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Abstract 

Recently the sensor communication research has introduced an 
IP-based communication known as 6LoWPAN to sensor network. 
6LoWPAN was introduced to give a new perspective to sensor 
network by enabling IPv6 to be applied to wireless sensors as 
well as wired sensor. Dedicated routing protocols based on 
6LoWPAN was soon introduced and Hierarchical Routing 
Protocol for 6LoWPAN (HiLOW) is one of them.  HiLOW 
clearly defines the routing tree setup process, address allocation 
technique and the data routing process but there is some 
shortcomings in terms of transmission power selection. HiLOW 
does not highlight how the suitable transmission power is being 
selected for sensor communication purpose and this leads to the 
assumption that at all time and all scenarios the sensors are using 
maximum transmission power. In the case the sensors are using 
maximum transmission power for communication even when it is 
not necessary then power depletion for sensors will be amplified 
and the network lifetime will be significantly reduced.      In this 
paper we present a brief introduction to 6LoWPAN, a concise 
review on HiLOW, a highlight on issues revolving each process 
in HiLOW and propose a new idea on transmission power 
selection method for HiLOW.  
Keywords: Wireless Sensor Network, Hierarchichal Routing, 
6LoWPAN, HiLOW, Transmission Power Selection. 

1. Introduction 

The Wireless Sensor Network (WSN) has been getting 
much focus from research community in recent years due 
to its foreseen potential as a tool in solving many problems 
from day to day problems such as home monitoring [1] up 
to ecological problems such as mountain side monitoring 
to detect possible landslides. Initially WSN started a 
technology used and researched only for military usage for 
the purpose of detecting enemies, land mines and 
identifying own man, but WSN has been extended to home 
monitoring, office monitoring, environmental monitoring 
and many other areas. In future WSN could exist in every 

part of our life due to the engineering contribution. Even 
though enormous improvement in being observed from the 
hardware engineering perspective but till today WSN still 
faces the limitation in power and computational capacities 
and memory usage[2].   

 
In WSN there are two crucial activities which take place; 
first is sensing activity done by the sensors then followed 
by communication between sensors. Radio communication 
for transmission is typically the most energy consuming 
activity [3] and the reception energy is often as high as the 
transmission energy. Thus the network protocol as well as 
the routing protocol being designed specifically for WSN 
needs to take into consideration the energy usage in setting 
up the network as well as complexity of computation 
during routing. Flaws in routing tree setup could increase 
the request of retransmission and also cause the node to 
use more power to reach the parent node or child node to 
transmit; this will lead towards energy wastage and further 
shorten the network life and reliability. 

 
IPv6 over Low-Power Wireless Area Network 
(6LoWPAN) was introduced by Internet Engineering Task 
Force (IETF) as a standardization effort of IPv6 
networking over IEEE 802.15.4.  Prior to the introduction 
of 6LoWPAN many other communication protocols have 
been introduced to Wireless Sensor Network namely 
802.15.1 Bluetooth [4], WirelessHart [5], ZWave [6], 
ZigBee [6] and others. 6LoWPAN[7] is significant 
compared to the prior communication protocols as it is the 
first to introduce IPv6 to be applied not only to wireless 
but also wired sensor network.  
 
IPv6 was introduced to Low-Power Wireless Area 
Network compared to IPv4 as IPv6 is the future network. 
IPv6 was introduced to overcome the address depletion 
problem in IPv4. Thru introduction of IPv6 other 
weakness in IPv4 is also handled such as inefficiency of 
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header processing, lack of standisation on mobility flow, 
control, security, M/c and re-configuratiion. As IPv6 will 
soon be the addressing scheme as well as the additional 
benefits it posses then the low powered sensor network is 
also introduced with IPv6 capability in contrary to IPv4. 
 

