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TOM TAT

Bai bdo danh gia dé chinh xéc ctia mé hinh sbé bé mat (DSM) thanh ldp bdng céng nghé may bay
khéng nguoi lai cua khu vire cé dia hinh phire tap va dién tich nhé dua trén sé luong diém khéng ché anh
xac dinh bdng céng nghé GNSS. Két qua thuc nghiém thu duoc tai khu vure khai thac va ché bién khoang
sén ctia Céng ty TNHH Tén Tién, tinh Yén Béi cho thay, 5 diém khéng ché anh la sb luong t6i thiéu can
phéi str dung dé ndn énh phuc vu xay dung DSM véi sai s6 trung phuong la 14,744 cm. Ngoai ra, s6
lwong diém tbi vu dem lai d6 chinh xéc cao nhét cho cac mé hinh DSM dbéng thoi dép (g duoc db chinh
xac yéu cau thanh Iap ban dé 1: 1000 la 20 diém. Két qua cta bai béo c6 thé dung lam tai liéu tham khéo
khi chon diém khéng ché phuc vu viéc thanh Iap DSM cho céc khu vuc cé dién tich va déc diém dia hinh
twrong tw nhw khu viee nghién ciru cuda bai bao.

T khéa: UAV, méy bay khéng nguoi lai, s6 luong diém khéng ché anh, mé hinh sé bé mat, DSM

1. DAT VAN BE

Trong nhitng ndm gan day, thiét bi bay khéng
ngwoi lai (UAV- Unmanned Aerial Vehicle) da va
dang dwoc str dung phd bién & nhiéu linh vire. Dac
biét trong nganh céng nghiép md, cong nghé nay
da mang lai nhiéu lgi ich nhw nang cao hiéu qua
va do an toan trong cdng tac khai thac dong thoi
dam bao d6 chinh xac yéu cau. Nhitng nam gan
day, nhiéu nghién ctu da (r’ng dung UAV trong cac
hoat ddng & md nhw khéo sat va lap ban a6 [13],
quan ly bai thai [12], mot sb cac hoat ddng khac
trwée, trong hodc sau khi khai thac [11], ... Hau hét
cac tng dung trén déu can phai cé mé hinh s6 bé
mat (DSM- Digital Surface Model) cé d0 phan giai
cao. B6 chinh xac ciia DSM tao ra tir anh UAV bj
anh huéng clia nhiéu yéu t6 khac nhau nhw d6 cao
bay chup, tham s6 may chup anh, d& pht anh,
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phan mém va thuat toan tng dung [1], do dai tiéu
cw [4], théng s6 dinh huwéng clia may chup anh [7],
chat lwong anh [15], & hinh lwéi khéng ché [9].
Ngoai ra, sb lwong diém khdng ché ciing dwoc coi
la mét trong nhitng yéu td anh hwéng dén chét
lwong cta DSM [6]. Nhitng nam gan day, trén thé
gi¢i nhiéu nha khoa hoc da nghién ctru dé tim ra
sb lwong diém khdng ché anh tbi wu phuc vu viéc
thanh l1ap DSM. Trong khi [19] x&c dinh sb lwong
diém khéng ché tai cac vj tri khac nhau phuc vu
viéc danh gia do chinh xac DSM tao ra tlr anh UAV
thi [3] phan tich tac déng cta sw phan b va sb
lwong diém khéng ché dén chat lwong clha cac san
phém do anh UAV. Ciing v&i muc dich twong tuw,
[17] da két luan réng sb lwong va vi tri clia cac diém
khdng ché tac dong dang ké dén do chinh xac cla
DSM. Két qua nghién ciru ctia Long va nnk chi ra
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rang, do chinh xac cia DSM dwoc cai thién néu sb
lwong diém khdng ché anh ting [10]. Ngoai ra, sb
lwong tdi wu cho tirng khu v véi dién tich cu thé
da dwoc dé xuat trong mét sd nghién ctru. 10 - 12
diém khdng ché cho khu vic nghién ciru cé dién
tich 100 ha [8], hodc sb diém khéng ché can thiét
c6 thé la 1 diém/ 2ha [5], 1 diém / 1,17 ha [2] ha
dé chup anh UAV duoc cho la phu hop dé thanh
lap DSM cé chét lwong tét. Bén canh dé, dé co
dwoc mé hinh 3D chéat lwong cao, Seung-woo Son
va nnk da nhan ra nén chon 2 - 3 diém khdng ché/
1 ha, tuy nhién con sb nay c6 thé thay ddi tuy thudc
vao dbé cao bay chup [16]. B chinh xac dwoc cho
la khong thay dbi khi sé lwong diém khdéng ché
nhiéu hon 100 diém cho khu vic cé dién tich 1200
ha [14]. Twong tw, Bu-yeol Yun va cong su khang
dinh rang DSM c¢6 d6 chinh xac 6n dinh khi str dung
8 — 9 diém khdng ché [20]. M&c du ¢ nhiéu nghién
ctu dé cap dén viéc lwa chon sb diém khdng ché

