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TN KHL(Unmanned Aerial Vehicle, UAV),
fRIPRIC AN, 72— M EA B ) n] 52 0] H RB IS
1T 2 M AT 55 19 Tt A it %5 #8 (Colomina and Molina,
2014) . A 1917 4E35 [ s ikl 25— 22 TE AHLLL
K, &t — 2 ny ke, TAVIRRERE R A 3
B A AL BRI RGE TS A A R G LA LG
HE G s , S8 BN 52 24T 55 19 H 04T (Floreano
and Wood, 2015) . i}, JE ML 2 I T4l
I T A P a3 SRR RN A T 4 A 4
15 (Barrientos et al.,2011;Zhang and Kovacs, 2012; 5
W25, 20225 5K K WSS, 20245 5K [EI 45 , 2024 5 5 i 15

85,2024) o FEHWERBLOFSE T, JC ML = R
PN = 53 BRSO B AR BRE ), IETE R E Ge ) b
i P8 2 5 W1 58 90 28 (Turner et al., 2012; Carrivick es
al.,2016)

PWNCIRTERESS 2% SRR/ E 2 Vi 2 ¢S
A 7R [R]—Je AL b 223 2 AN [R] A BE R AR AL
W R E A B S AR HLAE AT TR R S AR SR L OF
G5 GG UL G = 4w i )y ik, AR i A 3 AR
B A5 B g3 B R = 4R 92 5 B AL (Nex and
Remondino, 2014 ; #M7F 5855, 2023) o #H A% 4t 1 1
BEHGY  UARHEY REUE K H ARy A i Ml w5 B, 92
AT 4 RIS (4 28 [V BSOS o X IR AR SR I T %8
= Y I T A AT R SR I T S 3 R IR T R

s B #5:2025-04-30; & B B #7:2025-08-01 ; T F B #1:2025-10-31 ; M 2% H i B #1: 2025-10-31
ESTH . FF T AP AT (20246X06) ; FZRHE T KL (20252D1400400) ; F 5 [ RFF 54050 H (42402158) 345 IR F i m R ARk

I H (2024QZKK0301)
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(Remondino and Rizzi, 2010) . B & TTE PG 5%
5 ) 2 R SRR AR B VAR R e, T WL 53783k
RV A A i O AR IOV L Rk B Y = 2 b LS
B, o b BT A 5 B R T 408 B T B (Watts et al.,
2012; Colomina and Molina, 2014) . FEJTFR 2 (L2
RV 2 B~ A5 R Ak Y B A R AR S
3 A0 X8 T TR B e b B ok AR AR Y S A Z O
(Enge et al.,2007 ; Buckley et al.,2008) . &4t 1HEF 4
b5 A AR A ) i YO L B R R R AR AR
A THAFAE—E R PR TE . T AHUBARHEZ B
ITIA AR TR TSN 2, 4T T AN
P R AE I RCRFURE B2 (Bemis et al.,2014) . T4k,
HRTERCF 88 LA A 27 M2 54 E [l i
25 DURIE—IC R GEHTIE 8 S 2 RN = 4EH
Jot AR A5 T B T 2 3 )& (James and Robson,
2012; Vasuki et al.,2014) . BN, F]FH To AHUBRHE
5, T LUPRSASR IR Sk ) vo A 2 — A, SR X
T A A A ik 20 2 A0 3Bt (Vasuki er al.,2014) 575
J2 72 SE WSS, BES RS 48 2] i )2 5 AR
*ﬁﬁ&,fﬁﬁé@i&}%%ﬁﬁﬁ Al AL T AL S O
IR G WAL A B R DR i S = 4 A

)2 P00 A4 HE A P (Fabuel -Perez et al. ,2010) . PATC A
HLFN = A A5 Ry SRS ] A B T 3 20 4ok Ay 3t
BR8] 1), /i R AR A 5 AR o0
%@Eﬂﬁﬂﬁj\ﬂ AR5 5 RIS e S 5, 1 i Al s

