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Abstract: Blockchain technology has been applied to logistics tracking, but it is not cost-effective.
The development of smart lockers has solved the problem of repeated distribution to improve lo-
gistics efficiency, thereby becoming a solution with convenience and privacy compared to the in-
store purchase and pickup alternative. This study prioritized the key factors of smart lockers using
a simulated annealing—genetic algorithm by fractional factorial design (FFD-SAGA) and grey rela-
tional analysis, and investigated the main users of smart lockers by grey multiple attribute decision
analysis. The results show that the Web application programming interface (API) concatenation and
money flow provider are the key success factors of smart lockers, and office workers are the main
users of the lockers. Hence, how to better meet the needs of office workers will be an issue of concern
for service providers.

Keywords: blockchain; logistics efficiency; smart lockers; simulated annealing—genetic algorithm
by fractional factorial design; grey relational analysis

1. Introduction

Blockchain technology has not been meeting the expectation of cost-effectiveness in
logistic tracking, while smart lockers have been developed to overcome the inefficiency
of repeated distribution to improve logistics efficiency. Moreover, it enhances conven-
ience and privacy, as compared to the in-store purchase and pickup mode. In recent years,
all-weather and unmanned logistics services have become the international trend, and
smart locker developers have grown in number. Under conditions of a manpower short-
age and the limited receiving space of supermarkets during holidays, the advantages of
automatic pickup from smart lockers (high reliability and blockchain transparency) are as
follows: (1) the utilization of smart lockers is increased; (2) small logistics service provid-
ers can share the lockers (taking advantage of the accounting and benefit distribution
functions of blockchain); and (3) there is improved service during holidays. To solve the
above problems, small service providers have shared smart lockers. Through competitor
alliance, the joint method of shipment by service provider A and pickup from the smart
lockers of service provider B has been adopted, which can integrate smart locker channels
and expand service contacts. In this way, the market penetration level of smart lockers
can be intensified within the reach of users, thereby attracting more users to the service,
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building the consumer habit of using smart lockers, shortening the investment return pe-
riod of smart locker developers, increasing the economic benefits, and creating a smooth
ecosphere [1-3].

Blockchain has three main benefits to the logistics industry. One is data transparency,
ensuring data security and correctness, and accelerating the efficiency of cross-enterprise
operation of smart lockers. Finally, a multi-center platform can be created, through which
the originally distrusted logistics partners can use smart contracts to build mutual trust
and cooperation, and encourage users to pay to share cross-industry resources. The so-
called smart locker means that the delivery staff scan package barcodes and put packages
into lockers. The system will automatically send a text message to the recipient, allowing
consumers to pick up the goods at any time without having to go through the dispatcher
or the store staff. This system offers the flexibility to pick up goods and avoid contact with
people, reduces labor costs, and takes privacy into account. Even if the package is deliv-
ered to someone’s house through a logistics company, if it is not convenient to receive the
goods, the recipient can choose to forward it to a neighboring smart locker. The niche ap-
peal of smart lockers is that they allow consumers to consider both privacy and flexibility
of delivery [4].

Previous literature has suggested that in order to build this ecosphere and create a
new mutualistic type, two key problem areas must be addressed. The key problems and
their solutions are detailed as follows [3,4].

(1) Distrust between logistics service providers adds difficulty to B2B alliances.

Even if a legal entity serves as the impartial third party, it is difficult to generate full
trust. However, completely transparent business contracts based on blockchain (smart
contracts) cannot be altered, and thus can be executed perfectly. Goods stored in other
service providers’ smart lockers can be managed by a consensual account, and the opera-
tions are recorded and traceable. The records cannot be changed, thereby solving the trust
issue of business-to-business (B2B).

(2) There is system rigidity and interface disunity.

As the current systems were individually developed and defined by providers, scala-
bility is poor due to system rigidity. Moreover, the operations for users are complicated
due to template and specification nonconformity. However, Internet of Things (IoT) de-
vices can match various image interfaces for management analysis. Reliable data can be
effectively collected to make innovative service experiences and build a customer-based
consumer-to-business (C2B) structure. Customers can select their preferred delivery loca-
tion, which is not limited to their logistics providers. This is displayed on unified interfaces
in a blockchain (smart contract template). Using an integrated open platform structure
based on blockchain technology to build a collaborative network for “solving the distrust
of humanity with rational technology” can solve problems such as data interchange secu-
rity, the universal interoperability of data formats, universal access to open interfaces, mul-
tiple participant roles, and complicated benefit sharing. The open platform can rapidly
integrate idle lockers, dispatch manpower that matches the logistical needs, and build a
low-cost, trustworthy mechanism. Particularly, features of blockchain such as tamper re-
sistance, security, and guaranteed privacy are beneficial for cross-industry reserved lock-
ers, which can prevent database tampering to achieve trust, intensify transaction safety
and reliability, improve the transparency and efficiency of logistics and distribution man-
agement, and reduce delivery disputes.

