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Abstract

In this paper, the advantages and disadvantages of different models and software are verified
through the comparison of 3D panoramic model construction, with Nanjing University of Informa-
tion Science and Technology and Chengxian College of Southeast University as the research area,
based on UAV tilt photography technology, PINTOM4RTK and MAVIC2Pro are selected for flight
operations. After comparative analysis of several common modeling software, content capture and
Dji Terra processed remote sensing images were selected for 3D modeling. After the comparative
analysis of the real-life 3D modeling, the expected effect was achieved, and the advantages and
disadvantages of different models, software and flight altitude were obtained. It provides a refer-
ence for the future 3D modeling of smart campus real scenes.
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1. 518

AR5 B 4% AR 7 T A L Tt B AR T o 0 TR B &S 2010 4 A 1E 2R I 2 Hh PR A L 5 0 20308 SRR AN 45
BB R[] 4 B BIRE A A 19 55 55 = SRR 4 AR 2 1 B 24 4 B8 IR B AR AN = 4 v SRR o A3 e
W TSI s 2 — 2] R TS ANUAMETR B 5 S D S5 R S SRS 5245, AT DA R] B 32 i = 4 8t
RV MR BLSE R . R AR S O 8cR, B RIME 2 w8, AR 5507 TH AR 2
EARFA[3]. BURHER AT LA SR TR A = ROR 4 ARk SE R R, R ANUE A K KR ER
PERIIE TARAE S5 5 A AL AR, BRARERAEE SN ST 58 BE (4], H A P9 58 0 MRS 3 B R TE
FATM I N AT T T2 B0 FE, AER S AN AL R RN P 0o T AR R0 R DA R Bl A 42 1) () W 9 i 55 /D> o
ARSI = A A SR R F 0T SR B TR AN [ LAY DA R A B AR i, T DAE DG A S5 R RIS &
IS BfE. AT R R AMTE S &, TR A, BEAMYSIIE L. SR EE LR RA
PHANTOMA4RTK 1 MAVIC2Pro 73 it AT £t R 5, S E18aH A MAHEA B, X A B TTRA
DJI Terra FI context capture 7 #4740 EE, 7= 458 productionl A1 production2, X /™= Hi A5 B 3E 47 X6F
EG,  DLCAR T PR AR A & AR 35 o i i X B A e AHUAE P 72 s 1) 1) BB, AR R
TAMLS BRI X8R B H context capture #EATACEE, 77 AR production3, 8T X} kb & 7=
H %Y production2 FI production3 ISR, 43 Bt AN [F) 85 Sk BIT R AR IR 5248 DRI AT T e 44 7 RS R R 1) 5%
B X AR R B Bl MAVIC2Pro BEAT $di R 4E, AT F i, 53184 C, WHUR4A C
FH context capture FEATALFE, 77 AR productiond, XS M 27 AR A production3 Al production4
BIRCER DA 3 A AN a0 e B VR LT T A5 28 o B () 5 o e 258 )7 RS 2R 2 Dy i S — R ABE R f vy e i
BiRfEt—12%.
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2. TAHBRBRAEAR

R BV N — DU HE RIS I R HOR,  fefif i KR B N 4 5 X AR, il B e &
PN ELAR G BANEARME G, LM E. AN ML, REM K EEPE
AMBURH R, B BT A, Reninik 52 e) N R T Al G, (At &aE s, 2306 GPS
TS SRR R A ROAR A B E BB

21 HRiER

4% 2R T AN UBTRE BAR B LA SO A 2 A8 A5 BT REEFN = 4 TS M e R, F T B 3hy
TETE AL R 52 7 4% s 2 PR i R i P T4 S 11 25 2 e 2E 1K) BB B RS AR P SR R LA
BT N FH ARV AT R A 1) 5 J2 22 (AR Ak S RS I R[5 ] o A4 R IR A 15 B 7 B B SR IS AH %o 38 5041
KB 43 A T AE R DX 3B 1m0 -5 5% [ F 2 17 8 1) DX 3B PRl P 5 9% 0 o SR — R B e 45 A ZE W
Wz LT3 R S UL A7 BB AR ] s () AN 5 T PR T A AT SRR M & L dsk H bR R R LGS
BT LA 5 2 T R P N R s A% 05— M A AR s e R e 05 3% s, iR s H AR5 0
By AR B bR AR EE 8]

2.2. ST

AR S HOR T D5 220 E B AR S AR O T A 2 . WUAT R B MRS, = A MR
FHERE RS
2.2.1. HOTE yr¥EER

HhTH 43 7% 58 (GSD) A& 16 B 22 K FIT RE 2% 71 110 S AR ol Fr 2 vt Bl (Lt 1=22K) il LME LI R/ R FoR
—FRAZTTRE /N, MO A R, (5 B R K[6]. GSD Ry B S 4 U HE A TR Ak B 14 LA LA
R MRS B A S b B AR AR A M EAT 0T, T8 LR LIENS % .