TR SR R I X v SRR R B SR SR
F A=A = AERUR = A 05 B ARG FE 1) T
b IR S S SR RO BN . A YRR
BA”SCPL T HORBE R . BAORTE | IS Rk 4
HSRHE5S , T R EE R R N T2 6 F sl AL ” 4
BT ) DL i P A BE

S WK ITTEEES: ﬁﬁfﬂﬁ}ﬁ U FH ) T

R, 72 20 M 25 R LA TR b 5 2 v g g FH g
Eﬁi%féﬁlo A5 B TEMIEEA S S5 ZH AR X

SIS 1) S5 BT A 9 B SRRN  FH ZE 461, A AR b o 2
FIRBATMERI S, IS TC AN BRI AR
FEDUR L BT R A H

1 JEAHUB R RS A

11 BENEFRES5L%R
FE52 I 4 272 (Photogrammetry ) J2& — 1 F1) F 52 1%
IREUATE AR RS R zs R B AR, T2 T

fF» TEHATHES 738 (Wan and Wei, 2024) s 7Ef# 24 HUF(E B RS0 (GIS) (& ity 2% RS £
R AT Bl TR R B Y = A A A | R T AN ( Luhmann et al. ,2014) .
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Fig. 1

Co-occurrence analysis of literature keywords
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LL1 B EF A RRILF P R

P 2 (A% O AE Tl 22 70 FE 52 AR AR
A B, S B = 2 s (A4 L A L A (Seliski, 2011) ¢
56, T PO E] AR X HARRT R 304 T 225K B (40
&, Ut ema 5 (E2), XilEHERPILTk
N ARAR By Z 1] Y B A T 60%~80% , LALR:
UEAT R 0% 1Y S [ R AE 2 T )5 2240 3 (Harwin and
Lucieer, 2012) . $2 5>k, fft Fi %l 84 (4 Agisoft
Metashape 5§, Pix4D ) %f RS HEAT 203, [ 2100 45 1A
G B AR TRV ERAF o5 o S I 0 I G ) S i A T
=AM AR A A AR R TR S
A AL, AR S = B (Westoby et al.,2012) .
SRIG 18 B AL R I A 45 8 (Remondino and
El-Hakim, 2006) , X — i B35 K s = B8l 195 B2 L
TR, DI iR e 1) = 4 A& R . el ,
UG IR P ) SCPRIILG ) = ZE RS I, DU dE AR 2RI
SN, i DR SO S AR T A MR X 5
1.1.2 #FRMEFRETA

LT B 5 0 e AR T EAREOR L B
EHRI D | AR R I 52 T e 1
Gk (Kraus ,2007) o 20 22497 , 4252 Difie 1o A~ [7] £
JFE A S5, 12 IR B AR A B A8 A B T
PR Z L ER{E B o 20 20 P i A S I i

KRB WA, BRI RO B2 M B RCR
BB OY (McGlone,2013)

20 AR, BT A B A S B I Al ok TR
B & AL (Atkinson, 1996) . Ml 24 AL 2 A 51
TG BRI RS AR = Fm @b i ) IR R
T 3 BT B 5T 3T R R 45 D7 T8 1% FH (Eisenbeiss
2009) . 20 {22 90 AR, A ERRE AL R G (GPS) HI
GIS YR R MREE R TR BCRERRTE . SIS,
AR5 AR 5 52 DN A AR A b Jo 9 3 M N v T s 2 e =k
A B R T3 8 A I A 5 DX ) — A e
(Niethammer et al. ,2012) .

HEA 21 D RS S o T PR Y
ARG . AL 5 AN TR BERNES &, (173 A
Bl Ak AR 1 A3 I 23 A 28 A5 B v R HE A
(Goodfellow et al.,2016) . {BURHEEFZ M &+ A AT LX)
b J5T 25 b 3T R ) A A Y ARG B A3 BT
(Stumpf and Kerle,2011)

b AR RS DN B BOR 28 1 AT
MBI Z AT B3 125 TR Be A B s i T
JESS G o WA HOAR YA W 3k 25 RN 450 ) 9 e
A0S 5 TN B~ 2 28 I R 8 Sk i At e AR SR A
NG W v 1) B R T 4 (Nex and Remondino,
2014 ;25%K,2020) .
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Fig. 2 Schematic diagram of photogrammetry (modified from Sun et al., 2023)
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1.2 EAHBEAREHEFMNER RIS K&

