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Recently, unmanned aerial vehicles (UAV, Drone) are highly regarded for their potential in the agricultural field, and research
and development are actively conducted for various purposes. Therefore, in this study, to present a framework for tracking research
trends in UAV use in the agricultural field, we secured a keyword search strategy and analyzed social network, a methodology
used to analyze recent research trends or technological trends as an analysis model applied. This study consists of three stages.

As a first step in data acquisition, search terms and search formulas were developed for experts in accordance with the Keyword

Search Strategy. Data collection was conducted based on completed search terms and search expressions. As a second step,

frequency analysis was conducted by country, academic field, and journal based on the number of thesis presentations. Finally,
social network analysis was performed. The analysis used the open source programming language 'Python’. Thanks to the efficiency
and convenience of unmanned aerial vehicles, this field is growing rapidly and China and the United States are leading global
research. Korea ranked 18th, and bold investment in this field is needed to advance agriculture. The results of this study's analysis
could be used as important information in government policy making.
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<Figure 1> Research Framework
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<Table 1> Lexical Query Results

drone, UAV, UAS, ortho image photogrammetry,
image segmentation, remote sensing, agriculture, agricultural

TS = (“drone” OR “uav” OR “uas” OR “ortho image*” OR
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<Table 2> Status of Paper/Author/Research Institution/Keyword by Period

1996~2000 2001~2005 2006~2010 2011~2015 2016~2018

497 936 1,815 3,155 2,915

Paper
A 883% | A 93.9% | A 738% | ¥ -7.61%
1,249 2,668 5,807 10,659 11,223

Author
A 113.6% | A 173.7% | A 83.6% | A 5.29%
o 492 934 1,770 2,847 2,859

Affiliation
A 89.8% | A 89.8% | A 60.9% | A 0.4%
691 2,116 4,474 7,725 7,648

Keyword
A 2062% | A 1144% | A 27% | ¥ -1.0%

{Table 3> Researcher Network Index by Period
1996~2000 2001~2005 2006~2010 2011~2015 2016~2018

1,249 2,668 5,807 10,659 11,223

Nodes
A 113.6% | A 117.7% | A 83.6% | A 5.3%
Ed 2,169 6,347 14,492 36,586 36,751

€s
¢ A 192.6% | A 1283% | A 152.5% | A 0.45%
3.47 4.76 4.99 6.86 6.55

Avg. Degree

A 37.0% | A 49% | A 375% | ¥ 4.6%
. 2.78e-3 1.78e-3 8.5¢-4 6.4e-4 5.8e-4

Density
v -36.0% | 'V S523% | ¥ 247% | 'V -9.4%

Network

Graph
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<Table 4> Ranking of Major Researchers by Period

Rank

1996~2000

2001~2005

2006~2010

2011~2015

2016~2018

Ist

Vidal, A[FRA]

King, Christine[FRA]

Xiao, Xiangming[USA]

Becker Reshef, I[USA]

Ye, Huichun[CHN]

BC : 0.00067/DC : 0.01682

BC : 0.00680/DC : 0.01724

BC : 0.02244/DC : 0.00654

BC : 0.01428/DC : 0.00600

BC : 0.01122/DC : 0.00258

2nd

Inoue, Y[JPN]

Jacob, F[FRA]

Qi, J[USA]

Huete, A R[USA]

Biradar, Chandrashekhar[USA]

BC : 0.00046/DC : 0.01362

BC : 0.00675/DC : 0.01162

BC : 0.01610/DC : 0.00396

BC : 0.01195/DC : 0.00487

BC : 0.00963/DC : 0.00231

3rd

Lagouarde, J P[FRA]

Bonn, F[CAN]

Olioso, A[FRA]

Vancutsem, Christelle[ITA]

Huang, Wenjiang[CHN]

BC : 0.00030/DC : 0.01282

BC : 0.00580/DC : 0.00337

BC : 0.01595/DC : 0.01050

BC : 0.01151/DC : 0.00497

BC : 0.00893/DC : 0.00267

4th

Gu, X F[FRA]

Su, Hongbo[CHN]

Salas, William[USA]

Giri, Chandra[USA]

Basara, Jeffrey B[USA]

BC : 0.00030/DC : 0.01121

BC : 0.00580/DC : 0.00599

BC : 0.01566/DC : 0.00223

BC : 0.01066/DC : 0.00628

BC : 0.00852/DC : 0.00196

5th

Kerr, Y[FRA]

Liu, Jiyuan[CHN]

Lin, HIHKG]

Eerens, Herman[BEL]

Cosh, Michael H[USA]

BC : 0.00027/DC : 0.01362

BC : 0.00572/DC : 0.01612

BC : 0.01374/DC : 0.00344

BC : 0.01034/DC : 0.00262

BC : 0.00747/DC : 0.00285

Korean

1066th Ahn, C H

2 Korean authors

156th Lee, K S
165th Shin, B

13 Korean authors

714th Go, S J
715th Kim, B’ Y
716th Kwon, S W
717th Weon, H Y
53 Korean authors

357th Choi, M H
364th Kim, J
393th Kang, S K
577th Ko, J H

58 Korean authors

787th Choi, M H
945th Liagat, U Wagas
961th Ko, J H

1017th Jeong, S T

129 Korean authors

<Table 5> Research Institution Network Index by Period

1996~2000

2001~2005

2006~2010

2011~2015

2016~2018

Nodes

492

934

1,770

2,847

2,859

89.8%

89.5%

60.9%

0.4%

Edges

588

1,429

3,427

8,070

7,395

143.0%

139.8%

135.5%

-8.36%

Avg. Degree

2.39

3.06

3.87

5.67

5.17

28.0%

26.6%

46.4%

-8.75%

Density

4.86e-3

3.27e-3

2.18e-3

1.99¢-3

1.81e-3

-32.7%

-33.3%

-8.7%

9.1%
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{Table 6> Ranking of Major Research Institutions by Period

