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Abstract—Due to the development of Internet of Things, which is
closely related to a series of geographical questions, this paper
explores such new phenomenon of Human Geography,
especially the change from Internet era to Internet of Things era.
The aim of the geographical research on the new information
technology in the near future is: to solve geographical problems
in application, such as spatial attributes, space organizations,
geographical distribution of elements and function, geographical
types of service, spatial regularity; to re-examine Geography
under Internet of Things, including new man-land relationship,
new spatial structure, new business model and Commercial
Geography, new urban spatial structure, new Industrial
Geography, new Behavioral Geography, and new Information
Geography.
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1. INTRODUCTION

The development and application of computer, Internet
and other information and communication technologies
(ICTs) brought about a great impact on the people's
economic management, production operation, social
management and even personal life. Recently, the new
generation of information technology - Internet of Things set
off a huge boom all over world and is highly valued by the
United States, China, European Union and other countries or
regions, which is a huge network combined by the Internet
and sensing devices including radio frequency identification
devices (RFID), infrared sensors, global positioning systems,
and laser scanners [1-2]. The system can identify, locate,
track, monitor object and trigger the corresponding event
automatically and real-timely.

Computer, Internet and other information and
communication technologies have profoundly changed
space-time view. As the core of geography - man-land
relationship and the content of geographical environment
have undergone great change [3]. With the appearance of
Internet of Things, there are changes again. First, in the
theoretical level, distance extinction view [4], geography
extinction view [5-6], slightly influence view [7], and
moderate influence view become a hot spot again. The
content [8, 3], composition, type, space form [9], space effect
[10-11], economic geography [12-13], social and cultural
geography [14] of information space need to be re-examined.
Especially as intermediary between information space and
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geography space, Internet of Things leads to changes in
relationship between the two and brings about further
evolution of man-land relationship [15-16]. Second, the
content, composition, and spatial organization of the
geographical environment change again under Internet of
Things, reflected in the regional space [17], urban space [18-
19], industrial space [20-23], and behavior space [24-26].
Third, the focus of the geographical research on phenomenon
related to and derived from information technology shifts
from Internet to Internet of Things, including regional
proliferation [27], type of development, regional structure
and regional spatial differences [28-29], location choice [30],
analysis of the spatial distribution and guidance of user
behavior [31], competition model of information flow [32],
ete.

Based on the above three changes, geographical research
on Internet of Things is necessary, not only for guidance
value for application in the economic, cultural and other
aspects, but also for reference value for information industry
and policy-making department.

1L GEOGRAPHICAL STUDIES ON DERIVATIVE PHENOMENON

OF INTERNET OF THINGS

A. Space Organizations

In order to create an information source for different
levels of decision-making, Internet of Things must get rid of
single-point pattern of application and need spatial
orientation of each sensor and dynamic information of
geographical location. The formation of smart planet and
smart city depends on the spatial layout of Internet of
Things, so what need to study include: space coverage
requirements of Internet of Things in different industries; the
association patterns between spatial layout of Internet of
Things and smart planet or city; programs and mechanisms
for coordination of the spatial distribution of infrastructure
when Internet of Things used in high-speed rail, smart grid,
transport logistics, electricity, public safety and other fields.

B.  Geographical Distribution of Elements and Function

ITU (International Telecommunication Union) reports
there are four key technologies in Internet of Things: Radio
Frequency Identification, Sensor, Smart technologies, and
Nanotechnology [33]. The combination of RFID, Internet
and telecommunications technology can achieve global
tracking and information sharing [34]. What need to study:
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the geographical distribution of different element; interaction
between the geographical distribution of Internet of Things
elements and the geographical distribution of the Internet and
mobile communications technology; space network model
combining multi-point distribution of Internet of Things

elements and the relative concentration of Internet;
components space form-based evaluation system for
infrastructures.

C. Spatial Attributes of Function

Internet of Things is itself a cross-functional space,
joining physical space and information space together as one.
Research on spatial attributes of Internet of Things function
include: spatial accessibility and openness, the space
participatory, spatial dimensions and information statistical
approach, complex relationship between the two spaces,
geographical background of the information technology
space, differences of spatial attributes among different types
of geographic space.