TEAALE AR G AR W J ARG 1
JICAR | SR T3 A ARG 00 X R A R i X ) 3 1 7
i E A T F L (Wehr and Lohr, 1999 ; Kersten and
Lindstaedt, 2012 ; Colomina and Molina, 2014) . JC A
BIUABT R 52 I 1) 3t A A 475 A 55 PR R 1 42 )
BB ATPAT B R AR S A 3 Gk o b S
PR A R AE A 45 (181 3) o

FEAE 55 AN B B, 75 i e 2 B A, A
1 TC AL 6 AL B (At AL 2635 AHAIL
POSUGALEHOL R IX) Il E AT R, % 8 AT
EE M R ESRLMRIFMFERER. BT
P2 1 00 22 45 SR ARG 300 R S A M T A1 R R A
i 5 (Ground Control Points , GCPs) , GCPs i 13
ki BE GPS i 345 o X Seds il AT FH A IETE A
BLCAT I b PR 28 A 25 TR 3R 5 | 1) 5 R kg 7
(EPFRMRAE,2018a,2018b) .

TE RATAE S5 T e 2% TC ML RR AR A T A A
FRCHE , T ST AL S AN PR E LR B IR R
a4, Bl RS BUS , 8l B (4 Pix4D
5 Agisoft Metashape ) X} 5245 #E 47 2L B, 40 45 52 4R T
AbPE CREAEDC AL | 55 25 AR BT = 2 EEBLAE (Turner et
al.,2012) o ZJi  MREIH 53K, o Ak B A4 800 2
FPIRASI BT, TN T b B i 15 e I 6 DT
Al SE4035 (Turner et al.,2015) o )5 , da il FE4H £
ARARAE AL E I 2 J7 v B A PR RS EE VP A
GIMTEE I W B 2 ) = AR A DCHIHE SE A5 45 A
K7

TR G A T AALBARHE 52 B ai A B 7Y

BT, FERAE =4k Hh B EE RS A 1 R GLS 43
B B RN B, 5L T 55 H bR BRI 2R IF
JREE R TR, AT RATHE S50, B 7R R AL
HRAV G T AT, DAERHR R B i i s A5 s

TR b 315 A B, 1 SR R A RS R ik
ATACIE RS 5 b B, SR J5 ) B 52 0 12 34 22
SARPHEROE S AR P ICRCRRE R . 355 R
i DCE A R AR A A U 2% 5 =, Ml = 4R 7
X5 TR A T )0 FH T i v R £ 248 0K
BEo SRIE X WA AR HEATOLAL , I BRI s R T A R
I, ST S

BE o e BB R oAb s B = 4ER R G 1 AN
[l A% 2, i CAD (GIS S B . ZEASE AL |
FrEEE T AR R ARSI £, SRS B AR AL AT
%(Buckley et al.,2008) .

W BRI AR, T AL 5 AR S I i AR 1Y
BN, T LA R R i R B AR T 75 1 =
Ak 23 [ , M DTRR: (b2 28 G 2 5T~ A 5
PALERAT A0 R 1 (Westoby et al. ,2012) .

1.3 EANSMFHEZEERRENLR

P AR, To AHILA AR 1 3T 5 e e SRy AR AR 455 52
i d o T A A AR L NG 53 NIV 3
(Colomina and Molina,2014) . FMHITLANES £
BLALHE 22 T 3 RN [ 3T AL, BA AT RIE T
BRI Ol N A A B IE S5 1 (Eisenbeiss , 2009)
Hrp, ZJi3 e ML T H B s AR RATRE ), i
B R E L/ INE L %) b A A 1 3 TS AL PRI
R SR PR 35 T K AR 1 b BT ( Eisenbeiss
2009) .,
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Fig. 3 UAV data collection, processing, modeling and geological application workflow (modified from Yin et al., 2018a)
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¥ Ha4t