Bic difém khu do, véu ciu ki thuit,
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Toa 36 cic diém kiém tra xac dinh
trén mo hinh |

Xin phep bay

anh t6i wu phuc vu viéc chup anh UAV dé xay dung
DSM c6 dd chinh xac cao nhwng chwa cé nhiéu
codng bb thue hién & khu vwe khai thac md. Do do,
nghién clu nay dwoc thwe hién gép phan khang
dinh chat lwong ctia san pham DSM tao ra tir anh
UAV chiu anh huéng dang ké cta sb lwong diém
khdng ché anh, dac biét dbi v&i dia hinh phirc tap,
c6 do chénh cao I&n nhw nhirng khu vwe khai thac
mo.
2. DU LIEU VA PHUONG PHAP NGHIEN CUrU
2.1. Quy trinh danh gia d6 chinh xac cia DSM
Quy trinh danh gia d6 chinh xac ciia DSM dya
vao sb lwong diém khdng ché duoc thé hién trén
Hinh 1 bao gébm c6ng tac ngoai nghiép va xt ly
ndi nghiép. Cac cong viéc tién hanh & thuc dia dé
thu thap di¥ liéu anh UAV, toa d6 diém khdng ché
va diém kiém tra. Sau d6, di¥ liéu thu dwoc nay sé
dwoc xt ly ndi nghiép bang phan mém chuyén
dung.
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Chon diém k.l:_lé-ng ché va diem
kiém tra
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‘ Bo GNSS ‘
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Toa 46 cac diém
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So sinh két qua cia ting
trwémg hop |

| Phian tich, két uin \

Hinh 1. Quy trinh thwc hién ctia nghién clru

2.2. Thu thap dir liéu

Nghién ctru st dung thiét bi bay khéng nguoi
lai DJI Inspire 2 va hé thng GNSS dé thu thap div
liéu ctia khu vwe nghién ctru. Thiét bi UAV tich hop

[ SO 4 -2024

v&i camera cé kha nang quay video v&i d§ phan
gidi 4K va chup anh tinh v&i @6 phan giai 24 MP &
dinh dang JPEG hoac DGN RAW. Vé&i 10 dai bay,
dd cao bay chup 96,8 m, tbng cong 411 anh da
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dwoc chup bao pht khu vwc cé dién tich 0,191
km2. Lu6i khdéng ché cha khu vwc nghién ctru
dwoc do nbi voi 2 diém gbc toa dd Nha nwéc VN
2000, dat rai déu trong khu do va bb tri & cac vij tri

c6 d0 cao khac nhau. Bang 1 la toa d6 do dwoc
cla cac diém khéng ché va diém kiém tra trong hé
toa d6 VN2000, mui 48.

