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Abstract 

The Industrial Internet of Thing (IIoT) is a logical extension of automation and 

connectivity, that has evolved as an integral part of an industrial domain known as machine 

to machine communication. The IIoT networks have stringent requirements of traffic 

differentiation, reliability, low power consumption, scalability and timeliness for its various 

applications. Time Slotted Channel Hopping (TSCH) is the technology that provides ultra-

low power and reliable communication to IIoT networks. Since, IIoT involves large number 

of devices, thus scalability of the network is the key concern nowadays. Accordingly, a 

scalable topology is to be selected for TSCH based IIoT networks. This work identifies the 

major topologies being used in industrial networks. Based on their limitations and key 

features, a two-tier topology is proposed for handling traffic differentiation and scalability 

in TSCH environment. The simulations for linear, star, mesh and proposed two-tier is 

carried out using 6TiSCH simulator. The proposed two-tier showed better results for large 

number of connected nodes and transmission cells, i.e., dense networks. The results were 

further verified by the method of hypothesis testing. 

 

Keywords: Student’s t-test, 6TiSCH Simulator, transmission cells, number of connected 

nodes 

 

1. Introduction 

Industrial Internet of Things (IIoT) is a system that connects machines, controllers, 

sensors etc., to provide a foundation for smart homes, smart cities, smart manufacturing and 

smart factories. These smart factories will incorporate intelligent monitoring in traditional 

factories and make them adaptable and efficient. For this purpose, several standards based 

on IEEE 802.15.4 like WirelessHart, ISA100.11a, Zigbee etc., have been designed. The 

unsuitability of IEEE 802.15.4 for Industrial networks has led to the foundation of IEEE 

802.15.4e standard in 2012 [1], with various MAC layer amendments .Time Slotted 

Channel Hopping (TSCH) is one of those MAC layer amendments that supports application 

domains of process automation, control and equipment monitoring. Moreover, through 

multichannel communication and channel hopping it is able to provide low power and 

reliable communication. Therefore, it becomes a candidate solution for Industrial Internet 

of Things (IIoT). 

An efficient IIoT system must be able to meet the stringent requirements of power 

consumption, reliability, latency, service differentiation, interoperability, scalability and 

efficient selection of network topology [2][5]. Network topology has a significant impact 

on various network performance metrics like energy consumption, latency, QoS etc. 

Further, network topology plays an important role in designing an efficient scalable 

network. The details for some of the existing projects in IWSN and the topologies used in 

them has been discussed in Table 1. After the detailed review, it has been observed that 
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based on the application and size of the network different topologies are considered for 

deployment. Thus, the topology has a noticeable impact on the performance of the network. 

Table 1. A Comparison of Existing IWNs Projects Adopted from [4] 

Study  Topology  Protocol  Medium  Target application 

Zhang et al. [6] Mesh  ZigBee  Wired and 

wireless  

Underground coal mine 

Fontana et al.  [7]  Star  N/A  Wireless  Pollution of HV insulators 

Yoon et al. [8] Mesh  Wi-Fi  Wireless  Monitoring oil pipe 

Hou and Bergmann [9] Star  ZigBee  Wired and 

wireless  

Monitoring machine 

Automation System Co., 

Ltd [10] 

Star  N/A  Wireless  Automation control of 

cement kiln 

Company of MOXA [11] Star  Wi-Fi  Wireless  Organization of warehouse 

Bayindir and Cetinceviz 

[12] 

Star  Wi-Fi  Wired and 

wireless  

Water pumping control 

 

The network topologies majorly used are star, linear and mesh, [5]. In the star topology, 

all nodes are connected directly to a central entity known as root or sink node. Although, it 

provides lower latency, but results in scalability issues in larger networks. In the fully mesh 

topology, each node is connected to rest of the nodes in the network. The aforesaid topology 

is also known as flat or unstructured topology and results in a self-healing network having 

high reliability. On the other hand, it causes flooding of redundant messages in the network, 

which leads to the wastage of the bandwidth, increased latency, and reduced network life. 

