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Quality Asessment of Three Dimensional Topographic and Building
Modelling using High-performance RTK Drone
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Abstract Recently, small commercial drones equipped with advanced sensing technologies have had
extensive applications in numerous fields, including disaster management. This study presents a
comparative analysis of three drone mapping approaches: conventional, terrain follow, and smart
oblique approaches. This was done using a drone with built-in real-time kinematic (RTK) GNSS and a
high-resolution camera to evaluate the performance in terms of geometric accuracy and 3D modeling
quality. It is expected that sufficient geometric accuracy of orthoimages can be obtained through RTK
positioning and bundle block adjustment in areas where speed and timeliness are required, such as
damage assessment in disaster sites. However, even commercial drones may need to secure positioning
accuracy within 2-3 cm using ground control points depending on their final applications. The
geometric accuracy of orthoimages for the conventional and the terrain follow approaches showed
better positioning result than the smart oblique approach, which combined vertical and oblique
photography. Despite relatively low positioning accuracy, smart oblique drone mapping approaches
effectively generated a 3D building model with better completeness than conventional methods.
Considering the characteristics and positioning performance of each drone mapping approach and the
experimental results of 3D modeling, the use of drones in slope failure investigations or risk assessments
in mountainous areas can be expanded through drone mapping using RTK drones and a digital terrain
model (DTM).
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EHo] wet et 5l WY =9 FH7t
LiIDAR < AF&et 32 A A], ofe ARl
F A= e FARFA 1Al wat ge} T
2} &2 LiDAR AA7F &8 4= 7] dielth
T2 A 71e/fd 20109 o]F EE2ARIESTF
8 AT ELoIE /e 2 Agisoft, Pix4D, Bentley,
Dronedeploy®t A AlA &% A& E& AEY 70%
oS S = DJIAKE W7t Bfet BEE §
o CEHY AXEQOE T SAlote] STRE A
& T 70| HloJHE YRESHL A, A&
ASsk= 7157HA Algsta o101
71£9] EEYE WAL 714 E 9 et At
Z¥=(nadir direction)2 ¥4 A=2E wet v|dsty &
BARE 2 ZYstEg, AP 718o] Sle AR
oy} 32+ AFE FHol| ek 2d AFol= AL
S o8] AFAHClA X&3E vt QUeH1-3]. 3L
DTM} 22 AP H ] ARGt ot &Eo] €A
H 7HEte] 9K, Y, 22 31A7He, ¢, k)= A4S
of 139 £ ARl 9T 4 e ABH EAS
7|80 2 sh= HPAYS ol WHEC] AQMESL
T3],
£ =RolAe At BFRAE ) FF1%7t
AT BA| oA rsde] 1Y EEHY =
U= 7129 EEHY A e EEY
o oIt 32+ A PR AFHATRE B|a-EA5t
LAY QA PR} A A AEA S
g 39 FAAA AHE tideE AR
ol& flsl A HY E& FF3EIH AF7IEH
T EE2YY AAEE At F3ES
s Bristch

il

e

A(—)]—r
=

0.



8% 349 AYAE mdy B4}

(a) Normal method
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(b) Suggested methods in this study

Fig. 1. Drone imaging methods for 3D terrain and building modelling
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o7 oulyg -3 FYErt £0.1m=2 P AT
Zenmuse P1/L1 A4 E27} 7153t DJT Matrice 300
RTK EE£L2 ot 539 S AYst ot
DJI Matrice 300 RTKO| 424 Zenmuse P12 F7|
800g2] g3t 7Hiete, AlA= 35.9%x24meo] & =
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Table 1. Specification of DJI Matrice 300 RTK and its built-in optic camera

