e

Accepted Manuscript

Internet of Underground Things in Precision Agriculture: Architecture
and Technology Aspects

etworks

Lﬁ\d Hoc

Mehmet C. Vuran, Abdul Salam, Rigoberto Wong, Suat Irmak

Pll: S1570-8705(18)30506-7
DOI: 10.1016/j.adhoc.2018.07.017
Reference: ADHOC 1718

To appear in: Ad Hoc Networks

Received date: 18 March 2018

Revised date: 15 July 2018

Accepted date: 18 July 2018

Please cite this article as: Mehmet C. Vuran, Abdul Salam, Rigoberto Wong, Suat Irmak, Internet of
Underground Things in Precision Agriculture: Architecture and Technology Aspects, Ad Hoc Networks
(2018), doi: 10.1016/j.adhoc.2018.07.017

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.adhoc.2018.07.017
https://doi.org/10.1016/j.adhoc.2018.07.017

Internet of Underground Things in Precision Agriculture:
Architecture and Technology Aspects™

Mehmet C. Vuran

Abdul Salam  Rigoberto Wong

Cyber-physical Networking Laboratory, Computer Science and Engineering, University of Nebraska-Lincoln, Lincoln, NE, USA

Suat Irmak

Department of Biological Systems Engineering, University of Nebraska-Lincoln, Lincoln, NE 68583

Abstract

The projected increases in World population and need for food have recently motivated‘adoption of information tech-
nology solutions in crop fields within precision agriculture approaches. Internet Of Underground Things (IOUT), which
consists of sensors and communication devices, partly or completely buried underground for real-time soil sensing and
monitoring, emerge from this need. This new paradigm facilitates seamless ifitegration of underground sensors, machin-
ery, and irrigation systems with the complex social network of growers,/agronomists, crop consultants, and advisors.
In this paper, state-of-the-art communication architectures are reviewed, and, underlying sensing technology and com-
munication mechanisms for IOUT are presented. Moreover, recent advances in the theory and applications of wireless
underground communication are also reported. Finally, major challenges in I[OUT design and implementation are iden-

tified.
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1. Introduction

World population will increase by 33% in 2050, dou:
bling the need for food [124]. Yet today, up to 70 per-
cent of all water withdrawals are due to foed production.
This demands novel technologies to produce more érop for
drop. USDA Agricultural Resource Management Survey
(ARMS) is the primary source of informationon the finan-
cial condition, production practices, and,resource use of
America’s farm businesses and the economic well-being of
America’s farm households/ ARMS,data show that preci-
sion agriculture has recentlysbécome a widespread practice
nationwide. In Fig. 14 adoption’ rates of major precision
agriculture approaches (bars) along with the total preci-
sion agriculture @doptionsrate (line) are shown for maize
for each year of USDA ARMS publication (USDA ARMS
2015 version was undér development at the time of this
writing). It ‘can"be observed that adoption rate of preci-
sion agricultute for maize increased from 17.29% in 1997
to 72.47% in 2010 with similar trends observed for other
crops such as soybean and peanuts. Aside from present-
ing a growing trend in the usage of precision agriculture

A preliminary version of this article was presented at the 2018
IEEE 4th World Forum on Internet of Things (WF-IoT 2018), Sin-
gapore, Feb 2018 [153].
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Figure 1: Precision agriculture technology adoption in maize pro-
duction (USDA ARMS Data).

in maize production, it is evident that as new technologies
emerge, they are widely adopted by farmers.

Among the various precision agriculture techniques,
crop yield monitoring is the most widely adopted tech-
nique (61.4%). In addition, guidance and auto-steering
system adoption jumped from 5.34% in 2001 to 45.16%
in nine years. Use of equipment and crop location infor-
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