Also, in the case of linear topology, the delay and topology maintenance overhead are very 

high. 

After assessing these discussions and real-time applications [13], it was observed that 

the variant of these topologies is more trueful representation in an industrial network. The 

reason for this is that in an industry or production plant the complete process is divided into 

several zones based on their functionality where the nodes belonging to the same category 

are kept in the same zone. The nodes of one zone communicate to each other more 

frequently than with the nodes of another zone. Therefore, two-tier topologies are generally 

used in industries like a line – star and star-star. Therefore, the objective of this paper is to 

determine the scalable behavior of most commonly used topologies for TSCH based IIoT 

networks. The main topologies used in TSCH are discussed and a two-tier topology is 

proposed for handling the major requirements of industrial systems, i.e., traffic 

differentiation and scalability. In this architecture sensors are divided into clusters based on 

their functionalities. Here, the cluster heads directly communicate to the central coordinator 

and forms a star topology. Therefore, the major contributions of this article are: to design a 

two-tier topology, to implement star, mesh, linear and two-tier topology and then analyzing 

the scalability behavior of different topologies in TSCH environment through simulations 

and hypothesis testing. 

The rest of the paper is organized as follows. Section 2 discusses basic features of TSCH. 

Section 3 describes the proposed 2tier architecture. Section 4 presents the simulative 

assessment of scalability of topologies. The hypothesis testing to evaluate the scalable 

behavior of topologies in TSCH environment is presented in Section 5, followed by 

discussions of results in Section 6. Finally, the conclusion and future work are listed in 

Section 7. 
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2. Time Slotted Channel Hopping (TSCH) 

Time slotted channel Hoping (TSCH) combines the benefits of slotted communication 

and channel hopping with multichannel capabilities to provide deterministic and reliable 

behavior to industrial network. This section discusses basic features of TSCH. 

 

Slot-frame: In TSCH, the time is sliced into time-slots of equal duration. These timeslots 

are grouped together to form a slot-frame which repeats over time. Each slot is identified 

by a unique id known as Absolute Slot Number (ASN). There can be a single or multi slot-

frame within the network. Figure 1 shows an example of slot-frame with 4 slots and 6 

channel offsets. 

 

 

Figure 1. An Example of (a) Industrial Network (b) Slot-frame 

Scheduling Algorithm: In a slot-frame, slots are allocated to nodes for communication. 

The procedure that performs this functionality is known as the scheduling algorithm. A 

scheduling algorithm can be either centralized or distributed in nature. In a centralized 

algorithm, a central entity is responsible for creating and distributing the schedule. While 

in a distributed algorithm, nodes create a schedule on the basis of their local information. 

A number of centralized and distributed algorithms are discussed in the literature [15]-[24]. 

Channel Hopping:  In order to mitigate the effect of interference and multipath fading 

channel hopping is used. The TSCH can support 16 channels on 2.4 GHz ISM band, where 

each channel is identified through a channel offset (Chof). The mapping (F) of channel offset 

to a frequency (f) is done using equation (1). 

 

𝒇 = 𝑭[(𝑨𝑺𝑵 + 𝑪𝒉𝒐𝒇)𝒎𝒐𝒅 𝒏𝒄𝒉]                                                                                            (1) 

 

where, nch is number of channels available. 

 

3. Proposed two-tier Network 

This section presents the assumptions and algorithm for creating the proposed two-tier 

network. Considering that a network consists of ‘n' number of nodes where there is only 

one sink node and rest of the ‘n-1' nodes are distributed into ‘m' clusters. Each cluster 

represents a distinct process zone and has an associated cluster head. The cluster heads 

gather the data from nodes in their respective cluster. The nodes can also communicate to 

each other within the cluster. Thus, forming a mesh network with cluster head as the sink 

node at the second tier. The cluster heads are single hop away from the sink node and form 

a star topology network with sink node at first tier. To scale an industrial network two-tier 

topology can be deployed so as to aggregates multiple smaller networks. 

