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Fig.1 Spatial distribution of 324 field stations based on the land use map in 2015
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Fig. 3 Spatial distribution of unmanned aerial vehicle airports selected

by maximal area covering model and its service coverage
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Fig. 5 Variation of geographical background coverage with the increase in the number of unmanned aerial vehicle airports

AUBE PR 25 W 10 Mo PR TS 5078 35 RN W N, H B e s W AR IR B 198 N, M HR S 5t
T RIN B B R 58.82% X R HH M TE AMLZS B TR A IR 254 T, 430l 3 F
PRIV R 10 25 W6 A0 SR IR 55 SRR ALY, IR 225 . MifE TR AN 50 A BRI
AT, BT S S5 AR B I LU e R I AR S AR o B R, R TE A
Ml 2 PR B S TR R K

FEF MODIS EVIEWE, I FH ) BAMEZ X PRSI R 3545 25 0 B IR 55 X s oA e
PEEATIRAN, A5 AR RISE T i R AV S AR PR 2 s A B, RSB T Re R Bl
Hiu AR 5 - R EL R 70.37%, T3k TR R Y S s AR A v s vk IR
25U B BT BEA 2 %) i b T R o ] TR ER R 73.36% 0 25 LA, AR T KA
TR e R RS S S AR e B s W B AR TR, X 0 TR A S )
BRI E R

4

o e O RS B T RORE TR, JCEA B TR R BB A T X LERAIE A
i EAE T F Z M5 SR ORI, SRR T2 s . HlT
RAT R EFILEATRE S AR, TE AL LB A, HARBUEOE 19 2 RV A R, Rt
TEHBTIT B TC ML W, ARFETC AMLAS HE 2 AE T S B g, et i ) P R BB K DX A T
MHURAR, SRSEBUXT T 7SI UEARAT A2 o 7 RIS i ) 28 (A2 5 2 22 3k
B UL, A SCHE T BT S5 B AT O AN W A Ry, X 4 I R 454K |
KA AT e 2 LR 7 A B U R 45 LA B B

ASCUAP EREEBE . RO RS A FREF SN £ iR S e AL S HE Y £ 12k
M HAT—E B BLSARE o X2 PR B ek i e AL s W R by s e S P 7 it
HERIZS, HEBRAER, XL AT A EFAI 6 5l 285 20 4F i & 1A B0 AR 4K
BEPR AP Zs IR &R, I H—2eGulith THT®OR, C&RE T —E@ s M ANL, 1
PHRRCA EEA RN B, IRIEX ST A B G mboR T o o T SR 7 i i
W28 AT RR AT IS (ERMAEEF AN G ol i B s A R BRYE, PURRHLX i T . %
URAERR], BPAM G ulh oA A HACE D, R LG 28 5 3 IRk 55 b B TE ABLAS i
Holk g5 ae a2 BRI . ik, A Jadnl % A £ AR E A BN G ub Mo 2 dE R Y
B b, S5E PR R YAV AR Se PR R X, A L, DAY 2
1o 3 R IERT oK o



11 48] XA A5 - T[] g 7 TR SR ™ i LSRR 38 A T AL 2 A ) 2629

UnFrpTd,  HATERA B R TR IR IR R, SN RO AL
& 1 A BER T R 2 s A R PO TE o SO R W S5 0 b b 357 9 3 IO 0 Je ) JC AL
ZSHEA SR T3 T B A o FEAATTBO AR b, e R AU 9K 3 25 R A S A A A R
P T, SRR A W RO O 81/, ORI P72 T AR L R AR T ARV T AR 7
T i) P4t 0 W 00 75 TR e 49 ) 2 W 7 B A B P 7 XU S — R B PR R A B s
11 e TR R ™ i Y S IE AT 25 B N R RARE T 2, T B E SRR ZR 5 45
AR o AT SRR e 70 T R ™ 25 (AR S S N 3R, B T B 5t 7
T R AY YD ZE 5 2 R BORAMR, AR5 A5 T B 5 i R 4R i R B R
BORL, JFRE TR RGETT 2 J5 IR E 2 W 5 BECEE ,  [RIIER TR ™ i n) 2y
A R A RAEATHE , R AR SCET X o 70 TR R ™ i B PEAG R, #2401 B2 e
BRI g 28 7 St =

