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Wildlife Monitoring Using Spaceborne and Airborne Remote Sensing:

Challenges, Progress and Perspectives
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1 State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University,
Wuhan 430079, China
2 Wuhan University-Xianning Low-Altitude Economic Innovation Research Institute, Chibi 437300, China

Abstract: Spaceborne and airborne remote sensing, with its advantages of wide—area coverage, repeated ob-
servations, and low disturbance, provides an important means for long—term wildlife monitoring. However, it
still faces challenges including weak target signals and occlusion, incomplete spatiotemporal sampling, diffi-
culties in target discrimination under complex conditions, and unstable cross—temporal association. Based
on relevant studies published from 1976 to 2026, an evidence chain of “signal formation-spatiotemporal
observation-intelligent interpretation-dynamic association-ecological inference” is constructed. Three re-
search paradigms are summarized: habitat characterization and indirect inference, direct observation of ani-
mal targets, and multi—source collaboration and intelligent interpretation, with emphasis on the key condi-
tions for translating observational evidence into ecological parameters. The literature review indicates that
wildlife monitoring using spaceborne and airborne remote sensing is advancing toward intelligent sensing in
complex environments, space-air-ground remote sensing cluster collaborative observation, integrated multi-
modal intelligent interpretation, and individual identification. Future research should take remote sensing,
artificial intelligence and ecology as the core, and promote in—depth interdisciplinary coupling of spatiotem-

poral intelligence, molecular biology, acoustics, and sensor engineering, to provide technical support for
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long—term wildlife monitoring and conservation decision—-making.

Key words: wildlife monitoring; spaceborne and airborne remote sensing; intelligent interpretation; multi—

source collaboration
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Table 1 Observation Information, Evidence Attributes and Applicability Boundaries of Typical Spaceborne and Airborne
Remote Sensing Payloads
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Fig. 3 Three Research Paradigms and Capability Evolution of Wildlife Monitoring Using Spaceborne and
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Table 2 Synergistic Applications of Multi-source Remote Sensing Platforms for Wildlife Monitoring
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Table 3 Representative Datasets of Wildlife Images from Spaceborne and Airborne Remote Sensing
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Fig. 4 Graph of Deep Learning Methods for Wildlife Monitoring Using Spaceborne and Airborne Remote Sensing
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Fig. 5 Example Images of Unmanned Aerial Vehicle Observation for Giant Pandas Under Forest Canopy

34 MESWIRB SR =N

BF A S R B — A B R, R R AR
S0 1 A A B 0 TR AR s R B B B
NGOy B BRTE . 24 FBF 5 IE b T DA 0 R 26
1 RGeSy Mt R B B, — O I, VR A )
B E T TR IR AR T, A W SR VG B IR
VB 2 2] RS AR BR B B T
S K R A5 0 B R R RE A B F 5 B b R T
T EGOKE K REAN sl 9 A A UNDRS B 2 T 22 96 %0
DL RS 55— 05 i, Z dh AR BB T R
BUAR AL S N AE A ) e R AR T R R R Y
S A RO 53 A A A (4 5% 0 3% T AT T I
BN 2R AR 22 5 R BT BB TR AR TE
W ADAFFERE K 2206 . DREARS ] 5 A AR
I Y AR O X — IRBE A T AT IR AR

G HE 14 Bl A 1R B 4 1R B 2 B Y K S
TR P 2 e B R AR o A8 R Ml B JER R R 0L
T K54 778 B 2 R 7 SRR AE A3 3 1 3h i i
H R SR RO, A R S R R 4y
BT AR5 5 AR T 28 B A b BE (0 I 4 0 A1, 2 AR R A
DB S I R DR Ah AR S R R Y T G TE S
FEAR B VTR T IR S ) ) D A, 7 B
FFBRREMERLR ST HRE (IR
1 RO ) M DG EE T R R A S5 R B 3R S AL
il o FUA R A B IR A B O 1E R A
ML 55, A R S8 5 5 A AR SR R S R S8
T, T8 53 R A VRV A B E I 28 G 1 v (1 i
Bl /e -

4 % B
AR ICSE R 7S K B T AR 2l ) A AR

K R B IR AF T I - S LI - RE A -
) 45 SR IR - LR A W — R UE 4 B, P 25 K



2162 R K

Al (fF

ISR Y

2026 410 H

JERET A S A W A5 PR YT 2 2 A 4 R T AR
TE 2 8 A R E B R 5 iR E S B R AL
S, BRGS0
FEAERY B bR AT Pk 22 i As IR 58 £ L H AR
FNE T B 55 5 e P O 3 PR A A% 0 i 3
ﬁibﬁfi%éﬁfﬁ&ﬁﬁwﬁ%hﬁatt'.»%@ﬁiiﬁﬂ@ﬁb
148 T4 I AR AR 5> e R B Ak
1117 2 5 L S A 5 A 3R B o R A A W L B
%ETT;.%’%}%/%ZIWD%?%%E’J%%L*mﬁ a‘fFED%
Eﬁ%% UEHE i B 5 ORI R . BRI

