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1. Introduction 

The Internet of Things (IoT) is a novel pattern and known by name ‘future internet’ with basic idea of connecting all 
things in the globe to the internet [1]. The IoT started in 1926, when Nikola Tesla emphasized on the implications of 
wireless. Prof. K. Ashton invented the term Internet of Things at Procter & Gamble in 1999 [2]. IoT can be used to 
describe systems of physical objects having independent communication among them. IoT allows integrating any 
physical objects having/computation and communication capabilities such as mobile networks, social networks, and 
intelligent components at different levels and with no limits to the Internet to deliver better services to their users [3-4].  

The emergence of the long proposed “Internet of Things” marks the beginning of this development as technologies 
and innovative solutions are mixed, from standalone devices in a network to an intelligent object network in which the 
physical and virtual worlds interact [1]. In this next technology leap of the fourth industrial revolution (“industry 4.0”), 
“cyber-physical systems” are expected to propel the amount of data generated by and available to companies to 
unforeseen new levels [6]. Nearly, 50 billion devices will be connected by 2020 [5], thus specific consideration is 
needed to access and process the data produced by these devices [7]. To this support, IoT is going to make significant 
applications in improving the human life and world’s economy [8]. IoT is also considered as one of the most important 
aspects of adopting Industry 4.0 for India in the near future [9-10]. In the meantime, wider adoption of IoT still remains 
a challenge. Therefore, it is important to identify and analyze the challenges in implementation of IoT systems in Indian 
context.The paper helps to achieve the given objectives –

i. Identifying the challenges in implementation of IoT systems;  
ii. Ranking of identified challenges to segregate key challenges in implementation of IoT systems in Indian context. 

 
In the present research, Grey Relational Analysis (GRA) and Analytical Hierarchy Process (AHP) methodologies 

have been used for ranking of the identified challenges to recognize key challenges in implementation of IoT 
systems in Indian context. GRA is an efficient assessment approach that is globally used in Multi Criterion Decision 
Making (MCDM) problems especially when there is an uncertainty in the decisions [11]. AHPmethodology is an 
efficient methodology to solve a MCDMproblem by using pair wise comparison [12]. 

Rest of the paper comprises of: Section 2 explains the literature on the identification of the challenges to IoT. 
Section 3 explains the solution methodology to solve the current problem. Section 4 comprises of data analysis and 
related results of ranking of the key barriers to IoT. Section 5 discusses the findings with the management 
implications of the present research. Finally, Section 6 provides concluding remarks with the limitations and future 
scope of the present research. 

2. Challenges to Internet of Things adoption and diffusion 

Nine challenges to IoT adoption and diffusion were identified determined from reviewing of literature using 
various databases like Google scholar, Google and Scopus etc. Further, these identified challenges were validated 
through experts’ input. These identified challenges are explained in Table 1. 

Table 1.Challenges to Internet of Things adoption and diffusion. 

Challenges to IoT 
adoption and diffusion 

Description Sources 

Costing issues and 
longer payback period 
(CH1) 

The IoT application employs a huge number of sensing and actuating devices, and in consequence its cost 
and its payback period will be an important factor.  

[9] 

Lack of talent (CH2) As per the Labour Bureau Report of 2014, there is very limited skilled workforce is available in India as 
compared to the developed nations. 

[13] 

Security issues(CH3) Security has a crucial role in successful deployment of any network at any scale. Billions of devices are 
connected through IoT which calls for the need of efficient security mechanisms that not only helps in 
protecting the information but also allows sharing of data over IoT based smart cities network.  

[4]; [14]; 
[15] 

Privacy issues (CH4) Personal privacy issue (data ownership) is a major concern in employing IoT networks as the connected 
objects and devices can be easily traced and hacked. 

[10] 
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Changes in business 
model (CH5) 

In implementation of IoT, an organization needs to upgrade and adopt new business models. [10] 

Lack of infrastructure 
(CH6) 

The IoT application needs a higher infrastructure to support and manage the interconnected devices 
efficiently.  

[7] 

Lack of 
standardization (CH7) 

Fragmentation of standards with new ones evolving every day makes a difficult situation for the IoT 
practitioners.  

[8] 

Lack of mobility 
(CH8) 

Mobility is considered as an important challenge for the IoT adoption because most of the services are 
delivered to mobile users. 

[8] 

Poor internet 
connectivity (CH9) 

Poor internet connectivity is the one of the key challenges in IoT adoption and diffusion. With a varying 
accessibility of internet connection across the nation,  

[13] 

3. Solution methodology 

In the present study, challenges to IoT adoption and diffusion were analyzed using GRA and AHP approaches. 
GRA technique is used in MCDM problems. GRA is mainly used where there is an uncertainty in the decision [16]. 
The AHP methodology helps in decision making/ranking of the variables in the light of various alternatives [12].  