BEXT RIS S AIE, ZS HERL S B TH B AREA YRR . e, s
I H IS G AR, SRARUT S el 207 L g SOk T 2 il S ik
I TN AT . PR, M0 K, B a5 M &
g8, TEPMCT RSN AR T, Sl R G0 e TR Y DI, AR 40 DX o p
Jl i1 23 BT R JC NA VRS R0 IR 5 TAE s R, XA AU &t 2t A7 B A%t
TE TR A AP 12 R G B8 A IO AL ™ s R T AR ™ ot A T RUEE
Fedge, HE—2PR TR P i A TR

5

B X iR 43 T3 AL TR BRI o i LSRR B TR 5K, AR SC L A B BE T i1 B B A1 £ 3
YERTENNFFIEZS WAL S, B BB 5o fF B DR /= AR i B BN R, KRS
A FH RN A S B 53 X E e 4 o M P Y S S R A, IR T S S ae R
A7 R AR IE e K b B o B T A, R AT S R RE AR A 2 e T TS s
RO R FERE T, 2 B3 T i R b P 5 7 25 AR RN A K T AR 7 S AR A A e T AP A
B2 A4 Jey, 56T MODIS EVIEU X 25 W A Jry 45 A T30 0E , 45 SR R B2 W 50N 60
F, ORI SE R PR 2 s, OB TS 5o 7 35 8 8 26.66%, 1B KHB Y 7 55
MR PEas ik, HoHb Y 5078 75 58 N 38.32%; I MODIS EVIEUE 7= & iU S E S5 SR 3%
FH e R T FRUBS s AR e P 2 e, R 45 X I mT A% 2 T ] 70.37% P i DX I, 1 e A
PR S S AR A v R A i, LIRSS X mT AR e v ] 73.36% Rl IX 3 . AR SCHRE S A B K
PR SR AR N A T IR AN S e PR . XL S st T, AT RAFESE B
W, BRI AR T, FEEE A MAE S LR S B IR T R S, AMTAR S T2 i SR
[ B2 X35, BIM o JC A ATL SO0 R e T RAE e A v A 7 R SIS 7 R A T
Bk

S 3k (References)

[1] China National Space Administration. China National Report on High-Score Satellite Applications in 2018 (Common
Product Volume). 2018. [H [ & G2 /i K Jmy. 2018 45 [ i 43 1L 1 S 15 (R 7 v 4R). 2018.]

[2] Liu Qiyue, Yu Tao, Gao Hailiang, et al. Methods and application for the validation of remote sensing geometrical
products. Engineering of Surveying and Mapping, 2018, 27(10): 7-10, 17. [XIH:Ni, 43, i, 45, 3@ D2 JLf ™=
LSRG IG5 2 S . N2 TR, 2018, 27(10): 7-10, 17.]



2630 i B 2E 76 %

[3] Wang Weihe, Zhang Xingying, An Xingqin, et al. Analysis for retrieval and validation results of FY-3 Total Ozone Unit
(TOU). Chinese Science Bulletin, 2010, 55(17): 1726-1733. [ [E4EFN, 5K 2400, L0438, 5 Ra =52 DE SRR
SR BN LSRR 2 R AT B A, 2010, 55(17): 1726-1733.]

[4] Justice C, Belward A, Morisette J, et al. Developments in the "validation" of satellite sensor products for the study of the
land surface. International Journal of Remote Sensing, 2000, 21(17): 3383-3390.

