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Design of integrated space—air—ground farmland quality monitoring mobile laboratory
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(1. Guangzhou South China Academy of Science and Technology of Natural Resources, Guangzhou 510642, China; 2. College of Tropical
Crops, Hainan University, Haikou 570228, China; 3. College of Natural Resources and Environment, South China Agricultural University,
Guangzhou 510642, China; 4. Guangdong Province Engineering Research Center for Land Information Technology, Guangzhou 510642,
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Abstract: China is facing a great challenge with grain demand. Meanwhile, the decline of farmland quality will affect the quality and safety
of food. The existing methods of farmland quality monitoring are characterized by a long time period and a lack of detailed spatial
information of farmland quality. They could not provide the data that meet the requirements of farmland quality monitoring. This study
explored a new methods and mobile laboratory for farmland quality monitoring. A farmland quality monitoring indicator system consisting of
the variables or predictors that can be fast measured spatially and temporally was first developed. In this study, a framework which
integrated satellite remote sensing monitoring, unmanned aerial vehicle (UAV) monitoring, wireless sensor network (WSN) monitoring and
in situ measurement method into a farmland quality monitoring mobile laboratory was built. This study also explored the integration of
remote sensing, UAV, WSN and ground—based monitoring methods through middleware technologies that connect various components of
the system. Moreover, this study developed of a farmland quality monitoring mobile laboratory with an optimal design of routines for fast

collection of data. A on—site test was carried out in the area of farmland upgrade and reconstruction program, which took less than 2 hours
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to quick test 13 indicators for 5 sampling points showed higher efficiency and on-—site analysis capability compared with traditional

farmland quality monitoring method. This study overcame the gaps that currently exist in the traditional farmland quality monitoring

methods, realized comprehensive and multi-scale monitoring of farmland quality, promoted the effectiveness of monitoring cultivated land,

and enhanced the capacity of farmland management and protection.

Keywords : farmland quality; mobile laboratory; monitoring; integration; satellite remote sensing; unmanned aerial vehicle
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Table 1 The monitoring indicators of farmland quality monitoring mobile laboratory
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Continued table 1 The monitoring indicators of farmland quality monitoring mobile laboratory
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Figure 1 The overall methodological framework of farmland quality monitoring mobile laboratory
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Figure 2 An integrated method for Space—Air—Ground farmland quality monitoring

— 1034 —

http://www.aed.org.cn



WK F R —AHH R BN LR EREMIRIT

2021 11 B

— RS I IR B R ST, B T R SR A Y
AR R AR LA TR 52 BE T R (4wl 3B 9
B PR 2 SR — R A S LS, oy
PEAT R A A AR A R SRR RERS AR T i i 14
e

2 #RE5iFiE

BT ERMRSE, ADFEBIFORR TR H—
PR B 5 M A% 8 S 3 2 IR R e (181 3) . 7%
SRS RCA T IC AL T I R 2% A T
VEMSF B a8 TR T B R A b At A AR K
ARG ; R, B shSc g = b A7 1 oK b <A
REPF R , JFIC A T 42 N RS (4G M 2% . B Bl ike
R T A A S i, 2 5 R T T
PAA FHMOK TR TR RIS TR, K
23— VRS Bl S 56 4 RE RS S BN [R] X B I s ) 4
— RS RS R PR AT

20194F 6 1 27 H , M 4f B b 4 o ol it ot H 32 42
WEIFE bR 0 T 5K B 8l 52 00 & 5 3w A | R
A3 | LT R A S BORE T X M T AE AR IX
DA ARSI BB T s I H BB I A T
HEH T W . B Sl B0 EE 2 h SR AR BIE 5 AN AT
() A R 3RS R 3R 4 s A g A6 T+
AR S R 0 pH AR, R S G S R R A
B B R K IO R B, TR R TR AR A
PUMRALA . SAEGE NI T 1A EL B 8l S 00 25 A K
AidE T ARBUEE A st 1], AT 78 B0 DR LA o
WEIEHE o RAE 5 0 A ARSI 25 SR AN & 4 FN 3 2 BT o