Bang 2. Toa do cac diém khéng ché anh cta khu vwe nghién clru

STT | Piém X (m) Y (m) Z(m) | STT | Diém X (m) Y (m) Z (m)

1 | GCP2 |2392731 |504184.7 | 121.863 | 32 | GCP33 | 2392814 | 504397.6 | 113.806
2 | GCP3 |2392814 |504328.7 | 115799 | 33 | GCP34 | 2392792 | 504377 | 120.643
3 | GCP4 |2392848 | 504436.5 | 121.255 | 34 | GCP35 | 2392795 | 504416.7 | 125.033
4 | GCP5 |2392819 |504469.7 | 107.365 | 35 | GCP36 | 2392867 | 504625.5 | 117.968
5 | GCP6 |2392783 | 5042985 | 108.914 | 36 | GCP37 | 2392875 | 504561.7 | 119.292
6 | GCP7 |2392752 |504242.1 | 109.008 | 37 | GCP38 | 2392868 | 504513.4 | 119.308
7 | GCP8 |2392772 | 504520.4 |102.346 | 38 | GCP39 | 2392886 | 504465.2 | 121.075
8 | GCP9 |2392846 | 504405 |121.29 39 | GCP40 | 2392903 | 504436.6 | 123.348
9 | GCP10 | 2392881 | 504414 |123.716 | 40 | GCP41 | 2392898 | 5043414 | 129.93
10 | GCP11 | 2392727 | 504599.5 | 93.876 | 41 | GCP42 | 2392920 | 504302.2 | 142.566
11 | GCP12 | 2392757 | 504607.9 | 93.81 42 | GCP43 | 2392915 | 504248.8 | 147.621
12 | GCP13 | 2392793 | 504589.1 | 93.938 | 43 | GCP44 | 2392869 | 504207.4 | 140.417
13 | GCP14 | 2392803 | 504549.1 | 94.608 | 44 | GCP45 | 2392829 | 504194.9 | 124.947
14 | GCP15 | 2392814 | 504512.3 | 99.419 | 45 | GCP46 | 2392849 | 504207 | 134.861
15 | GCP16 | 2392666 |504316.2 | 137.099 | 46 | GCP47 | 2392826 | 504241.7 | 129.474
16 | GCP17 | 2392624 | 504541.7 | 90.42 47 | GCP48 | 2392799 | 5042446 | 117.191
17 | GCP18 | 2392632 | 504432.7 | 106.294 | 48 | GCP50 | 2392794 | 504157.8 | 108.346
18 | GCP19 | 2392831 | 504546.6 | 105.345 | 49 | GCP51 | 2392768 | 504653.6 | 78.705
19 | GCP20 | 2392688 | 504232.3 | 142.342 | 50 | GCP52 | 2392698 | 504637.5 | 82.054
20 | GCP21 | 2392960 |504349.7 | 114.589 | 51 | GCP53 | 2392711 | 504609.9 | 85.326
21 | GCP22 | 2392779 | 504398.6 | 121.067 | 52 | GCP54 | 2392701 | 504580 | 92.781
22 | GCP23 | 2392808 |504349.1 | 110.241 | 53 | GCP55 | 2392698 | 504545.1 | 93.238
23 | GCP24 | 2392779 | 504333 | 110.611 | 54 | GCP56 | 2392730 | 504523.1 | 102.096
24 | GCP25 | 2392755 | 504339.5 | 110.238 | 55 | GCP57 | 2392716 | 504497.1 | 103.295
25 | GCP26 | 2392753 | 504364.6 | 111.105 | 56 | GCP58 | 2392725 | 504465.6 | 104.459
26 | GCP27 | 2392752 |504400.7 | 109.595 | 57 | GCP59 | 2392742 | 504436.1 | 106.283
27 | GCP28 | 2392759 | 504431.4 | 109.491 | 58 | GCP60 | 2392734 | 504390.7 | 111.191
28 | GCP29 | 2392779 | 5044495 | 111.318 | 59 | GCP61 | 2392676 | 504350.3 | 120.293
29 | GCP30 | 2392806 |504457.7 | 110.827 | 60 | GCP62 | 2392706 | 504305.7 | 111.994
30 | GCP31 | 2392819 | 504434 [ 112926 | 61 | GCP63 | 2392711 | 504259.2 | 123.172
31 | GCP32 | 2392727 | 504599.5 | 93.876

Ghi chu: ddu chdm “. “ 1a dAu thap phan
2.3. Chuan bj di¥ liéu dé danh gia dé chinh xac
cta m6 hinh s6 bé mat