3.1. Grey relational analysis 

It is an efficient assessment technique for decision making problems. Grey theory is firstly used in the 80’s by 
Prof. Deng [16-18]. It performs evaluation by measuring the involvement of each factor to a perfect solution [19-
20].  In GRA approach, mainly five steps are followed, given as below. 
Step 1:  Collect the data from experts and make decision matrix. 
   























xxx

xxx
xxx

mnmm

n

n

D









21

22221

11212

      (1) 

 
Wherexij(1 ≤i< m, 1 ≤ j ≤ n) denotes the assessment value of the ithdata sequence with respect to criterion j. 
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Step 3:  Then, we framed all the criteria to the category of the “smaller-the-better.” And, the normalized matrix is 
formulated. 
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Step 4:  Grey relational coefficient is developed using the expression given as below:  
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Where, j  10    is the distinguishing coefficient i.e., used to control the range of the grey relational 
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Where, Wjis the weight of the jth criterion. Grey relational degree decides the ranking of challenges and its 

priority in the list .The one with the lowest grade of relation is recognized as the best solution.  

3.2. Analytical Hierarchy Process (AHP) 

AHP has the following three steps[21]:  
1) To select the goal for the study i.e. to prioritize the challenges to IoTadoption and diffusion 
2) To make pair-wise comparisons between identified challenges to IoT adoption and diffusion using 

Saaty’snine-point scale. 
3) To obtain the priority weights of the identified challenges. For this, the consistency index (CI) and 

consistency ratio (CR) are calculated. The acceptable consistency ratio (0.1 for all larger matrices greater 
than 5 by 5) range varies according to the size of matrix. An acceptable CR ensures the consistency in 
decision-making[21]. 

The research flowchart is shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

Fig. 1.research flowchart. 

Review of Literature and data collection for the study 

Construct decision matrix for GRA 

Form reference sequence and deviation 
sequence  

Determine grey relational coefficient  

Calculate the grey relational grade 

Ranking the challenges by grey relational 

Construct decision matrix for AHP 

Calculate priority weights ofchallenges to 
IoT adoption and diffusion 

Confirm the consistency of the priority of 
identified challenges  

Ranking the challenges by AHP 
methodology 

Comparisons of GRA and AHP results  
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4. Data analysis and results 

Nine challenges to IoT adoption and diffusion were identified from the literature support and further validated 
from experts’ input. Scale is made after the discussion with four experts from academia and industry (one professor 
from Operation management area, one professor from Information systems and two managers from IT industry). 
Determination of data from expert’s opinion i.e. based on the 0-7 scale (No influence=0and Extremely high 
influence=7). We collect the ratings from expert’s and constructs the decision matrix for the challenges to IoT 
adoption and diffusion by using equation (1) as provided in Table 2. 

Table 2.Decision matrix for the challenges to IoT adoption and diffusion. 

Challenges Expert 1 Expert 2 Expert 3 Expert 4 

CH 1 4 7 5 6 
CH 2 5 6 7 7 
CH 3 7 4 6 6 
CH 4 7 4 6 6 
CH 5 4 6 2 5 
CH 6 6 6 7 6 
CH 7 4 5 6 5 
CH 8 3 1 3 3 
CH 9 7 5 5 6 

 
After construction of decision matrix, normalization and reference values are calculated for the cost criteria.Next

 ij is the deviation sequence for the challenges to IoT adoption and diffusion are calculated with the help of 
equations (3-4). Then, we compute the grey relational coefficient and the grey relational grade by using the equation 
(5) and (6) and mentioned in Table 3. 

Table 3.Deviation sequence for the challenges to IoT adoption and diffusion. 

Deviation sequence ij (1) ij (2) ij (3) ij (4)  4321
3
1  

ij
 Rank 

CH 1 0.666 0.333 0.454 0.400 0.617 2 
CH 2 0.500 0.374 1.000 1.000 0.958 7 
CH 3 1.000 0.500 0.384 0.400 0.761 5 
CH 4 1.000 0.500 0.384 0.400 0.761 5 
CH 5 0.666 0.374 1.000 0.500 0.846 6 
CH 6 0.400 0.374 1.000 0.400 0.724 4 
CH 7 0.666 0.428 0.384 0.500 0.659 3 
CH 8 1.000 1.000 0.714 1.000 1.238 8 
CH 9 0.333 0.428 0.454 0.400 0.538 1 

 
Next, same four experts were contacted for framing pair-wise comparisons between identified challenges to IoT 

adoption and diffusion using Saaty’s nine-point scale as mentioned in the AHP methodology.Table 4shows the pair 
wise comparison matrix, priority weights and ranks of identified challenges to IoT adoption and diffusion. 