In the future, smart mobile carriers (e.g., cars, trucks, and bicycles), distribution plan-
ning, route planning, and other data analysis technologies can be used to manage idle
manpower and build an integrated logistics sharing service. This is expected to address
the insufficient distribution know-how of staff members, reduce bottlenecks due to a lack
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of carrying capacity (limited physical strength), and improve the promotion success rate
of logistics sharing services. After the smart sharing service solution is applied and fully
developed in Taiwan’s market, it can even enter the international market, export logistics
services and advanced technology to foreign countries, and create a new service mode
with high added value. This win—-win situation can solve the problem of low asset utility
for smart lockers, increase profits, and improve technology export.

The self-service package pickup mode was adopted by the Packstation service of
DHL in Germany, the InPost service of Integer.pl in Europe, and the POPStation service
in Singapore. In Taiwan, the two major systems are iPickup by ITRI and Palmbox. Inte-
grating automation and mobile technology for unmanned pickup can enhance users’ pri-
vacy and convenience and reduce the load of multiple-distribution logistics. With the ad-
vent of the sharing economy, undifferentiated pickup services have been provided for the
public (regardless of logistics providers). The shopping frenzy on Singles’ Day (11/11)
continues to increase year by year, and the day has become the largest online shopping
event of the year, making logistics the battlefield in e-commerce. It was estimated that the
logistics and home delivery market of Taiwan would reach the scale of USD 1 billion in
2019 [4-8].

Repeated home delivery is a common issue in the logistics industry, and can be as
high as 20%, mainly because recipients are not home to receive packages. In order to re-
duce the additional labor and transportation costs associated with repeated home deliv-
ery, self-service pickup using smart lockers has become a favorable mode. Delivery driv-
ers first scan the package barcodes and put the packages in smart lockers. The system then
automatically sends messages to the recipients with pickup information. The pickup time
is flexible, no second delivery is needed, and the labor cost is reduced. Even with packages
for home delivery, recipients can choose to have them delivered to a neighboring smart
locker. The niche market of smart lockers addresses consumer concerns regarding both
privacy and flexibility. Smart lockers have been widely used in many countries. For ex-
ample, Amazon Lockers can be found in convenience stores, grocery stores, and chain
drugstores.

This study prioritized the key factors of smart lockers using the simulated annealing—
genetic algorithm by fractional factorial design (FFD-SAGA) and grey relational analysis,
and investigated the main users of smart lockers by grey multiple attribute decision anal-
ysis. Online shoppers can use this service without any extra charge. This pickup mode is
continually being expanded, as shown in Figure 1 [4-8].
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Figure 1. Usage flow for smart lockers [4].

2. Literature Review

The advantages of blockchain-based smart lockers in the logistics industry include
the following;:

(1) Package safety is ensured and package loss is avoided due to insufficient warehouse
space for express delivery.



Symmetry 2021, 13, 329

4 0f 22

In the logistics industry, package loss is common due to insufficient warehouse space
for express delivery, wrong and false claims, information disclosure issues, and resource
underutilization. A blockchain is a distributed and multi-node database jointly operated
by users. It can save data at multiple locations and nodes, and each block contains detailed
information, such as buyers, sellers, prices, contract terms, etc. The information is verified
by the exclusive signatures of both parties or multiple parties within the entire network.
If the encrypted records are the same on the entire network, the information is considered
valid and can be uploaded to the network for data sharing and absolute data security.
Based on blockchain technology, capital, material, and information flows can be recorded
and transmitted truly and reliably.

In the logistics industry, blockchain-based platforms can be used to optimize the re-
source utilization rate, reduce intermediate links, and improve the overall efficiency of the
industry, in order to achieve information interaction and determine logistics scale and
benefits. As a result, all users in the system can maintain their accounts, thereby ensuring
system security and data openness and transparency. Aside from manual processing and
paper-based information, the costs are greatly reduced and efficiency is improved. As the
delivery process can be clearly recorded in the chain, the entire process of loading, trans-
portation, and pickup is clear and distinct, which means it can optimize the resource uti-
lization rate, reduce intermediate links, and improve overall efficiency. All the steps from
package shipping to receiving are recorded in the blockchain to ensure the traceability of
information, and thus avoid package loss and wrong claims. The system can also prevent
delivery drivers from forging signatures to claim packages, as users can check the block-
chain, thereby improving the implementation of real-name logistics systems. Further-
more, companies can keep track of the logistical status of packages through the block-
chain, in order to prevent missing packages, facilitate anti-counterfeiting, and guarantee
the interests of offline dealers at all levels [5-8].

(2) Consensus can be reached that it is tamper-resistant and permanently traceable.

In blockchain technology, the main users act as nodes in the blockchain network;
thus, each link in the entire business process forms a data record. As the records are tam-
per-resistant, complete, and traceable, it is convenient to regulate and audit capital and
information flows. Users do not have to worry about some parties tampering with con-
tracts, the database, or loss of interest arising from information asymmetry [9,10].