DPé phan tich anh huwéng cia sb lwong diém
khéng ché anh dén dd chinh xac ctia DSM, 7
phuwong an dwoc thiét ké véi sé lwong diém khéng
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ché va diém kiém tra khac nhau nhw Bang 2. T
do, 7 DSM twong (rng dugc xay dwng. M6 hinh
DSM va danh gia do chinh xac cla két qua thu
dwoc sé duwoc trinh bay chi tiét & phan 3.
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Bang 2. S6 Iwong diém khéng ché anh va diém kiém tra sir dung cho cac trieéng hop khac
nhau
Trwong S6 lwong diém khdng ché S6 lwong diém kiém tra
hop S6 lwong Tén diém khoéng ché S6 lwong Tén diém khéng ché
2-3-4-5-6-7-8-9-10-11-12-13-14-
15-16-18-19-22-23-24-25-26-27-
28-29-30-31-32-33-34-36-37-38-
39-40-41-42-43-44-45-46-47-48-
50-51-52-53-54-55-56-57-58-59-
60-61-62-63
2-3-4-5-6-7-8-9-10-11-12-13-14-
15-16-18-19-22-24-25-26-27-28-
29-30-31-32-33-34-36-37-38-39-
40-41-42-43-44-45-46-47-48-50-
51-52-53-54-55-56-57-58-59-60-
61-62-63

2-3-4-5-6-7-8-9-10-11-12-13-14-
15-18-19-22-24-25-26-27-28-29-

3 10 16'17'20'?1'_253;'35'39'45' 51 30-31-32-33-34-36-37-38-40-41-
42-43-44-46-47-48-50-52-53-54-

55-56-58-59-60-61-62-63

3-4-5-6-7-8-9-10-11-12-13-14-15-
19-22-24-25-26-27-28-29-30-31-

4 15 2;3274;8420551;3535 46 32-33-34-36-38-41-43-44-46-47-
48-52-53-54-55-56-58-59-60-61-

62-63
3-4-5-6-8-9-10-11-12-13-14-19-
24-25-26-27-28-29-30-31-32-33-
34-36-38-41-43-44-46-48-52-53-
54-55-56-58-59-60-61-62-63

3-4-5-6-9-10-12-13-14-19-24-25-
26-27-28-29-30-32-33-34-36-38-
41-43-44-46-48-52-53-55-56-58-

1 4 17-20-21-35 57

2 5 17-20-21-23-35 56

2-7-15-16-17-18-20-21-22-
5 20 23-35-37-3-40-42-45-47- 41
50-51-57

2-7-8-11-15-16-17-18-20-
6 25 21-22-23-31-35-37-3-40- 36
42-45-47-50-51-54-57-59

60-61-62-63
2-7-8-9-11-15-16-17-18-20- 3-4-5-6-10-12-13-14-19-25-26-
7 30 21-22-23-24-31-35-37-3- 31 27-28-29-30-32-33-34-36-38-41-
40-42-45-46-47-48-50-51- 43-44-52-53-56-58-60-61-62-63
54-55-57-59
2.4. Phan mém xt ly anh mém (Import Images); (2) Sap xép anh UAV (Align

Nghién cu s dung phadn mém Agisoft Images); (3) Tao dam may diém (Build Dense
PhotoScan dé& khép anh, tao dam may diém, xdy  Cloud); (4) Tao mé hinh 3D (Build Mesh); (5) Xay
dwng DSM va thanh 1ap binh d6 &nh. Trinh tw x&* dwng DSM (Build DSM); (6) Xuat két qud DSM
ly anh UAV dé thanh |1ap DSM bang phdn mémnay  (Export DSM). Ban chat cia phwong phap nay la
bao gébm cac buwéc sau: (1) Nhap anh vao phdn  toa d6 va dd cao cia 1 diém dwoc tinh dwa vao
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cac diém anh cung tén cla diém d6 chup tir cac vi
tri khac nhau. Qua trinh xt ly anh dwoc thwe hién
dwa vao cac yéu té dinh hwéng trong, dinh hwéng
ngoai va cac diém khéng ché anh. Méi diém déu
c6 sb lwong diém anh cung tén twong dbi Ién nén
phuwong phap binh sai da tia (Bundle Adjustment)
dwoc st dung [18].
2.5. banh gia do6 chinh xac