DJI M 300 RTK Specification Features DJI Zenmuse P1 Specification Features
Size 810%670%430m Size 198 x 166 % 129mn
. 6.3kg .
Weight (incl. battery) Weight 800g
) Max. 17m/s ) 35.9%24m
Fight speed (P mode) CCD size (full frame)
Flight time Max. 55min. Effective Pixel 45MP
Hovering Hor.: £0.1m I i 8,192 x5,460
accuracy Ver.: £0.1m mage size (3:2)
Hor.: +1.0en Aperture /2.8~/16
RTK accuracy Ly
Ver.: +1.5cm 1SO 100~25,600
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Table 2. Experimental circumstance of Matrice 300 RTK and its built-in Zenmuse P1 sensor

Mapping Flight Camera Overlap/ . . Ground coverage . GSD
mode height(m) angle(®) Sidelap(%) Flight time (nf) No. of image (em/pix.)
Normal 150 90 80/80 4m 53s 53,428 208 1.88

Smart Oblique 200 90/60 70/80 8m 21s 43,270 218 2.51
Terrain Follow 88~174(80) 90 80/80 10m 53s 43,274 628 1.00
2.3 A5 g 9l Hx} | Drene flight planning |
E£2 Ygslo] AIHES AT v, FH] ot —
_ _ S Surveying wi
T YA 5 F9 FFL Aol Shlsfof sk, 4t | ymo |
AN Ba] B 5 Y BAAA AFRL Fet 2

Hotal, ARZIEE AldE
ol& 113}o] H‘_i%

7t Fasi. 7|20 B2 FEEY2 7}‘31]3} 7#1:._3 &
Ao Agsal %lzéi 2 koA olFojAEE,
53] AR oy 33k 52 SHol dist e A=t
of HAZF AASIAT. olE sast] {sf Akt A1g e
715 Rigto] weh ARt wigalol A Gy 3 —’r—‘“
SHAY BILE ARSI A1g Hato] whet A
vk A ARME . AldES] 33 & é%
got7] sl i A= 2 g3t o 59 9
oA BAEYE st A5E] HEu S99 37
Al

;g_u;_ 7};(4_3 _,_]Eo]-o:" EJ]/\;q qgnlo].__ H}—ATE
Qt=]1

2 AFolAs AGARY] gafiRAt Aty 4l
ZARE 918 A Al&g W3 Ao 5T} 2t
EAYE Yol o 22 A7 o E AP
A XH"]’ A8 B7RE AR A A 9E AAsta, 1
A9g tFo=Z RTK-GNSSE 8ot A4 714
=S Hotat. 7189 52 F3E 4l (normal)
I AF-AEY Wi 3 HdFS Ao =2/BA
29 W3 A (smart oblique)dt A P74t F3FY
B (terrain follow)22 AR|H9 E2 FZIAS
HSstt. Z49] 329 o) wet EEHY AR
SWollAl 27| A=A, HL/w4 4874, DSM/DTM,
AR 59 HF HE A= sl 4 &
£ F3EY AR AA(check point)d] 914 2
et ndsy A A vu-EAse] =2y g
=& B7lelickFig. 2).
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Fig. 2. Flowchart of study
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Fig. 3. Location of GCPs and CKs

Table 3. Results of GCPs surveying

@© GCP(1~4)
ok Check point

Point X(m) Y(m) Z(m)

