gitip cho ngudi thiét ké nam bat
truc quan toan canh khu vuc d€ dua ra cac kich ban quy hoach, giai phap thiét k& phu hop.Viéc biéu
dién két qua mo hinh 3D hiéu qué nhét hién nay 12 thong qua méi trudng ctia bén thi ba trén cac trang
web (Hinh 8). Tuy nhién véi cdc cong trinh c6 quy mo 16n, tuong duong dung lugng mo hinh 16n, con
c6 nhiéu kh¢ khin trong viéc chia sé san phAm mo hinh 3D.
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Hinh 8. M6 hinh 3D khu vyc khéo st (xem md hinh 3D theo dudng link [18] hodc ma QR code trén hinh)

4. Két luan

Nghién ctiu vé kiéu bay ddi phd trim & do cao 80 m cuing véi kiéu 2 ddi don & cdc do cao 60 m va
80 m dbi véi doan dudng d& Xuan Quan, c6 thé thiy kiéu bay dai phd trim cho két qua t6t hon kiéu
bay 2 dii don va ddm bao yéu cau thanh 1ap tai liéu khdo sit dia hinh ty 1& 1/500, khoang cao déu
dudng ddng miic 0,5 m. Tuy nhién kiéu bay 2 dai don cho chiing ta hiéu qua vé thdi gian bay va xi ly
4nh. Pong thoi kiéu bay 2 dai don hoan toan dam bio do phii ngang, ddp ting t6t cho cong tic bién
tap dia vat & ty 1& ban dd 1/1000 va khoang cao déu dudng dong miic 2,5 m. Nhiing san phim kiéu
bay 2 dai don pht hdp cho céc cong tic quy hoach, ddnh gid so bd cong trinh dang tuyén.

Mic du kiéu bay di pha trum tot hon vé chit lugng nhung ciing ¢6 nhiing nhudc diém vé miit
hiéu qua cong viéc. Vi kiéu bay dai phd trim dung lugng anh chup cao hon tit 3 dén 4 1an kiéu bay
dang dai, tuong dng vSi d6 1a thdi gian bay chup cao hon gan 4 1an va thdi gian xt 1y anh mét nhiéu
hon 6 1an. Nhu vy d6i v6i cong trinh dang tuyén, kiéu bay dai pht trim c6 sai s6 mit bang do cao
dam bdo cic yéu cau k¥ thuat ban dd dia hinh ty 1& 1/500 dudng dong mic 0,5 m, thich hop cho viéc
thanh 1ap tai liéu khdo sat dia hinh & céc giai doan thiét ké k§ thuat va thiét ké ky thuat thi cong.

Nghién cifu ciing chi ra mot wu di€ém ndi bt clia cong nghé bay UAV khi c6 thé tao ra san phim
mo hinh bé mit dia hinh 3D. Py 1a san pham hd trg hiéu qua cao cho cac nhiém vu quy hoach, thiét
ké va quan Iy cong trinh.

Loi cam on

Tic gia chan thanh cdm on su hd trg tai chinh ctia Truong Dai hoc Xay dung Ha Noi cho dé
tai “Nghién citu thanh 1ap ban dd hién trang 3D bing cdc thiét bi khao sat thong minh”, ma sb 68-
2021/KHXD-TP. Ching tdi ciing xin gii 16i cAm on chan thanh dén Vién Cong nghé Tric dia Xay
dung — Trudng Pai hoc Xay dung Ha Noi da hd trg ky thuat d& hoan thanh thuc nghiém va xi 1y sb
liéu bay chup.
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