Table 1. Ground resolution takes the value reference
F 1. HESHEEERESE

32 P B R HhTHI 73 HEE (cm)
1:500 <5
1:1000 8~10
1:2000 15~20

222 fRITRE
WUAT = FE AR S ORI L TR o e e, TP A KW R A s
f xGSD

H= ,
a

Ho H 2R R, A ms fRBELER, SACh mm [7]; GSD &M HER, BANm; o 1%
JCRSE, BAA mm [7].

W R AR B S R RS R, W] A& X PR TE ANLBORTAT = B, (R IR AT R S8 A HiE
d 2, BIANAZ IR ERE TAEE, H HAlEd e R ) [7]. (RS EEH s S e )
HE: B XNHIE R ZEAR KT 16 fim, FISEEHRERREE. TIFEE. TN ZEERE,
TEI J& 5 BB A BEFRFR (R HT 52 T SR 8 A RE B BT =5 [8]
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223. EBE

WiIr) S R R — 2k LTk AAME H I EE R, — MK 60%~80%; 5% ) F.5 & & 6 P8 5 AH AR
2k EB A Z M EL R, — B 30%~75% [8]. HBEHH AU FHR:

Py = Py +(1—py )Ah/H g, =qy +(1-gy )Ah/H,

A px, oy A28 L ) BB P RN 55 1) B B B (%) [8)s py, Oy AR MG Fr BT IA) R 5% 1) b i HE B 55 (%)
[8]: Ah AN THFEMEMEZE, A hm; HE2BEHE, B m[8]. Hitwsn, E2EEH
M FRAEI A EZ Ah g, Ah N O R, HESEGHRMEEEMR, RERiHMEFESEN EEREeE
RIZ, —FE 2 38 0 .5 B DU R B 2R [8] .
2.3. fingeMmx

{8 FCEE R DJI Pilot AT 2 itk . W B R T EE &S TR X b & 8551 25% LAk 4
RAeERED ., BdEAEE T EECEMAESER, N7 HREFEE RS K E SR NN E S 80%.
ZEBEN 10%. WETESE. BimairENiLiE s, Nigkis &AM E. EfigtlsE
BiE, TENZIH TN, ERIT AR, FURSHAE NI
3. SEER=HEERA

TETANITIF T X AT HAE RE G, W RERFCGEIE T, Hk, MERAHRE, 4
ARG POS Bk« ARG 4% S5 E BT s rh = A [9], AR5 IE G Ui ARk 1E . PG 166 .
G PR AR, =g, IR RS N = g e R A 1 R

Bl RATT 5

|
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Figure 1. 3D modeling process for remote sensing imagery
1 BB HEERIE
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H#7, Context Capture. PhotoScan. DJI Terra LA A Pix4Dmap-per JoMk Ft 3 iR IR R S i1 4,
I A BRRE . AR RS 7 TN DR B AT X b, Ak 2 PR, 456 % IS 405 1 # Context

Capture A1 DJI Terra /£ i el Sk 5t = 4ERE AL A6

Table 2. Comprehensive comparison of modeling software
= 2. BERHLEZEE I

WA 44 TR Context Capture Photoscan Pix4Dmapper DJI Terra
AR T S ex eN R
BEAURE 0 5 [ aE ek th
s UM R EZ b /b b
TAEE h % % b
HE Ty =1 % el {1iS
A% ai {[iS = &

4, RESER=#EENH
4.1. el ENER

1) Blnthsd: BEIFATI BT, 1058 BB S TE L AT RE fE /AT I T3 -

@O XM SRVFIITEOLT AT UAE RATAIAT I, 2R PEASSRVRIOIE D0 T AT LALE AT S5 oA A 25

@ 1A X HEATE 4 MR R GER LT A B DA E 5 A4 )