GCP1 325319.625 192129.153 92.533
GCP2 325334.488 192109.452 92.671
GCP3 325306.695 192067.873 91.319
GCP4 325279.529 192010.866 90.145
CK1 325308.905 192100.015 91.878
CK2 325315.489 192089.131 91.796
CK3 325301.644 192082.912 91.516
CK4 325291.449 192049.709 90.777
CK5 325293.907 192027.831 90.344
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A 7R G B A2 A QY 2ot Bk
AR 4343 AA B8-S F71 BIofof stEE,
W3 F9E o GA Yot E APt HFF
271 71& HAET 5 Aot APgog X9A]7] wEe]
¥ AR 9] EolE NEste] HPIEE 200mE
a7gstaint. 7igt 24 o) Ak 90°, HAREY
RS 60°% AAstSirt. ARRIS] FE L= Bl ZgaF
ZE T (overlap)= 70%, FA2 A FEZ(sidelap)
= 80%= A3k 1’4‘ HIPAIZE 88 21%, EPHSA
2 43270m, ARl = 2184, GSDE 3 OI'HPO(}_E
2.51cm/pixel AT} U}X]‘l}_i 2| G718 g 14
2 A A ARG EE F3EYS B A
9] DSME Al&gt F, Matrice 300 AEEH] st
gt} o] DSM HHE B HELES 80m= A}
ot ZHEE 2= s WRH90°), FEE 247 80%,
80%E AAsIoith. AA HIP == o]FX ] st
g 7]&20= 88mollAl 174m7HA] EFHYoH, F
HIPAIZES 107 53%, EFHAL 43,274, AA| &
I A = 628%, GSD+= len/pixel2 Hat Hlﬁﬂ"'
T7F 80m=E AAF7] i ARH o 7P =2 At
7 HFEE Bt

i

3.1.3 E2Ud = Tt

2 AFoA ARSEH EEfY AR ATEOE
Pix4DMapperZ, ¥8}, ta-E4 1= 55 AT
% 93, st AAEd DSM & 33+ 2E9, &
A9 59 ATES AR 4

A7 Ed EF 4T ARE ool wE Wy gt

Sk 019 AP FE W 02 FF AYAAT.  Be) B WS WP 949 2 BERY WA
Table 4. Comparison of mapping accuracy for different drone mapping methods without GCPs surveying
results
Normal Smart Oblique Terrain Follow
Point
dX(m) dY(m) dz(m) dX(m) dY(m) dz(m) dX(m) dY(m) dz(m)
CK1 0.064 0.038 0.224 0.041 0.005 0.243 0.032 0.007 0.217
CK2 0.067 0.033 0.228 0.037 0.008 0.249 0.026 0.005 0.201
CK3 0.075 0.037 0.232 0.065 0.001 0.259 0.041 0.008 0.194
CK4 0.051 0.016 0.247 0.046 0.027 0.241 0.022 0.002 0.218
CK5 0.067 0.015 0.242 0.050 0.021 0.288 0.042 0.004 0.233
RMSE 0.066 0.029 0.235 0.049 0.016 0.257 0.034 0.006 0.213
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Table 5. Comparison of mapping accuracy for different drone mapping methods with GCPs surveying results

Normal Smart Oblique Terrain Follow

Points
dX(m) dy(m) dZ(m) dX(m) dy(m) dZ(m) dX(m) dY(m) dZ(m)
CK1 0.000 0.004 0.012 0.005 0.010 0.000 0.002 0.000 0.016
CK2 0.003 0.003 0.013 0.009 0.011 0.008 0.004 0.013 0.001
CK3 0.006 0.004 0.018 0.017 0.019 0.020 0.010 0.001 0.002
CK4 0.009 0.009 0.009 0.005 0.003 0.003 0.008 0.014 0.030
CK5 0.005 0.002 0.047 0.001 0.008 0.053 0.011 0.011 0.047
RMSE 0.005 0.005 0.024 0.009 0.011 0.026 0.008 0.010 0.026

2 HE3] A GNSS EF4d el Wy AgukEel
AtgZdol A HET AARY ddist#ste] RMSEE H]
B9 RTK 7152 7K 146 B2 J& 1
ot} AA71EH S5 JIE o] 8oHA Yol A A
Algk 3744 E2 3 HAoR EENES FYPI
= f ¥ FEEE gRIstt. o] W, GNSS AT
AArG/de TAT AARICIA =33 #EFS] RMSE
v|wste] B4t 7|E 52 Y W 5
HF RMSEE 22+ 6.6em, 2.9cm, ZHFFE 23.5m%
o, 5
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(a) Normal

(b) Smart Oblique

(c) Normal

(d) Terrain Follow

Fig. 4. 3D point cloud models results each drone mapping method: Building(above), Steep slope(below)
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