6LoWPAN defines the network layer protocol as well 
as the transport layer protocol which can be deployed to 
any IEEE 802.15.4[8, 9] compliant sensors. The 
6LoWPAN stack is minimum 30KB in size which is 
smaller compared to the named protocols above. The 
routing protocol for 6LoWPAN is an open area for 
research as it is not specifically defined. As of now, there 
are three prominent routing protocols which have been 
designed specifically for 6LoWPAN namely Hierarchical 
Routing Protocol (HiLOW) [11, 12], Dynamic MANET 
On-demand for 6LoWPAN (DYMO Low) [13] and 
6LoWPAN Ad Hoc On-Demand Distance Vector Routing 
(LOAD) [14]. 

 
The remainder of this paper is organized as follows: 

Section 2 reviews the processes defined in HiLOW 
protocol briefly and highlights the issues pertaining the 
protocol and other works undertaken to improve HiLOW. 
Section 3 explains in detail the proposed power selection 
method. Section 4 presents the conclusion.   

2. HiLOW Protocol and Existing Issues 

A hierarchical routing protocol (HiLow) for 6LoWPAN 
was introduced by K. Kim in 2007 [11]. HiLOW exploits 
the dynamic 16-bits short address assignment capabilities 
of 6LoWPAN. HiLOW makes an assumption that the 
multi-hop routing occurs in the adaptation layer by using 
the 6LoWPAN Message Format. The operations in 
HiLOW ranging from the routing tree setup operation up 
to the route maintenance operation and the issues 
revolving each operation level will be discussed in the rest 
of the section. 
 

2.1 Hilow Routing Tree Setup, Issues and Other 
Works done. 

The process of setting up the routing tree in HiLOW 
consists of a sequence of activities. The process is started 
by a node which tries to locate an existing 6LoWPAN 
network to join into. The new node will either use active 
or passive scanning technique to identify the existing 
6LoWPAN network in its Personal Operation Space 
(POS). 
 
If the new node identifies an existing 6LoWPAN it will  
then find a parent which takes it in as a child node and 

obtain a 16 bit short address from the parent. Parent node 
is a node which is already attached to the network. The 
parent will assign a 16 bit short address to a child by 
following the formula as in (1). An important element of 
HiLOW is that the Maximum Allowed Child (MC) need to 
be fixed for every network and all the nodes in the network 
is only able to accept child limited to the set MC.  In the 
case where no 6LoWPAN network is discovered by the 
node then it will initiate a new 6LoWPAN by becoming 
the coordinator and assign the short address as 0.  

FC      : Future Child Node’s Address 

MC    : Maximum Allowed Child Node 

N : Number of child node inclusive of the new 
node. 

AP     : Address of the Parent Node 

FC = MC * AP + N ( 0 < N <= MC )              (1)

Three potential issues have been identified in this process. 
The first issue involving this protocol is that the nodes are 
assumed to communicate using maximum power 
transmission. Using maximum power transmission to 
communicate to its parent’s node is not advantageous.  
This method could lead towards enhanced power drainage 
of a child node. For example in a scenario that a child 
communicates with a parent using maximum power 
transmission (power level 10) even though it could 
communicate via lower transmission (power level 5) then 
its power drainage is heightened by nearly 50%. So in this 
paper we are proposing a power selection method during 
the routing tree setup by implementing binary search 
algorithm with LQI value as qualifier.  The proposed 
method is expected to reduce power wastage and heighten 
the network lifetime. 
 
The second issue would be when the child node gets 
respond from more than one potential parent. There is no 
clear mechanism rolled out in selecting the suitable parent 
to attach with. If the new node chooses to join the first 
responding parent node, it could be bias to the parent as 
some parent might be burdened with more parents 
meanwhile other parents which is in the same level has 
less child or none at all. Selecting the parent based on first 
responded potential parent could also lead to fast depletion 
of energy to certain parent causing the life span of the 
network to be shorter and the stability to be jeopardized. 
Selection of parent without considering the link quality 
could cause towards high retransmission rate which will 
consume energy from the child node as well as parent 
node. 
In [15] a mechanism to overcome the issue was suggested. 
Their mechanism suggests the potential parent node to 
provide the new child with its existing child node count 
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(child_number). By issuing the child_number the node 
could select suitable parent which has less child nodes. 
The suggested mechanism performs well only when the 
potential parent node has same depth, same energy level 
and has different number of existing child. Their 
mechanism also does not take into consideration the 
quality of the link established between the parent node and 
child node. Therefore the suggested mechanism does not 
solve the arising issue completely. In order to overcome 
the weakness in the selection method a comprehensive 
parent selection method that takes into consideration the 
link quality, the existing energy of the potential parent as 
well as the depth of the parent has been proposed in [16]. 
The paper theoretically discusses how the proposed 
method could overcome bias child attachment in different 
scenarios. 
   