,u\@ﬂgﬁﬁman\ﬁ,ﬁéﬁﬁﬁié%ﬁi
B 4 B A 5 A g 2 R R R Y B Ak
HARME

2 £ x #

[1] PETTORELLIN, LAURANCE W F, O’BRIEN
T G, et al.
Ecologists: Opportunities and Challenges[J]. Jour-
nal of Applied Ecology, 2014, 51(4): 839-848.

[2] ZWERTSJA, STEPHENSON P J, MAISELS F,

Methods for Wildlife Monitoring in Tropical

Satellite Remote Sensing for Applied

et al.

Forests: Comparing Human Observations, Camera

Conserva-
tion Science and Practice, 2021, 3(12): e568.

[3] MUGERWA B, NIEDBALLA J, PLANILLO A,

et al. Global Disparity of Camera Trap Research Al-

Traps, and Passive Acoustic Sensors[J].

location and Defaunation Risk of Terrestrial Mam-
mals[J]. Remote Sensing in Ecology and Conserva-
tion, 2024, 10(1): 121-136.

[4] WHITE G
tection Probabilities [J].
32(3): 211-216.

[5] BRACK IV, KINDEL A, OLIVEIRA L F B. De-
tection Errors in Wildlife Abundance Estimates from

Synthe-
sis, Solutions, and Challenges[J]. Methods in Ecolo-
gy and Evolution, 2018, 9(8): 1864-1873.

[6] LAAKEJ, DAWSON M J, HONE J. Visibility Bias
in Aerial Survey: Mark - Recapture, Line-Transect or
Both?[J]. Wildlife Research, 2008, 35(4): 299-309.

[7] HVALA A, ROGERS R M, ALAZAB M, et al.
Supplementing Aerial Drone Surveys with Biote-

C. Correcting Wildlife Counts Using De-
Wildlife Research, 2005,

Unmanned Aerial Systems (UAS) Surveys:

lemetry Data Validates Wildlife Detection Probabili-
ties [J].
4. 1203736.

[8] LINCHANT J, LISEIN J, SEMEKI J, et al. Are
Unmanned Aircraft Systems (UASs) the Future of
Wildlife Monitoring?
ments and Challenges[J]. Mammal Review, 2015,
45(4): 239-252.

Frontiers in Conservation Science, 2023,

A Review of Accomplish-

[9]

[11]

[13]

[14]

[17]

[20]

DELPLANQUE A, THEAU J, FOUCHER S, et
al. Wildlife Detection, Counting and Survey Using
Satellite Imagery: Are We There Yet? [J]. GI-
Science & Remote Sensing, 2024, 61(1): 2348863.
ATTARD M R G, PHILLIPS R A, BOWLERE,
et al. Review of Satellite Remote Sensing and Unoc-
cupied Aircraft Systems for Counting Wildlife on
Land[J]. Remote Sensing, 2024, 16(4): 627.
HODGSON J C, BAYLIS S M, MOTT R, et al.
Precision Wildlife Monitoring Using Unmanned Aerial
Vehicles[ J]. Scientific Reports, 2016, 6: 22574.
XUZY, WANG T J, SKIDMORE A K, etal. A
Review of Deep Learning Techniques for Detecting
Animals in Aerial and Satellite Images[J]. Interna-
tional Jowrnal of Applied Earth Observation and
Geoinformation, 2024, 128 103732.
PETTORELLI N, WILLIAMS 17,
TO BUHNE H, et al.

Remote Sensing for Biodiversity Monitoring and

SCHULTE
Deep Learning and Satellite

Conservation [J].
Conservation, 2025, 11(2): 123-132.

SIMONSON W D, ALLEN H D, COOMES D
A. Applications of Airborne LiIDAR for the Assess-
ment of Animal Species Diversity [J]. Methods in
Ecology and Evolution, 2014, 5(8): 719-729.
ACEBES P, LILLO P, JAIME-GONZALEZ C.
Disentangling LiDAR Contribution in Modelling Spe-

Remote Sensing in Ecology and

cies-Habitat Structure Relationships in Terrestrial Eco-
systems Worldwide. A Systematic Review and Future
Directions[ J]. Remote Sensing, 2021, 13(17) : 3447.
FRETWELL P T, LARUE M A, MORIN P, et
al. An Emperor Penguin Population Estimate: The
First Global, Synoptic Survey of a Species from
Space[J]. PLoS One, 2012, 7(4): e33751.