Table 4.pair wise comparison matrix, priority weights and ranks of identified challenges to IoT adoption and diffusion. 

Challenges CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8 CH9 Priority Weight Rank 
CH 1 1 2 2 2 2 1 1 3 1 0.1508 2 
CH 2 0.5 1 0.5 0.5 2 0.5 0.5 2 0.5 0.0791 7 
CH 3 0.5 2 1 1 1 0.5 0.5 2 0.5 0.0873 5 
CH 4 0.5 2 1 1 1 0.5 0.5 2 0.5 0.0873 5 
CH 5 0.5 0.5 1 1 1 1 1 2 0.333 0.0852 6 
CH 6 1 2 2 2 1 1 1 2 0.333 0.1224 4 
CH 7 1 2 2 2 1 1 1 3 0.5 0.1331 3 
CH 8 0.333 0.5 0.5 0.5 0.5 0.5 0.333 1 2 0.0766 8 
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CH 9 1 2 2 2 3 3 2 0.5 1 0.1782 1 
C.I.=0.11188; CR=0.07716 

5. Discussion of Findings 

India is still in the stages of understanding the potential and impact of IoT [22]. Therefore, in the present research 
identifies and analyses the challenges in implementation of IoT systems in Indian context.Our research analysis 
suggests ‘Poor internet connectivity (CH9)’ attains the highest grey relational grade in the list with value of (0.538) 
and identified a key as a key challenge in adaption of IoT in Indian context. Therefore policy makers should focus to 
improve internet connectivity across the country especially in the rural areas. ‘Costing issues and longer payback 
period (CH1)’ holds the second position in the grey relation grade list with value of (0.617). Initial high investment 
and demonstrating return on investment is also seen as a current weak spot in IoT. ‘Lack of standardization (CH7)’ 
capture third place in the grey relational list with value of (0.659) and does mainly affects understand the potential 
and impact of IoT. The lack of standards is considered as a major challenge towards Cloud IoT and supported by 
several studies [7]. 

‘Lack of infrastructure (CH6)’ holds the fourth position in the grey relational grade list with value of (0.724). 
Government bodies and policy makers must focus on developing supportive infrastructure. ‘Security issues (CH3)’ 
and ‘Privacy issues (CH4)’ come at the fifth place in the grey relational grade list with value of (0.761). Issues of 
security and privacy have been addressed widely in literature with recognized significant impacts on IoT 
applications [10]. ‘Changes in business model (CH5)’ comes at the sixth place in the grey relational grade list 
having value of (0.700). IOT requires a proper action plan and need the changes in existing business models. The 
key issue is that business organization reluctant to changes in business due to fear of failure and/or huge 
investment.‘Lack of talent (CH2)’ holds the second last place in the grey relational grade list having value of 
(0.958). Being IoT as a new technology, business organizations will require skilled workforces. India lacks skilled 
manpower in this new technology and it will definitely take time to train the workforce and completely deploy them 
for the various functionalities in the IoT environment. ‘Lack of mobility (CH8)’ comes at the last in grey relational 
grade list having value of (1.238). 

According to AHP results, the ranking order based upon priority weightsof the challenges to IoT adoption and 
diffusion in Indian context is provided as: CH9-CH1-CH7-CH6-CH3-CH4-CH5-CH2-CH8. The results of AHP 
methodology are also in line with the result of GRA methodology. 

The present research may provide a great help to academicians, researchers, managers/practitioners and 
policymakers in understanding of various challenges to IoT adoption and diffusion in Indian context. Ranking of 
these challenges using GRA and AHP will help practitioners and policymakers in priority setting in their removal to 
successful IoT adoption and diffusion. 

6. Conclusions, limitations and future scope 

The key aim of present research was to identify and analyze the key challenges in implementation of IoT 
network. Nine key challenges were identified through literature support and experts’ input. Further, these identified 
challenges were analyzed through GRA and AHP methodologies. Results of the present research suggested that 
‘Poor internet connectivity (CH9)’; ‘Costing issues and longer payback period (CH1)’ and ‘Lack of standardization 
(CH7)’ are the key challenges to IoT adoption and diffusion. Our research has implications for policy makers, 
Practitioners and managers to focus on these key challenges in their removal to effectively adopt IoT applications in 
Indian context. Our research made an initial attempt to analyze the challenges to IoT adoption and diffusion in 
Indian context. The list of identified challenges may not be complete list of challenges. In future research, some 
more challenges may emerge. Our research has used experts’ opinions to collect the data to analyze the challenges 
to IoT.  

