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Abstract: Smart home devices have received considerable attention recently due to the promise of a
large number of applications. Researchers are stepping up research with the goal of creating a smarter,
more convenient and more comfortable life. A wide range of smart home devices are being developed to
improve signal reliability and stability. This paper comprehensively introduces the smart home and its
application, MIMO system, and some methods of signal detection. On this basis, the main
characteristics of K-Best detection method are introduced. At the end of this paper, we summarize the
current smart home technology, and its development prospects are introduced in detail.
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1. Introduction

With the rapid development of the global economy and the arrival of the era of the Internet of
Things [1, 2], the demand for intelligent services and high quality of life are increasing day by day, and
the application of smart home has brought wide attention of global home appliance enterprises [3, 4].

At present, more and more people are willing to try intelligent devices at home. Thus, smart home
market is also gradually expanding, which has attracted the entry of many enterprises. Based on
consumer needs, a variety of ideas are constantly updated and proposed. The U-Home [5], for example,
is designed by enabling information sharing between people, appliances, external networks and
after-sale systems. As known, to guarantee the reliability of the transmitted signals among intelligent
devices at home, multiple input multiple output (MIMO) [6] can be applied, because there is a virtual
MIMO system in smart home.

MIMO system uses multiple antennas for the transmission and reception of the signal terminal.
Under the premise of not increasing the transmission power, the transmission rate of the system is
increased and the communication quality of users is improved [7]. The main feature of MIMO system
is to turn multipath communication into a favorable factor for users, and make use of its inherent
characteristics to improve user experience and satisfaction for smart home devices. Since the signals of
multiple antennas are mixed together, how to effectively distinguish the signals i.e., signal detection is
a particularly important technique [8, 9].

Signal detection means information processing and automatically detect the transmitted signal
correctly, to improve the transmission quality among smart devices at home. Of course, different smart
devices and different family have different requirements for smart experience at home. For instance,
with precise remote control, we can achieve remote control of high-risk tasks without risking our
lives. Low-delay and high-reliability communication can make our life more efficient, convenient, safe
and intelligent, and can give us more intelligent experience. The optima MIMO detection is maximum
likelihood (ML) detection. It reduces the spatio-temporal correlation between antennas, reduces the
crosstalk between codes and improves the transmission rate of information. However, the
computational complexity of the ML detection exponentially increases with the increasing number of
antennas. In order to reduce the computational complexity and achieve the optimal detection
performance, sphere detection algorithm was proposed [10]. Sphere detection optimizes the algorithm
and reduces the computational complexity by constraining the searching range within a sphere with an
initial radius. Considering the difference requirements of smart devices at home, a K-best sphere
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detection [11, 12] is proposed to apply in the signal detection of virtual MIMO system at smart home.

Due to the different situations of each user and smart device, different K values could be equipped
to meet people's different needs for smart home systems. In general, the implementation of K-Best
algorithm needs to sort the paths of each searching layer and select the smallest K nodes, thus reducing
the search space and the computational complexity [13]. In the application of smart home, due to the
increase of user demand, the search scope is also expanding. K-Best algorithm can obtain the optimized
detection performance to meet the different needs, and implement adaptive detection by automatically
setting the parameter K [14, 15].

This paper is organized as follows. Section Il introduces smart home systems. MIMO system model
is described in Section Ill. Besides, signal detection methods is demonstrated in detail in Section IV,
and Analysis and Discussions are given in Section V. Finally, conclusions and future work are
summarized.

2. Smart Home Systems

Smart home has a very wide range of applications in life, especially in residents' families. The top
application scenarios are as follows:

Environmental automatic control, such as the control of family central air conditioning, indoor air
quality monitoring and control.

Provide a full range of home entertainment, such as home theater system and home central
background music system.

Modern kitchen and bathroom environment.

Family information service, that is, the ability of managing family information and contacting with
community property management company.

Automatic maintenance function. The intelligent information home appliance can be downloaded
automatically from the manufacturer's service website directly through the server, and the driver and
diagnostic program can be updated to realize the intelligent fault diagnosis and the automatic expansion
of new functions.

Safety prevention. Intelligent security system can monitor the occurrence of illegal break-in, fire,
gas leak and emergency call in real time. Once the alarm situation occurs, the system will automatically
send out alarm information to the center, and start the relevant electrical appliances to enter the
emergency linkage state, so as to realize the active prevention.