IR AR 2 IAHLYE S e AHLI S &
B, HEORMEREA W T A BRHE 2 AR DL
WL = T PER R B e R R £
Bk A, RERS IR AR I H AR DX 22 # ERAR, 55
BT R AT ARSI o X SEROR B b T
“F R RENE IR RS B 0 — 4 b T SR 1545 8

BEAN , FEECHE A 37 T, = 4 A AR R Y kR
AR B T 1 6 52 5 1) Ak BRI AR ARG 2
(James and Robson, 2012) . 3 ¥ B9 &% 4 4n Agisoft
Metashape , Pix4Dmapper , Bentley Context Capture ( .
4 "M iTwin Capture Modeler) Fl Open Drone Map 4%,
SR JE TS HLA o RO T i B8 BB e K
b 52 B AR UL T | 5 o A B SR A I S S5
(Westoby et al.,2012) . ik SERAF S HF R MBS 1Y
AP, B R A P P AR S A DR il 2
I b BT A B = AR AR K
14 FTAHRFHERZHIRERIR

TETC ANHUBRHE S M 5 v, 1 e B A R AR
22 FELET LRI & 55T (IMU ) AT ) £ 14 18
ks BEAN R S BOREE A i A5 4 25 A i 22
2w 22 25 S v = AR P 25 i R A 0 2 =4
0, S 55 R 2 UR 1 E AU LIRS . SR
B, BV G N 2 R i 2, L B 11 3 T AR o g
R 0300 R T[] 55 a4 010 - T o7 158 22 , O IR i 24
RN RS B () SC B R 2R (Yuan and Zhang, 2008) .
B, e dofe /D b TR 928 1) BT, AR 42 Bk e . R S
IMU {2 [, X0 3 TR AR B (GSD) 24 1 em Y52
1%, H A X5} 58 [n] 1% 22 7] 15 1.2 m(Sanz-Ablanedo et al.
2018), dd e A = AR P22 TP AT O B H
A P45 B e T4 A, DR e AR O AR R 25 KU
b T SR A R I, S B BRORG JBE BT ) KR
(Sanz-Ablanedo et al.,2018) ., i RAEF B & LT
AR R E PRI RO, 5 W&
RS VA ¢ (Yang et al.,2024) . TEAE AN PR
JE T T AT e B M A ) A O 1 BRAR 2R A
RS B AT 3K (1~2) XGSD, 3 EURS B2 AT 35 (1.5~
2.0)xGSD ; 111} 24 7 il s AR B S 7 L L HRAS 2,
TH -5 55 i 24 7 AR R 22 1] 2353l T 22 4xGSD il 5XGSD
(Sanz-Ablanedo et al.,2018) . PRI, [ i % FH ok
JE IMU FAI I AR DR 22 A1, 30 I 38 3 IR A 7 B
PEFH RIS R 5 B LAV N b TRR AR R 2, A et —
AR = 4E AR SR, B2, A

FEE | 2 B O URHEE I, 75 7E R GU R 2245l 5
ZE A B AAC P IT T MR % T3

2 Jo NALEAR} 55 52 50 A AE M o 5 Sk
IOt R

TN R 5 4 A 15 5% S Bt R 42 AL 52
B R AR R R B 2 IR B LA N T B 1Y)
NS RIE ST B, —Jrm , 36 T8R4
A L, = ek ] AL 2 B S BE AR R
PRAL, KORHMESD T MR EESL R RE AL RE . BbAb, &t
X 8 Sk B A 1l R FH 5 B A A5 LS L U
TARK A . i, XA v RO @ 40 HE R I B+
5 SRR T 2 RUE 27 2 22 e 5 A oT RIE
X P B A A B O R ATFSY AR 2 e R 5 AN
JEE A RN RS B — A R B 2R A6 2 T 2 R 5
21 BFEIREER ANMENEHFZTSE
2.1.1  FFIhxb R R R Xk R