Our research used GRA and AHP approaches and they have their own limitations. The main limitation is that the 
experts were not randomly selected and results may be biased. In future research, fuzzy GRA/AHP may be used to 
avoid biasness. 

 Author name / Procedia Computer Science 00 (2018) 000–000 7

Acknowledgements 

Authors are thankful to anonymous reviewers and organizing team of 6th International Conference on Smart 
Computing and Communications, ICSCC 2017, 7-8 December 2017, Kurukshetra, India. 

References 

1. Tsai, Chun-Wei, Chin-Feng Lai, Ming-Chao Chiang, and Laurence T. Yang. (2014) “Data mining for Internet of Things: a survey.” IEEE 
Communications Surveys and Tutorials16(1): 77–97. 

2. Ashton, K. (2009) “I could be wrong, but I'm fairly sure the phrase “Internet of Things” started life as the title of a presentation I made at 
Procter & Gamble (P&G) in 1999.” RFID Journal22: 1–10. 

3. Bekara, Chakib. (2014) “Security issues and challenges for the IoT-based smart grid.” Procedia Computer Science34: 532–537. 
4. Li, Shancang, Theo Tryfonas, and Honglei Li. (2016) “The internet of things: a security point of view.” Internet Research, 26 (2):337–359. 
5. Evans, Dave. (2011) “The internet of things: How the next evolution of the internet is changing everything.” CISCO White Paper 1: 1–11. 
6. Kache, Florian, Florian Kache, Stefan Seuring, and Stefan Seuring.(2017) “Challenges and opportunities of digital information at the 

intersection of big data analytics and supply chain management.”International Journal of Operations & Production Management37(1): 10–
36. 

7. Botta, Alessio, Walter De Donato, Valerio Persico, and Antonio Pescapé. (2016) “Integration of cloud computing and internet of things: a 
survey.” Future Generation Computer Systems 56: 684–700. 

8. Al-Fuqaha, Ala, Mohsen Guizani, Mehdi Mohammadi, Mohammed Aledhari, and MoussaAyyash. (2015) “Internet of things: A survey on 
enabling technologies, protocols, and applications.” IEEE Communications Surveys & Tutorials 17(4): 2347–2376. 

9. Granjal, Jorge, EdmundoMonteiro, and Jorge Sá Silva. (2015) “Security for the internet of things: a survey of existing protocols and open 
research issues.” IEEE Communications Surveys & Tutorials17(3):1294–1312. 

10. Whitmore, Andrew, AnuragAgarwal, and Li Da Xu. (2015) “The Internet of things—a survey of topics and trends.”Information Systems 
Frontiers17(2): 261–274. 

11. Rajesh, R., and V. Ravi. (2015) “Supplier selection in resilient supply chains: a grey relational analysis approach.” Journal of Cleaner 
Production86: 343–359. 

12. Luthra, Sunil, Sachin Kumar Mangla, Lei Xu, and Ali Diabat. (2016) “Using AHP to evaluate barriers in adopting sustainable consumption 
and production initiatives in a supply chain.” International Journal of Production Economics181: 342–349. 

13. Bedekar, A. (2017) “Opportunities& challenges for IoT in India” Online available at: http://www.startupcity.com/ leaders-talk/-opportunities-
challenges-for-iot-in-india-nid-3444.html(last accessed: October 12, 2017). 

14. Gubbi, Jayavardhana, RajkumarBuyya, SlavenMarusic, and MarimuthuPalaniswami. (2014) “Internet of Things (IoT): a vision, architectural 
elements, and future directions.” Future Generation Computer Systems 29(7): 1645–1660. 

15. Li, Ling, Shancang Li, and Shanshan Zhao. (2014) “QoS-aware scheduling of services-oriented internet of things.”IEEE Transactions on 
Industrial Informatics 10 (2): 1497–1505. 