D. The Geographical Types of Service Process

Objects sending message can be classified into "action"
and "static" according to their state. For static objects, we
should mainly study the impact of information providing on
the state of people, vehicles, ships and other moving
subjects, route selection, and spatial behavior regularity; For
dynamic objects, the main research include: real-time
information processing and behavior pattern recognition,
spatial information integration, and data warehouse mining
and spatial decision. Based on combination of Internet and
Internet of Things, characteristics of spatial agglomeration
and formation mechanism of information port should be
studied.

E.  Geographical Distribution of Covering Space

Study on mutual influence among regional diffusion,
regional differences and regional development of Internet of
Things, can begin from three perspectives: Internet
penetration rate, the abundance of network information
resources, and Internet business applications. Further, we
need study evolution of regional differences, relationship
among geographical distribution of mobile communication
network, Internet, and Internet of Things.

F. Spatial Regularity

Although in its infancy, Internet of Things has become
nowadays the most popular words in information industry,
reflected in capital markets and construction plan all over the
world. On the road of industrialization of Internet of Things,
there are several geographical issues to study: geographical
division and space competition of industry research, target
market, and application industry to avoid duplication of
research and development or excessive competition; analysis
of factors affecting geographical division of industry and
building mathematical model; maximizing the overall
efficiency-based research on industrial location layouts,
spatial regularity, and mathematical model; regional
differences-based research on industrial development
strategy, development model, and spatial transference.
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G. Geographic Issues Derived from Technology Standard-
Setting

To fight for the high ground, game for different countries
and regions in developing technical standards of Internet of
Things is obvious. If to play key role, we should consider the
problem from geographic angle at national level. In addition
to taking a more proactive approach to participate in the
process, more importantly, the reality of industrial scale and
development can protect a country's right. Therefore,
construction of industrial clusters, momentum, spatial
structure, development pattern and such a series of
geography questions are important research topics. From
domestic perspective, the study on regional distribution of
existing standards, the geographical path of unification,
gradient transfer of the standards and other issues can help
unify technical standards.

IllI.  THE NEW GEOGRAPHY RESEARCH UNDER INTERNET OF

THINGS

A.  New Man-Land Relationship

Geography has studied man-land relationship for long
time, which is regarded as the core of Geography [35]. Man-
land relationship is dynamic, and with the development of
the times, "land" and "human" content are constantly
changing, expanding and innovating [36]. Based on the
extensive application of Internet of Things, "Land" content
changes substantially as well as environmental factors
become more informational and intelligent, so its existence
dimensionality and manifestation morphology are important
research fields.

In the man-land system, besides natural environment,
technical (showing as building of man-made environment)
and social factors constitute main means of human
adaptation to the environment and become key factors which
constrain man-land system state [37]. Revealing driven
mechanism of man-land system influenced by Internet of
Things, and revealing interactions and feedback mechanisms
of natural environment, human environment, and social
environment are important research tasks, which core is to
clarify the role of each component of new man-land system
in the balance of resources (natural environment) -
production (artificial environment) - consumer (human).

B.  New Spatial Structure

Spatial structure refers to interaction and mutual
relationship of each object (population, materials, energy,
capital, information, etc.) in the geographical space and it is
bound to change under Internet of Things. Study focuses on
location configurations of socio-economic activities, for
example, how will the number, quality, and species
composition of facilities change? How will the combination
relation such as the proportion in the number of facilities,
using conditions for each other, and coordination of
supporting change? How will the distribution and spatial
patterns of facilities change in the geographical space?

Some models explaining spatial interaction and dynamic
mechanism of socio-economic object, such as gravity



models, vector models, and distance decay principle, are
required to be re-examined and amended.

Internet of Things can be applied to various aspects from
macro level to micro level and it provides a new tool for
studying the spatial distribution, regional differentiations,
spatial agglomeration and diffusion.

C. New Business Model and Commercial Geography

E-commerce is emerging as a business model co-existing
with the traditional business model and it will be affected by
Internet of Things. Research topics such as E-commerce
business model innovation, individual consumption, solution
of the bottleneck of e-commerce, consumers information
accessing and spending habits, e-commerce security and
consumer perception are valuable.