S G 0 b T I A B AR BN i Y
K5 M — KRS B S50 2 HAT LU JLAME#

T JE U I R Al — A b o o M 8 51
6 %5 AT DARBRAIGAL Go k-t ot 0 Wl Jor 5 g st 1) LA A
Y11 8AS . A% 3 S 6 2 0] LA S BB M 5 T A
I R AR IR 36 43 B, 38 0 2 LAk R e 5L

PEdvigin-

| BN o REA
| ES2 — R
I e — KR

O e —— BUR
RECEE AR A
AT il il

[ i ok Ik
| PR
I

0 4500 9000 13500 m
[

107

0.8

0.6

04rF

S5 Reflectance

02}

0 500 1000 1500 2000 2500
K Wavelength/nm

3 i REENBEHLEE

Figure 3 Farmland quality monitoring mobile laboratory

http://www.aed.org.cn

— 1035 —



R FREEMEFR - 5385 F o # - B IR R G INE 5 ETFEN 1

>z

@ R
L Rap=l
WHWE [
Hi 45 TBHL-011
0 35 70 140 210  280m

4 RERDTHE

Figure 4 Sampling point distribution map

R2 HitRERNLER

Table 2 Test results of farmland quality

FE SRR e 5 B K2
Sample ID Test items Unit Test results
TBHL-011 pH1H — 7.80
AL g kg 16.3
MM A (<0.01 mm) % 35.5
BB A 5 b ) — gt
BUABER B 5 4% ) — gt
B mg-kg! 27
Hy mg-kg! 60.6
i mg-kg™! 19.5
il mg-kg! 41
BE mg-kg™! 122
i mg- kg™ 0.28
K mg-ke 0.121
SR mg-kg™! 82

i A S B At 7 B A T Is 5T R IOk A 2
Z /DA A o e A o A 8 A o A A
B AT LSS R R AR R R A I A K
TR FIAE Gl o A8 58 XN FIr AT R R AR R AR 1Y
I, 25 15 8 AT LA iz S0 A v s 0 ey H ARt
b e IS T XIS FE AR B A5 b A A I 7 19
WP A T ok N AR R B 38 o0 A A Y
B, F T RARGH MBI S Hr i A
FEO, A R R A B A AMER 2 1 J L T A i SRR
Pa M T, SE B TR A I R 14 20 A e A B
PEAR VA T IEWIE , B T I A N B3 B 0 W xof
— 1036 —

SERMRN , R b SR A T IR LR E . BUA R
JoAE W I 75 9 2 e T B CRAIE A A B R A A
AR AR R, MELL AT AR AR BRI I A A o RS
5 == AL B 23 H B HE b L T SN R IR a1 Al
LIS i Bl 7 A, 2R 22 S R s Bt
AT AT oA o 2 L — PO Ml B DN A B S e
AR 2 0 S Al AR 1 R SR AR T ) A T M A sk H
o % A 100 4t XA B0 , S B 8 A 4 A ) W
S A PRI oS BRI . SRR (B ES
B = AT RIE SR AR b R A o A i A o 8 B —
AR SR THE PR R AT B Y IS REAE B
PN Sl ] s e A o S A A W Sl v A A
PROFERE AR RO ME R 1 W 205 2R S 5 45 4% B 52 0 =
N TAEN B

WE A, RS 2 Al AR g & T
A S 00 R /) DX T 4 o e 2 20 R e AL
A 2 3 J25 B 0 R A DX 3 D ) ] A2 TR R S AR
S o = A AR AT A, 52 B 3 T Y
S PR SR R 7 S BRAIE S DX S Y e s
A ARGER BRIy AR LB
FERAE R | FARAR 2 rpRAE R Bt AUy IX
SRS o A AR B S T AR A TR A
Mo =RV 15 Z2 0 I ik, DRI A = (8] R ] AL
WL THEGERTT Ik . AEAS A5 T, 7% 8l S0 g % 45 26
S T 3300 59 R B B SR R, O AL 25 3 S
SRAR i 7 8 i DX Kbl , 10t R A A [X I
SEREAVRAI o RIS 18] 77 THT , B8 2 S 56 5 2 8 X
o EHE B A KICANLF G 2R A S RS, LA
T ST IR A Bl | JCZ A% AR M 28 4 H JE IR
BRI o N s g R e M P R, SRR
TR AR T SRS PR | g R SRS v R