Third issue revolves around the MC value which is being 
fixed for all nodes. The current scenario works well in a 
homogenous powered sensor environment where all the 
sensors’ power source is the same; for example all is 
battery powered with same type of battery or all sensors 
are non-battery powered and having same power source.  
Meanwhile in a heterogeneous power source sensor 
environment this method is not advantageous as sensors 
which are main power and affluent in energy should be 
assigned with more child compared to battery powered 
sensor. This is an open issue to be addressed in HiLOW 
and assumption that all nodes having same energy 
conservation have to be made. The activity of 
disseminating the MC value to joining nodes is also left in 
gray. This issue is not addressed in this paper. 

 

2.2 Routing Operation in HiLOW 
 
Sensor nodes in 6LoWPAN can distinguish each other and 
exchange packet after being assigned the 16 bits short 
address. HiLOW assumes that all the nodes know its own 
depth of the routing tree. The receiving intermediate nodes 
can identify the parent’s node address through the defined 
formula (2). The ‘[]’ symbol represents floor operation 
 
AC  : Address of Current Node  

MC : Maximum Allowed Child 

                               AP = [(AC-1) / MC]                    (2) 

By using the above formula the receiving intermediate 
nodes can also identify whether it is either an ascendant 
node or a descendant node of the destination. When a node 
receives a packet, the node determines the next hop node 
to forward the packet by following the three cases (3) as 

shown in [10]. So far no issues have been identified in this 
process. 

 

SA : Set of Ascendant nodes of the destination node 

SD : Set of Descendant nodes of the destination node 

AA(D,k) : The address of the ascendant node of depth D  
of the node k 

DC : The depth of current node 

C  : The current node 

Case 1: C is the member of SA                                        (3) 

The next hop node is AA (DC+1, D) 

Case 2: C is the member of SD 

The next hop node is AA (DC-1, C) 

Case 3: Otherwise 

The next hop node is AA (DC-1, C) 

2.3 Route Maintenance in HiLOW 
 
Each node in HiLOW maintains a neighbor table which 
contains the information of the parent and the children 
node.  When a node loses an association with its parent, it 
should to re-associate with its previous parent by utilizing 
the information in its neighbor table. In the case of the 
association with the parent node cannot be recovered due 
to situation such as parent nodes battery drained, nodes 
mobility, malfunction and so on, the node should try to 
associate with new parent in its POS [11]. Meanwhile if 
the current node realizes that the next-hop node regardless 
whether its child or parent node is not accessible for some 
reason, the node shall try to recover the path or to report 
this forwarding error to the source of the packet.  
 
Even though a route maintenance mechanism has been 
defined in HiLOW, the mechanism is seen as not sufficient 
to maintain the routing tree. An Extended Hierarchical 
Routing Over 6LoWPAN which extends HiLOW was 
presented by in [16] in order to have better maintained 
routing tree.  They suggested two additional fields to be 
added to the existing routing table of HiLOW namely, 
Neighbour_Replace_Parent (NRP) and 
Neighbour_Added_Child (NAC). This NRP doesn’t point 
to the current parent node but to another node which can 
be its parent if association to current parent fails. 
Meanwhile NAC refers to the newly added child node. 
More work need to be done on this mechanism on how 
many nodes allowed to be adapted by a parent node in 
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addition to the defined MC and whether this mechanism 
will have any impact on the routing operation, however 
this topic is beyond the scope of this paper. 

