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Abstract: Ubiquitous Networks powered by Wireless Sensor Networks (WSN) is cutting 

across many technologies assisting day-to-day human activities. This technology confers the 

ability to sense and surmise the external environmental factors of various ecologies. 

Interconnection of these sensing devices for Machine to Machine (M2M) communication leads 

to the origination of Internet-of-Things (IoT). Recent advancements in the technology of 

Internet-of-Things guides the production of smart objects that can accomplish location, 

identification, connection and measurement of external factors. This leads to a new type of 

communication paradigm between objects and humans. One of the important problem due to 

the population explosion that can be addressed by  IoT is the Healthcare of individual human 

beings. Remote health monitoring is one of the greatest technology exploited in medical 

professionals to keep a check on the patient’s important health factors periodically. This was 

done in a smaller geographical area before the era of IoT. As IoT can communicate to other 

Internet, This remote healthcare monitoring can now be applied over a wider geographical 

topology. This paper extensively analyses the performance of 6LoWPAN and RPL IoT for 

healthcare applications. This paper especially focuses on monitoring an athlete's 

thermoregulation. Also, a new technique to identify and train marathon athletes to the race 

topography has been proposed. In this technique, each athlete is fitted with wearable sensors 

in their body in the training session to monitor and analyze the thermoregulation process 

occurring during training. After a detailed analysis of the athletes’ thermoregulation process, 

personal training schedules are charted down according to variation in the thermoregulation 

process in each athlete. This technique helps to monitor each athlete’s progress personally with 

less number of coaches and medical professionals leading to the prevention of unexpected 

death of a healthy athlete. 
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1. MOTIVATION AND OBJECTIVE 

Unexpected death happens to marathon athletes’ due to various external and internal factor. 

Such incidents in recent times are the main driving factor behind this paper. In 2013, One 

athlete dead and many were hospitalized due to hyperthermia after crossing the finish line [1]. 

An athlete after finishing the London Marathon in 2014 collapsed and died after being 

hospitalized [2]. In the same way, a 23-year-old athlete dies in a Pennsylvania half marathon 

due to hyperthermia after crossing the finish line [3]. Even though these athletes strive to 

maintain their fitness, these unexpected incidents bring sorrow to the entire sporting world. 

Many researchers focus on providing healthcare solutions to aged people. This project aims to 

avoid these unexpected incidents by monitoring the athletes’ thermoregulation process with the 

help of IoT during training and charting down separate training schedules for each athlete 

according to their thermoregulatory conditions.   Lack of effective training for marathon 

athletes’ is considered as one of the major factors for this unexpected death of healthy athletes’. 

The main objective of the project is to develop a new architecture to monitor athletes’ 

thermoregulation by fitting sensors to their body during training. Each temperature sensor 

sends the temperature information of athletes’ to a centralized server that can be revisited by a 

coach or medical personnel’s to assess the athletes’ training report. As each athlete varies on 

different attributes, each athlete is given a separate training schedule according to their training 

report and can achieve the desired thermoregulatory conditions sooner than the results achieved 

in conventional group training. Also, we analyse the performance of two standardised low 

power protocols 6LoWPAN and RPL for the above-mentioned application. 

 INTERNET-OF-THINGS 

Internet-of-Things (IoT) is an emerging area of research being unveiled by many researchers 

around the globe because of its immense applications in all aspects especially in assisting day-

to-day human life. This is strongly associated with 

• Ubiquitous computing,  

• pervasive computing and  
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• Ambient intelligence [4,5]. 

From the above definition, the following can be claimed as archetypal characteristics of IoT 

• IoT is an independent network that operates on its infrastructures. 

• IoT can be implemented for new services especially to assist human life. 

• IoT enables new communication paradigms like Human-SO and S0-SO.  

SO’s are the building blocks of IoT. SO’s should possess four common technical attributes 

• Naming schemes 

• Locating Schemes  

• Sensing abilities 

• Communicating abilities 

IoT will be a gap bridging technology between the real world and the Internet by furnishing 

pertinent information at the right time [6]. In future, IoT will play an important part in Internet 

Services. 