D6 chinh xac cla DSM dwoc danh gia bang
cach so sanh toa do cac diém kiém tra trén mo hinh
vGi toa do cla cac diém trén méat dat twong ng.
Cac diém kiém tra dwoc xac dinh toa do va dd cao
bang phwong phap GNSS va khéng tham gia vao
qué trinh n&n &nh. Dya vao sai sé trung phwong
mat bang, d6 cao va s dung cac cong thirc sau
day dé danh gia do chinh xac ctia mé hinh sb bé
mat:

AX; = Xpsmi — Xgepi (1)
AY; = Ypsmi — Yocpi (2)
AZ; = Zpsmi — Zgepi 3)
RMSEy = [(%) g;lel?] (4)
rMSE, = [[(3)zn, av?] (5)
RMSE, = [(%) g;lAzl?] (6)

Hinh 2. Khu vwc nghién clru
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~

RMSEyy = J (3) i, [ax? +av? ] (7

1

RMSEyy, = \/(_) n [AXZ + AYZ + AZ?] (8)

n

Trong do:

Xpsmi va X‘GCPL' » Ypsmi vaYeepis Zpsmi VA Zgepi -
Cac thanh phan toa d6 twong (rng ctia X, Y, Z cla
cac diém khdng ché anh hoac diém kiém tra trén
m& hinh DSM va do ngoai thyc dia;

AX;,AY;, AZ;: Céc gia tri chénh léch thanh phan
toa do;

RMSEx, RMSEy, RMSExy, RMSEz, RMSExyz:
Sai s6 trung phwong twong ng theo cac hwéng
truc toa do X, Y, mat béng, db cao va téng hop;

n: Toéng sb diém khéng ché anh;

3. KET QUA VA THAO LUAN
3.1. Khu vwe thuc nghiém

Nghién ctru tién hanh thye nghiém tai khu ché
bién va khai thac khoang san thudc quan ly cla
Coéng ty TNHH Tan Tién, tinh Yén Bai (Hinh 2).
Khu vie thwe nghiém co dién tich 0,191 km?, véi
dod cao dia hinh tv 77 dén 163 m (Hinh 3). Dia
hinh nay dwoc coi la kha phic tap do cé chénh
cao I&n, nhiéu dia vat va thwc pha.

160 m

150m

140 m

130 m

10m

100m

I l l l l I
I ] ] ] ] 1 -

Om 50m 100m 150m 200m 250m

Hinh 3. M hinh s6 dd cao khu vwe nghién ciru
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3.2. Két qua va thao luan

V6i s lwong diém khéng ché va diém kiém tra khac nhau, sai sé trung phwong mét bang, d6 cao va
tdng hop cla tirng trwdng hop sé khac nhau. Bang 3 thé hién chi tiét cac sai s cho 7 trudng hop.

Bang 3. Sai s6 trung phwong ctia cac diém khéng ché anh va diém kiém tra moé hinh

Trwdng Sé Sai s6 trung phuwong RMSE (cm)
hop diém Mx my mz | My | Myyz
Diém khéng ché anh
1 4 14.116 14.884 15.014 20.513 25421
2 5 8.404 7.798 9.268 11.468 14.744
3 10 5.265 5.332 5.290 7.493 9.173
4 15 4.086 4.236 4.102 5.885 7.174
5 20 3.030 3.121 4.327 4.350 6.136
6 25 3.025 3.110 4.321 4.339 6.124
7 30 3.015 3.102 4.313 4.326 6.108
Diém kiém tra mé hinh

1 55 13.957 14.541 16.260 20.155 25.896
2 56 9.474 9.522 12.223 13.432 18.161
3 51 5.585 5.485 8.682 7.830 11.691
4 46 4.884 4.671 7.610 6.759 10.178
5 41 3.873 3.985 6.879 5.556 8.842
6 36 3.863 3.963 6.802 5.534 8.769
7 31 3.848 3.946 6.754 5.512 8.718