 

3.1. Assumptions 

Following assumptions are made: 
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i. All nodes are deployed randomly to monitor and control the environment. 

ii. Heterogeneous networks are considered supporting applications with different 

requirements like safety, control, and monitoring. 

iii. Initially, all nodes are at the same energy level. 

iv. A node will be in one of the three roles, i.e., sink(root) node, cluster head or cluster 

member. 

v. All sensor nodes except the root belong to any one of the cluster. 

vi. A node id and a zone_id is associated with each node. 

vii. The distance between two nodes is computed as a function of reduced signal strength 

indicator (RSSI). 

 

3.2. Proposed Algorithm 

Each node is identified by a unique identifier ‘id’. Here, six different zones (0 to 5) that 

supports three broad categories of industrial applications, i.e., safety, control and 

monitoring [14] are considered. 

This algorithm is repeated for each node. The first node, having id 0 is set as the root 

node. The root node does not belong to any of the cluster so its zone_id is set to be -1. For 

nodes other than the root node, the zone_id is randomly assigned from 0 to 5. The first node 

in each zone will act as a cluster head. After that, the deployment routine places root node 

in the center of the area and cluster heads at a single hop distance from it, forming a star 

type topology. The step wise details for creating two-tier architecture is given in 

Algorithm1. 

 

Algorithm 1: Proposed two-tier Network Formation 

The algorithm is repeated by each of the ‘n’ nodes. 

Step 1: Initialization 

Set n.zone_id = -1 

Set n.role = None 

Set n.location = (0,0) 

Set n.id = = 0, if ‘n’ is the first node else Set n.id = (n-1).id+1 

Step 2: Set the role and process zone of each node 

if n.id = = 0 

set n.role = ‘root’ 

n.location = center of deployment area 

insert ‘n’ in listTeir1 

else 

x = random (0,5) 

set n.zone_id = x 

if ( isempty ( list(x) ) ) 

//first element in each process zone ‘x’ 

set n.role = ‘clusterHead’ 

insert ‘n’ in list(x) and in listTier1 

else 

n.role = ‘clusterMember’ 

insert ‘n’ in list (x) 

end if 

end if 

step 3: Set the location and parent of each cluster head in listTier1 
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// the parent of each cluster head is root node 

if n.role = = ‘clusterHead’ 

repeat 

set n.location randomly 

computeDistance(root,n) 

computeRSSI (root,n) 

until RSSI > minRSSIlevel 

set the RSSI value of the link between (root, n) 

end if 

step 4: set the location and neighbors of each cluster member 

if n.role = = ‘clusterMember’ 

n.numNeighbor = 0 

set n.location randomly 

x= n.zone_id 

for each node m in list(x) do 

repeat 

computeDistance(root,n) 

computeRSSI (root,n)  

if computed RSSI > minRSSIlevel 

set the RSSI value of the link between (root, n) 

n.numNeighbor + =1 

end if 

until n.numNeighbor > =3 or n.numNeighbor = len(list(x)) 

end for 

end if 

 

4. Hypothesis Testing 

Hypothesis testing is a procedure that is used to accept or reject a hypothesis. There are 

different methods for hypothesis testing like t-test, f-test, z-test. In this work, t-test is used 

due to its robustness against assumptions. This section firstly describes the general 

procedure for applying a t-test and then the hypothesis is defined to test the scalability of 

each topology in TSCH environment, followed by the results of hypothesis testing. 

 

4.1. General Procedure for the t-test 

The complete procedure for t-test is explained in the steps given below. 

Step 1: Assumption Validation. The major assumptions are related to the normality of 

data. There are three main assumptions. The data should be continuous. There should be no 

outliers and the data should be normally distributed. There are different methods through 

which the test of normality and outliers are performed. In this work, histograms and 

boxplots are used for checking normality and outliers respectively. 