55 B A BE S R B SE R A AR L, A B
R 2 L — AR 8 S5 6 2 7 A e 2 AT 2 A 00
s ROBE B PL S fEfabn Azt k5 i , & /M
Mo 2l S 56 38 U P 4 Al 4 R 5 %, 2 AN s ]
Jir BRJG A B1  m pA Ar ie wr  PR I S8 [ A9 A% 2l 51
it 58 QUURI RS RER/AY EP DR S A WY LN 21RO = 250
S A SRR IR A S B AR bR . AT B9 RR
B S A AL 1R A i 2 R I vk R s N
LM AR FER B SF 2 MR R AR AR . R A
RO T 1, B AM A% s g = KRR ARG RA Bl g 5
AN A S R AT S RERS K S BT
BoafA 22 b s 6] RUBERHs , (e 3 S0 50 48 B T

http://www.aed.org.cn



Kk, F R — A HBERE RN B LR EEMIRIT

H}

2021 11 B

8 3 3 T 2 A2 It X 45 R T3 8 D s AR A
Hdh

T2 A B AR S A I 5 (46 B A 2 Al
BT, h— 2 b 8 58 3 K 23 H Z R iy XA RS 15
2, U XRF JCR X EE .

3 i

M b J5 M R S BB i AR A —
PR7 B BB 3t PR AP A At . SR w2 BN
S TAT AR 3t o M vk T L A% Gl 55 R 1T 1A T
B st 32 o S0 B M R T P B T e
GRS A5 Rk ) S

ABIFFEBETT T R 23 3t — 1A (4 B0 b [t o 00 4 i
AR 5 22 % 25 o Y s B AR S E b , SE B T
R 2 3l — AR o PR SR e A S R
SRR A BRI b PR 3 3R A — o B S 3
DR R . 6 5598 A M 5 2 bz e s ) 25 4%
St ] 2 M 55 B 2 A T B

S 30k

(L] EVAHS, BRSFAS, 500 3R I b ot I O 3 B R bR R R
BEHLAR LR L)), T AR AR, 2019, 35(7) :5-14. YAN
D H, CHEN S L, WANG H Y. The status, problems and uggestions for
the construction of Chinese farmland quality monitoring and protection
technical standard system|J|. China Agricultural Technology Extension,
2019, 35(7):5-14.

[2] BREETS . AR BRARE N T 2 NOBE R AR 14 22 AR b 5 o 3y 2 F
FEID]. Jb 5t P E &L K2, 2015, CHEN Y Q. A cultivated land
quality evaluation method based on multi—scale indicators’ system in
grid environment[D]. Beijing : China Agricultural University, 2015.

[3] 26, JEAEN, FLAFNR, 55 . DU BTt 4E BT iy Bl b 5T 7
JrIRBRIE. BRI, 2018, 40(4):737-747. XIN Y N, FANSY,
KONG X B, et al. Evaluation of cultivated land quality based on four
quality dimensions[J]. Resources Science, 2018, 40(4) :737-747.

[4] i B A, FLARR, ki, 55 . BT il -2 R - B~ 4R AR
PR L ST 45 B A 4 R A R W AELD). S A, 2017, 48(6) < 1296~
1303. WEN LY, KONG X B, ZHANG B B, et al. Study on cultivated
land quality evaluation index system based on process—function—quali-
ty—characteristic—index[J]|. Chinese Journal of Soil Science, 2017, 48
(6):1296-1303.

[5] R {2, RO IR, B, 45 . R b B ST AR A = — PR AP A IR
FEAEHNTLIL. s EAOl R AE 244, 2018, 23(7) :84-95. ZU J, HAO
J M, CHEN L, et al. Analysis on trinity connotation and approach to
protect quantity, quality and ecology of cultivated land[J]. Journal of
China Agricultural University, 2018, 23(7):84-95.