WU Z J, ZHANG C, GU X W, et al.

Learning Enables Satellite-Based Monitoring of

Deep

Large Populations of Terrestrial Mammals Across
Heterogeneous Landscape [T]. Nature Communi-
cations, 2023, 14. 3072.

CUBAYNES H C, FORCADA J, KOVACS K
M, et al.

Simultaneous Remotely Piloted Aircraft System Ver-

Walruses from Space: Walrus Counts in

sus Very High-Resolution Satellite Imagery[J]. Re-
mote Sensing in Ecology and Conservation, 2024,
10(5) : 584-596.

HOLLINGS T, BURGMAN M, VAN ANDEL M,
et al. How Do You Find the Green Sheep? A Critical
Review of the Use of Remotely Sensed Imagery to De-
tect and Count Animals[J]. Methods in Ecology and
Evolution, 2018, 9(4) : 881-892.

BONDI E, JAIN R, AGGRAWAL P, et al. BIRD-

SAI: A Dataset for Detection and Tracking in Aerial



% 51 &5 10

I ¥ P 45« 22 K Jl B A sl ) M 0 B L e 5 i

2163

[22]

[25]

[26]

[28]

[29]

[30]

Thermal Infrared Videos[ C ]//IEEE Winter Conference
on Applications of Computer Vision, Snowmass, USA,
2020.

GONCALVES B C, WETHINGTON M, LYNCH
H J. SealNet 2.0: Human-Level Fully-Automated
Pack-Ice Seal Detection in Very—-High—Resolution
Satellite Imagery with CNN Model Ensembles [J].
Remote Sensing, 2022, 14(22): 5655.
ASCAGORTA O, POLLICELLI M D, TACO-
NIS F R, et al. Large-Scale Coastal Marine Wild-

life Monitoring with Aerial Imagery[J]. Jouwrnal of

Imaging, 2025, 11(4): 94.

ABOUELEZZ H G, HOBBS N T. A High-Alti-
tude Thermal Infrared Method for Estimating Moose
Abundance and Demography in Rocky Mountain Na-
tional Park, USA[J]. Wildlife Biology, 2026(5) :
e01368.

MATERN W A, FLEISHMAN A B, GILBERT
I, et al. Evaluating the Efficacy of Drone-Based
Thermal Images for Measuring Wildlife Abundance
and Physiology [J]. Marine Mammal Science,
2025, 41(3): €70019.

KAYS R, SHEPPARD J, MCLEAN K, et al.
Hot Monkey, Cold Reality: Surveying Rainforest
Canopy Mammals Using Drone-Mounted Thermal
Infrared Sensors [J].
mote Sensing, 2019, 40(2): 407-419.
WHITWORTH A, PINTO C, ORTIZ J, et al.
Flight Speed and Time of Day Heavily Influence

International Journal of Re-

Rainforest Canopy Wildlife Counts from Drone-
Mounted Thermal Camera Surveys[J]. Biodiversity
and Conservation, 2022, 31(13): 3179-3195.
MASSEY L, FOLEY A M, BAUMGARDT J, et
al. Pre-programming Thermal Sensors Improves
Detection During Drone-Based Nocturnal Wildlife
Surveys in Warm Weather [J]. Drones, 2026, 10
(2):127.

STEWART J B, HUDSON J M, SHERBO B A
H, et al. Estimating Beluga Whale Abundance from
Space: Using Drones to Ground—-Validate VHR Satel-
lite Imagery[J]. Remote Sensing in Ecology and Con-
servation, 2024, 10(6): 673-685.

COLEMAN J, FENNEY N, TRATHAN P N, et
al. A Comparison of Established and Digital Surface
Model (DSM) -Based Methods to Determine Popula-
tion Estimates and Densities for King Penguin Colo-
nies, Using Fixed-Wing Drone and Satellite Imagery
[J]. Remote Sensing in Ecology and Conservation,
2025, 11(3): 294-311.

VOGELER J C, FEKETY P A, ELLIOTT L, et
al. Evaluating GEDI Data Fusions for Continuous

Characterizations of Forest Wildlife Habitat [J].

[31]

[33]

[34]

[35]

[37]

[38]

[40]

[41]

Frontiers in Remote Sensing , 2023, 4: 1196554.
ELLIOTT J M, FLAHERTY E A, SWIHART R
K, et al. Application of LIDAR and Camera Traps
to Model Wildlife Habitat[J]. The Jowrnal of Wild-
life Management, 2025, 89(8): e70093.
BOHNETT E, LAMICHANNE B R, CHAUD-
HARY S, et al. Thermal Infrared UAV Applications
for Spatially Explicit Wildlife Occupancy Modeling
[J]. Land, 2025, 14(7): 1461.