133

Rank 1996~2000 2001~2005 2006~2010 2011~2015 2016~2018
Soil and Water Research | I[IASES, Div. Agriculture | Chinese Academy of Chinese Academy of Chinese Academy of
Ist [NLD] [NLD] Sciences[ CHN] Sciences[ CHN] Sciences[ CHN]
BC : 0.03520/DC : 0.03258 | BC : 0.06243/DC : 0.01822| BC : 0.06629/DC : 0.03674 | BC : 0.09886/DC : 0.05516| BC : 0.14185/DC : 0.07802
NASA[USA] University of Wisconsin | University of Maryland | University of Maryland | University of Maryland
2nd [USA] [USA] [USA] [USA]
BC : 0.03101/DC : 0.05091 | BC : 0.04917/DC : 0.02786| BC : 0.06117/DC : 0.02996 | BC : 0.07853/ DC : 0.05727| BC : 0.05107/ DC : 0.02729
Soil and Water Research | Soil and Water Research
Univ of Arizona[USA USDA-ARS NSERL[USA]| USDA-ARS NSERL[USA
rd [USAl [USA] USAT} (L) [NLD]
BC : 0.02763/DC : 0.03258 | BC : 0.04355/DC : 0.03322| BC : 0.05331/DC : 0.03335| BC : 0.04625/DC : 0.02178| BC : 0.04685/DC : 0.02624
Centre National d'Etudes | TP440 and Joint Research| Soil and Water TP440 and Joint Research iﬁ:ﬁzid;n?bin ale agllzigéztz
4th | Spatiales[FRA] Centre[ITA] Research[NLD] Centre[ITA] all Agricoltura[ITA]
BC : 0.02717/DC : 0.02443 | BC : 0.04184/DC : 0.02786| BC : 0.04720/DC : 0.02091 | BC : 0.03828/DC : 0.03021| BC : 0.04090/DC : 0.02169
USDA-ARS US Water | Chinese Academy of TP440 and Joint Research| Key Lab Envrn Change/ NASA[USA]
5th | Conserv Lab[USA] Sciences[CHN] Centre[ITA] Nat Disaster] CHN]
BC : 0.02360/DC : 0.01832 | BC : 0.03826/DC : 0.02572| BC : 0.04136/DC : 0.02487 | BC : 0.03754/DC : 0.03584| BC : 0.03851/DC : 0.03184
243rd KIST 85th Kangwon Natl. Univ. | 65th Natl Inst. of 137th Seoul Natl. Univ. |787th Choi, M H
N/A Postech N/A Inha Univ. Agricultural Biotech | 277th Kangwon Univ 945th Liagat, U Wagas
N/A Yonsei Univ. 88th Seoul Natl. Univ. 961th Ko, J H
N/A Pukyong Natl. Univ. | 271th Yonsei Univ. 1017th Jeong, S T
Korean N/A Natl. Inst. of N/A Hanyang Univ.
Agricultural Biotech N/A Kangwon Natl. Univ.
N/A Yeongnam Univ.
N/A Chungnam Univ.
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<Table 7> Keyword Network Index by Period

1996~2000 2001~2005 2006~2010 2011~2015 2016~2018
Nodes 690 2,115 4,473 7,724 7,647
A 206.5% 111.5% | A 27% | ¥ -1.0%
Edges 2,273 7,871 17,945 32,480 32,275
A 246.3% 128.0% | A 81.0% | ¥ -0.6%
Avg. Degree 6.59 7.44 8.02 8.41 8.44
A 13.0% 78% | A 48% | A 0.4%
Density 9.56¢-3 3.52e-3 1.79¢-3 1.08e-3 1.1e-3
v -63.2% 492% | ¥ 39.7% | A 1.9%
Network
Graph
{Table 8> Ranking of Major Keywords by Period
Rank 1996~2000 2001~2005 2006~2010 2011~2015 2016~2018
Ist Remote Sensing RemoteSensing Remote Sensing Remote Sensing Remote Sensing
2nd GIS GIS GIS Agriculture Agriculture
3rd Crop Yield Precision Agriculture NDVI GIS NDVI
4th Agriculture Land use Agriculture NDVI UAV
Sth SAR Agriculture Land use MODIS Precision Agriculture
6th Radar NDVI Landsat Land use Land use
7th Yield Mapping Landsat Winter wheat Precision Agriculture MODIS
8th Image Classification Land Cover Classification Landsat Classification
9th Image Analysis Vegetation Index Precision Agriculture Soil Moisture Landsat
10th Land Scape Image Segmentation Land use change Image processing GIS
11th Image Processing Soil Soil Moisture Land cover Image Processing
12th Bayesian Network Classification MODIS Land use change Soil Moisture
13th Computer Vision Reflectance Evapotranspiration Classification Random Forest
14th Land use Land degradation China Change detection Land use change
15th Evaporation Agricultural Landscape Image Segmentation Hyperspectral Change detection
16th Yield Soil Moisture Vegetation Index Climate change Climate change
17th Vegetation Vegetation Artificial Neural Network Vegetation Indices Land cover
18th Radarsat Fertilizer Land Cover Monitoring Image Segmentation
19th Segmentation Costa Rica Hyperspectral China Evapotranspiration
20th Water Quality Leaf Area Index Segmentation LiDAR Machine Learning
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