[6] sk, Ff, MESOR, 45 . B R, B A2 =R SR A A A
RWFFE[D). Al MU 447, 2017, 48(1) 1 1-6.  ZHANG C, QIAO M,

YUN W J, et al. Trinity comprehensive regulatory system about quanti-

http://www.aed.org.cn

ty, quality and ecology of cultivated land[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2017, 48(1) : 1-6.

(7] i LR . AR 5 i 0 0k B SEUE WS (D). E R « I AR R,
2017. SHANG K L. Methods and empirical research of cultivated
land quality monitoring[D]. Jinan : Shandong Normal University, 2017.

[8] SMOLKA M, PUCHBERGER-ENENGL D, BIPOUN M, et al. A mo-
bile lab—on—a—chip device for on—site soil nutrient analysis[J]. Precis
Agric, 2017, 18(2) : 152-168.

[9] WANG Y, LI 'Y, LIU Y, et al. A mobile laboratory for rapid on-site
analysis of catechols from water samples with real-time results produc-
tion[J]. RSC Adv, 2016, 6(84) : 80885-80895.

[10] WIEST J, STADTHAGEN T, SCHMIDHUBER M, et al. Intelligent
mobile lab for metabolics in environmental monitoring|J]. Anal Lett,
2006, 39(8), 1759-1771.

[11] WHICKER R, WHICKER M, JOHNSON J, et al. Mobile soils lab:
On-site radiological analysis supporting remedial activities[]J]. Health
Phys, 2006, 91(Suppl 2) :24-31.

[12] b 5 i &l 2 A s bl A 22 A AR M 0 3% 2l 92 30 4
201020197562. 7[P]. 2011-02-16. Beijing Food Safety Monitoring
Center. Food safety monitoring mobile laboratory: 201020197562. 7
[P]. 2011-02~16.

[13] 5K [, SR, AR 3 . 3% Bl 206 % K AL ST, i b S5 AR Ak,
2016(3):38-43. ZHANG H W, SU X H, NA H K. Mobile laborato-
ry and its development[J]. Brand & Standardization, 2016(3):38-43.

[14] HP DR B0 AS R 22 B ST . — b IS DR AGHI PR ] i 2 4 ) RS
B4 Mo K6 Jy 5+ 201310392698.1[P]. 2013 -12—11.  Chinese
Academy of Inspection and Quarantine. A complete set of equipment
and method for quickly detecting the safety of meat products on site:
201310392698.1[P]. 2013-12~11.

[15] v Al A2 B A b ok e S5 A 5 AR T . A7 il o ok 2
WA RS 55286 45 . 201310176543.4[P). 2013-08-21.  Institute of
Quality Standard and Testing Technology for Agro—Products of CAAS.
Agricultural product quality and safety monitoring mobile laboratory :
201310176543.4[P]. 2013-08-21.

[16] H LN R RIS 2B R . — A SR (ORS: 22 R L 2R 3k
W 2245 :201210271547. 6[P]. 2012-11-28.  Naval Medical Univer-
sity. Biological sampling detection vehicle and its vehicle-mounted
detection system:201210271547. 6[P]. 2012-11-28.

[17] 6, 22207, WISCA, A5 . I 42398 2 2 Btk s 12 R
W& R 5 SR BT, 15, 2019, 51(4) :627-634. ZHOU Y, JIR
P, HU W Y, et al. Advancement and prospect in methods and tech-
niques for soil multi — parameter rapid detection of China[J]. Soils,
2019,51(4):627-634.

[18] BHiAE, A2 30U, 121 AR BRI B AR AR I 2™ i B i 22 Ay
DT A v 0 LA B e SR (). 7 BLAR MR, 2018, 59(1) : 39~
42, 2. HUANG Y H, LI W T, FENG S H. Application and coun-
termeasures of rapid detection technology of pesticide residue for pri-
mary agricultural product quality and safety[J]. Ningxia Journal of Ag-
riculture and Forestry Science and Technology, 2018, 59(1) :39-42,
inside front cover.

[19] YOU H K, LI S H, Xu Y F, et al. Tree extraction from airborne laser
scanning data in urban areas|J|. Remote Sensing, 2021, 13(17): 3428.