[5] Wu Xiaodan, Wen Jianguang, Xiao Qing, et al. Advances in validation methods for remote sensing products of land
surface parameters. Journal of Remote Sensing, 2015, 19(1): 75-92. [5/NPF, EEG, 7, &5, SR 2 2808 k™=
b LSRRG B T . SRR, 2015, 19(1): 75-92.]

[6] Peng Jingjing, Liu Qiang, Wen Jianguang, et al. Multi-scale validation strategy for satellite albedo products and its
uncertainty analysis. Scientia Sinica: Terrae, 2015, 45(1): 66-82. [ 75, X5, MAHDE, 55 DA IR g2 R)E
ISE S A AT, Rk ERELE, 2015, 45(1): 66-82.]

[7]1 Zhang Yuan, Jia Zhenzhen, Liu Shaomin, et al. Advances in validation of remotely sensed land surface
evapotranspiration. Journal of Remote Sensing, 2020, 24(8): 975-999. [5K[5l, T% vi v, X7 [, 5. 3@ B Ak 53 4 %1
R ISR IR HE . SRR, 2020, 24(8): 975-999.]

[8] Liu S M, Li X, Xu Z W, et al. The Heihe integrated observatory network: A basin- scale land surface processes
observatory in China. Vadose Zone Journal, 2018, 17(1): 1-21.

[9] Liao Xiaohan, Zhou Chenghu, Su Fenzhen, et al. The mass innovation era of UAV remote sensing. Journal of Geo-
Information Science, 2016, 18(11): 1439-1447. [BUNE, R, 7Rk, 55 TTANLBEAR QIR HiBRk {5 BAREE
112, 2016, 18(11): 1439-1447.]

[10] Weber A. Friedrich C J. Theory of the Location of Industries. Chicago: University of Chicago Press, 1929.

[11] Zhong Qing, Dai Teqi. Stratified estimation of the total number and location of Chinese civil airports based on
population coverage using revised LSCP and MCLP models. Progress in Geography, 2014, 33(12): 1642-1649. [%} i,
SRR, PP R R AT TT : 2T A D 6 A0 . s FRRL 23R, 2014, 33(12): 1642-1649.]

[12] Shang Chunjian, Ning Aibing, Peng Dajiang, et al. Backtracking algorithm with reduction for P- center location
problem. Application Research of Computers, 2021, 38(3): 734-737, 769. [ M &, 7% &, 32 KL, Z5. P sEhk )
JE— BRI TSRS TN FHIESR, 2021, 38(3): 734-737, 769.]

[13] Tong Xu, Liang Huan, Zheng Lina, et al. Research on logistics center location problem based on p-median model.
Advances in Applied Mathematics, 2016, 5(2): 276-281. [ZJIll, %X, RO, . F&T p HAEALAL APt o0 pE A
JBESE. N FHECHIERE, 2016, 5(2): 276-281.]

[14] Fu Shenglei, Fu Bojie. Concept clarification of eco- geography and analysis of related classical studies. Scientia
Geographica Sinica, 2019, 39(1): 70-79. [{§75 5, {17, A2 M HFME S AL S 2 R0 4. i HERL2F, 2019,
39(1): 70-79.]

[15] Lu Ming, Liao Xiaohan, Yue Huanyin, et al. Determining the distribution of unmanned aerial vehicles airports for the
emergency monitoring of floods in China. Journal of Geo-information Science, 2019, 21(6): 854-864. [JiEHH, BL/NFE, &
SN, S5, T 1) T O N I B T AMLAS W AT SR HbERAE ERE254], 2019, 21(6): 854-864.]

[16] Zheng Du. Chinese Ecological Geographic Area System Research. Beijing: The Commercial Press, 2008: 105-288. [
J£.2008. H [ A= A I UR GEAITTE. ALt R 45 EN434H, 2008: 105-288.]

[17] Church R, Revell C. The maximal covering location problem. Papers of the Regional Science Association, 1974, 32:
101-111.