LABROUSSE S, ILES D, VIOLLAT L, et al.
Quantifying the Causes and Consequences of Varia-
tion in Satellite-Derived Population Indices: A Case
Study of Emperor Penguins[J].
Ecology and Conservation, 2022, 8(2): 151-165.
LARUE M, ILES D, LABROUSSE S, et al. Ad-

vances in Remote Sensing of Emperor Penguins:

Remote Sensing in

First Multi-year Time Series Documenting Trends in
the Global Population [J].
Society B: Biological Sciences, 2024, 291 (2018) :
20232067.

WINTERL A, RICHTER S, HOUSTIN A, et al.

Remote Sensing of Emperor Penguin Abundance and

Proceedings of the Royal

Breeding Success [J]. Nature Communications,
2024, 15: 4419.

KELLENBERGER B, MARCOS D, TUIA D.
Detecting Mammals in UAV Images: Best Practices
to Address a Substantially Imbalanced Dataset with
Deep Learning [J]. Remote Sensing of Environ-
ment, 2018, 216: 139-153.

AXFORD D, SOHEL F, VANDERKLIFT M A,
et al. Collectively Advancing Deep Learning for
Animal Detection in Drone Imagery: Successes,

Challenges, and Research Gaps[J]. Ecological In-

formatics, 2024, 83: 102842.

DELPLANQUE A, FOUCHER S, LEJEUNE P,
et al. Multispecies Detection and Identification of Afri-
can Mammals in Aerial Imagery Using Convolutional
Neural Networks [J]. Remote Sensing in Ecology
and Conservation, 2022, 8(2): 166-179.

TABAK M A, NOROUZZADEH M S, WOLF-
SON D W, et al. Machine Learning to Classify Ani-
mal Species in Camera Trap Images: Applications in
Ecology [J]. Methods in Ecology and Evolution,
2019, 10(4): 585-590.

DUJON A M, IERODIACONOU D, GEESON J
J, et al. Machine Learning to Detect Marine Animals
in UAV Imagery: Effect of Morphology, Spacing,
Behaviour and Habitat[J]. Remote Sensing in Ecolo-
gy and Conservation, 2021, 7(3): 341-354.
SUBEDI A. Mitigating Location Bias for Cross—Lo-
cation Generalization in Camera Trap Wildlife Detec-
tion[J]. IEEE Access, 2026, 14: 73067-73081.



2164

DR 2 R (R

ISR Y

2026 410 H

[42]

[44]

[45]

[46]

[48]

[49]

[51]

CONVERSE R L, LIPPITT C D, SESNIE S E,
et al. A Framework for Assessing Reliability of Ob-
server Annotations of Aerial Wildlife Imagery, with
Insights for Deep Learning Applications [J]. PLoS
One, 2025, 20(1): e0316832.

MOU C, LIU T F, ZHU C C, et al. WAID: A
Large-Scale Dataset for Wildlife Detection with
Drones [J]. Applied Sciences, 2023, 13 (18) :
10397.

DUPORGE I, FINERTY G E, IHWAGI F, et al.
A Satellite Perspective on the Movement Decisions
of African Elephants in Relation to Nomadic Pasto-
ralists [ J].
vation, 2022, 8(6): 841-854.

i) 45, Wk A . BT YOLOV7-Tiny 25 19 A
HL S if B BR B AR S J7 ik (7] BF AR S e i
2024, 45(2): 251-261.

YAN lJingyu, XIE Yonghua. Real Time Tracking
of Wild Animals Using Unmanned Aerial Vehicles
Based on YOLOv7-Tiny Algorithm [J]. Chinese
Jowrnal of Wildlife, 2024, 45(2): 251-261.
RATHORE A, SHARMA A, SHAH S, et al.
Multi-object Tracking in Heterogeneous Environ-
ments (MOTHe) for Animal Video Recordings[J].
PeerJ, 2023, 11: e15573.

HODGSON A, PEEL D, KELLY N. Unmanned

Aerial Vehicles for Surveying Marine Fauna: As-

Remote Sensing in Ecology and Conser-

sessing Detection Probability [J]. Ecological Appli-
cations, 2017, 27(4): 1253-1267.

LI X Y, BLEISCH W V, JIANG X L.
Large Spatial Scale Camera Trap Data and Hierarchi-

Using

cal Occupancy Models to Evaluate Species Richness
and Occupancy of Rare and Elusive Wildlife Commu-
nities in Southwest China[J]. Diversity and Distri-
butions, 2018, 24(11): 1560-1572.