3. Transmission Power Level Selection 
Method for HiLOW 

A transmission power level selection method by 
implementing binary search algorithm coupled with 
maximum search round and LQI value as qualifier is being 
presented in this paper. The suggested method is able to 
reduce number of nodes communicating using maximum 
transmission power with its parent node, by doing so the 
energy used in transmission is reduced and network 
lifetime is heightened.  
 
Binary search method coupled with maximum is selected 
compared to incremental search or pure binary search in 
order to reduce the number of rounds the nodes undergoes 
to search for parent. Table 1 displays the number of 
maximum search rounds in worst case scenario which is 
possible based on the different number of power levels for 
three different searches. From the table it can be easily 
deducted that Binary Search Algorithm is more efficient in 
worse case scenarios. Meanwhile the mechanism 
suggested in this paper ensures that the number of search 
is even more limited as the energy is very crucial for 
sensor nodes.  

 
An assumption that all the nodes have mapped their Tx 
Power Setting to output power and the Tx Power setting is 
incremental by 1 from each other, for example as set by 
default in Atmel Raven Nodes as shown in Table 2. An 
assumption that different power level setting uses different 
battery consumption is also made for example in Atmel 
Raven when the output Power is 0dBm the amount of 
battery power is quoted to be less than 13mA and in the 
case of full output power ( ≈ -17 dBm) the battery 
consumed battery power is 16-17mA. 

Table 1: Maximum Search Rounds in worst case scenario for three 
different type of search method 

 
Power 
Level (N) 

Incremental / 
Linear Search 

Binary Search 
(log2N) 

Suggested 
Search (MR 
=4) 

5 5 3 3 

10 10 4 4 

20 20 5 4 

30 30 5 4 

40 40 6 4 

The transmission power selection process starts when a 
node starts when the node looking to join a network in it 

POS as shown in Fig. 1. Before starting a scan the node 
needs to determine and the Lowest Transmit Power (LP) 
and Highest Transmit Power (HP). The node then sets the 
Optimum Transmit Power (OP) value to be equivalent to 
HP. Then the Search Transmit Power (SP) value has to be 
determined. The SP value is determined following 
mathematical equation in (4). The Current Search (CR) 
value is also set to 0. 

Table 2: Default Power Mapping in Atmel Raven Sensor Nodes [19] 

 

TX 
Power 
Setting 

Output Power[dBm]  

0  3  
1  2.6  
2  2.1  
3  1.6  
4  1.1  
5  0.5  
6  -0.2  
7  -1.2  
8  -2.2  
9  -3.2  
10  -4.2  
11  -5.2  
12  -7.2  
13  -9.2  
14  -12.2  
15  -17.2  

 
Two values are to be set during compile time; one is 
Maximum Search Round (MR), the MR value has to be set 
for all nodes and the value should be same for all nodes. 
MR is basically the number of maximum search round the 
nodes can go through before they terminate the search. 
Second value is the accepted LQI value. 
 

SP : Search Transmit Power Level 

HP : Highest Transmit Power Level 

LP : Lowest Transmit Power Level 

                      SP = [ ( (HP - LP)-1) / 2                            (4) 

The node then will use the SP to search for the potential 
parent.  

In the case 1: Where the node does not find any potential 
parent it will set the LP value to be SP value.  
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Fig. 1  Proposed power level selection method for HiLOW 

 
In the case 2: Where the node does find a potential parent 
it will compare the LQI value with the accepted LQI value. 
In the case where the LQI value is more than accepted LQI 
then the HP will be set to equal with SP and OP will also 
be set to equal SP. In the other case the LP value will be 
set to SP value and the OP value remain unchanged. 
 

Regardless which ever case the node encountered, the 
node will then continue to the same process which is 
increment CR by 1, then determine if the CR more than 
MR. If the condition is true then the node terminates the 
search process and set the transmission power level to be 
equivalent to OP. In the case the condition is not true then 
the SP is again determined, then the new SP is compared 
with the LP to ensure that is higher than LP if it is not then 
the process is also terminated and the transmission power 
level is set to be equivalent to OP. In the case the condition 
is true then the process loops back to the process for a 
parent using the SP power level.  