@ RMJH AT RiE, 1] RS REYY 51 A% ] BN I X

@ G458 R BLZ AT BLAE B A AR 145 M

3) ML X Ik E

@ #£ DJI PLIOT 8375 B Al X 42k;

@ FERIE X IR B B TR ) X 35K

@ BEFRE. T8 E R

4) WTSHIE

@© BB, R E b e RS O 45 i A R 4 1
@ BE THE, fEEMEDRE TR

® WEKIZMESS, 7E DI PLIOT i mH ik E B R R N ES R,
@ WEZGIMMAE, 76 DI PLIOT Hif @ik &+ & B = 611 f 60"

4.2. FEREEBREFE

X A HE B R KA A# K58 PHANTOMARTK B AHLAI K8 MAVIC2Pro o ANLIE MR IR %,
PHANTOMARTK &L AWl KAT#HRZSH WL 3, KiE MAVIC2Pro L AN CATHRSHN % 4. 1 H
PHANTOMARTK Jo AMUAENLI, 525K S Xk A1 1394729 ~F-J7 K, Rl4r )\ A Wifet X f . Hi4fs
PHANTOMARTK Mit&is 2 k5 BEER, KM ESE R E N 80%, FRESLREN 70%. HIEKEX
Wi 110 K. MK 229 A H. WATEE R E N 120 K, KATRZEK 52 K. I MAVIC2Pro
TAMUEALIE, 20 NPAS X I Wi S W 80%, 55 (M S % E N 70%. ATLKE 174 A H.,
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RATREEWREN 120 2K, ®ATAERIK 24 BRI

X 7R A K2 A 0 2 B A8 K88 MAVIC2Pro e AWULE Bk 3 45 - {8 MAVIC2Pro JE AMLIEMLES
LEFTRI X IR B ESERERN 80%, FHESEREN 70%. MLKE 83 AH. WITmERTHN
158 K, ®ATHEIXR 12 ZLIR.

RG], R DR IATHIRAT S, £ L 10 SE T 2 20X A A LT ©AT 7Rk, 78
T LR B 28 R R, SEBEAEARNL, AN BRSEL, B = a R MAE N 60 i, iRk
PEEPE R MR IE, RO, MY R R, TN AN ERGR RS L. RS, E3
B S, e RO B, RS R M TR MR R A . TR S, TER AL
PUTAESS BT ANIRES, BAORMUER B & B TAE, fERANEHT TR R, EEoksn
oo G ARAASEIN AR I R, 2 S EUS AL B R MRS S I . B RS B LR R AR AT 55 45 R R h A 5
B s, PHANTOM4RTK H£3K74 13,859 MR #5414, MAVIC2Pro L3k 8233 lEH M5 . A KK
BB EAT & 4 R R R B SA 8 i, MAVIC2Pro HL3k 2842 M8 A 3045

Table 3. Aircraft parameters
F 3 ITHREY

PHANTOM4RTK MAVIC2Pro
W EE 1391 ¢ 907 g
LA R 350 mm 354 mm
®ATHE 50 km/h 72 km/h
KAITEE <500 m
AR AL S 1 3~k CMOS; 2000 Jifg %
100~12,800 (F-3)
1SO S (¥30)
“RATHTIA] 30 min 31min
TAEREEEE 0°C~40°C —-10°C~40°C
. FOV 84° FOV: 77°
e SRR 35 mm SAHERR . 28 mm
e R =N i = 57 2y
AR B 5472 x 3648
HE A% ok JPEG
N 5 2R
HUA
Table 4. Image information
Fz4 HBRER
AR A wAE = AHAL s R~ £ 35 mm AR
PHANTOMA4RTK 13,859 DJI FC6310R 12.8333 mm 8.22031 mm 23.0596 mm
MAVIC2Pro 8233 Hasselblad 13.2 mm 10.4877 mm 28.6028 mm
43. RESLR=4EE
4.3.1. BELE
TN CATAE Y 58 B S 46 2 B8 i B s et B R . BB B Ak . POS 5 B R FANL ST
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FEHE S e G, FTESACFARE AT DA SCFERF). FIH DI Terra FEZEDIRE, W0 AT 440
TR BT 2, AU E SR, SANEEAW, SRR, g AT AR TR R R R A R,
HRR BRI SE R S s AP e A b P o s e 5 R o P B . A2 A U ¢ OSGB #% . TE S5k
Hoefa mi R E .

