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Abstract— Internet of things (IoT) and sensor network are
basically aimed at wireless. Therefore, in order to use existing
wired equipment in IoT system or sensor network, a system
which makes wired equipment as wireless equipment is needed.
So, we studied how Ethernet dedicated devices can be turned into
Wi-Fi-enabled devices.

The Ethernet devices used in the research used TCP/IP, and a
packet queue was needed to utilize them. We created the packet
queue on different microcontroller units (MCUs). Since the heap
size and the stack size are different from each other and the size
of the space using the variables used is different, the available
areas of the queue are also different. This paper describes the
implementation of two-dimensional queue using a stack area for
storing packets and confirms the effectiveness of two-dimensional
queue by comparing the existing linked list and the environment
without queue.

Keywords— Embedded system, Packet Queue, Circular Queue,
linked list, WSN

I. INTRODUCTION

With the development of IoT and wireless sensor network
(WSN), wireless communication is an important issue.
Wireless communication is evolving in many areas such as
healthcare, agriculture, environment monitoring, smart
metering, and Vehicular ad hoc network (VANET). [1] The
demand for small-scale embedded systems to drive IoT
equipment and sensors is also increasing.

Research on the use of wireless embedded systems for
processing temperature and humidity data in agricultural and
manufacturing environments where temperature and humidity
are important[2], Embedded System Scheduling and
Utilization of Queues in a Wireless Local Area Network
(WLAN) Environment[3], Queue management of high-speed
network embedded devices[4], priority queue management on
embedded system[5] and such research are being studied in
the wireless environment using the embedded system.

Therefore, we studied how to convert existing wired
devices into wireless devices and implemented them. In the
implementation, two MCUs were used as one MCU for
processing wired data and the other MCU for processing
wireless data, and SPI was selected as a communication
method between these MCUs. During the development
process, it is necessary to process data in order to convert
wired communication data to wireless. In order to do this, it is
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not possible to use the existing queue, so a new queue is
created.

Packet size was predictable because it was developed with
the expectation of converting wired IP camera data to wireless.
The heap size of the used MCU is smaller than the stack size,
so we created the queue using two-dimensional array declared
as a global variable.

II. RELATED WORK

The embedded system shown in Figure 1 is a system for the
wired to wireless converting equipment running on the
TCP/IP stack using Ethernet. Ethernet data is connected to
MCU via PHY chip. PHY chip provides the analogue signal to
physically access the link. It is connected to the MCU via
Media Independent Interface (MII). The MCU processes the
data through MAC handling, IP handling, and passes the
processed data to the Wi-Fi module via SPI communication.
The Wi-Fi module transmits the data which received through
the SPI to the destination via the Wi-Fi access point (AP).

In the MCU that communicates via Ethernet, there is a
middleware that is responsible for input and output of Ethernet
frames. In this middleware, a function of storing packets in a
queue is performed. The data stored in the queue is packet
data to be transmitted to the Wi-Fi module through the SPI.
This means that when data is transmitted through the Wi-Fi
module, the MAC header must be changed. The reason of this
is that there is a MAC address of the PHY chip between the
MCU and Ethernet, and there is a network processor between
the Wi-Fi and the MCU. therefor the MAC address of the
Ethernet and the MAC address of the Wi-Fi are different each
other. In order to modify the MAC header, the Ethernet
Middleware must store the Ethernet frame except for the
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Figure 1. Wired to wirless converting system model
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MAC header when storing it in the queue. MAC header is
fixed to 14 bytes from the start of the Ethernet frame. For this
reason, it can be easily implemented by storing the 14 bytes
after the Ethernet frame in the queue. Then, the data stored in
the queue is transmitted to the Wi-Fi module through SPI
communication.

Ethernet processing is done in middleware, and packet
transmission method in Wi-Fi module is using Raw Socket.
The driver of the MCU that processes the Ethernet does not
support the data transmission through Raw Socket, therefore it
is implemented by modifying the middleware. However,
because Wi-Fi module supports Raw Socket, we implemented
Wi-Fi  transmission/reception functions through Socket
programming.