Step 2: State the Null Hypothesis (H0). It generally represents that there is no significant 

difference between samples. According to R.A. Fisher, “Null hypothesis is the hypothesis 

which is tested for possible rejection under the assumption that it is true.” 

Step 3: State the Alternate Hypothesis (Ha). It represents that there is a significant 

difference between the samples and is complementary to the null hypothesis. It can take 

three forms. 

 

𝐻𝑎 : {

𝜇 ≠  𝜇0     ( 𝑡𝑤𝑜 − 𝑡𝑎𝑖𝑙𝑒𝑑  )

𝜇 >  𝜇0     (𝑟𝑖𝑔ℎ𝑡 − 𝑡𝑎𝑖𝑙𝑒𝑑  )

𝜇 <  𝜇0     (𝑙𝑒𝑓𝑡  𝑡𝑎𝑖𝑙𝑒𝑑  )  
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Step 4: Level of Significance (α). It represents the probability that a random variable will 

belongs to the critical region. Generally, its value is 5% or 1%. In this work, 5% level of 

significance is used.  

Step 5: Test Statistics (t). It computes the test statistics under the null hypothesis using 

the formula, 

 

𝑡 =
�̅�

𝑆.𝐸(�̅�)
                                                                                                                                    (2) 

 

where, �̅� = mean of the difference between two sample and  S.E(�̅�), is the standard error 

of mean difference and is given as, 

 

𝑆. 𝐸 (𝜇 )̅̅ ̅̅ =  
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒

√𝑛
                                                                 (3) 

 

Step 6: Make Decision. The computed t-value is compared with the tabulated value (p-

value) at significance level and decision related to acceptance or rejection of null hypothesis 

is taken. 

 

4.2. Student’s t-test for Linear Topology 

In case of linear networks, a chain of nodes is formed, where one node is linked with the 

previous node. In case of TSCH, RPL routing protocol is used, which associates a rank with 

each node. In an idle case, all nodes are linked and have an associated rank value. So, the 

mean difference between the number of connected nodes and the number of nodes in a 

scalable network is zero. Hence, the proposed null (H0) and alternate (Ha) hypothesis are: - 

 

HL0: 𝝁 = 0, the network is scalable 

HLa: 𝝁 ≠ 0, the network is not scalable. 

 

4.3. Student’s t-test for Star Topology 

To evaluate the scalability of a star network, the number of transmission cells allocated 

is used as one of the parameter. In an idle case, the minimum number of transmission cell 

allocated to each node is one, as each node is connected to root node only. So, the difference 

between the means of the number of nodes and transmission cells is 1. Hence, the following 

hypothesis is proposed. 

 

HS0: 𝝁 = 1, the network is scalable, 

HSa: 𝝁 ≠ 1, the network is not scalable. 

 

4.4. Student’s t-test for Mesh and Proposed 2-tier 

In case of mesh and proposed 2-tier networks, each node can be linked with a maximum 

of three nodes (simulator assumption). In the worst case, each node is linked with three 

other nodes and each link has an associated transmission cell. So, the maximum number of 

transmission cells will be three times the number of nodes and the mean difference between 

the two samples will be two times the mean value of sample 1 (i.e., number of nodes). Let 

‘D’ be the maximum mean difference. The null (H0) and alternate (Ha) hypothesis are 

defined as: -  

 

HM0, H20: 𝝁 = D, the network is not scalable. 

HMa, H2a: 𝝁 < D, the network is scalable. 
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4.5. Results of Statistical Analysis 

The observed values of t-stat, t (critical), p-value and alpha values of t-Test for all four 

topologies are summarized in Table 2. Here, t-stats represents the observed or calculated 

value of t-statistics, t-critical tells the boundary value of rejection region, p-value is the 

tabulated value of t-test computed from t-table and alpha represents the level of 

significance. 

