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environment based on IoT technology

TRFNZ MDA AT L AR PR i e A S
T LR AR SR W O A Ik A P 2%, B B AR AR ML IS
I DA o T AT 0 I X B R R (i
VEPIAS A7 5 AN [F] v JEE (R 2 SR R R R L BK
RS ARGE S R AR B AT IR AR, If 1% 3]

2016 4F
VRS 5.
W 2% J2 fid e B Az FE e AL iy e A . 1% )2 o

Internet 1 GPRS/3G # 2 {7 W 42 A\ SEULA I A AL r
I 4 M N (1 % H DM ST X 48 22 A i, KL e ke e
(A A

I R R A B AL AT ANLAZ TP 1) . 122 i
45 PSS SRR AR ST 5 F Web N TR S5 500 & SR #
Jls T HE AL A AN I S SR I A b IR T B ok
AT AT AT A, BT AH DY A A ) RBUAR s A
B 1R 12 TR gl S 3, TR g P P B A PRI AR 45 o AR
TEN 2 AT WebGIS BIUEAL S [0 40 T B AR LA 52
ST RIE T “ 7 I SE RS S WebGIS LT
T A B IR 3BT, SEIRARMEERES AR
DX 35 ) 2
1.2 ET WebGIS By R EREEIRE N7

BT WebGIS HIARME IS8 7 A A v it e =
KB REEARENRSS 25 WebGIS M 454
Web 4525 UL K d2 473 B Web N FHFERE . R4 5 e
A HE b BN 2 . PASE DA dl E FN  RE E A
Horp, HOEREGRIE N GIS L FHEWEE, oK s Zkim
25 1A B 3R 1 40 0 I 28 500 AR A 7 38 L T ] T A £
P, PRIEDR B 25 D) A7 bt T I 3000 A7 SR S IS 3R
MIIREE R P80, L Z AR PR WA ME D T 1 5 K
FAASCI PR 7 S . A F it 25 A R B A
W ARG T B 45 . WebGIS W H IR 4% 28 1) & 2 458 Sl
St et B0 P S R DX N ] 4 A b s ) £
PR S5 T RE A% O 4%, LL Web Service 2% ) 545
B AR TR 4572, Web BR45 2% s 47 1 B
—Z5 Web N IRy f5 2SI 2R e 1 [n) 8w FH P (1) 4
PR kA EVHE SR G, XU &
PRI a2 e S 12t Web service B2 TfE. AL
RYHT WebGIS HIAN IR BT £ Hm 4341 1) 45/ e vt an 1]
2 7R

WebGIS -
& BIHERE % W
JEERERPE

FYEARR 05

B2 AT WebGIS #9 £ AL SRBEH A AT 69 454 )
Fig.2 Structure diagram of data analysis of agricultural
environment based on WebGIS technology
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sites to regional scales
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(system interface snapshot)
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Fig.6  Online map of real-time data of monitoring sites in the
system (a case of the wheat site in Hua County, Henan)
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Fig.7 Real-time monitoring on 3-element of dry-hot wind using
the wheat site in Xingyang County on May 11, 2013
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Fig.8 Regional dynamic monitoring of wheat dry-hot wind

disaster in Henan province at four different time points on May 11,
2013 (system interface snapshot)
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Design and implementation of monitoring system for agricultural
environment based on WebGIS with Internet of Things

Du Keming!, Chu Jinxiang®, Sun Zhongfu'”®, Zheng Feixiang!, Xia Yu!, Yang Xiaodong?
(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2. Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China)

Abstract: There are two of the main practical monitoring approaches in agriculture including remote-sensing monitoring and
on-farm monitoring. Remote-sensing monitoring uses remote-sensing technologies and devices such as satellites and aerial
vehicles to extract the key parameters of agricultural information. The remote-sensing technology is effective on regional-scale
monitoring, but difficult to collect real-time information in farmlands. On-farm monitoring uses a variety of sensors deployed
in farmlands as well as corresponding data processing and transmission equipment to dynamically acquire on-farm information.
The Internet of Things (IoT) technology based on the sensor nodes has been widely used in the field of agricultural
environment monitoring in recent years. However, when a regional-scale monitoring is carried out by using the IoT technology,
there are some problems in the distribution of monitoring sites and the space representation of monitoring data. Aiming at the
problems, an approach to evaluation of agricultural environment from on-farm sites to regional scales and the corresponding
solution are proposed in this paper. Most of the factors of agricultural environment remain minor variation and appear to be
uniform in the same ecological type region, except for extreme weather events or geographical conditions. Therefore, the
agricultural environmental information acquired by an on-farm monitoring site could be regarded as the representation of the
entire farm where the site located, and the agricultural environmental information of a representative farm could be also
considered as the reflection of an entire ecological type region with similar geographical and environmental conditions. An
IoT-based monitoring system has been put into application in the past five years which includes a total of 110 on-farm
monitoring sites in representative regions of wheat belts across 14 provinces of China and a central monitoring platform. Based
on the established central monitoring platform, a regional-scale monitoring system for agricultural environment is designed by
integrating with the spatial analysis technology of WebGIS. In the system, three types of WebGIS-based functions were
implemented, including site data positioning, regional-scale evaluation, and thematic mapping. Through an interactive online
map, positioning, real-time display and query of on-farm sites information and collected data are realized in the site data
positioning. The regional-scale evaluation is used for analysis of the collected agricultural environmental information, and
decision-making on crop growth conditions and meteorological disasters from on-farm sites to regional scales, while the
thematic mapping is used for automatic generation, dynamic display and query of regional-scale monitoring thematic maps of
crop growth conditions and meteorological disasters based on the evaluation. The fusion analysis of “on-farm” IoT data and
“spatial” WebGIS data is provided in accordance with the characteristics of monitored objects. The system has been put into
application in monitoring of wheat growth conditions and meteorological disasters in Henan Province. And the case is
demonstrated in dynamic regional-scale monitoring of wheat dry-hot wind occurred on May 11, 2013 in Henan Province. The
result indicates that the system is effective when monitoring agricultural environment from on-farm sites to regional scales
with dynamical update and the applicability on diagnosis in crop growth conditions and meteorological disasters is improved.
Keywords: agricultural engineering; monitoring; design; internet of things; WebGIS; data fusion analysis
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