HURTADO C, HEMMING V, BURTON C.
Comparing  Wildlife Habitat Suitability Models
Based on Expert Opinion with Camera Trap Detec-
tions [J]. Conservation Biology, 2023, 37 (5) :
el4113.

S, AR 4B, B . LT MaxEnt #5154 (1) 15 £
LR B AR B R B W o A S R R BRE ) o B
[J]. A= 252%4, 2025, 45(20) : 9908-9919.

GUO Xingjian, SHAO Quangin, YANG Fan. Dis-
tribution of Large Wild Herbivores and Carrying Ca-
pacity of Grassland in Maduo County Based on Max-
Ent Model [J]. Acta Ecologica Sinica, 2025, 45
(20): 9908-9919.

HEIIE, BUSR, T3, 4. 1980—2023 4F 1L i
7% 7 2 K 5 A0 2 b B I 25 AR AR [T ] R R
2025, 23(1): 1-10.

DONG Haozheng, DUAN Houlang, YU Hailing,

[55]

[57]

[58]

[60]

[61]

et al. Spatial-Temporal Changes of Shorebird Habi~
tat Quality in the Liaohe River Estuary from 1980 to
2023[J]. Wetland Science, 2025, 23(1): 1-10.
SOAEL, BIRFR, AR, GF SR WUEE SR AT
Ui i) A PR U 4 R SR MR R SE [T, A A
iz, 2023, 43(18): 7701-7714.

ZHANG Jiuhong, HONG Zhaochun, CUI Jian-
zhao, et al. Effects of Landscape Matrix on Winter
Foraging—Habitat Selection of Black-Necked Crane
in the Middle Reach of the Yarlung Zangbo River,
Tibet, ChinalJ]. Acta Ecologica Sinica, 2023, 43
(18): 7701-7714.

. LTI AL A i I 4 22 A L b A
HAEMR D] Bat: B atoll sy, 2025.

HOU Guoshuai. Habitat Suitability of Yunnan
Golden Monkey Based on UAV LiDAR[D]. Nan-
jing: Nanjing Forestry University, 2025.

REVELO M D, RIVERA L, REVELO C. Wildlife
Species Distribution Modeling with Unmanned Air-
craft [J].
and Applied Sciences, 2026, 8(1): 18.

SUN C, BEIRNE C, BURGAR J M, et al. Simul-

taneous Monitoring of Vegetation Dynamics and

Innovation & Development in Engineering

Wildlife Activity with Camera Traps to Assess Habi-
tat Change[J]. Remote Sensing in Ecology and Con-
servation, 2021, 7(4): 666-684.

PINEL-RAMOS E J, AURELI F, WICH S, et
al. Evaluating Thermal Infrared Drone Flight Pa-
rameters on Spider Monkey Detection in Tropical
Forests[J]. Sensors, 2024, 24(17): 5659.
MADANI G, GONSALVES L. Size Does Matter:
Detectability of Arboreal Mammals Using Thermal
Cameras and Spotlighting [J]. Wildlife Research,
2025, 52(7): WR24154.

WAGNER B, GARNICK S W, RYAN M F, et
al. Thermal Drone Surveys to Detect Arboreal Fau-
na: Improving Population Estimates and Threatened
Species Monitoring [J]. Ecological Applications,
2025, 35(6): e70091.

BENNITT E, BARTLAM-BROOKS H L A,
HUBEL T Y, et al. Terrestrial Mammalian Wild-
life Responses to Unmanned Aerial Systems Ap-
proaches[J]. Scientific Reports, 2019, 9: 2142.
WAGNER B, NITSCHKE C R, JOHNSON J.
Drone-Based Wildlife Surveys Elicit Minimal Vigi-
lance in Nocturnal Arboreal Mammals: Evidence
from Comparisons with Ground-Based Detection
Methods [J]. Proceedings of the Royal Society of
Victoria, 2026, 138: RS25004.

SCHAD L, FISCHER J. Opportunities and Risks
in the Use of Drones for Studying Animal Behaviour

[J]. Methods in Ecology and Evolution, 2023, 14



% 51 &5 10

I ¥ P 45« 22 K Jl B A sl ) M 0 B L e 5 i

2165

[62]

[64]

[65]

[67]

[69]

[70]

[72]

(8): 1864-1872.