B 471 b J5 5000 114 SR 4 5 1 FH A b o 24 5 v 2L
A AR, U 7E 8 S A AR ORI 5 7 1
58 A B &1 i RO SR A T3 e R TR R L e
o B ERRIECRTTREA) L, EZRAHE
TS R o HER TR 218 (U1 Google Earth) 3R HUHY
AR ZMAE R (D Hk b RE(ERET
K ) bl LA A B R i ot
T3 (LiDAR) %55 %, 2R B S5 4 (4 G 40 245 #4 50 4
(EPARAREE ,2018a,2021 ; PME 585 ,2023) . FRIK, 7E
ANRUEE CRZ LA KRG b, I IR M 3R T8 AR R
BT 1 PN R 1) B 9 5 A A5 8 T & kG B SRR
BRI Z: (Guo et al.,2022) . )5, LERCIR.
JE CBDK ZR G L, 38 3 5 b SR AE RS2 56 % 0B
Xif 2 Sk AEAR URURE S A TR AR5 o

bifi 5 F AR B % 2, B A b o K SR AR Ve A
G2 0T T AR i AR L B AR AR N BRAR Y B
b R BB AL RS T, BRI LU LA
JiT

00, U RS T LA AR K bR T T 8
PR AR MR RN B . B 2l & W R TF-HLAT-Hi
HL BB 2 AR T SR, B % 11 A b5 1A 7
R, T DL 0 S B AR AR | A B% 5 40 B R R
F HUE SR MR L SEIEE i S b A% R
= En, BE R = PR AR A TR =
e, ZE AR AERE AL R AR, Bl Tl A
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o , mﬁﬁ%wmzzﬁwﬁ,Lﬁkftrwﬁiﬁm%ﬁ?
¢ 2 fes 2 . Z O =R SRR AR S R A = A R 3
Ty 2 23 S B L.l mOpAATEML
2|82 3 g2 g5 2 2% HC R WO AR 199 T A B O 3
5oy 52 28 29 s | mEHTHEOTE. DREREART TR
5T 2 = 2 7 3 Gt B VIR RIER B (L0 W G A B R
5 F EF % B IR B RIS LTSNS LIDAR £
. KRR (A4, 2024)  STLIRAN MO 1 2
s | % S| SRR . LDAR B AREHOLRIAR
Sl 12 2052 £ 4B fz| SRINMOURMIMERREMES  REWOLE S
AR ER I L L RN 2T e RSN
S|/ 58 L S5 B0 DE ZD| MEmRBORE RN A BURCE R R
Sl | B2 5 55 T2 S TI| omMSTRMRANECHEE, WAL
Bl 02 2 28 BT OED SR MORMETORMS.200). SHHOGEHHAR
S| 8 2% = Y O D DRI TR ) 4 = 2
R B R0 1 2 TR 4 ) = 28
= E oy ¥ ) T (B4 ,2021) .
S F Ede FE T OB EUC IR G R O AT T TR
I e 2 : £ sz (IR éf*@ﬁnﬂ%%éﬁ((ms@uéﬁﬁﬁ?%
Il 2 o2 25 dr D BT | HOCuesmemEss MR AR
BIF 2 2 LE FE o R ioa A(UEEWEARNCPRIE AL
2 =27 =5 2 - KB s BT ORI A , B R 5 kA
g| | ¥ MG H T 22 A 2
. 28 5 o= ST MBI R 4 P AR B A 0
z E 5 B, £ = = SR T SRS 9 S AT T 4 mﬁ&?{w
Sl 18§ 52 g o DB EBRSECRKRIRIMCEE, ﬁzﬂ;nwu
B0 2 53 DE DD wmEmwTRG UM HOR s
k= E EE %h@% § \iw E% g Mg E A BRI S aHE B o B E 35 (Ground
g § ;Sl; i;ﬂ % iﬂl@ *:g Ei £ Penetrating Radar, GPR ) il i & 5 H 0 % 26 Jok ot , 5
S| F =32 & o8 % FBECR BRI B 55 A T 2RO AR %,
£ wE Bl A2 5 R B R TFAL R AR R 45K
- pr £ = - TEANE S (BRA75,2021;5Guo et al.,2022)
|, $22 8§ =, % ST JU L R LA FRCER R S
|8 2 EE IR ZE|  mUEEENOOAEEENRRE. T
g2 F 22 & B 5@ | refRRRMRREENGPSERREEHRIGEM,
®l 5 BT 5 T os= | MOEREOREAUTEERM, SEUE R R,
o2 20 D 2F EF | wMAESIEMALGHEARL. SOLN S
= E° 1 % 3 SR H A B 5 SRR DL AE 2 5% . LA, =2k
= A4 B B 2% R 15 28 R S Y B 1
£ 3 =« T8 = Ex 1 L AL ) T 5 B X
5 2§ 2 2 5 E 2 2 e JEZ AR 0 24 7 T X 0 ot A A R ED
I AR, 2018a,2021) .
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N S HX BE A, TE AR R H AR AE B Ah
Hu BRI R A A B T N R T
MHUE B i B B8 Sk ORLLEE A, 2023) , REfS EAT
Z A AT I TR R R AN AT
(K 4) R mrmE s AR . ALk
AR RIS v W R B = RSB, A5 1 =
S e T T TR USRI A R RE