[18] Wan Bo. Study on the public service facility location problem [D]. Wuhan: Huazhong University of Science and
Technology, 2012. [J1 3. A LRSS Bt B hk (AR5 [D]. i AR K2, 2012,

[19] Zhao Di, Liang Xu, Zhang Siwen, et al. Location problem based on maximum coverage model and AHP: Taking
Liaoning agricultural products logistics center location as an example. Journal of Shenyang Normal University (Natural
Science Edition), 2019, 37(2): 114-119. [#ill, G4, 5K B3, 4. BE TR R S8 5 AHP Ryt [n 8 DUIT T4 4K
PR O, DR BRI 225 (F AR AR), 2019, 37(2): 114-119.]

[20] Zhan Qingming, Yang Shuang. Optimization of emergency facilities layout in villages. Journal of Geo- Information
Science, 2019, 21(5): 641-653. [£5PRHI, 1 4. F BRI 2 JEls ek A J L AL 72, HUER 5 R4, 2019, 21
(5): 641-653.]

[21] Shao Zhigiang. Determine the sample size of sampling survey. Statistics and Decision, 2012, 22(370): 12-14. [RB i 5&.
FRE A AR 2 B A D k. GRS ELR, 2012, 22(370): 12-14.]

[22] Santiago J L, Martin F, Martilli A. A computational fluid dynamic modelling approach to assess the representativeness



114 XIE A 45+ T i 73 TL A R SR 7 it LSRRG 35 ) T AL 2 e A ) 2631

of urban monitoring stations. Science of the Total Environment, 2013, 454/455: 61-72.
[23] Jiang Chengsheng. Evaluation and calculation of representative of spatial samples [D]. Beijing: University of Chinese

Academy of Sciences, 2009. [22 8%, 25 AR SACRMEEMN 511574 [D]. dbat: hERRER K%, 2009.]

Unmanned aerial vehicle airports for verification of common
products from China High-resolution Earth Observation System
(CHEOS)

LIU Junwei"?, CHEN Pengfei', LU Ming’, LIAO Xiaohan"*

(1. State Key Laboratory of Resources and Environment Information System, Institute of
Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
2. National Engineering Research Center for Agro-Ecological Big Data Analysis and
Application, Anhui University, Hefei 230601, China; 3. Qian Xuesen Laboratory of

Space Technology, Beijing 100094, China; 4. Tianjin Institute of Application and
Research on Unmanned Aerial Vehicles, Tianjin 301800, China)

Abstract: Aiming at the requirement to use unmanned aerial vehicle (UAV) data to verify
common products from China High- resolution Earth Observation System (CHEOS), this
research examines the distribution of UAV airports using the existing ecological observation
stations. Firstly, to comprehensively consider the factors affecting the satellite products, a
physical model of the geographical background coverage was proposed. Secondly, a maximal
geographic background model is designed based on the improved the coverage model with
geographic backgrounds, and the number of UAV airports was determined using the sample
size determination method of random sampling. Then, the maximal geographic background
covering model and a maximal area covering model were used to study the distribution of UAV
airports. Finally, the results of the airport layout under the two models were compared, and
MODIS EVI (Enhanced Vegetation Index) data products were used to verify the results. The
results showed that for a limited number of airports (n = 60), the geographical background
coverage of the service areas of the airports selected by the maximal area coverage model was
26.66%, which represents 70.37% of China's land area. The geographical background coverage
of the service areas of the airports selected by the maximal geographical background covering
model was 38.32%, which represents 73.36% of China's land area. The layout of the UAV
airports selected by the maximal geographic covering model is better than that selected by the
maximal area covering model. The results can lay a foundation for the design of an unmanned
aerial vehicle observation network for the verification of common products from CHEOS.
Keywords: unmanned aerial vehicle airport distribution; maximal area covering model;
maximal geographical background covering model; CHEOS common product