 

2. THERMOREGULATION IN ATHLETES’ 

Homeotherms are the species that maintains the narrow operative range of internal body 

temperatures (core temperature, Tc) despite exposure to varying environmental extremes [7]. 

In humans, this task is credibly accomplished by thermoregulatory systems using sensory 

feedback to the hypothalamus from thermoreceptors within the peripheral and central nervous 

system [8]. The neural autonomic outflow is stimulated by small variations in Tc. This ensures 

that a series of reflex movements adjust Tc by heat loss or production to respond to the change 

in body temperature. Measurement of rectal temperature (Tre) is the most commonly used 

technique to study the impact of exercise on Tc. Many factors can influence Tre [9] but no 

scientific findings have proved certain individual or group of factors has the most impact during 

marathon race-like circumstances. Environmental conditions [10-14], dehydration [15] and 

metabolic rate are commonly referenced as limiting factors for thermoregulatory control. 

However, gender may also contribute to other factors. Table 1 gives brief literature on distance 

running activities of athletes denoting the distance, number and gender of athletes’, the 
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environment of the race topography, Dehydration percentage of the athletes’, rectal 

temperature and speed they ran during the activity. 

 

TABLE 1. LITERATURE OF DISTANCE RUNNING ACTIVITIES 

 

3. RPL: IPV6 ROUTING PROTOCOL FOR LOW POWER AND LOSSY NETWORKS 

The Internet Engineering Task Force in 2008 recognised the need for standardising the routing 

protocol for IPv6 smart objects and formed the working group Routing for Low powered and 

Lossy networks (ROLL). They standardised the RPL protocol in the year 2008 [34,35]. 

LLN’s are networks with very limited energy, computation and bandwidth making them highly 

exposed to packet losses. RPL addresses two main problems  

(i) Communication over a low data rate 

(ii) Communication prone to high Bit Error Rate (BER) 

A Lossy link is a link with high BER and long inaccessibility time. This strongly influences 

the design of the routing protocol. RPL is highly adaptive to varying network conditions by 

providing alternate routes if default routes are inaccessible [34]. 

ReferenceDistance ParticipantsEnvironmentt [Tdb,relative humidity]DEH (%) Tre Speed

(km) (n) (°C) (m/min)

[15] 42.2 M 1 10°C 2.13 39.4 256

[16] 42.2 M 1 23.9-27.8°C 8.1 38.5 314

[17] 42.2 M 1 25.6°C, 35% 5.1 37.3 302

[18] 42.2 M 4 20.4°C, 37% 6.4 39 266

[19] 42.2 M 8; F 3 16.1- 5°C,60-67% 6.6 39.1 216

[20] 42.2 F 1 18.1-20.5°C 4.6 39 180

[21] 42.2 M 18 13.1-13.7°C, 99-100% 2.9 40 203

[22] 42.2 M 9 21.7°C, 69% 3.3 39.1 199

[23] 42.2 M 7 26°C 3.5 36.5 142

[24] 42.2 M 6 21-26°C, 50-60% 3.7 38.5 194

[25] 42.2 M 2 18.6°C 2.9 40.5 259

[26] 42.2 M 2 17.9°C 3.1 39.9 268

[27] 42.2 M 6 15-29°C 4.3 39.8 257

[28] 42.2 M 59 10.8-12.1°C,70-80% 2.8 38.8 191

[29] 42.2 M 62 6.6-11.8°C 3.2 38.7 198

[30] 42.2 M 47 10-12°C 3 38.2 194

[31] 42.2 M 20 13.7-16°C 4.97 36.5 303

[32] 42.2 M 6 17.5-20.4°C 3.2 39.5 194

[33] 42.2 M 3 15.5-24.5°C 4.7 39.2 194
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RPL Operation Overview 

DODAG built by RPL is a logical topology built over a physical network to meet specific 

criteria. Also, a network administrator may configure the network to have multiple routing 

topologies active in parallel to carry traffic with a different set of requirements. A node in the 

network can participate and join one or more DODAG [34]. 