Table 2. Student’s t-Test Statistics 

Topology t - stat t - critical p-value  alpha 

Linear  13.789 1.981 < 0.0001 0.05 

Star  4.869 1.993 < 0.0001 0.05 

Proposed 2tier  -9.660 -1.761 < 0.0001 0.05 

Mesh  -17.866 -1.761 < 0.0001 0.05 

 

The computed p-value, which represents tabulated value in all the four topologies is 

lower than the absolute value of t-stat at significance level alpha=0.05. So, the null 

hypothesis H0 is rejected, and the alternative hypothesis Ha is accepted. 

These results can also be verified by looking at the distribution of t-values in the graphs 

of the t-test. The Figure 2 (a),(b) shows that the performed t-test for the linear and star 

topologies is two-tailed and the observed or calculated value of t-statistics lies outside the 

distribution, i.e., HLa and HSa  are accepted which means the network is not scalable.  

The t statistics of t-test for mesh and proposed 2tier topologies is shown in Figure 2 (c), 

(d). It has been observed from these figures, that t-test performed is left tailed and the 

observed values of t-statistics lie in the rejection region. Therefore, H2a and HMa are 

accepted which means the networks are scalable. 

 

  

(a) Linear Network        (b) Star Network 

  

(c) Mesh Network       (d) Proposed 2tier Network 

Figure 2. t-Test for Two Paired Samples for all Topologies 
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5. Simulative Assessment 

In order to evaluate the scalability of TSCH networks, four topologies namely, star, 

linear, mesh and proposed two-tier are considered. An example of these simulated 

topologies is shown in Figure 3. This section describes the simulation details like simulator 

used along with simulator settings, parameters used to evaluate the scalability performance 

and simulation results. 

 

5.1. Simulation Tool 

To study the scalability of TSCH, simulations are performed using 6TiSCH simulator 

[25]. It is an open source, event-based simulator, developed by the members of 6TiSCH-

WG and is written in Python. It models IEEE 802.15.4e-2012 TSCH at the MAC layer, 

routing protocol for LLNs (RPL) as the routing protocol and 6top [27] sublayer between 

TSCH and RPL for cell negotiations. Also, “Pister-Hack” propagation model with 

collisions is used as a PHY model, energy consumption model as specified in [28] and 

implements On The Fly (OTF) [24] as the scheduling algorithm. 

 

 

Figure 3. Example of Simulated Topologies 

5.2. Simulation Setup 

In order to evaluate the scalability limits of TSCH, networks with node density 10 to 

1000 nodes are created. The nodes in the network are deployed randomly at random 

locations except for the root node which is deployed at the center of the deployment area. 

The simulation parameters corresponding to each pair of topology and number of nodes 

which are executed for five runs with 100 cycles each are shown in Table 3. For a single 

set, the results are average of 2000 values wherein a new topology is used for each run. 

Table 3. Simulation Parameters 

Deployment /topology 

Number of sensor nodes  10 to1000 

Deployment area   2km × 2km 

Deployment constraint  3 neighbors with PDR>50% and For star 1 

neighbor with PDR >50% 

Topology [star, mesh, linear, proposed 2-tier] 

Application data generation period  1 ±10% 

OTF 

OTF threshold  0, 2,4,10 slots 

OTF housekeeping period  5s 

IEEE802.15.4e TSCH 
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Timeslot duration  10ms 

Slot-frame Length  101 slots 

Number of Channels 16 

RPL 

RPL_MIN_HOP_RANK_INCREASE 256 

MAX_ETX 4 

 

5.3. Performance Parameters 

A network is said to be scalable, if it is able to handle variable node density. Therefore, 

to determine the scalable behavior of TSCH, number of connected nodes and number of 

allocated transmission cells are used as performance parameters. 

Number of Connected Nodes (numConnectedNodes): Whenever a new node joins the 

network the routing protocol RPL assigns two rank fields to it, dagRank and rank [26][28]. 