(3) The system saves costs and improves efficiency.

Blockchain technology can gain credibility through programmatic records, storage,
transmission, verification, and information data analysis without damaging data confi-
dentiality. Its application in financial business can bring substantial cost savings, greatly
simplify transaction flows, and carry out contracts automatically. Consequently, transac-
tional efficiency is enhanced, the idle cost of capital is reduced, transaction and settlement
risks are reduced, and the customer experience is optimized [11,12].

(4) The distributed structure is more flexible and safe.

The distributed structure (non-monocentric) is more flexible and safe, as the transac-
tional account is jointly completed by multiple nodes distributed in different locations,
with all nodes recording a complete account. As a result, all nodes can participate in su-
pervising transaction validity and jointly give evidence at the same time, which is differ-
ent from traditional monocentric or single-node accounting solutions. No single node can
record accounts separately, thereby avoiding the possibility of false accounts by single
bookkeepers being controlled or bribed. Due to adequate accounting nodes, in theory,
unless all nodes are destroyed, accounts will not be lost; thus, the security of account data
is guaranteed [11,12].

(5) Smart contracts are automatically executed.
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Smart contracts based on these credible and tamper-resistant data can automatically
follow some preset rules and terms. Some argue that core enterprises affected by block-
chain and other new changes in financial technology will regain the financial advantages
in logistics by using the information superiority, trading resource superiority, and cus-
tomer resource advantages [13,14].

3. Research Method
3.1. Simulated Annealing—Genetic Algorithm

When the genetic algorithm is applied to the calculation of optimization problems,
its initial convergence speed is fast because it is based on the population. However, with
an increased evolution order, the convergence speed will gradually become slower. On
the other hand, the simulated annealing method gradually converges with decreasing
temperature of the annealing process through the slow cooling mechanism and sufficient
iterations. In contrast, the convergence speed of the simulated annealing method is worse
than that of the genetic algorithm at the beginning of the algorithm. However, the simu-
lated annealing method has the ability to search quickly, which the genetic algorithm does
not have. The simulated annealing method may get the chance to accept poor solutions
through disturbances, and with the gradual decrease of temperature, the chance of the
poor solution being accepted becomes smaller and smaller, until the better solution is ac-
cepted. Therefore, some hybrid genetic algorithms and simulated annealing methods are
proposed to improve efficiency [3,15,16].

In order to improve the efficiency of the genetic algorithm by the fast search of the
simulated annealing method, Adler [17] proposed combining the machine function of the
simulated annealing method with the selection and mutation operators of the genetic al-
gorithm. The simulated annealing—genetic algorithm (SAGA) proposed by Esbensen et al.
[18] is an SA mutation, and the algorithm gradually reduces the population. This method,
like Adler’s, changes the operation mode of the original genetic algorithm. Lin et al. [19]
proposed the annealing—genetic (AG) algorithm, which is divided into the GA and SA
stage in each generation. There are also hybrid methods to improve SA efficiency by using
mating operators with the ability to communicate between individuals in the GA, such as
PGSA proposed by Mahfoud et al. [20] and GSA proposed by Koakutsu [21].

The simulated annealing—genetic algorithm, which is a hybrid of the genetic algo-
rithm and the simulated annealing method, as shown in the Figure 2, is proposed in this
paper [3,15,16]. It improves the ability of the genetic algorithm to search for regions by
using the characteristics of the simulated annealing method, which can make small dis-
turbances in adjacent regions of the solution [22,23].
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01. Initialize the parameters, i.e., population_size, Qo
02. temp = Qo;

03. Generate initialize population Mon randomly and evaluate.
04. while (not reach the stop condition)

05. {

06. Select();

07. Crossover();

08. Mutation();

09. Evaluation();

10. for (i = 0;i < population_size; i++)

11. while (not reach system equilibrium at temp)
12,4

13. perturbation();

14. f (Mon i) =— f (Mon i);

15. f(Mon;) =—f (Monl)

16. if [ f (Mon;)= -1 (Mon, )]
17. Mon, = Mon,,

18. else

19. {

20. Af = f(Mon,)~ f (Mon,);
21. r = random[0,1)

22.if [ r < exp(- Af temp)

23. Mon, = Mon,
24.}
25.}
26. temp = temp*q;
27.}

Figure 2. Simulated annealing-genetic algorithm virtual program.

3.2. Steps of the Simulated Annealing—Genetic Algorithm by Fractional Factorial Design

FFD-SAGA can assist in determining the number and optimal level of key factors, as
shown in Equations (1)-(11). Grey relational analysis can help in evaluating consumers
who use smart lockers often, in terms of ranking the key service factors of the lockers, as
shown in Equations (12)—(17). Grey multiple attribute decision-making can analyze the
consumer groups that use smart lockers most frequently, as in Equations (18)—(24).