WE5ER I, TCANUBURHE LR BAT U I
— B RAR AR, BEAS DRI o T AR X —
JE A A B, A R0 A ] T 4% R I 25 F 5
=zt T AL A T ARG R
DX 3 5 U2 RE RS A 10 R A JEE 1) — 2RI, Sy LSS AAR 11
e 221 1 R 3 A S Bt AT 5 A K SRR

B B 1820, B A0 b 5T R a0 SR B 1Y 5 1254
Ak [ Sl SRR AR BEAL TS 10 KR . IR
DR i v S 5 A S8R AR T [ s 0 Jig =
GRAE AL BT A R 7 T B RE S #2175y
MEOR . 28 LR, e AHUIBRHESE BOR Tz

K4 o AHLIERHE

NI, BE A b B BE B R AR S A T RER AR
MAEGET-T. 2 B S R 4R 2 Wi ] B RE Ak R
LW B, B 1 e s A AR R R A B RO . T %
AN TR RUEE A B i L AR AE AR R AR T i AR A, T
Tt ] FoRE A AL RN E AL SRAE , A UTRS: b= 2=
fitt = L2 E o R AL T3 Aa T R S

2.1.2 P R I e F AU B 5 B R

Te AU I AR fe - Eisenbeiss (2009) #2
TR TIE R E R A EBA ER TS ALY
BIRBGEZ RV . 2 AR R T
H S IR 54 5 2  DEM FUE S5, 0k T Hb g
s S ARG S B Z M 25 1, WA B TP s S A
FMEZE T HT814E%,2019).

AR R, 7 /N RUBE | TR b 350 RS 40 4
FACR G R, B e B T moRG B AR R AR
I & i A R A AL JE AMLEEA TR, v] LATE
A B AT Al gk N RO I s il 15, 3k A
Lt TR AR T = i 25 [B) 43 BER . HeAh , X Re o i e

PPte;=e;= 00 -0 ey
P S S N Y _z....(.(
®)  pgere-Ze-Te ge-re."te,
7

(a) TRt 5 (b) T R REE S (o) e RATRE s () il A Tt
Fig. 4 UAV oblique photography attitudes and cruise routes

(a) top-flying mode; (b) combined mode of top-flying and side-flying; (c) rotational flight mode; (d) terrain-following flight mode
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FRAESEAT b TR = A58, AT AR Y 3R 11 09 =G
BHE . A B R A R SR SR Bl A
B AL 22 53 (RTK) 1Y 50K B2 GNSS F2USCAIL XS 1l T
P A RGO I 2, G B A IE AT AR | B DR s )
SEN TR

T A8 A 215 43 A B B, SR & lk 31 (i
Pix4Dmapper , Agisoft Metashape %5 ) %J Jo A AHLF145% 1)
Z AR TP, A G S R A BER IE SRR
i ) A4 i DEM BUC7 36 TR AL (DSM) FER 5 1 A5
AU(DTM) , X i b 550 2474 40 4 iR Fn = 4 8 4
I G Ak BN R B AR, A v £ S
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Fig. 5 Directional measurement of bedding and fractures in south-central Victoria, Australia

