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Abstract

With China’s urbanization process entering a high-quality development stage, urban construction
land resources are becoming increasingly scarce, and various unapproved construction behaviors
occur frequently, which seriously interferes with the orderly implementation of urban planning and
poses a potential threat to public safety. In view of the outstanding problems in the governance of
unapproved construction, such as “difficulty in entering the house, difficulty in obtaining evidence,
and lag in discovery”, this paper introduces the aerial survey technology of unmanned aerial vehi-
cles, and constructs a dynamic monitoring system of unapproved construction based on high-reso-
lution remote sensing images, aiming at improving the level of urban governance and providing a
new technical path for the governance of unapproved construction supervision. Firstly, the research
systematically combs the legal and regulatory system and technical research progress of unap-
proved construction governance at home and abroad; Secondly, the system structure of UAV aerial
photography technology, technical parameters and quality control requirements of image acquisi-
tion are expounded in depth, and the principle of aerial triangulation based on Pix4DMapper, the
generation algorithm of orthophoto (DOM) and digital surface model (DSM) are emphatically ana-
lyzed. Taking Suzhou high-tech zone as an empirical research area, the multi-rotor UAV platform is
used to obtain ground image data once every quarter, and high-precision DOM and DSM are gener-
ated by Pix4DMapper software. Combined with ArcGIS spatial analysis tools, multi-phase images
are superimposed and compared, and changes are detected, so as to identify and extract new unap-
proved construction spots, and complete statistical summary and dynamic update of data. The re-
search results show that: (1) The high-resolution image data based on UAV remote sensing can
quickly and accurately extract the change information of illegal land use, DSM difference analysis
method can effectively identify the area of elevation change, and combined with DOM visual inter-
pretation, it can accurately locate the location and scope of new unapproved buildings; (2) During
2019~2020, a total of 1352 suspected unapproved building spots were identified in the study area,
and the identification accuracy rate reached 90.4% after field verification, among which the addi-
tion of enterprise factory buildings accounted for the highest proportion (42.3%), followed by the
addition of residential buildings (28.5%); (3) The technical system significantly shortens the dis-
covery period of unapproved buildings, and improves the efficiency by about 70% compared with
the traditional manual inspection method, effectively filling the vague areas such as the top of high-
rise buildings and the inside of the factory. This study expands the application scenarios of remote
sensing technology in the field of urban governance, enriches the method system of unapproved
construction governance, and provides technical support and practical paradigm for promoting ur-
ban governance.
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Figure 1. Research area
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Table 1. Technical parameters of image acquisition

1 BERERKREY

eS| e =1 ZHE
LA KEEZ 45 M300 RTK
KATFE KATEE 150~200 m
RATHE 8~10 m/s
AL S FAE PL (4 imiE)
TR FERNEE S 4500 Ji
ik R 35 mm (& £)
T 5 FEER T 01m
Wil S >80%
iy
e 55 11 B i >60%
A JPEG + RAW
1% AT % HVPHTFRALTF 54
i ) Bz = GPS-RTK, “FHIF§E <2cm
ES IR T H Rt bR &
fENESR
HRE —> | REFEREMEN
Y
Y l Y
EUIET -V gk Kl BEGRSERE
e SRR B EH AR

Figure 2. Technology roadmap
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Table 2. Statistical table of digital product accuracy
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Figure 3. Daily update and verification process of unapproved construction
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Table 3. Statistical table of each stage of change detection
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Figure 4. DOM comparison and DSM difference analysis results of two periods in an industrial park (left DSM difference

change diagram, right difference diagram results)
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Figure 5. Identification of unapproved construction in residential areas
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Table 4. Statistical table of suspected unapproved construction types
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Figure 6. Spatial distribution map of suspected unapproved construction spots in the study area
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Table 5. Statistical table of identification accuracy of various types of unapproved construction

F+ 5. BEBUREHEFIRINERERRITR

R ARSI AT A IERRG HER 2 (%)
Al X g 57 53 93
EETNg 39 36 92.3

(RIS NEEE (1§ =:8t) 21 19 90.5
FHoAth 18 14 778
&t 135 122 90.4

5. it 548
51. 4ip

AT T T X O], M T T RANE B AR WA FHERDESRIER, REKRRT
MEHE R SARAEEE . AN B R 1 AR FE R R B4, R BRI

(1) R 7 3E T4 A A AR B R I T AMLEAAR KR T %6, WA T %47 i 5 (150~200 m), E&
FEJiI >80%. 551 >60%). MU/ HER(LT 0.1 myS&E ARS8, NRZEHEFRIRM T HEARS%.

(2) #:T Pix4ADMapper “F- &5 T k5 fE DOM 5 DSM FIHEE A=, 7= fios B 2 1:500 L Rk
& %5k (DOM 1 F1i# 25 0.086 m, DSM i FHi% % 0.124 m).