Fractional factorial design can analyze the advantages of the best factor combination,
and can be combined with the genetic algorithm and simulated annealing algorithm in
this paper to improve the search ability of the original algorithm. When the traditional
genetic algorithm does the mating operation, it will randomly select two individuals for
genetic mating. Common ones such as single-point and arithmetic mating have a common
feature; that is, the offspring produced after mating cannot be guaranteed. It is better than
the parent because it generates offspring in a random manner. In order to improve this
shortcoming, this paper uses a partial factorial design method to replace the traditional
mating method, so that the solution space generated by the two randomly selected parents
can be sampled uniformly, and then the best offspring in this range can be analyzed.

We assume that when solving the problem of three variable dimensions, each varia-
ble is equivalent to a factor in the orthogonal table. Using FFD-GA is equivalent to con-

sidering a point in the search space generated by two parents, and in these 2° =8 points,
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we select the best and second best individuals as two offspring. As multiple individuals
are considered at the same time and the best and second best are selected, compared to
the traditional random exchange of parental genes, there is no guarantee that the offspring
will be better than the parent’s method; it is systematic and efficient (subsections (1)—(3),
step 2, below). The perturbation of the traditional simulated annealing algorithm is to
randomly generate a perturbed solution in the searched solution space and use the prob-
ability function to determine whether to accept it as a new solution. This paper proposes
that the partial factorial design method has the advantage of systematically inferring the
best factor combination to find the best solution in the solution space generated by the
current and perturbed solutions, and then judge whether to accept it as a new solution
through the probability function. This paper refers to it as fractional factorial design—sim-
ulated annealing (FFD-SA). FFD-SA improves the traditional SA without systematic ran-
dom disturbances, but uses systematic disturbances to improve the search performance
of the algorithm (subsection (3), steps 3-5, below) [3,15,16,22,23].

By combining the fractional factor design method with the mating operator of the
simulated annealing—genetic algorithm, the global optimal solution can be obtained. We
call it FFD-SAGA. FFD-SAGA can be regarded as FFD-GA combined with SA because of
the added fractional factorial design method (in the same way as FFD-GA). The steps of
the simulated annealing—genetic algorithm by fractional factorial design are as follows
[3,15,16,22,23]:

(1) Define the objective function

-

The objective function of the problem is defined as f (X) and the individual varia-

- -
ble direction in the population is setas X = (xl,x2, ...,xN) . Usually, f (xj is a nonlin-

ear function and the search space is the dimensional hyperplane space of N .
(2) Generate an orthogonal table of FFD

According to the size of the variable vector dimension, the corresponding orthogonal
table with M —1 columns and M lines can be generated. The first N columns are

|

log,( N+
used. Here, N is the size of the variable vector dimension and M Zj A(NVH) .
(3) Combine FFD with the mating operator of GA

Assuming that GA randomly selects two individuals in the mating operator, %”1

and A/an :

Step 1. The two horizontal values

genes of ]\40711 and %75 .
Step 2. Each line of the FFD judges the genes of A/[Onl , A/bl’lz, and the kth variables

according to the corresponding level value. If the level value corresponding to this varia-

“u_rn

and “+” in the FFD respectively represent the

ble is “~,” it means that it is a gene of A/bnl, and such value is expressed as X ; if the
corresponding level value is “+,” it is a gene of %7’12, expressed as X, .
Step 3. Calculate the value of the target function for each line: ﬁ,i =12,...,M The

corresponding variable vector is (xl Xy, Xy, Xy, Xg, X, Xy ) , and the variable vector is sub-

stituted into the objective function to obtain the objective function value f1 .

Step 4. Calculate the main effect of each line and determine the level value with the
greater contribution in each line. When the level value of the ith line in the kth column is
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j, Lj =1, otherwise L = 0 , where j is “+”or “-.” Next, compare the main effects of the

calculated level values in each column. When the problem is to maximize the adaptation
function, the level values with larger main effects will contribute more. On the contrary,
when the problem is to minimize the adaptation function, the level value of the smaller
main effect will contribute more.

Step 5. The variables corresponding to the N main effect with greater contribution
are the optimal factor combination and are taken as the first offspring. Then, the main

effect difference for each column is calculated ‘Sk_ -5 k+ ‘ to find the one with the smallest

value and the variable corresponding to the column and the same level value as the first
offspring just generated as the variable of the second offspring, while the other variables
of the second offspring are the same as the first offspring.

Equation (1): Calculate the main effect for each column and find the level value with
the larger contribution in each column [16]:

M
S/ => XL, k=12,.,N (1)
i=1

When the level value of row I in column k is Jj, L] :1; otherwise, Lj = O,

where j is “+” or “=”; M represents the number of experiments; and fl is the output of

the orthogonal array. Regarding the comparison of the main effects of the two level values
calculated in each column, if the question is to maximize the fitness function, then the
value with a larger main effect contributes more; conversely, if the question is to minimize
the fitness function, then the value with a smaller main effect contributes more. The level
values of the factors corresponding to the main effects with a larger contribution in each
column make up the combination of optimal factors. This paper uses the following exam-
ple to illustrate FFD-SAGA and how to apply FFD to infer a new solution [3,15,16,22,23].