[20] KR, I e, VESEMS . BT 38 HAR MY H i 4 A Hb B4t 45 1) i

— 1037 —



R FREEMEFR - 5385 F o # - B IR R G INE 5 ETFEN 1

WA IFE . vk -, 2017, 39(6) : 1374-1380.  MIC L, BU
C Y, WANG Y B. Study on monitoring and evaluating the cultivated
land quality grade in Gansu Province based on 3S technology[J]. Jour-
nal of Glaciology and Geocryology, 2017, 39(6) : 1374-1380.

[21] B —F, XRAE, HAuA:, & T o im g B b i o s e
W] LA 2% 4], 2019, 35(4) : 841-846.  PENG Y P, LIU Z H,
XIAO B S, HU Y M. Research on county cultivated land quality moni-
toring based on high resolution remote sensing[J]. Jiangsu Journal of
Agricultural Sciences, 2019, 35(4) :841-846.

[22] Eh4Lg, Sk, B, 5 2 BB B SCE R B B e
PRI AL S B, 2018, 30(3):14-22. MA J N, ZHANG C,
LU Y H, et. AL. Monitoring and evaluation of cultivated land quality
supported by multi—source remote sensing[J]. China Agricultural In-
formatics, 2018, 30(3) : 14-22.

[23] X 25 . BT I AL 23 B E S AR 10 1A e DB 7 2 R
WEFEID]. AR DU )14l K%, 2017, LIU X. The research on infor-
mation extraction of cultivated land in low hills of Sichuan Province
based on UAV high—resolution remote sensing image[D]. Chengdu : Si-
chuan Agricultural University, 2017.

[24] FhIRAE, SI507, IR T, & TCAHUAE ALY ZAEVEE B WD b iy
S BUAR 55 R B A2 2 R, 2016, 24 (11) £ 12671278,
GUO Q H, WU F F, HU T Y, et al. Perspectives and prospects of un-
manned aerial vehicle in remote sensing monitoring of biodiversity[J].
Biodiversity Science, 2016, 24(11) :1267-1278.

[25] 9% FFI5E, M5 . 0 AN ALRE SR AR R A BRI (A 45T 14y 17 T,
THAL R, 2017, 45(2) :211-212. LUO K M, YE L. UAVRS
and its applications in the field of environmental protection[J]. Jour-
nal of Anhui Agricultural Sciences, 2017, 45(2):211-212.

[26] XUEEHI, BXARTL, B 5 42, 45 . JC AHLIRIARAT H IVE RS SF
FUEFET). 4l TRE244R, 2016, 32(24) :98-106.  LIU J G, ZHAO
C J, YANG G ], et al. Review of field — based phenotyping by un-
manned aerial vehicle remote sensing platform[]J]. Transaction of the
Chinese Society of Agricultural Engineering, 2016, 32(24) :98-106.

[27] J5 0, 1 AR, B/NEL, 45 . 0 AP L T M B 3t 8 0 v 14
I —— LA BT 7 35 e 35 DX Ay ()10, T 5 X B S R 05, 2018,
32(9):150-156. WAN W, XIAO S C, CHEN X H, et al. Applica-
tion of unmanned aerial vehicles to field vegetation coverage survey:
A study of shrubs on Alxa desert[]]. Journal of Arid Land Resources
and Environment, 2018, 32(9) : 150-156.

[28] ZE X0, AR, XI55, 45 . BT 4G JCLR AL IR I 45 1) K FH e 3R 458
AR R GRS S B 2], 2018, 34(5) 1 105~
110. LISX,XUSP,LIUY, et al. Design and implementation of re-
mote monitoring system for soil environment in field based on 4G
WSNIJ]. Acta Agriculturae Shanghai, 2018, 34(5):105-110.

[29] HHtadli, 757 . I T ZigBee HAR M TOLE AL I8k 5 I 245 7E PRI )
R ] LR SRR DR, 2018(19) :23-24. CULY R,
QI Z F. Application of wireless sensor network based on ZigBee tech-
nology in environmental monitoring[J]. Electronic Technology & Sofi-
ware Engineering, 2018(19) :23-24.