Formation of DODAG 

A node in the graph is configured as a root or LoWPAN Border Router (LBR) by the system 

administrator. Multiple nodes can be configured as root in the system.  RPL specifies a new set 

of ICMPv6 control messages to exchange graph-related attributes[36]. The messages are  

• DIS (DODAG Information Solicitation)  

• DIO (DODAG Information Object) and  

• DAO (DODAG Destination Advertisement Object). 

RPL also supports point-to-point (P2P) data communication from one node to any other node 

in the DODAG. If a node sends the packet to another node within the LLN network, the packet 

first reaches 'up' to a common ancestor and then forwarded in the 'down' direction to the 

destination [37-39]. 

(i) Global Repair and Local Repair 

A key feature of any routing protocol is the ability to repair the routing topology when failures 

occur. Likewise, RPL also supports topology repair mechanisms in case of link or node failures. 

Extreme care must be taken to avoid triggering a repair mechanism in transient conditions. 

RPL specifies two techniques known as local and global repair. If a link or neighbouring node 

is unavailable and has no other route in the 'up' direction, a local repair is triggered to quickly 

find an alternate parent/path. This is a local repair having no global implication [40]. Global 

repair is a mechanism that rebuilds the graph again at a cost. This can be triggered only from 

the root and has the cost of additional control traffic in the network. Each node in the graph 

will rerun the objective function for preferred parent selection [39, 40]. 
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(ii) Timer Management 

RPL differs from other routing protocols in timer management. LLNs network is made of low 

powered networks. Hence it is obvious to restrain the control plane traffic in the network. Most 

routing protocols use periodic control packets to keep routing tables up to date. But this is not 

feasible in LLNs because of resource scarcity. Hence RPL uses an adaptive timer called the 

"trickle timer". This timer controls the sending rate of DIO messages. Certain events are treated 

as inconsistencies in the network. The interval of the trickle timer increases as the network 

stabilizes which results in fewer DIO messages being sent in the network. If inconsistencies 

are detected, the nodes reset the trickle timer. So the frequency of the DIO messages depends 

on the stability of the network [36,37, 41]. 

(iii) Security in RPL 

Security is an important concern in smart object networks. But implementation complexity and 

size are the major hurdles for security implementations in LLNs. Also, many deployments can 

utilize link-layer or other security mechanisms to meet their security requirements without 

requiring the use of security in RPL. Therefore, the security features are available as optional 

extensions in RPL [41]. 

(iv) Frame Delivery 

Even though 802.15.4 networks commonly use mesh routing, IEEE 802.15.4-2003 

specification does not define any capability.  In these cases, Full Function Devices (FFDs) 

operates ad hoc or mesh routing protocol to populate routing tables. In such mesh scenarios, 

direct reachability is not required for two devices to communicate. The sender is called the 

"Originator" and the receiver is identified as the "Final Destination". An originator device 

might use other intermediate devices to forward data packets to the final destination. To achieve 

this kind of frame delivery using unicast, it is necessary to include the link-layer addresses of 

the originator and final destinations [43-45]. In the same way, if a node receives a frame with 

a Mesh Addressing header, it must look at the Mesh Addressing header's "Final Destination" 

field to determine the real destination.  If it finds its address in the final destination, it receives 

the packet as per normal delivery.  If it is not the final destination, the device then reduces the 

"Hops Left" field, and if the result is zero, discards the packet. Otherwise, the node consults its 
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link-layer routing table, determines what the next hop towards the final destination should be, 

and puts that address in the destination address field of the 802.15.4 header [46]. Only "Full 

Function Devices" (FFDs) are expected to participate as routers in a mesh.  "Reduced Function 

Devices" (RFDs) limit themselves to discovering FFDs and using them for all their forwarding, 

like how IP hosts typically use default routers to forward all their off-link traffic [43-47]. 