3.3. Utility Model of Service Level Agreement

After performing the discovery process from step 1 to step 9, we can strengthen the
relationship between candidate solutions and obtain a ranking order. The candidate solu-
tions are multi-user services provided by service providers. Therefore, users can obtain
appropriate multi-user services through such ranking information [24,25].

Through the normalization of service items based on the service level agreement,
utility models can be created to indicate users’ satisfaction in receiving multi-user services
[24,25].

b . . .
U;i (V) is used to represent real value v€ R of multi-user service X that user ¢

obtains from service provider b onissue I.The utility value is normalized to fall within
b

[0, 1] and is used to represent utility value V,; , which the user obtains from multi-user

X

service ** onissue I .If the service provider offers high-quality service, the utility value

obtained by the user will approach 1. Such relation can be represented as U:,j ‘R %[0, 1]

When users face multi-user service, the value of expected service issues of interest
can be obtained. Given the variety of service issues that users are interested in, a multi-
criterion decision analysis method is required to select a suitable multi-user service from
a large number of services. In this study, a modified version of the ELECTRE method was
adopted to find an appropriate multi-user service. The overall method consists of nine
steps to determine the ranking order for the selection of a multi-user service [24,25]:
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Step 1. Normalize the decision matrix. If M multi-user services are involved in 71
service quality assessment criteria, decision matrix () will be normalized based on the

service level agreement and utility model. The normalized decision matrix is shown in

Equation (2):
Uii(v) - UL (v)
o=[o],- + T @
Uﬁfi(”) U;fn(v)

Step 2. Multiply each row in the normalized decision matrix by the relevant weight.
A weight will be assigned for each service quality assessment item, and all weighted val-
ues will form weighted matrix W, as shown in Equation (3):

W, - 0
W=l : . 3)
0 1 dnxm
Normalized decision matrix Q is multiplied by its weighted matrix W to obtain

weighted normalized decision matrix V(V =Q W) , as shown in Equation (4):
v=lo],., =191, v, @)
Step 3. Determine the consistent and nonconsistent sets according to Equation (5):
C ={klox v, }. D, ={k[v, <v,, ] ©®)

Step 4. Calculate consistent matrix C as shown in Equation (6):

Z W
_ kecij
- n

Z W

kel

C= |:Ci/' ]me G (6)

Step 5. Calculate nonconsistent matrix [ using Equation (7), where S is a set

containing all service qualities and S 2{1, 2,...,11} . The consistent matrix can be de-

notedas D= [dz/:l

mxXm

_ MaxkeD,.j ‘Uik _Ujk‘

= )
7]
Max,_, v, _vjk‘
Step 6. Calculate modified consistent matrix )" according to Equation (8):
p=|dy],, d,=1-4d, ®

Step 7. Calculate modified weighted aggregation matrix 4 (the Hadamard prod-
uctof C; and dl;.) using Equation (9):

4= LaiiJme a;=c od, )
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Step 8. Calculate modified aggregation dominant matrix 4 by using the maximum

value of each row, @;, as shown in Equation (10):

a; =max{al.j 1,2,...,m},j =12,..m (10)

In order to identify a suitable solution, we rank d; in ascending order:

'

a,a4,,...,4, . Threshold A is a set of values between minimum value @; and maxi-

mum value @,.If the value of & issmaller than threshold value @, it will be replaced

by 0, otherwise it remains 1. We can obtain modified aggregation dominant matrix E,
as shown in Equation (11):

R "

Step 9. Finally, modify aggregation dominant matrix £ . When e;j equals 1, it

means that the preferred solution I isbetter than solution j.We can therefore eliminate

solution j, denoted as 147 —>Aj.

3.4. Grey Relational Analysis—Key Factor Sequencing

Grey system theory, as proposed by Professor Ju-long Deng in 1982, is aimed at de-
scribing the uncertainty of system models and the incompleteness of information to con-
duct information relational analysis and model building. The theory discusses and under-
stands systems by means of prediction and decision-making. Incomplete system infor-
mation is both the basic feature and the main determining factor of grey theory. In the
grey system, information comprises two parts: the immensurable part expressing infor-
mation visualization, and the measurable part, or the part of information data, which ex-
presses the information scale. Grey relational analysis is aimed at the systems in daily life,
such as social systems, economic systems, etc. There are various relationships among
these systems, such as causal relationships; some of the relationships are known, while
some are unknown or partially known. Hence, how to mine, analyze, and further under-
stand the relationships between all systems is the key to system analysis [15,26].