(3) DSM ZE Hr M4 & DOM  H WAR B AR (AL I 7535, AT A BOR B R @ e . iF AKX
2019~2020 4 [A) SR SEALL A o LA S I B 1352 A, S HIFRZ) 0.43 km?2, ZAMVAZEIRUE, R HERZE
% 90.4%.

(4) WFFE DX A HE S S I A ) XN (42.3%) A E AR TH N (28.5%) A 3=, 45 18143 #i 45 b T35
A T X NI HN X

AT 7B IR AR IR TR B AU N 5, R HEEIR TR B At T HR S St T .
JE B SR — DA AR I S, ST E AR, PR 2 IR IE B (1 SAR. LiDAR) il & B
H .

5.2. ¥

5.2.1. TAHERETN S ERN BRI KA it B IR ARHLH

EAER, e 73 PR R IR A I T S Y Bl M P K 2 AN e, A JE AL SR PR s ] 2 R
e IREORIE . SRR, S B VRO T R At B B EEOR T B8], BT FUA AR T AN LiE
SRR A e s A MR Tk, ERE RS L 5 M DN I R 2 A1 S B 1 L (K~ o T FE T SRR 20 A
T 0.1 m, FFAERMEMIEEEY 0.5 m (AP RIEEA(DSM), BEWA XN 0.5 m LR m AL,
N R @SR R AR IR AL T W SR B B . RIS, il 2 R R R PR SR, W B AR
AL U AU 1, SR T A B AR A AE SR S

HOAWFML, AR TE R RN R R . BAu 2 Mmoo PR LA
B — BB AR AR T IR T A AR I, (B R SR A A AR A IR T3 T AP AE — S R IR . JEAER,  — B0 FUIT 4G
FINIR L 5 S BERTT e i SRS, AR KRS XS I U B R R B R BIRAR A H R . 4
AR SR I 2 S A5 R R A [9] o« A AU I DSM Z (B 404715 DOM S MRS &, TE 4G R
Hfh B oI N R ARG R, WSt e T SR TS S AZ B RAUE, AN TOR B LR

DOI: 10.12677/sd.2026.164133 55 CIESES 93


https://doi.org/10.12677/sd.2026.164133

TR H

BORBHERAIEE] 90.4%, FEORUEIR RS LB RN OR 1R TR IOERVE W ATV . S8 Sh ik Skl —
HARIRHIBE A EL, 207 IR S R T 3 Al [X A8 SR I SR B R R

PSR WA BRI R R AR AR W] LUK B, HOR RS T b A R A 2 1) 5 SR Kk
WY SRR VI R[10]. 454 2018~2019 LRI My i A 1555, IX— ML I H RO i ) 23 8] 32
o FEPVASRTT, 2018 SRR T R HTHOR LA B8 o HIAF 40.5%, MLTEE. st ilia LAEYIEE
RPN BR T, AR BRIRA AR, A kol i T DO R Ty 5 T s n A e A3 1],
H T R L b e XA P S SR X 1) IXROR Bt e, RSB R 7710, 2018 4R & R AT SCRC
PAIE K 8.4%, EAL 5 A 58 Bk, — S8R Rl it oA IX s B 2 THOpN 2 BB Jm 25 A ™ e R4
JEAEAS RIS . B TR b bl X H XA bl 45 22 IR AL XA — @ UL AL P AL, DUz D X A
T RUA 2] 4400 m?, A B IR W it il BEAE TP Al X 2 0 I B b ) AR AR . AE I 2 3 W) S5 A 5 T
2018~2019 4F 75 M 7 FR 25 HEHE SR PRI, 0l 9 DX 203l A AR DI R BB o B R 7 R AR R
EEEARZ TERER, BONREHERIERIX IR . S5OGEEARBUERIB T,  ASHIE 7R 28 &
RGN ) BRI 2 2 (R G5 A S SR A A s XA D RE DOR B L e
IR BEAT T G a iR, AT 90 BE 1 JE AHUIE AL SR T 2 0 sk 72 o B B AL A

5.2.2. FRERBREBEEK

JRUETE NI BT oA o bk s 18 ) 2 0 ) 1 F R A1 s AR A 1 i SR BB, (L L AR
FEAS RV T 2R 858 AT v RS2 BT 261 U DLASER R 2 m,  RIUAFAE — @ & L gt He
TESAEX B ANFAZ RIS = iR S U — @ M . A0 XA T KT = AP R IX, A
I, AR TR E R R R RS . AR R e R T R, R AR AT R S B A M AR LR
K, M50 DSM BEERE AL, FF 0T BeBG N 250 i FE AR A RO B AN sE VE[11] . bAbh, L ARERS th m g ik
B XA AR R R, AR ARSI 1 e B 1 o LR, 3T A R AR IR I RO B R . T
FFEEN T OIIX, FEEA S G E WA RN, RIS E A, R REH NG A
B, M50 DSM ZE B 73 A FIHERAPE . AT &, SRR FE B I T b el X B0 XX i o B A B 5
M SUEE ML, SEA R TR B @ 1k .