Interactive intelligent control. The voice control function of intelligent home appliances can be
achieved through the voice recognition technology; and smart home proactive action response is
obtained through a variety of active sensors (such as temperature, sound, movement, etc.).

Figure 1. An example map for smart home systems
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In order to realize the aforementioned advantages, the smart home devices need to send and receive
multiple signals by multiple antennas. Thus, this paper introduces the system which could improve
network performance by using multiple antennas to suppress channel fading. When a radio signal is
reflected, it creates multiple signals in space. The MIMO technology improves the transmission rate of
information, as well as the reliability of the signal, and enhances the user's sense of use.

3. MIMO System
MIMO is a technology that can be used to improve the performance of the network. It exploits
multiple antennas to suppress channel fading. When a radio signal is reflected, it will produce multiple

signals. In the system model, each transmitting antenna sends different bit stream information, and each
receiving antenna receives linear synthesis information from the transmitting antenna as shown in the

figure below.
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Figure 2. MIMO system model
According to the system model, the formula could be derived by

h11 hNtl

Y= «X+N (1)
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With the increase of the number of antennas used, the complexity of the implementation of MIMO
technology will increase greatly, which limits the number of antennas used and fails to give full play to
the advantages of MIMO technology. At present, how to reduce the algorithm complexity and
implementation complexity of MIMO technology on the basis of ensuring certain system performance
has become a huge challenge, especially for the signal detection techniques at the receiver.

4. Detection Algorithms

The signal detection algorithms of MIMO system include Zero forcing (ZF) algorithm, Minimum
Mean Square Error (MMSE) algorithm, Maximum Likelihood (ML) algorithm, sphere detection (SD)
algorithm, etc. With the increase of the number of antennas in the smart home system, the detection of
large-scale integration is needed. Therefore, K-best algorithm is adopted in this paper, which is one of
width-first algorithms, and is more appropriate than ML algorithm and the conventional SD algorithm.
It can reduce the search space, has a fixed complexity, and is easy to implement.

In fact, K-best algorithm is a simplification of ML. To understand K-best, we must first understand
ML algorithm.

ML algorithm

One characteristic of ML is that it calculates the partial Euclidean distance for each step of
calculation, and selects the minimum Euclidean distance as an alternative for the next step of
calculation. The receiver signal is derived by

Y=HX+n (2)

Where X = [X;,X; ... Xne]T is the transmitting symbol vector, and Y = [Y;,Y, ...... Yy, T is the
receiving symbol vector. H is the channel information matrix with N, x N, Dimension, where the
element h;; is the channel gain from the transmitting antenna i(i = 1,2, ... ... ,n,) to the receiving
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antenna j(j = 1,2, .....,ny. n=(ng,ny, ... nnr)T is Gaussian noise, where each component is
independent and distributed about N(0,, 62).

The mathematical expressions for ML detection is given as

A

5, = 2rexqundly —HXI®) - (3)

Where X is the hard input vector, Y is the received vector, Q is the set of all possible N,
dimensions transmitting signal constellation points. The performance of this algorithm is the optimal
detection. The characteristic of this algorithm is that it needs to search all the constellation point set to
get an optimal result. However, with the increase of the number of antennas and the modulation order,
it brings great challenges to the computing resources. Therefore, we introduce the SD algorithm to
solve this problem. SD algorithm generates a search tree by QR decomposition of the channel, and
obtains the LLR (logarithmic likelihood ratio) that minimizes the two Euclidean distances based on the
search of the tree.

SD algorithm

The principle of SD is that the detection space of all constellation points is limited to a sphere with
a radius d centered on the initial signal estimated by the received signal. We set the conditional
probability density of the received signal as:

1 1
POVIH,X) = asrexp (— 5 IV~ HXI) - (4

Then the maximum likelihood estimate of the transmitted signal X is

AN

— — : _ 2
g = arg max P(Y|H,X) = arg min|ly — HX||* (5)

Where Q is the set of constellation points, QR decomposition is performed on the channel, H=QR,
where Q is the unitary matrix, and R is the upper triangular matrix, which is obtained:

I = HXJI? = [|QQ™(Y = HX) + (1, — QQ*) (Y — HX) |
= 11QQ"(Y = HX) Il + | (1, = Q") (Y = HX)|| (6)

’ H A . _ 2 - . A — . r_ 2 .
If Y =Q"Y, So ¢ =arg gg(l{%”Y HX||* is equivalent to ¢ = arg glél}{]l]”Y RX||%. So in order

to search for the optimal solution, a search tree is constructed. The first layer has m nodes. Different
nodes have different values, which are determined by the function (f;,, (XnT)(X € Q)). The second layer

is generated m? nodes by m nodes of the first layer; finally, layer n generates m™ nodes. The path
with the smallest accumulated cost in the leaf layer is the optimal solution.