Step 1. Normalize the original data, as shown in Equation (12):

x(k) .
r(k) Z#,l =a,..d k=A4,.,N
50 (12)
o N
Step 2. Assign the standard sequence and calculate the difference sequence, as shown
in Equation (13):

Ay (k) =|ry (k) —r.(k)

i=123,. k=A4,.,N (13)

Step 3. Solve the maximum difference A __  and minimum difference A as

ax min /

shown in Equations (14) and (15):
Anax = Max A,, (k) (14)
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Ao = Min Ay, (k) (15)

Step 4. Calculate grey relational coefficient %,(k), as shown in Equation (16):

Amin + g ) Amax
AOi (k) + g ’ Amax

Yo (k) = (16)

Step 5. Calculate the grey relational degree F()i of all sequences and the standard

sequence, as shown in Equation (17):
Yy (k
r,=) 0 a7)
it N

Step 6. Put in order based on the grey relational degree.

3.5. Grey Multiple Attribute Decision —Optimal Solution Selection

In grey multiple attribute decision-making, when uncertain or incomplete infor-
mation factors are part of the process of multiple attribute decisions, the decision combi-
nation constituted by all possible decision elements is calculated based on the effect meas-
ure of grey theory to gain actual effect. The solutions are selected according to the decision
matrix. First, the decision elements are defined; in grey multiple attribute decisions, each
attribute is called an event. Set A represents an event set (or attribute set), and ai is an
element in the event set, namely, some attribute a;, i = 1, 2, ..., n. The alternative solution
is called a strategy, where set B represents a strategy set, and b; is an element in the set,
namely, solution bj, j =1, 2, ..., m. The result of each solution bj under attribute g; is called
a situation, which is marked with s; in grey multiple attribute decision analysis. The result

matrix S = [S U] can be built according to the evaluation results of each solution under

each attribute. The application of grey relational analysis for grey multiple attribute deci-
sion analysis is described as follows [15,26].

3.6. Effect Measure

All attributes are required to be considered in multiple attribute decisions, regardless
of which attribute is the analysis objective and which is a relevant factor. Hence, a virtual

standard sequence must be built to calculate the grey relational coefficient %),(k) The

virtual standard sequence comprises the optimal s;j of the evaluation results under all at-
tributes. The definition of the optimum solution must be determined as maximizing, min-
imizing, or minimizing the deviation to the target by considering the target of the attrib-
ute. The effect measure rij represents the correlativity between all elements and the virtual

standard sequences in the progression {Sl-l 38057t S,-,,} corresponding to all a: attributes.

The calculation method of the effect measure is to maximize, minimize, or minimize the
deviation to the target, based on the target of the attribute, which are differentiated as a
ceiling effect, a floor effect, and a specific center effect measure. They are described as
follows [15,26].

The ceiling effect measure applies to the requirement of maximizing the target effect,

that is, the larger the better, such as interests and outputs. Hence, the largest result M,m(

of all solutions under attribute ai is taken as the corresponding element of the virtual
standard sequence. The ceiling effect measure is defined as Equation (18):
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_ S

V. =
y max ’
i

where y™* = Maxs, (18)
i

The floor effect measure applies to the requirement of minimizing the target effect,
that is, the smaller the better, such as resource inputs and variations. Hence, the smallest

result ul-mm of all solutions under attribute ai is taken as the corresponding element of the

virtual standard sequence. The floor effect measure is defined as Equation (19):

7. = , where y™" = Min S (19)
J

The specific center effect measure applies to the condition requiring the target to be

max
near a certain intended target, such as weather or temperature. Hence, target %, under

attribute ai is taken as the corresponding element of the virtual standard sequence. The
specific center effect measure is defined as Equation (20):

B Min{sij,u:}

Max{s;,u, }

As seen above, the value of effect measure rij is between 0 and 1, and the larger the
value, the better the effect of solution b; under attribute ai.

3.7. Multiple Attribute Decision Matrix

To build a decision matrix D based on effect measure ri, if there are n evaluation

attributes, namely, i=1,2,---,n , and /M solutions are selected, namely, b

Jj
j=1,2,---,m, then decision matrix D(nxm) can be expressed as Equation (21) [15,26]:
b b, b,
aq |1h h Him
D=a, |n, n, - n, (21)
an ’/;11 n2 r;zm

3.8. Decision Criterion

After the decision matrix is formed, the optimal solution can be selected according to
the decision criterion. The decision criterion for grey multiple attribute decision analysis
is to select the maximum effect measure in attribute a* showing that, under consideration
of attribute a, bj is the optimal decision solution. As the maximum element is sought in
all lines, it is also known as a line decision, as shown in Equation (22) [15,26]:

re = Maxr, = Max{r,,ry, .7, (22)