A SR A RO A T B DR 100 A1 2 S0 M U A8 SR = A M A 7 o e P DX 3, R A A K B A AR
AT 33 DSM mifR (5 B AR, AT @ AR A = A TFH[12] . Ak, 2 =B R A2
TNNGAGREUR &=, PRHIEIE RN . EE XIS B E X, R 8 B
AT W AT BEATAE — 2 R PR [13]

dbAh, FESERRN AR, AR 45 R e R TR — B RN T, DX &kl
WA G AR R, XE— B RIRE] T MR . RO AT S AR S o) T R R A B
VUM, i fl G 22 VR S B2 iy B2 2 Ik Tl AR BE i (g S AR RE g, AT — B 4R T R J it
AW A SRR S5 3E A .

SRS, AW FUHE 0 T AL I AR B ik sl 8 ) 5 v A S 3 v A IR 5 22 AR AR 8 Ak bt
J5 T B A B B S 77, [ B 1 5 BEAE A [RI T B 58 2% At 3t — 2D e FE 1

Sk
[11 R, #78, BEETTI 20 R A b EIR i AL RE AR [I]. ki #Ed, 2019, 23(12): 8-13.

[2] 3KECHE, BHFEM. A 3T R R L R B R R S B —— T B i AR A (0], 38T BRI A= T, 2020,
23(4): 45-52.

[31 EXeF, BsAsR, A Em @ik @ M A 5 ia 0 SR 5T [J]. HhERRL:, 2018, 38(5): 678-685.

DOI: 10.12677/sd.2026.164133 56 CIESES 93


https://doi.org/10.12677/sd.2026.164133

(4]
(5]

(6]
(7]
(8]

(9]
[10]
[11]

[12]
[13]

Colomina, I. and Molina, P. (2014) Unmanned Aerial Systems for Photogrammetry and Remote Sensing: A Review.
ISPRS Journal of Photogrammetry and Remote Sensing, 92, 79-97. https://doi.org/10.1016/j.isprsjprs.2014.02.013

Nex, F. and Remondino, F. (2013) UAV for 3D Mapping Applications: A Review. Applied Geomatics, 6, 1-15.
https://doi.org/10.1007/s12518-013-0120-x

AT, 2. T ANUBIR R T %Fﬁﬁﬁﬁ (3], BRI (F B R ERR), 2014, 39(5): 505-513.
ZEIHHE, ZRNE %%ﬁ(ﬂ% HRES D). W54k, 2018, 47(6): 693-704.

UMK, XUHETT, SR, SRR AL i %!E’@EJJ*”WEJ%%}%EZ*HHL[J] DK (15 AR RR), 2019, 44(1):
1-8.

M, HRL, B, oGRS o S St B[], 1B EER, 2016, 20(5): 1102-1116.
BS, RE, UK RPN S AT AU (3], RHEEIER, 2019, 64(4): 380-392.

s Bk AR, IR, & BT EANLEBE DSM 5 DOM HI£ ERESYAALE I, B R IEIEEK, 2024,
36(2): 80-88.

BRAL, T LA XA~ @Dl H K LARRRE RN S R[], o EB PR, 2022, 32(z1): 43-46.
JEET, KIS, RS TEAMUEARSE A= B0 H 7K L ORHR  h oRs BEE FE 9], 15 /KHERE, 2022(8): 68-72.

DOI: 10.12677/sd.2026.164133 57 CIESES 93


https://doi.org/10.12677/sd.2026.164133
https://doi.org/10.1016/j.isprsjprs.2014.02.013
https://doi.org/10.1007/s12518-013-0120-x

	基于无人机遥感的苏州市未审批建设监测与识别研究
	摘  要
	关键词
	Research on Monitoring and Identification of Unapproved Construction in Suzhou Based on UAV Remote Sensing
	Abstract
	Keywords
	1. 引言
	2. 研究区概况与数据源
	2.1. 研究区概况
	2.2. 研究目的与内容
	2.3. 数据采集方法

	3. 研究方法
	3.1. 技术路线
	3.2. 影像预处理与空中三角测量
	3.3. 控制点布设与刺点
	3.4. 数字产品生成
	3.5. 变化检测方法

	4. 结果
	4.1. 数字产品精度评价
	4.2. 变化检测结果分析
	4.3. 未审批建筑类型分布特征
	4.4. 空间分布特征
	4.5. 精度验证结果

	5. 讨论与结论
	5.1. 结论
	5.2. 讨论
	5.2.1. 无人机遥感监测方法的有效性及未审批建设形成机制
	5.2.2. 技术适用边界与潜在挑战


	参考文献