4. Conclusions 

In this paper review on HiLOW, issues revolving each 
process in HiLOW and other works done in this area are 
presented. A new idea on transmission power level 
selection method by implementing binary search algorithm 
coupled with maximum search round and LQI value as 
qualifier is presented in this paper. The presented power 
level selection method is believed to be able to overcome 
the problem of maximum power usage for every 
transmission; by which the network lifetime could be 
increased. The presented power selection method is also 
better than linear search method and pure binary search 
method as discussed in our paper as it has it exits search in 
fixed number of rounds compared to the latter. Even 
though the method is suggested for HiLOW, the method 
could be easily adapted to other type of hierarchical 
routing. Our future research will be focused on validating 
the suggested mechanism as well as adapting it to other 
routing protocols such as LEACH.  

Acknowledgments 

The author would like to acknowledge Universiti Sains 
Malaysia (USM) for funding of USM Fellowship Scheme 
2009/10. 
 
References 
[1] [1]  Lee, S.hyun. & Kim Mi Na.,  “Wireless Sensors for Home 

Monitoring - A Review”, Recent Patents on Electrical Engineering, 
2008, Vol. 1, No. 1, pp32-39. 

[2] Ian F.Akyildiz, Weilian Su, Yogesh Sankarasubramaniam and Erdal 
Cayirci, “A Survey on Sensor Networks”, Communication 
Magazine, IEEE, Volume 40, 2002. 

[3] A. Dunkels, F. ¨Osterlind, N. Tsiftes, and Z. He, “Software-based 
online energy estimation for sensor node ”, Proceedings of the 
Fourth IEEE Workshop on Embedded Networked Sensors (Emnets 
IV), Cork Ireland, 2007. 

[4] [2]  L.Martin, B.D Mads, B.Philippe, (2003) “Bluetooth and 
sensor networks: a reality check”, Proceedings of the 1st 
international conference on Embedded networked sensor systems, 
2003 



IJCSI International Journal of Computer Science Issues, Vol. 8, Issue 3, No. 1, May 2011 
ISSN (Online): 1694-0814 
www.IJCSI.org   353 

 

[5] S.Jianping, et al., “WirelessHART: Applying Wireless Technology 
in Real-Time Industrial Process Control”, In Proceedings of IEEE 
Real-Time and Embedded Technology and Applications 
Symposium, 2008. 

[6] B.Chiara, C.Andrea, D.Davide, V.Roberto, “An Overview 
onWireless Sensor Networks Technology and Evolution”, Sensors 
2009, Sensors 2009, 9, 6869-6896; doi:10.3390/s90906869 

[7] N. Kushalnagar, et al., “Transmission of IPv6 Packets over IEEE 
802.15.4 Networks”, rfc4944, September 2007. 

[8] IEEE Computer Society, “802.15.4-2006 IEEE Standard for 
Information Technology- Telecommunications and Information 
Exchange Between Systems- Local and Metropolitan Area 
Networks- Specific Requirements Part 15.4: Wireless Medium 
Access Control (MAC) and Physical Layer (PHY) Specifications 
for Low-Rate Wireless Personal Area Networks (WPANs)” 

[9] K. Kim, S.Yoo, S.Daniel, J.Lee, G.Mulligan, “Problem Statement 
and Requirements for 6LoWPAN Routing”, draft-ietf-6lowpan-
routing-requirements-02, March 2009 

[10] K. Kim, S.Yoo, S.Daniel, J.Lee, G.Mulligan, “Commisioning in 
6LoWPAN”, draft-6lowpan-commisioning-02, July 2008 

[11] K. Kim, et al., “Hierarchical Routing over 6LoWPAN (HiLOW)”, 
draft-daniel-6lowpan-hilow-hierarchical-routing-01, June 2007. 

[12] K. Kim, et al., “Hierarchical Routing over 6LoWPAN (HiLOW)”, 
draft-daniel-6lowpan-hilow-hierarchical-routing-00, June 2005. 