AFRIDI S, LAPORTE-DEVYLDER L., MAALOUF
G, et al. Impact of Drone Disturbances on Wildlife: A
Review| J|. Drones, 2025, 9(4): 311.
BRAMESFELD G, BISSONNETTE W, RAHA-
MAN-NORONHA M, et al. Monitoring Wildlife
Using Long-Endurance Solar-Electric UAVs [J].
Wildlife Biology, 2026, 2026(5) : e01502.
BARTLETT B, SANTOS M, DORIAN T, et al.
Real-Time UAV Surveys with the Modular Detec-
tion and Targeting System: Balancing Wide—Area
Coverage and High—-Resolution Precision in Wildlife
Monitoring[ J]. Remote Sensing, 2025, 17(5): 879.
REEVES HM, COOCH F G, MUNRO R E. Moni-
toring Arctic Habitat and Goose Production by Satellite
Imagery [J]. The Journal of Wildlife Management,
1976, 40(3): 532.

BAE S, LEVICK S R, HEIDRICH L, et al. Ra-
dar Vision in the Mapping of Forest Biodiversity
from Space [J]. Nature Communications, 2019,
10: 4757.

HUANG J P, ZHANG Y, DING J H. Combining
LiDAR, SAR, and DEM Data for Estimating Un-
derstory Terrain Using Machine Learning-Based
Methods[ J]. Forests, 2024, 15(11): 1992.
LOFFLER E, MARGULES C. Wombats Detected
from Space [J].
1980, 9(1): 47-56.

FRIIC, EARE, BARE, . ST IR ANLE R
PR VLT R K G A SR AR DX B R R B
ZE ) o A A [T]. BF A S W aE 4, 2023, 44(3)
486-493.

WANG Shaowen, WANG Dongliang, LING
Chengxing, et al. Population and Spatial Distribu-

Remote Sensing of Environment,

tion of Moose in Nanwenghe National Nature Re-
serve, Heilongjiang Province Based on Unmanned
Aerial Vehicle (UAV) Remote Sensing[J]. Chinese
Jowrnal of Wildlife, 2023, 44(3): 486-493.
R, R, MR SR, SE LRI TT/INEL TG G HIL
PO 2 W K S 0 AT AT R (T] S e A
2021, 56(1): 100-110.

GAO Dazhong, LIN Hai, LIN Lele, etal. The Fea-
sibility of Wetland Waterfowl Monitoring Method
Based on UAV Remote Sensing[J]. Chinese Journal
of Zoology, 2021, 56(1): 100-110.

HODGSON J C, MOTT R, BAYLIS S M, et al.
Drones Count Wildlife More Accurately and Precise-
ly than Humans[J]. Methods in Ecology and Evolu-
tion, 2018, 9(5): 1160-1167.

LYONS M B, BRANDIS K J, MURRAY N J, et
al. Monitoring Large and Complex Wildlife Aggre-
gations with Drones [J]. Methods in Ecology and

[73]

[74]

[75]

[77]

[78]

[79]

[80]

[81]

[82]

Evolution, 2019, 10(7): 1024-1035.
DELPLANQUE A, FOUCHER S, THEAU J, et
al. From Crowd to Herd Counting: How to Precise-
ly Detect and Count African Mammals Using Aerial
Imagery and Deep Learning?[J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2023, 197:
167-180.

ALIANE N. Drones and Al-Driven Solutions for
Wildlife Monitoring[ J]. Drones, 2025, 9(7) : 455.
BLT A, IR, SREN . JC A B0 B A 3 1) B g
Kol 5 Gt gk (7). fiiss TR gERE , 2023, 14
(1): 13-26.

ZHU Ninghua, ZHENG Jiangbin, ZHANG Yang.
Review of Intelligent Detection and Statistical Methods
of Wild Animals in UAV Aerial Photography[J]. Ad-
vances in Aeronautical Science and Engineering,
2023, 14(1): 13-26.

WEODARCZYK D, JOZKOW G. Hoofed Animal
Detection in UAV Thermal Images Using Balanced
Random Forest and CNN Features [J]. Reports on
Geodesy and Geoinformatics, 2025, 120(1): 1-13.
POVLSEN P, BRUHN D, DURDEVIC P, et al.
Using YOLO Object Detection to Identify Hare and
Roe Deer in Thermal Aerial Video Footage—Possi-
ble Future Applications in Real-Time Automatic
Drone Surveillance and Wildlife Monitoring [J].
Drones, 2024, 8(1): 2.

KE W Y, LIU T F, CUI X H. IECA-YOLOV7:
A Lightweight Model with Enhanced Attention and
Loss for Aerial Wildlife Detection [J]. Animals,
2025, 15(18): 2743.

SYKORA P, KAMENCAY P, HLAVATA R, et
al. Overview and Comparison of Deep Neural Net-
works for Wildlife Recognition Using Infrared Images
[J]. AI, 2024, 5(4): 2801-2828.