MONITORING ATHLETES’ THERMOREGULATION 

The major objective of this project is to train athletes’ according to the climatic conditions of 

the race region to avoid death due to irregular thermoregulatory conditions. The climatic 

conditions of the race region are derived from the previously available reports and forecasts of 

the race season. According to the climatic conditions, athletes’ are trained in the simulated 

environment of the race topography. Athletes’ are fitted with wearable temperature sensors 

during training. These sensors get the athletes’ body temperature readings periodically and 

send them to the centralized server. Data stored in the centralized server is accessible by the 

coach and medical personnel to review the body temperature of athletes’ during training in the 

simulated environment. After reviewing the report, the coach and medical personnel prepare a 

new training schedule changing the training attributes concerning the training report of the 

athlete. Using IoT in monitoring the thermoregulatory process of athletes’ not only trains 

athletes’ to the climate of race topography also improves the athletes’ overall progress due to 

personalized training schedules and reduces the number of coaches and medical professional. 

Also, Improves the quality of training by accurately measuring the training attributes of the 

athletes’. 

SIMULATION AND PERFORMANCE ANALYSIS 

Contiki OS Cooja Simulator 

COOJA is more like an emulator as it uses real-time codes to simulate a sensor mote and a 

protocol. A simulated Contiki Mote in COOJA is an actual compiled code executing the 

Contiki system.  
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PARAMETERS VALUES 

Examined Protocol RPL and 6LoWPAN 

Radio Medium Unit Disk Graph Medium (UDGM) 

Ranges TX: 50m; Interference: 60m 

MAC Layer IEEE 802.15.4 

Duty Cycling 
Contiki 

Mac 

Transmission Range  20m 

Data Packet Size 4 application layer Bytes 

Number of Nodes 
51(One root sink and 50 traffic 

source) 

Simulation Time 1500 seconds 

Propagation Model Free Space 

Table 2: Simulation parameters 

PERFORMANCE METRICS 

The metrics considered for the analysis of the suitability of RPL and 6LoWPAN for the above 

application are Packet Delivery Ratio (PDR) and Routing Protocol Overhead (RPO). 

Packet Delivery Ratio  

It is the ratio of the number of data packets delivered to the destined node to the number of data 

packets generated at the source node during the simulation time. 

Routing Protocol Overhead 

Routing Protocol Overhead is the overhead incurred by transmitting control packets used to 

maintain the Routing Topology. 

 

Figure 1: RPL and 6LoWPAN simulation with 51 nodes 
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Figure 2: PRR comparison 

 

Figure 3: RPO comparison 

RESULTS 

As expected athletes’ thermoregulation process can be precisely monitored during training and 

necessary training schedules can be charted down by less no. of coach aided by Internet-of-

Things. Figure 2 depicts the comparison of PDR of RPL and 6LoWPAN protocols based on 

the simulation discussed in section 6. The above graph depicts that RPL shows better PPR if 

compared to 6LoWPAN. While RPL achieves 96% PPR on average 6LoWPAN could achieve 

only 92% of PDR on average on the above simulation topology. Figure 3 depicts the 

comparison of CPO of RPL and 6LoWPAN protocols based on the simulation. The above 

graph depicts that RPL shows higher CPO due to frequent DIO messages if compared to 

6LoWPAN which uses a lesser number of control messages. While RPL uses 7.3 control 

packets per node on average 6LoWPAN uses only 5.3 control packets per node on average on 
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the above simulation topology. The above results show that if the node density is higher RPL 

works well than the 6LoWPAN protocol. 

CONCLUSION 

Thus using extensive analysis of the performance of 6LoWPAN and RPL IoT for healthcare 

applications we especially focus on monitoring athlete's thermoregulation in an enhanced 

manner. Also, a new technique to identify and train marathon athletes to the race topography 

has been proposed. In this technique, each athlete is fitted with wearable sensors in their body 

in the training session to monitor and analyze the thermoregulation process occurring during 

training. After a detailed analysis of the athletes’ thermoregulation process, personal training 

schedules are charted down according to variation in the thermoregulation process in each 

athlete. This technique helps to monitor each athlete’s progress personally with less number of 

coaches and medical professionals leading to the prevention of unexpected death of a healthy 

athlete. 
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