It is a measure of the position of the node and is used by the neighbors to determine their 

relative positions w.r.t. each other. The dagRank of a node ‘n’ is a function of its rank and 

is computed as shown in eq. (4): 

 

𝑑𝑎𝑔𝑅𝑎𝑛𝑘(𝑛)  =  
𝑟𝑎𝑛𝑘(𝑛)

𝑅𝑃𝐿_𝑀𝐼𝑁_𝑅𝐴𝑁𝐾_𝐼𝑁𝐶
                                                                                 (4) 

 

And the rank of a neighbor (N) is computed through eq.(5): 

 

𝑟𝑎𝑛𝑘(𝑁)  =  𝑟𝑎𝑛𝑘(𝑃𝑎𝑟𝑒𝑛𝑡) + 𝑟𝑎𝑛𝑘𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡                                                                 (5) 

 

where,  𝑟𝑎𝑛𝑘𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡 = (3 ∗ 𝐸𝑇𝑋 − 2) ∗ 𝑅𝑃𝐿_𝑀𝐼𝑁_𝑅𝐴𝑁𝐾_𝐼𝑁𝐶                                (6) 

 

and ETX, is the Expected Transmission Count that represents the average number of packets 

transmitted between two nodes and RPL_MIN_RANK_INC is the constant set to a value 

of 256. In order to identify the range of rank, following constants are also defined by the 

simulator, 

 

𝑀𝐴𝑋_𝑅𝐴𝑁𝐾_𝐼𝑁𝐶 = 2 ∗  𝑀𝐴𝑋_𝐸𝑇𝑋 ∗ 𝑅𝑃𝐿_𝑀𝐼𝑁_𝑅𝐴𝑁𝐾_𝐼𝑁𝐶                                          (7) 

 

𝑀𝐴𝑋_𝑇𝑂𝑇𝐴𝐿_𝑅𝐴𝑁𝐾 =  256 ∗ 𝑅𝑃𝐿_𝑀𝐼_𝑅𝐴𝑁𝐾_𝐼𝑁𝐶 ∗ 2                                                 (8) 

 

If the rank of a node goes beyond the MAX_TOTAL_RANK its rank is set to “None”. 

A node is said to be connected if it has an associated rank value. So, the 

numConnectedNodes represents the number of nodes having rank and is computes as given 

by eq. (9). 

 

𝑛𝑢𝑚𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑𝑁𝑜𝑑𝑒𝑠 =  𝑐𝑜𝑢𝑛𝑡 ( { 𝑛 | 𝑟𝑎𝑛𝑘(𝑛) ! = 𝑁𝑜𝑛𝑒 } )                                         (9) 

 

Number of Transmission Cells (numTransmissionCells), defines the total number of 

cells allocated by the scheduling algorithm to all the nodes to transmit their data. To 

compute this parameter, following information for each node is recorded, time-slot, 

neighbor-id, and slot-type(transmit/receive) and based on this information, number of Tx 

cells has been computed as in eq. (10), 

𝑛𝑢𝑚𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑒𝑙𝑙𝑠 =  ∑ 𝑛𝑢𝑚𝑇𝑥(𝑖)𝑛
𝑖=1 + ∑ 𝑛𝑢𝑚𝑅𝑥(𝑖)𝑛

𝑖=1                                       (10) 

 

where, numTx and numRx represent the number of cells allocated to a node to transmit and 

receive the data respectively.  
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5.4 Simulation Results 

This subsection presents and discusses the simulation results for the performance 

parameters. 