Ji

To consider the comprehensive result 7; of solution b ; in all attributes, the rela-

tive weight W, can be incorporated, as shown in Equation (23), where the determination
of R is comprehensively scored based on linearly weighted summation, and the com-

prehensive result 7'; is calculated, as shown in Equation (24) [15,26]:
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” _n+l-R,
T on(n+1) (23)
2

where 7 is the total items of the attribute and R, is the attribute factor ordering; and

n n
= wry, DW=l 4)
i=1 i=1

Finally, the maximum solution b]« under the comprehensive result of summation

7’f i is the optimal solution.
4. Case Study

These two solutions represent the and “+” level values, respectively, in the or-
thogonal array. The results of the array can be obtained by filling in the corresponding
level values of the two solutions in the orthogonal array. The main effect of each column

“_n

is then evaluated according to Equation (1), where S; and are the main effects of a level

value of “~” and “+,” respectively. Next, the main effect difference ‘S; -S 7‘ is calcu-

lated for each column to find the minimum value. After choosing the variable that corre-
sponds to the level value of the first generation as the variable of the second generation,
the other variables of the second generation that are the same as the first generation are
determined. The suboptimal factors are shown in Table 1 [3,15,16].

Table 1. Simulated annealing—genetic algorithm by fractional factorial design (FFD-SAGA) (L32231) calculation re-

sults.

Numbers 1 2 3 4 5 6 ... 26 27 28 29 30 31
S; 56.38 36.83 49.28 25.12 46.28 62.83 ... 1827 32.13 36.76 16.11 28.33 29.12
S; 4211 -30.18 39.12 29.89 40.23 -36.23 ... 20.83 29.11 -30.29 -20.39 26.12 20.98

S; > S;r Yes Yes Yes No Yes Yes ..- No Yes No Yes Yes Yes

Select horizontal value - - - + - - . + - - - - -
‘S; - S;r 14.27 67.01 10.16 4.77 6.05 99.06 ... 256 3.02 67.05 365 221 8.14
Optimal 12 8§ -18 19 -8 -13 ... 11 -16 9 -20 -18 ~-15
factor

Suboptimal factor -12 8 -18 21 -8 -13 ... 12 -16 9 -2226 -18 -15

Source: this study.

After performing steps 1 to 9 of the discovery process from Section 3.3, we can
strengthen the relationships between the candidate solutions and obtain the ranking order
of all candidate solutions. The candidate solutions are multi-user services provided by the
service provider, and users can use this ranking information to access appropriate multi-

user services, as shown in Table 2 (FOi ; C10 =0.831, C6=0.82, ..., C11 = 0.392, C12 =
0.316). Finally, using FFD-SAGA, the key factors (C1-C10) in Table 3 can be obtained.

Table 2. Performance comparison of FFD-SAGA and SAGA.
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' ’ ’ '

Problem Algorithms ¢, ,, €., €;,,, €_,, Standarddeviation
' FFD-SAGA 096 098 0.87 0.94 0.36
4 SAGA 089 093 081 0.91 0.62

In this study, 30 people from three major metropolitan areas in northern, central, and
southern Taiwan were the interviewees, including office workers (10), students with uni-
versity education or above (10), and homemakers (10). Face-to-face interviews were con-
ducted with those who used smart lockers more than 10 times per month. The interview
contents are shown in Table 3.
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Table 3. Top 10 special search functions of smart lockers.

No. Functions Description
c1 Most suitable time for playing  Advertisements set on mainframe locker can be played
advertisements (seconds) through back-end management.
I Number of login interfaces at There are different identity authentication applications
the front on different interfaces for storage and pickup.
C3  Types of personal delivery Fndwld.uahzed sending and pickup service (C2C mode)
is provided.
. . Flexible interface design meets the needs of different in-
Types of interface switch for ) . L .
C4 . . . formation flows and operations of all logistics provid-
multiple logistics providers ors
To maximize the utilization rate of locker spaces and al-
C5 Types of locker spaces low multiple logistics providers to share smart lockers,
a logical operation sharing mechanism is designed.
. Different payment methods, such as cash and aliPay
T £ fl
C6 ypes of money flow provided credit cards, are integrated.
. ‘ PR f looisti -
Types of cloud background COI’IdIthH. of goods and distribution of logistics provid
c7 . ers are uniformly managed for lockers through back-
system management provided
end systems.
Types of integrated hardware RFID(Radio Frequer.lcy IDentllﬁcatlon), QR (Quick Re-
C8 . sponse) code, scanning of article numbers, barcodes,
devices .
and other hardware are integrated.
Types of back-end data analy- Shar.mg ratio of lockers for all IOgISFICS prov1d.ers is dy-
c namically regulated through statistical analysis of back-

S1s

end data.

C1 Types of Web API-concate-
0 nated functions

Logistics status, locker status, sending and receiving in-
formation, smart pickup point distribution, message
sending, and other interface concatenated functions are
provided.

Source: [3,7].

5. Discussion

This study is based on the mean values of related data gained from different customer
groups in northern, central, and southern Taiwan, as shown in Table 4. The relevant cal-
culation steps are shown in Tables 5-8.

Table 4. Initial values of grey relational analysis.