Internet of Things will further affect the Commercial
Geography, bringing about a number of issues: In macro
level, huge information source provided by Internet of
Things benefit the study of resource distribution and
transportation condition, the study of international, domestic
commodity circulation pattern and interregional links, the
study of regional difference in business activities and market
differentiation, and the study of hierarchy of commercial
centers and business network; In micro level, study focuses
on the impact on the organization of commercial outlets and
retail, location of commercial and warehousing facilities,
spatial structure of point - line — network of business in
specific regional, and spatial behavior of consumers.

D. New Urban Spatial Structure

Information technology has brought significant effect on
spatial structure [38] and urban space which show trends of
overall dispersion and dominant concentration [39]. What
kind of impact will Internet of Things bring on the changes
of functions of transport, housing, work, and leisure? What
kind of impact will Internet of Things bring on the
interaction of urban space, location flexibility, and city
spatial substitution? Further, study should focus on the trends
of urban space development and urban spatial structure
optimization.

E.  New Industrial Geography

Based on Internet of Things, the information
transmission  technology will acquire revolutionary
development, economic globalization will get unprecedented
strengthening correspondingly, and regional boundaries will
become blurred, so the effectiveness and applicability of
traditional location theory need to do in-depth study [40],
including: the changes of production, distribution and sales
methods; empirical analyzing how traditional location factors
(transportation, gathering, marketing, and raw materials) and
knowledge-based factors (knowledge, technology, and
intelligence) affect industrial distribution; small quantities of
flexible production; appropriate scale, geographical
dispersion of space, and international production; network,
information technology, and virtualization of economic
activity.
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F.  New Behavioral Geography

Behavioral Geography is to study individual or group
behavior and decision-making in different geographical
environments [41]. Internet of Things will affect the two

most critical aspects - environmental sensing and
environmental  perception. = Environmental  sensing:
geographical influence on the individual behavior;

geographical mechanism of human observing and sensing,
including interference in induction process caused by the
barriers of limiting factors. Environmental perception:
factors; formation of environmental image; geographic
images and cognitive maps; cognitive differences formed by
different behavior of the individual characteristics. In
addition, course of conduct, behavior space, location
selection, changes in preferences and patterns of space, and
Time Geography will be new emphasis of Behavioral
Geography.

G. New Information Geography

Computer network information space is an extension of
the traditional geo-space, when its formation, distribution,
internal characteristics, and impact are closely related to
traditional geospatial and become the new objects of modern
Geography [3]. As the intermediary between computer
network information space and real geographical space,
Internet of Things makes the relations closer and brings
about new geography propositions, including: analysis of
dimensions, composition and new type of space;
comparative study of new space with the traditional
geographical space and network space; space flow
(information, logistics, et al.) about direction, power, spatial
structure, gathering, and regularity; the concept and
characteristics of urban network information space; the
formation mechanism of network space; the interaction of
network space; information space of small cities and rural
areas; city network information space planning; new urban
information space [42].

1V.  CONCLUSION

After the advent of computers and the Internet,
Information Geography transferred from the geographical
studies of the traditional communication mode (post,
telephone, and telegraph) [43] to studies of computer
applications [44] and Internet information space [45]. The
objects of Information Geography research changed from
real space to virtual space. Traditional concept of space
changed from realism to relationship theory, meanwhile,
spatial scale narrowed infinitely and space developed multi-
dimension [46]. Geography is space science [47], so the
changes of space concepts make the Information Geography
present a completely new look.

After the advent of Internet of Things, Information
Geography is facing another transition. Internet of Things
makes seamless docking between information space and
physical space, which bring changes in the study: @
Concepts of space return, which means combination of
virtual space and real space. The traditional space is still the
basis of the world, but there are many new research



propositions after the information is mapped to virtual space.
@ Because of acquisition of subtle information of things,
research will be more in-depth and detailed. Micro-
Geography will acquire large development. 3 Due to the
involvement of a large number of real spatial data, mere
information space research may lose their significance. New
information space research will be more empirical, research
content will be closer to reality of production and living, and
practical guidance of research will be more significant. @
Based on uninterrupted acquirement of objects information,
information in the time dimension will enrich greatly, so the
corresponding study will receive attention in Information
Geography and even it will bring breakthrough impact on
Time Geography. & Rich and comprehensive information
obtained from the real world help the computer's virtual
computing, meanwhile, process and the results show of
Information Geography maybe head for three-dimension and
digital virtualization.
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