FTJT ContextCapture Center Master ¥ §i 45 $T JF ContextCapture Center Engine, %314 il ia A B 15
B, B8RS I A B IS B . $THF ContextCapture CenterMaster, #d—/ANTLFE, AL
FEEEE R AR REH SCETR) S, rTERIMEE RS HVSHS, SAERERELEE ER. i
P FrR . 75 3D MK AT E 210 AR AT I DA S B 7k HE R S R B, A — AN R B P UK
— AN KHUIAEER FTE AL E, Wil 2 Fios.

Figure 2. Flight trajectory
E 2. %1THIE

432 B=#H

FUMAR Fr 22 R, TR — B ] S R AR bR, X e S an SRR A T 5, KRR
KEMANS W1, WA,

F=1 A /DB R H A, BT L A AN T S ), AR E SR R AP AT, R
RSB RGP AR R . B R S AESR ETES, Wk—BinE . HER IR E S BTG
BE,

T S = A E TSR B R 0 5 B

Table 5. Project summary

=5 MARBE

ERS ZH
mH YU2PRO-NXD
MAREL 8233
T 7 5 30 P 3.269 T AH
YT o3 A 31.92188 mm/{& &
517 1:96
LS Hasselblad L1D-20c
AbEE H A 2022/4/4 13:49
Ak 3 B 18] 6 /N 32 4l
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433 ZHIEREZE

BT &I H, 5N 5 X BB AU 4 % 43 BN AN 5 o X B AR X Skdh 4T S
T JGIEPE WGS-84 (A A4HR &, SR JEARE R I C B AT D), — OB P i ), s 3 pros.
SN KML SRR 2 A2 1 X 3 B4, 15 7] LA ContextCapture Center 3% {4400, HEATHHI X 35k, 4554
Qb T[] 3 i A B AR

Figure 3. Model chunks
3. RER

DIBSEmi Ja, M BEE, AT R 44 i 40 58 BRUR PR AT EAL B (S 5, B HE S3C KA,
TR . ] WCG84 Aekrn &, WM BRAR IR HE, A e T, HAENIE E)a, E
INH @I H e A LR, ] ContextCapture Viewer #fF ] I # & 10 H AF A B HILL “.3mx” A5 4
RIS

43.4. BRITE
DJI Terra F & R 515 B TR K s 5 = 4ER A n] i@ i LocaSpaceViewer [ 4% P JfiAE Akt 2 N @
N, W 4 fR.

Figure 4. A model of Nanjing University of Information Science and Technology produced by DJI Terra
4.DJI Terra F=H R RIE R TIERFIREY
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Context Capture = [ 5015 B LA K2R 4 B K2 DS 2 e (1) 52 i = 4803 1T Context Capture
Viewer JE7x, ol 5 FIE 6 fios.

Figure 5. Model of Nanjing university of information science & technology
B 5 mRERIEAFIRE

Figure 6. Model of Chengxian college of southeast university
E 6. FREAXFHEFRER

5. RERE S

R TE R 5, FRATT A BER AR HL ARG 5 75 30T 85 AR ) 4% A AR B — 4 A R R AT T A
A, IR R R AN SR Oy R R AT R A [10]

HEHE T A & 1550, Production2 (1)°F-¥H[I 73 #F5% 29.8316 mmMEE, “FIEBLIRZE(RMS) N
05 %%, EHRFIEZE(RMS) N 056 B F, SR EHIEN 0.0153 KNG ER, AL HEEH 0.057 K/
B&, PO HERET 0.0307 KMEER, SHHLRIEEEKI(RMS)A 0.1102 >K. Production3 ¥} HuTH 4 # 2
K 32.3805 mmME %, “FHEKLIRZE(RMS) N 117 145, EHRLIRZE(RMS) A 1.26 145, HH: SR E 4
e 0.0129 K/MEE, BAR PRy 0.0521 KME R, A P55 T 0.0316 KMEZ, HLLmEEs )
(RMS)y 0.1455 >K. HHIERT UL, Production2 )4 # 2 %275 T Production3 153 #%%¢, Jf H. Production2 [
FE R ZE/NT Production3 B E R 2 . FTLL PHANTOMARTK SEAE 15445 T 2 R R 5 ol | T
T MAVIC2Pro RAEMISAG T e AR AL . 5 e I PR GH 3R W0k 6 Bk
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Table 6. Parameter comparison
= 6. BHXIL