16. Wen, Kunli. (2016) “The proof of a new modified grey relational grade.”Grey Systems: Theory and Application 6(2): 180–186 
17. Ju-Long, Deng. (1982) “Control problems of grey system.”Systems and Control Letters1 (5):288–294. 
18. Ju-Long, Deng. (1989) “Introduction to grey system theory.”The Journal of Grey System 1 (1): 1–24. 
19. Song, Wenyan, Xinguo Ming, and Yi Han. (2014) “Prioritising technical attributes in QFD under vague environment: a rough-grey relational 

analysis approach.” International Journal of Production Research52(18): 5528–5545. 
20. Zhu, Guo-Niu, Jie Hu, Jin Qi, Tao He, and Ying-Hong Peng.(2017) “Change mode and effects analysis by enhanced grey relational analysis 

under subjective environments.”ArtificialIntelligence for Engineering Design, Analysisand Manufacturing31 (2): 207-221. 
21. Saaty, Thomas L. (2000). Fundamentals of decision making and priority theory with the analytic hierarchy process (Vol. 6). Rws 

Publications. 
22. Gartner Report (2012). “Gartner‘s Hype Cycle Special Report for 2011, Gartner Inc.” Online available at: 

http://www.gartner.com/technology/research/hype-cycles/ (last accessed: August 29, 2017). 



 Sunil Luthra  et al. / Procedia Computer Science 125 (2018) 733–739 739
6 Author name / Procedia Computer Science 00 (2018) 000–000 

CH 9 1 2 2 2 3 3 2 0.5 1 0.1782 1 
C.I.=0.11188; CR=0.07716 

5. Discussion of Findings 
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and identified a key as a key challenge in adaption of IoT in Indian context. Therefore policy makers should focus to 
improve internet connectivity across the country especially in the rural areas. ‘Costing issues and longer payback 
period (CH1)’ holds the second position in the grey relation grade list with value of (0.617). Initial high investment 
and demonstrating return on investment is also seen as a current weak spot in IoT. ‘Lack of standardization (CH7)’ 
capture third place in the grey relational list with value of (0.659) and does mainly affects understand the potential 
and impact of IoT. The lack of standards is considered as a major challenge towards Cloud IoT and supported by 
several studies [7]. 

‘Lack of infrastructure (CH6)’ holds the fourth position in the grey relational grade list with value of (0.724). 
Government bodies and policy makers must focus on developing supportive infrastructure. ‘Security issues (CH3)’ 
and ‘Privacy issues (CH4)’ come at the fifth place in the grey relational grade list with value of (0.761). Issues of 
security and privacy have been addressed widely in literature with recognized significant impacts on IoT 
applications [10]. ‘Changes in business model (CH5)’ comes at the sixth place in the grey relational grade list 
having value of (0.700). IOT requires a proper action plan and need the changes in existing business models. The 
key issue is that business organization reluctant to changes in business due to fear of failure and/or huge 
investment.‘Lack of talent (CH2)’ holds the second last place in the grey relational grade list having value of 
(0.958). Being IoT as a new technology, business organizations will require skilled workforces. India lacks skilled 
manpower in this new technology and it will definitely take time to train the workforce and completely deploy them 
for the various functionalities in the IoT environment. ‘Lack of mobility (CH8)’ comes at the last in grey relational 
grade list having value of (1.238). 

According to AHP results, the ranking order based upon priority weightsof the challenges to IoT adoption and 
diffusion in Indian context is provided as: CH9-CH1-CH7-CH6-CH3-CH4-CH5-CH2-CH8. The results of AHP 
methodology are also in line with the result of GRA methodology. 

The present research may provide a great help to academicians, researchers, managers/practitioners and 
policymakers in understanding of various challenges to IoT adoption and diffusion in Indian context. Ranking of 
these challenges using GRA and AHP will help practitioners and policymakers in priority setting in their removal to 
successful IoT adoption and diffusion. 

6. Conclusions, limitations and future scope 

The key aim of present research was to identify and analyze the key challenges in implementation of IoT 
network. Nine key challenges were identified through literature support and experts’ input. Further, these identified 
challenges were analyzed through GRA and AHP methodologies. Results of the present research suggested that 
‘Poor internet connectivity (CH9)’; ‘Costing issues and longer payback period (CH1)’ and ‘Lack of standardization 
(CH7)’ are the key challenges to IoT adoption and diffusion. Our research has implications for policy makers, 
Practitioners and managers to focus on these key challenges in their removal to effectively adopt IoT applications in 
Indian context. Our research made an initial attempt to analyze the challenges to IoT adoption and diffusion in 
Indian context. The list of identified challenges may not be complete list of challenges. In future research, some 
more challenges may emerge. Our research has used experts’ opinions to collect the data to analyze the challenges 
to IoT.  

Our research used GRA and AHP approaches and they have their own limitations. The main limitation is that the 
experts were not randomly selected and results may be biased. In future research, fuzzy GRA/AHP may be used to 
avoid biasness. 
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