Ghi chi: ddu chdm “. “Ila dau thap phan

Két quad & Bang 3 cho thay, sb lvong diém
khéng ché va diém kiém tra anh hwdng dang ké
dén dd chinh xac ctia DSM. Néu chi st dung 4
diém khéng ché anh dé xay dwng DSM thi sai sb
trung phwong thu dwoc (20.155 cm va 25.896 cm
twong (rng cho sai s mat bang va sai sé tong thé)
khéng dap ng yéu ciu vé do chinh xac dé thanh
lap ban dd 1: 1000 cho cac dw an vé khai thac ma.
Tuy nhién, sai sb trung phwong mét bang va tong
thé dwoc cai thién dang ké khi sbé diém khéng ché
anh tang, t 20,513 cm va 25,421 cm dbéi voi
truong hop 4 diém gidm xubng con 11,468 cm va
14,744 cm twong trng voi trrong hop 5 diém. biéu
nay cé nghia Ia, ngoai tr» trudng hop thir nhéat st
dung 4 diém khdéng ché cho két qua sai sb trung
phuwong Ién, tat ca 6 phuong an con lai déu cho
két qua v&i do chinh xac dam bao yéu ciu. Ngoai
ra, két qua thu dwoc con chi ra rang, cac sai sb
trung phwong van tiép tuc gidm néu sb lwong diém
khéng ché anh tang 1&n dén 10, 15, 20 diém. Tuy
nhién, sai s6 nay khéng co sy thay ddi nhiéu trong

N SO 4 - 2024

cac trudng hop st dung 20, 25 va 30 diém (sai sb
mat phdng 4 cm va sai s6 tdng hop 6 cm). Vi vay,
viéc tang sb luwong diém lén vwot qua 20 diém la
khéng can thiét. Do d6, dbi véi khu virc nghién clru
cla bai bao, s6 lwong diém khdng ché anh cé thé
st dung dé théa man dod chinh xac yéu cau la it
nhét 5 diém, nhung sé diém toi wu dé xay dwng
DSM c6 do chinh xac phu hgp cho cac dy an khai
thac mé 1a 20 diém.
4. KET LUAN

Bai b&o d3 tién hanh nghién ciru vé anh hwéng
cta sb lwong diém khdng ché anh dén dd chinh
xac cia md hinh sb bé mat. Thiét bj bay UAV duoc
st dung dé& chup 411 anh cla khu vuc khai thac
md Yén Bai. Viéc phan tich dwgc thwe hién dwa
trén 7 trwdng hop voi sb lwong diém khéng ché
anh khac nhau 4, 5, 10, 15, 20, 25 va 30 diém. Két
qua thu dwoc cho thay, sai sé trung phuong myy, va
My, tang lén khi sb lwong diém khdng ché anh
tang. Ngoai ra, két qua thu dwoc cho thay, dé sai
sb trung phwong thu dwoc dat dd chinh xac yéu
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cau lap ban dd ty 1& 1: 1000 phuc vu cacdw an khai  ché 1a sb lwong t6i wu can s dung cho nhirng khu
thac mé thi sb lwong diém khdng ché cé thé chon  vuc khai thac md cé dién tich, quy mé va dia hinh
it nhat 13 5 diém. Tuy nhién, dé nang cao d6 chinh  phurc tap nhw khu ve nghién ciru ctia bai bao
xac, tiét kiém thoi gian va chi phi, 20 diém khéng
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ABSTRACTS

This paper assesses the accuracy of the UAV-based Digital Surface Model (DSM) in a small area with
complicated terrain based on the number of ground control points determined by GNSS technology.
Experimental results obtained at the mineral exploitation and processing area of Tan Tien Co., Ltd., Yen
Bai province show that 5 ground control points are the minimum number needed for image correction to
generate DSM with a mean square error of 14.744 cm. In addition, the optimal number of ground control
points provides the highest accuracy for DSM models while also meeting the required accuracy for
creating a 1:1000 scale map of 20 points. The results of the paper can be used as a reference when
choosing ground control points to establish DSM for areas with areas and topographical characteristics
similar to the research area of the paper.

Keywords: UAV, Unmanned Aerial Vehicle, number of ground control points; Digital Surface Model,
DSM
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