The difference between SD algorithm and ML algorithm lies in that SD searches in a predetermined
finite sphere area, and the calculation is reduced by limiting or reducing the search radius. However, in
the low SNR area, the algorithm complexity is still very high, which is close to ML algorithm, so we
will introduce K-Best algorithm to improve it.

K-best algorithm

In contrast to the deep search of SD algorithm, K-Best algorithm uses breadth first search method.
The depth-first algorithm performs both forward and reverse searches, while the breadth-first algorithm
only searches in the positive direction, but ensures the best candidate at each level. Regarding the
K-best algorithm, after QR decomposition of the channel, set Z=QHy, then

A

S

Q satisfies all the points in ||Z — RX||? < d?,||Z — RX||?is the total cost measure of signal X,
which involves the sum of m terms. So there's an m-level tree that can represent the search problem,
and it's going to be a set of leaves. The next step is to initialize a path with a measure of 0, enter the
loop after the signal is input, expand from each previously retained survivor path to the competitor path,
and update the cumulative metric of each path to select the optimal path based on the cumulative size
of the competitor path, and discard the remaining paths. If the iteration has reached the end, the
algorithm is stopped, otherwise the loop continues and its algorithm flow diagram is shown below.

= arg minllZ - RXI* (7)
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Figure 3. The diagram of the proposed adaptive detection algorithm.

5. Analysis and Discussions

In smart home scenario, a variety of devices are connected to the internet, which consists a virtual
MIMO situation. Therefore, a proper detection method is needed to achieve better performance and
affordable complexity to guarantee the quality of signal transmission among smart home. Therefore, in
this paper, an adaptive detection method is proposed by using K-best SD in virtual MIMO system of
smart home. K-best SD searches the tree layer by layer and keeps only the best K candidates at each
layer. This SD sorts all the child nodes based on their partial costs and selects the K best paths. Finally,
when the bottom layer is reached, the leaf node with the minimum cost is selected as the solution.

Thus, the search running time of the K-best algorithm is fixed and depends only on K and the
number of layers in the tree. The K-best SD search procedure is briefly described as follows:

1) Initialize the partial cost to be 0 at the root of the search tree;

2) Expand all the nodes at the current layer and compute the partial costs for all these potential
SUCCESSOTS;

3) Sort these nodes in the ascending order of their costs, and retain the best K nodes with the
smallest costs;

4) Prune all other nodes and update the partial cost for each candidate;

5) Check if the bottom layer is reached; if yes, then the leaf node with the smallest cost is the
estimate; or if no, reduce the layer number, and go to 2).

The K-best SD are hardware-friendly because they have predetermined visited node and constant
throughput. Therefore, for the scenario of smart home, it is adaptive for the users to choosing difference
K for different needs of smart devices.

6. Conclusions and Future Works

This paper introduced the present situation of smart home and its extensive application
prospect. The purpose of this paper is to analyze the development trend of current intelligent devices,
introduce the application of virtual MIMO system, and the related signal detection methods. Finally,
the future development trend of smart home is expounded.

With the development of modern hardware equipment and software technology, low delay and high
reliability signal detection method can improve the communication transmission rate. In this way, we
can improve the comfort and happiness of our life, which can give us more intelligent experience. In
the future, when hardware devices and the Internet develop to a certain extent, we will master more
optimized signal detection methods. It not only optimizes the algorithm to a greater extent, but also
reduces the computational complexity. Due to the different situations of each user and smart device, an
adaptive detection method with different K values can be equipped to meet people's different needs for
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smart home systems. In the application of smart home, due to the increase of user demand, the search
scope is also expanding. The proposed adaptive detection method can obtain optimized detection
performance to meet different requirements, and realize adaptive detection by automatically setting
parameter K.

With the development and popularity of various home smart sensors, mobile remote control is not
the real intelligence. With the help of big data and intelligent algorithms, all the equipment
automatically operates, and more deeply join into the life while people cannot feel its existence. In
future, we would focus on how to achieve real intelligence through automatic modeling processing of
data, combined with intelligent voice technology and Al technology.
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