[30] # . JCLR A% I I 26 5 P18 W 0 e g T (D). BRI 5 R e
2017,29(10) : 144, 148. MIAO C L. Application of wireless sensor

network in environmental monitoring[J]|. Environment and Develop-

— 1038 —

ment, 2017,29(10) : 144, 148.

[31] FJEAR . H T WSN A T BT R GE iy B35 S 8L (D]. /R
W AR db Al K2, 2018, WANG X D. Design and implementation
of farmland information mointoring system based on WSN[D]. Harbin :
Northeast Agricultural University, 2018.

[32] VAR, Z8 20 . 25T Zighee TOL A% Il I 255 AU FREE I R 5 15
I ST, 2017, 16(12) 1 102-105.  SHEN Y H, QIN H B.
Design of environmental monitoring system based on Zighee WSNs[J].
Software Guide, 2017, 16(12) : 102-105.

[33] s £, SBE, A Ay, A5 . - BT A% BE O oY E ()], AR,
2011, 48(6) :1274—-1281. SHI Z, GUO Y, JIN X, et al. Advance-
ment in study on proximal soil sensing|J]. Acta Pedologica Sinica,
2011, 48(6) :1274-1281.

[34] A, IR & =, BRULIE, 45 . LR AR IREOR BIR 55 R e )1,
M ERRL PR, 2018, 37(1):79-92. SHIZ, XU D Y, TENG H F,
et al. Soil information acquisition based on remote sensing and proxi-
mal soil sensing: Current status and prospect[J]. Progress in Geogra-
phy, 2018, 37(1) :79-92.

[35] XU Y F, LI S H, YOU H K, et al. Retrieval of canopy gap fraction
from terrestrial laser scanning data based on the Monte Carlo method
[J]. IEEE Geoscience and Remote Sensing Letters, 2021, 99:1-5.

[36] S, BRI, MlRhE, 55 . Al 3B I WF T BUR 5 D). Al LB
24, 2015, 46(2) :247-260.  SHIZ, LIANG Z Z, YANG Y Y, et al.
Status and prospect of agricultural remote sensing[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2015, 46(2) :247-260.

[37] g T R ZE ML B AT PR W) — Rl SR A BT AR AR 2 A
ML Fh LK% R 50:201610004815. 6[P]. 2016-04-27.  Jinan Dag-
in Mechanical and Electrical Equipment Co. , Ltd. Mobile laboratory
system for online detection of chemical environmental analysis instru-
ment:201610004815. 6[P]. 2016-04-27.

[38] 7R B K 2% . K a5 Hi— PR Ak 4 dtb Bl dis 3 B R e fn Uy k.
201510580782.5[P].2016-01-27. Southeast University. Space—Air—
Ground integrated land data acquisition system and methods:
201510580782.5[P]. 2016-01-27.

[39] Z5n] . ey [ Bkt 5 ik DPA R0 B 5 20 i 5 e B, 2 ROl B
2,2018,46(35):14-16, 18. LI H. Advance and prospects on cul-
tivated land quality evaluation and monitoring in ChinalJ]. Journal of
Anhui Agricultural Sciences, 2018, 46(35) : 14-16, 18.

[40] S, 3 e ARG o [ e Ol S R oy 2R A AL
JOE 335 S5 AR AL (], b FELRL A (Jh BRFL4), 2014, 44(5): 978-988.
SHI Z, WANG Q L, PENG J, et al. Development of a national VNIR
soil = spectral library for soil classification and prediction of organic
matter concentrations[J]. Scientia Sinica(Terrae), 2014, 44(5): 978—
988.

[41] ZHANG F, WANG G, HU Y, et al. Design of an integrated remote and
ground sensing monitor system for assessing farmland quality[J]. Sen-
sors, 2020, 20(2) :336.

[42] 56737, W1 W], DRI, 55 . AP o ook 1R 2 0 S b A A4 SO e
£ ARG W I R AR K222, 2020, 41(3) £ 117 - 125.
ZHANG F Y, HU Y M, CHEN L C, et al. Low altitude remote sensing—
ground sensing double collection system for farmland quality[J]. Jour-

nal of South China Agricultural University, 2020, 41(3) :117-125.

http://www.aed.org.cn