 

5.4.1. Number of Connected Nodes: The number of connected nodes is shown for linear, 

star, mesh and proposed two-tier network respectively as a function of node density in 

Figure 4(a), (b), (c), (d). It has been observed that except in case of linear topology the 

numConnectedNodes is equivalent to the number of nodes in rest of the topologies. This 

can be explained by considering the MAX_TOTAL_RANK constant that has a value of 

131072 (256*256*2) and as in linear each node can have maximum one child and one 

parent. So, each node ‘i’ can connect to node ‘i-1’ resulting in a rank value higher than the 

parent node (from eq. (4)). By gathering the statistics of all nodes, it has been evaluated that 

in case of the linear, maximum value of rank reaches to around 192~194 nodes and no rank 

value is assigned to rest of the nodes. In case of star, all nodes are single hop away from the 

root node. So, the maximum rank increment is limited to rankIncrement only. On the other 

hand, in mesh and two-tier topologies each node can connect to a maximum of three nodes. 

So, if at any point a node is trying to link with a parent having maximum rank, a parent 

switch occurs. 

 

 

(a)                                                                        (b) 

     

(c)                                                                        (d) 

Figure 4. Number of Connected Nodes in (a) Linear (b) Star (c) Mesh (d) 
Proposed 2tier 

5.4.2. Number of Transmission (Tx) Cells: The number of Tx cells allocated is depicted 

as a function of node density ,in case of different topologies in Figure 5(a), (b), (c), (d) 

respectively. It has been observed that in case of mesh and proposed 2tier, the number of 

transmission cells is increasing as the number of nodes increases. This can be explained as 



International Journal of Control and Automation 

Vol. 11, No. 10 (2018) 

 

 

Copyright © 2018 SERSC Australia  41 

node density increases; more data packets will be generated and hence more number of 

transmission cells are required. But in case of linear and star topology, number of 

transmission cells became constant after a certain limit. On the other hand, in linear 

topology the number of connected nodes increases till 200 and after that it becomes steady, 

so is the number of transmission cells. In case of star topology too, the number of 

transmission cells increases up to a particular limit and then becomes steady. This variation 

is shown in Figure 6, where the number of transmission cells is plotted as a function of the 

number of nodes and slot-frame length. In a star topology, each node will communicate to 

the sink or root node only. So, there is no more than one time-slot allocated to each link. 

Hence, the bottleneck exists at the root. Even though multichannel communication is 

supported by TSCH, no two nodes can simultaneously transmit on same slot and different 

channel. Therefore, the maximum number of links to which a transmission cell is allocated, 

is restricted to slot-frame length (51, 101, 151, 201, and 251). 

 

  
(a)                                                                              (b) 

  
(c)                                                                      (d) 

Figure 5. Number of Transmission Cells in (a) Linear (b) Star (c) Mesh (d) 
Proposed 2tier 
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Figure 6. Number of Transmission Cells in Star Topology with different Slot-
Frame Length 

5.4.3. Result Discussions: The simulation results show that star and linear networks 

reaches to a steady state after a particular node density and hence are not suitable for dense 

networks. This is in agreement with the results of [15]  where star topology shows a 

decrease in reliability in the dense network. Also, two-tier provides less number of active 

cells per slot-frame than mesh networks. Hence, less energy consumption per node and 

improved battery or network life. On the other hand, the results of hypothesis testing signify 

that the observed t-value is less than the p-value, resulting in rejection of null hypothesis 

and acceptation of the alternate hypothesis. The alternate hypothesis in case of the star and 

linear states that the network is not scalable while in case of mesh and proposed 2tier, it 

states that network is scalable. 

 

6. Conclusion 

In this paper, a two-tier scalable network topology is proposed. The four topologies 

namely linear, star, mesh and two-tier are evaluated to identify their scalable behavior in 

TSCH based IIoT networks, using both simulative and statistical analysis. The results of 

hypothesis testing further compliments the simulation results, regarding the scalable 

behavior of topologies in TSCH environment. Hence, it can be concluded that mesh and 

proposed two-tier topologies show scalable behavior. Therefore, in case of a low-density 

network, any topology can be used based on the application requirements. But for high node 

density, only mesh and proposed two-tier are to be considered. As a future extension of this 

work, mesh and two-tier topologies will be further evaluated on other parameters like 

latency, collision handling and reliability etc. 
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