BACKMAN K, WOOD J, BRANDIMARTI M,
et al. Human Inspired Deep Learning to Locate and
Classify Terrestrial and Arboreal Animals in Ther-
mal Drone Surveys [J]. Methods in Ecology and
Ewvolution, 2025, 16(6): 1239-1254.

XU Z Y, WANG T J, SKIDMORE A K, et al.
Bounding Box Versus Point Annotation: The Im-
pact on Deep Learning Performance for Animal De-
tection in Aerial Images[J]. ISPRS Journal of Pho-
togrammetry and Remote Sensing, 2025, 222:
99-111.

SRR, TR, AR, G5 RS LLAMIAL S A
HL AR RO T 35 A 8 7% 1 30 e A 8 % v A R A
i 2 S AP BT ). BF 2 sh ol , 2026, 47(2) -
159-173.

ZHOU Yuan, DING Wufu, TANG Dongyan, et
al. Integrating Camera—Trapping and UAV-Borne



2166

DR 2 R (R

ISR Y

2026 410 H

[84]

[85]

[87]

[88]

[90]

[91]

LiDAR Technologies to Reveal the Spatiotemporal
Coexistence Patterns of Francois’” Langurs and Rhe-
sus Macaques in Karst Habitats[J]. Chinese Journal
of Wildlife, 2026, 47(2): 159-173.

BIRD C N, DAWN A H, DALEJ, etal. A Semi-
automated Method for Estimating Adélie Penguin
Colony Abundance from a Fusion of Multispectral
and Thermal Imagery Collected with Unoccupied
Aircraft Systems [J]. Remote Sensing, 2020, 12
(22): 3692.

P, A, Ak bk, 4. JET DenseFuse [ 2%
1 I8 N B LT S0 AT UL RE R S i PR A [T
WP B 2E i, 2025, 46(3): 514-522.

LI Wenjiao, BAO Heng, DU Hualin, et al. Un-
manned Aerial Vehicle Equipped with Both Infrared
and Visible for Cervidae Image Fusion Based on
DenseFuse Network [J]. Chinese Journal of Wild-
life, 2025, 46(3): 514-522.

WITHARANA C, LARUE M A, LYNCH H J.
Benchmarking of Data Fusion Algorithms in Support
of Earth Observation Based Antarctic Wildlife Moni-
toring [J]. ISPRS Journal of Photogrammetry and
Remote Sensing, 2016, 113: 124-143.

MCCRAINE D, SAMIAPPAN S, KOHLER L,
et al. Automated Hyperspectral Feature Selection
and Classification of Wildlife Using Uncrewed Aerial
Vebhicles[J]. Remote Sensing, 2024, 16(2) : 406.
TRL0He, wh, L7 . mlA AR B AR B T 5
H JE AHLIE BRI (1], 3R AR, 2026, 30(7):
2121-2133.

REN Hongyan, HUANG Kun, ZHA Xi. Drone-
Based Remote Sensing Identification of Himalayan
Marmot Holes Integrating Habitat Information [J].
National Remote Sensing Bulletin, 2026, 30(7) :
2121-2133.

SINGER D, HAGGE J, KAMP J, et al. Aggre-
gated Time-Series Features Boost Species—Specific
Differentiation of True and False Positives in Pas-
sive Acoustic Monitoring of Bird Assemblages[J].
Remote Sensing in Ecology and Conservation,
2024, 10(4): 517-530.

NAUDE J, JOUBERT D. The Aerial Elephant Da-
taset: A New Public Benchmark for Aerial Object De-
tection [C]//TEEE/CVF Conference on Computer
Vision and Pattern Recognition Workshops, Long
Beach, USA, 2019.
CUBAYNES H C,

from Space Dataset, an Annotated Satellite Image

FRETWELL P T. Whales

Dataset of Whales for Training Machine Learning
Models[J]. Scientific Data, 2022, 9: 245.
TASKINA L, VOROBYEV K, ABAKUMOV L,

[92]

[93]

[94]

[95]

[97]

[98]

[99]

et al. BEHAVE-UAV: A Behaviour-Aware Syn-
thetic Data Pipeline for Wildlife Detection from
UAV Imagery[ﬂ. Drones, 2026, 10(1): 29.
HENRICH M, BURGUENO M, HOYER J, et
al. A Semi-automated Camera Trap Distance Sam-
pling Approach for Population Density Estimation
[J]. Remote Sensing in Ecology and Conservation,
2024, 10(2): 156-171.