(modified from Vollgger and Cruden, 2016)
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Fig. 6 UAV oblique photography of Ordos Basin Fugu natural bridge outcrop digital twin model
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Fig. 7 Floodplain aggradation cycles traced using both photogrammetric models and individual UAV and camera photographs
(modified from Wang et al., 2023)
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Fig. 8 Orbital eccentricity forcing and its expression in marine and terrestrial stratigraphic records

(modified from Wang et al., 2024)

(a) normalized eccentricity curve provided by Zeebe and Lourens (2019); (b) stable carbon isotope stratigraphy from Ocean Drilling Program site 1262 (Zachos et al.,

2010); (c) stable carbon isotope stratigraphy from Bighorn Basin (Abels et al., 2016); (d) redness reflectance records of floodplain deposits (Abels et al., 2013); (e) annotat-

ed floodplain aggradation cycles; (f) channel sandbodies scaled proportionally within the stratigraphic framework (see legend for scale)
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Fig. 9 Outcrop section high-frequency sequence boundary-based small layer comparison (modified from Yin et al., 2021)
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channel bars
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Fig. 11

Quantitative characterization of gravel from source (parent rock) area to deposition area

(Xidalongkou gravel braided river in Xinjiang) (modified from Yin et al. , 2023a)

(a) primary and secondary gravel particles; (b) perimeter and area of gravel particles; (c) main direction length and perimeter of gravel particles; (d) main direction length and

distance of gravel particles
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Fig. 12 Outcrop simulation based on outcrop section reservoir architecture interface constraints

(3D modeling of Jurassic Ahe Formation in Yingzui Mountain section, Tarim Basin)

(a) outcrop section; (b) sequential indicator simulation; (c) truncated Gaussian simulation; (d) indicator Kriging simulation; (e) multi-point geostatistical simulation
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Fig. 13 Reservoir architecture anatomy of outcrop sections of braided rivers in Kuga River, Tarim Basin

(a) UAV oblique photogrammetry outcrop model; (b) interpretation of reservoir architecture interfaces based on oblique photogrammetry models
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(2019) WF5E K B, J7 fiff A1 R0 85 5 X o i BE A7
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o f5 BB HUSEW LUK 532 A . FHol TLS gk
(R B2 25 OSSR 85 XRD (X S 4eAin i) Fe
P T A 48 SR AT XS LE AT, BA X3 e CE A
(Zivec et al.,2019) o BFFE K B, W25 A 1 ik J3E M
25t Wi, B TE0oEn SRz
B, ORLJE XA R R A5 PR 2R S 0 5K (R bR 45

2025)(&116).
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Fig. 14 UAV oblique photography combined with sample testing to characterize differences in tight sandstone reservoir quality

(a) outcrop oblique photogrammetry model; (b) superimposed composite channel sandbodies; (c) single channel; (d) porosity distribution within a single channel; (e) lithology and

parameters of outcrop porosity samples
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Fig. 16 Rock type identification based on laser point cloud intensity (modified from Zivec et al., 2019)

(a) colored point cloud map; (b) lithological section; (c) intensity value distribution map; (d) TLS-RAW intensities; (e) light blue-yellow-red sandstone layers and dark blue marl

layers
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Abstract: [Significance ] Rapid advances in information, intelligence and automation technologies have significant-
ly expanded the use of Unmanned Aerial Vehicle (UAV)-based oblique photogrammetry in geology, and its applica-
tion in field geology has advanced rapidly in recent years.[ Progress ] This study reviews the principles and develop-
ments of UAV-based photogrammetry, its associated primary products and modeling technologies, and its application
in sedimentology, stratigraphy and reservoir geology.[ Conclusions and Prospects | Key advances include digital out-
crop dataset collection paradigms, visual representation and digital twin technologies, sequence stratigraphy and
modern sedimentary source-sink analyses, quantitative reservoir sedimentology, and 3D geological modeling. A com-
prehensive literature review and current technological trends indicate that future developments will be expected to fo-
cus on intelligent identification and modeling of sedimentary geological features, enhancements to digital twin sys-
tems and visualization, deeper exploration of reservoir genesis and prototype modeling, multi-scale data calibration
and integration, and the expansion of geological teaching and research directions.
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