The raw sockets supported by MCU of Wi-Fi module
support both L2 and L3. L2 Raw Socket is a socket that
transmits data through selected Wi-Fi channel when data
including MAC header is input. L3 Raw Socket uses data
except MAC header. The MAC header is created by socket
and added. And transmits the created packet. L3 Raw Socket
is suitable for this system because it is aiming for one-to-one
communication between specific equipment. In case of Raw
Socket reception, all packets coming from connected AP are
received.

III. CIRCULAR PACKET QUEUE

The size of a packet, except for a Mac, generally does not
exceed 1500bytes. The device that transmits chunks of more
than 1500bytes at a time is considered to be one of the devices
to be used with IOT and sensor network and is designed
considering only maximum transmission unit (MTU) size of
1500bytes.

The reason for excluding the MAC is to modify it because
Ethernet (wired) and Wi-Fi (wireless) MCU have both MAC
address and IP address when wired data goes wireless
communication. That is, when the wired data is received, the
MAC address and the IP address of the PHY chip are used in
the MCU that processes wired data, and when the wired data
is handed over to the MCU for wireless data processing
through the SPI, the MAC header is completely removed. In
the MCU for wireless data, the MAC header is attached to the
MAC address information corresponding to the MAC address
and the final destination. This function is performed by the L3
Raw Socket mentioned above. Conversely, when wireless data
is transmitted by wire, the packet is transmitted to the SPI
except for the MAC header of the packet received through the
wireless link, and the wired-connected MCU creates MAC
header to perform wired (Ethernet) transmission. The MCU
can know the MAC address through the ARP that occurs
when the first Ethernet connection is made. Using this
information, MAC header is created and applied in
middleware. Both methods allow Ethernet to Wi-Fi / Wi-Fi to
Ethernet bidirectional communication. There is a problem in
implementing such a system. That is, the heap memory area of
the MCU responsible for wired communication is smaller than
the remaining stack memory. It is impossible to expand the
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area of Heap memory and design a new queue using stack
memory[5].

A. Linked List Queue
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Figure 2. Linked lists structure

Linked list is a data structure that stores data in such a way
that each node is connected in one line with data and pointers.
As the name implies, the nodes that hold the data are
connected, and the node's pointer is responsible for the
connection to the next or previous node. Figure 2 shows the
structure of a single linked list. In a single linked list, each
node has a data space and one pointer space, and the pointer of
each node points to the next node.

This structure is used in a typical embedded system. Linked
list uses the heap area using Malloc. The advantage of this
structure is that MCU can use all the remaining heap area.
First-In-First-Out (FIFO) is easy to implement because it can
manage start and end points.

B. Circular Queue
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Figure 3. Circular queue structure using 2 dimensional array

When a queue is declared as an array and Enqueue and
Dequeue continue to occur, there is a problem in the linear
queue that an actual data space remains after reaching the last
array, but overflow occurs. The circular queue is a
complement to this linear queue problem. When the front
reaches the end of the queue, it sends the data to the front of
the queue and connects it to the circle. The problem with
circular queues is that the length of the queue is fixed.
However, as mentioned above, because the remaining stack
memories are used, the queue length does not need to be
variable and is used to store a larger number of packets.
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The circular packet queue using a two-dimensional array is
composed of a space where the first subscript is used as an
index and a second subscript is used to store actual data. Rear
and front are started with 0 index, and if Engqueue is executed,
rear index is increased by 1. There is a way to know if the
array is full. Before enqueuing data, if the next index of the
current rear is pointing to the front, the queue is full.
Conversely, if the front and rear indicate the same index, the
MCU can recognize that the queue is empty. If the rear and
front do not point to the same index, the MCU knows that
there is data in the queue. And it can Dequeue. Dequeue
transmits the data of the second subscript pointed by the front
index and increases front by 1.