PR IRE  RANEBGEIRE RKESR RMIEAH RALEAE

& =] RMS[{%& &] % RMS[1& %] EMELK] K]
Production2 0.4 0.01 1.9 0.0041 0.9394
Production3 0.96 0.01 2.98 0.0062 1.1448

6. HREFEEIE

N T ORUERE R R AT S, X = HERR R GERBAT RS R0 . DA 17 B P 1 A iR ZE AR A BEVEAN
UNIASWSE

M, = Z(:x)z O
M, = Z(fY)z @
. [Z o

n
M =M% +M? Q)
KO~@F, My My, M, MR XY, Z 5 AR ZE AP R 2 n NREESE .
T RS B A E VT SR B S SRR Z M ZME AX , Ay » Az, BETIHET S5 SRR
(43 HT 51 5T, LA Production2 il S48 B 5 S AL bR 2 18] ) 25 8 L4 7.

Table 7. The difference between the image location and the measured coordinates

F7. BEMNESINLRZENEE

b4 Ax Ay Az i
tR/ME 0.0024 0.0019 0.0011 0.0253
SFEEE 0.0045 0.0043 0.0032 0.0750
I ON| 0.0123 0.0097 0.0072 0.5335

B 7 R IEHE IR R()~@), THHETE

M, = 0.0077 m, M, =0.0062m, M,=0.0147 m, M =0.0098 m.

B PL AT E g, X 5 R EROCIRZE A 0.0123 m, FiRZEAH 0.0077 m; Y J5 Aok iR 2 A 0.0097 m,
HiRZE N 0.00662 m; Z J7 H I KR ZE N 0.0072 m, HiRZEN 0.0147 m; i KR %N 0.5335 m, /)
W% 0.0253 m, HiRZE 0.0098 m. @I T AU RHEE B ARS £ H AR X IR = 4 AR B iy, 1A%
T (T SRR (CINT157-2010) (A bRt

7. &RIE

T AUBURHESE AR . =B EBEEOR,  PLRIARUE B TRER A AR K22 B A B ik X, i
IS =g e, 45RRY:
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1) FZEF AN BRI ER A, &8 Context Capture ¥4 #)i% 1Y = 4 A 5 M S @B E &
FEM —2t, HORSFERF G RIVEER, B0k 1 o A NGRS S0 BB i = 4R (1) w] 471

2) ZERRIRRZERR] T O =4 AR RIIE) (CIITL57-2010) FIAH AR tE, S0UF T 7EM =
YRR ] S

3) PHANTOMARTK FI RN AR TR AORS FE By, HRILAOIRAE S />, JF H PHANTOM4RTK #£
Fa RTK Z 5 o] DLGuAHE, XFT s Z 8O R AR X3 n] LLod it 5\ DEM SCERS A 0 K AT ThRE, 7ETh
REJTTSE NG 4, AHILZ THRA IR, HLEEES8ES, ST R I XISHAT S5 R 6 75 2k 4
REAXIR, BEERFHERECR, [E4#MA 1 MAVIC2Pro.

4) MAVIC2Pro Fir AR BT R (R b4, 8 R FE A, H 2 S AR T DA A R T 2247 55 HY IR
AR R 2, BEEEE SR, ST RERA XA T G REATER S RZ X, BE
WA RETREUN, (BT,

5) o EEAS R s RO AR R AR RIS, 120 KAt (0K B 2 i T 158 K RE E, (H2 120 K
R AL AT 55 TAERE T K.

6) XL P FREAY T %0 DI Terra BAHE FERCIR, BRVEMIH, BIhZ R, HAUR REF, 1 Context Capture
EBLGUHRTEIE M, FHAG MR 2, AT DN A TR S I T R S T T, A E SR — AT 13
FA = YR T AR

E&UH

E & AR 225 410 H (41905026); L7748 H AR 2254 % Bh It H (BK20170945); R {5 & LFEK
2N RSN FE 4 VI H (2016r028); Y1754 333 LEEEER AA R FZEM(E=ZZR); FEE LR
Fe 45 63 ki L ¥TBH(2018M631554).
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