HEAD J S, BOESCH C, ROBBINS M M, et al.
Effective Sociodemographic Population Assessment
of Elusive Species in Ecology and Conservation
Management[J]. Ecology and Evolution, 2013, 3
(9): 2903-2916.

HENRICH M, FIDERER C, KLAMM A, et al.
Camera Traps and Deep Learning Enable Efficient
Large—Scale Density Estimation of Wildlife in Tem-
perate Forest Ecosystems [J]. Remote Sensing in
Ecology and Conservation, 2026, 12(1): 148-163.
GOWAN T A, MOORE J F, EDWARDS H H,
et al. An Approach to Modeling Abundance of Ma-
rine Wildlife over Space and Time Using Unstruc-
tured Aerial Surveys [J]. The Journal of Wildlife
Management, 2026, 90(1): e70123.

ZEAEAT, T AR, HBHRUE LI S Y R IR 55
FAR[T]. &M, 2021, 25(1): 15-24.

LI Deren, DING Lin, SHAO Zhenfeng. Applica-
tion—Oriented Real-Time Remote Sensing Service
Technology[J]. National Remote Sensing Bulletin,
2021, 25(1): 15-24.

BET, EE, MM, BT TER R 2 e
(1] iR, 2025, 29(6): 1388-1398.

LI Deren, WANG Mi, XIAO Jing, et al. On
Ubiquitous Spatiotemporal Intelligence [J]. Na-
tional Remote Sensing Bulletin, 2025, 29 (6) :
1388-1398.

A, MR, £ WEE R S SN
FILT]. BBUR 2240 (5 BB KD L 2026, 51(9)
1755-1764.

LI Deren, GUO Haonan, JIN Wenjie. Spatiotempo-
Geo-
matics and Information Science of Wuhan Universi-
1y, 2026, 51(9): 1755-1764.

ARANDJELOVIC M, VIGILANT L. Non-inva-

sive Genetic Censusing and Monitoring of Primate

ral Intelligence: Theory and Applications [J].

Populations [J]. American Jowrnal of Primatology,
2018, 80(3): €22743.

[100JCHEN P, SWARUP P, MATKOWSKI W M, et

al. A Study on Giant Panda Recognition Based on
Images of a Large Proportion of Captive Pandas
[J]. Ecology and Evolution, 2020, 10(7): 3561~
3573.



	目次
	院士论坛
	海洋声道研究进展及我国发展的思考

	大地测量学与测量工程
	北斗PNT增强信息处理技术及其应用
	月球导航星座抗差自适应轨道确定与时间同步
	人工智能驱动的GNSS大气效应建模、预测与应用研究进展
	2026年北斗导航卫星更新维护操作对空间信号测距误差和单点定位影响分析

	摄影测量与遥感
	多模态遥感影像匹配进展与展望：从传统模式到深度学习
	AIGC时代下遥感新闻权威性的反思与风险治理研究
	极地冰盖空天遥感监测：进展与展望
	空天遥感野生动物监测的挑战、进展与展望
	遥感视频单目标跟踪：进展与展望

	地图制图学与地理信息工程
	面向复杂室内退化场景的多源融合机器人定位方法
	刍议空间智能与地理空间智能
	城市建成环境多源遥感智能监测技术研究进展与展望
	三维地籍支撑的土地混合利用立体治理框架


	Contents
	Column
	Research Progress of Ocean Channel and Thoughts on China􀆳s Development
	BDS PNT Augmentation Information Processing: Technologies and Its Application
	Robust Adaptive Orbit Determination and Time Synchronization for Lunar Navigation Constellation
	Advances in Artificial Intelligence⁃Driven Modeling, Prediction, and Applications of GNSS Atmospheric Effects
	Impact of BeiDou Navigation Satellite Update and Maintenance Operations in 2026 on Signal⁃in⁃Space Ranging Error and Single Point Positioning
	Advances in Multimodal Remote Sensing Image Matching: A Survey from Conventional Approaches to Deep Learning
	Rethinking the Authority of Remote Sensing News and Its Risk Governance in the AIGC Era
	Spaceborne and Airborne Remote Sensing of Polar Ice⁃Sheet: Advances and Prospects
	Wildlife Monitoring Using Spaceborne and Airborne Remote Sensing: Challenges, Progress and Perspectives
	Single⁃Object Tracking in Remote Sensing Video: Advances and Prospects
	A Multi⁃source Fusion Robot Localization Method for Complex Indoor Degraded Scenarios
	On Spatial Intelligence and Geo⁃spatial Intelligence
	Research Progress and Prospect of Multi⁃source Remote Sensing Intelligent Monitoring Technology for Urban Built Environment
	A 3D Cadastre⁃Supported Spatial Governance Framework for Mixed Land Use