IV.IMPLEMENTATION

The MCU is responsible for the wired data where the
proposed circular queue is needed. The MCU for wireless data
processing used the existing linked list because the size of the
heap area was sufficient[6].

A. Implementation Method

buffer[Index][Data size]
Packet arrival

if(Queue is not full)
Copy data to buffer[Rear]
Rear ++
If(Rear > n(number of buffer))
Set Rear to 0
else
Drop packet

Figure 4. Psuedocode of enqueue process

Figure 4 shows the pseudocode used in the implementation.
The declaration is a two-dimensional array. The first subscript
is the size of the index. And the second component is 1500
because the packet size is 1500bytes or less. When a packet is
received, it checks whether the queue is full and inserts the
data into the rear index. After inserting the data, increase the
rear index by 1 and check whether the rear index has reached
the highest point of the index. If it has been reached, initialize
it to zero.

Figure 5 shows the pseudocode of the Dequeue process.
Dequeue starts when a packet received on Ethernet is
enqueued.

buffer[Index][Data size]

if(Queue has data)
Transmit data from buffer[Front]
Front ++
If(Front > n(number of buffer))
Set Front to 0
else
Waiting for data

Figure 5. Psuedocode of dequeue process

ISBN 979-11-88428-03-8

445

E 2 Bandwidth
-1 .88 sec 2 898 K
2.80 A06 M
a8
.88
5 .88
.88
.88

ezt Complete.

[ ID] Intex

Summary Result

L 41 a.88-18.94
L 4] B.Be-18.8a8
CPU Utilization: 1

Figure 6. No queue

When a packet is enqueued, the front and rear indexes are
not equal anymore, and then dequeue is processed. Dequeue
transmits data to the Wi-Fi module through the SPI. When the
dequeue is completed, increment the Front index by 1 and
decide whether to initialize the index by looking at the current
position of the index like Enqueue.

B. Implementation Results

We checked the performance of the proposed queue. In the
case of using no queue, applying linked list, applying the
proposed queue, we analyzed the performance of each case.
The program used for performance analysis is iperf3. Because
it was developed to target IP cameras using TCP, we
measured the performance over TCP. To make the target and
experiment environment similar, we proceeded by setting the
Ethernet side to client and the Wi-Fi side to server. After the
initial connection, the client sends data and the server sends
only ack.

Figure 6 shows the performance test without queue. The
speed was measured at 778 kbits/sec. Figure 7 shows the
result of applying the linked list and Figure 8 shows the result
using the circular queue. The linked list was measured at 2.15
Mbits/sec and the proposed circular queue at 2.46 Mbits/sec.
Iperf3 operates in such a way that it transmits a number of
packets at a time and waits for ack before transmitting the next
data. And this is the same in IP camera environment. Thus, the
larger the size of the received queue, the better the data
transmission speed. As the heap area is smaller, the size of the
queue is smaller than the proposed queue using the stack area.
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Figure 8. Circular queue

Therefore, it can be seen that the proposed scheme can store a
larger number of packets and that the transmission speed is
also faster.

V. CONCLUSIONS

In this paper, we have dealt with a solution to the queuing
problem, which is one of the problems encountered in
implementing an embedded system that converts wired device
to wireless device for use in [oT / sensor networks. According
to the characteristics of the MCU, the space size of the HEAP
area and the STACK area was different. To solve this problem,
the implementation of the queue using the STACK area was
carried out in the form of a circular queue using a two-
dimensional array.

As a result of the implementation, it was confirmed to be
778 kbits/sec for no queue, 2.15 Mbits/sec for linked list, and
2.46 Mbits/sec for proposed queue. Based on the experimental
results in a situation where the heap area is narrow, utilizing
the stack area as much as possible is a solution.

The problem to be solved in the future is that packets
smaller than 1500 bytes occupy an array of 1500 bytes size.
This problem was since the size of the transmission data of the
SPI could not be made variable and remained for convenience
of implementation. It should be improved in the future.
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