[13] K. Kim, G.Montenegro, S.Park, I.Chakeres, C.Perkins, “Dynamic 
MANET On-demand for 6LoWPAN (DYMO-low) Routing”, draft-
montenegro-6lowpan-dymo-low-routing-03, June 2007. 

[14] K.Kim, S.Daniel, G.Montenegro, S.Yoo, N.Kushalnagar, 
“6LoWPAN Ad Hoc On-Demand Distance Vector Routing 
(LOAD”, draft-daniel-6lowpan-load-adhoc-routing-02, March 2006 

[15] K.Kim, S.Daniel, G.Montenegro, S.Yoo, N.Kushalnagar, 
“6LoWPAN Ad Hoc On-Demand Distance Vector Routing 
(LOAD”, draft-daniel-6lowpan-load-adhoc-routing-02, March 2006 

[16] Hun-Jung-Lim, Tai-Myoung Chung, “The Bias Routing Tree 
Avoiding Technique for Hierarchical Routing Protocol over 
6LoWPAN”, 2009 Fifth International Joint Conference on INC, 
IMS and IDC. 

[17] C.Nam, H.Jeong, D.Shin, “Extended Hierarchical Routing Protocol 
over 6LowPAN”, MCM2008, September 2008. 

[18] C.Lingeswari et al., “Bias Child Node Association Avoidance 
Mechanism for Hierarchical Routing Protocol in 6LoWPAN”, 
Proceedings of the Third IEEE International Conference on 
Computer Science and Information Technology  

[19] AVR2002 : Raven Radio Evaluation Software 

[20] Zhu Jian, Zhao Lai, “A Link Quality Evaluation Model in Wireless 
Sensor Networks”, Proceedings of the 2009 Third International 
Conference on Sensor Technologies and Applications  

 

 
Lingeswari V.Chandra obtained her BIT with 
Management degree from AIMST University in 
2008. She is the university gold medalist. She 
obtained her software engineering foundation 
training from Infosys, Bangolore. She is 
currently pursuing her PhD in National 
Advanced IPv6 Center, Universiti Sains 
Malaysia.  Her research interest is in Wireless 
Sensor Network particularly in Hierarchical 
Routing.  

 
 
 
 
 
 

Mr. Selvakumar Manickam obtained his 
Bachelor of Computer Science and Master of 
Computer Science from Universiti Sains 
Malaysia in 1999 and 2003 respectively. He is 
a lecturer and domain head of industrial & 
community linkages of the National Advanced 
IPv6 Centre of Excellence (NAV6) in Universiti 
Sains Malaysia.  His research areas are 
information architecture, network technology 

and management as well as IPv6 in Bioinformatics. 
 
 

Kok-Soon Chai is a certified Project 
Management Professional by Project 
Management Institute, USA. He received his 
MSc and Ph.D. (2003) degrees from the 
University of Warwick, UK. He worked for 
more than seven years as a senior R&D 
software engineer, embedded software 
manager, and CTO at Motorola, Agilent, 
Plexus Corp., Wind River in Singapore (now a 

division of Intel Corp.), and NeoMeridian. He holds one US patent, 
with two US patents pending. His main interests are wired and 
wireless sensor networks, green technology, embedded systems, 
consumer electronics, and real-time operating systems. Dr. Chai is 
a senior lecturer at the National Advanced IPv6 Centre of 
Excellence (NAV6) in Universiti Sains Malaysia 
 
 
 
 

Sureswaran Ramadass obtained his 
BsEE/CE (Magna Cum Laude) and Master’s 
in Electrical and Computer Engineering from 
the University of Miami in 1987 and 1990, 
respectively. He obtained his Ph.D. from 
Universiti Sains Malaysia (USM) in 2000 while 
serving as a full-time faculty in the School of 
Computer Sciences. Dr. Sureswaran 
Ramadass is a Professor and the Director of 

the National Advanced IPv6 Centre of Excellence (NAV6) in 
Universiti Sains Malaysia. 
 
 
 
 
 
 
 
 