Students with University Homemakers

Office Workers Education or Above
Quantity of srr.lart ls)ckers expected in 1 8 16
residential area
C1. Most su.ltable time for playing ad- 20 30 36
vertisements (seconds)
C2. Number of login interfaces at the
3 6 8
front
C3. Types of personal delivery 10 6 8
C4. Types of interface switch for mul- 9 3 ’
tiple logistics providers
C5. Types of locker space 6 8 10
Cé. Types of monetary flow provided 10 3 6
C7. Types of cloud back—§nd system 12 1 10
management provided
C8. Types of integrated hardware de- 6 8 3

vices
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C9. Types of back-end data analysis 12 9 5
C10. Types of Web 'API-concatenated 20 8 12
functions
Source: In this study, the above data were entered as integers unconditionally.
Table 5. Step 1 of grey relational analysis.
0 S:;iia;d 5 Quantity of smart lockers expected in residential area 1.4000 0.5333 1.0667
C1 1. Most suitable time for playing advertisements (seconds) 0.6977 1.0465 1.2558
C2 2. Number of login interfaces at the front 0.5294 1.0588 1.4118
C3 3. Types of personal delivery 1.2500 0.7500 1.0000
C4 4. Types of interface switch for multiple logistics providers 1.9286 0.6429 0.4286
C5 5. Types of locker spaces 0.7500 1.0000 1.2500
C6 6. Types of monetary flow provided 1.5789 0.4737 0.9474
c7 7. Types of cloud back-end system management provided 1.0909 1.0000 0.9091
C8 8. Types of integrated hardware devices 1.0588 1.4118 0.5294
C9 9. Types of back-end data analysis 1.3846 1.0385 0.5769
C10 10. Types of Web API-concatenated functions 1.5000 0.6000 0.9000
Table 6. Steps 2 and 3 of grey relational analysis.
Difference Sequence
C1 1. Most suitable time for playing advertisements (seconds) 0.7023 0.5132 0.1891
c2 2. Number of login interfaces at the front 0.8706  0.5255 0.3451
C3 3. Types of personal delivery 0.1500 0.2167 0.0667
C4 4. Types of interface switch for multiple logistics providers 0.5286 0.1095 0.6381
C5 5. Types of locker spaces 0.6500 0.4667 0.1833
C6 6. Types of monetary flow provided 0.1789 0.0596 0.1193
C7 7. Types of cloud back-end system management provided 0.3091 0.4667 0.1576
C8 8. Types of integrated hardware devices 0.3412 0.8784 0.5373
C9 9. Types of back-end data analysis 0.0154 0.5051 0.4897
C10 10. Types of Web API-concatenated functions 0.1000 0.0667 0.1667
Table 7. Steps 4-6 of grey relational analysis.
Grey Relational Coefficient
C1 1. Most suitable time for playing advertisements (seconds) 0.3982 04773 0.7235
2 2. Number of login interfaces at the front 0.3471 04712 0.5796
C3 3. Types of personal delivery 0.7715 0.6931  0.8986
C4 4. Types of interface switch for multiple logistics providers 0.4697 0.8284 0.4220
C5 5. Types of locker spaces 0.4174 0.5018 0.7302
Co 6. Types of monetary flow provided 0.7354 09113 0.8139
C7 7. Types of cloud back-end system management provided 0.6075 0.5018 0.7617
C8 8. Types of integrated hardware devices 0.5825 0.3450 0.4656
9 9. Types of back-end data analysis 1.0000 0.4814 0.4894
C10 10. Types of Web API-concatenated functions 0.8431 0.8986  0.7503
Table 8. Results of grey relational analysis.
Ranking
1 C10 0.831

C6

0.820
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3 C3 0.788
4 C9 0.657
5 Cc7 0.624
6 C4 0.573
7 C5 0.550
8 C1 0.533
9 C2 0.466
10 C8 0.464

C10: Types of Web API-concatenated functions.

Smart lockers look like common lockers. Delivery drivers place packages in the lock-
ers, scan the barcodes on the packages, and send text messages to notify the recipients for
pickup. Hence, providing more types of Web API-concatenated functions is conducive to
increasing the number of users.

Although using smart lockers for pickup is not as convenient as picking up packages
at convenience stores, privacy is the advantage of smart lockers. That said, most items are
properly packaged, and sensitive items are avoided, so the appeal of privacy is not enough
to convince Taiwanese customers to change their user habits. More protections for privacy
and personal information should be considered in Web API-concatenated functions.

Cé6: Types of money flow provided

As 24 h convenience stores are densely located in Taiwan, promoting smart lockers
may not be easy. Officials at the Department of Commerce mentioned that after the Dou-
ble 11 shopping day, numerous packages are stacked behind the counter, and there is a
shortage of manpower to handle the packages, which affects the customers’ check-out
speed. Thus, smart lockers will be a feasible solution. According to survey results of the
Market Intelligence and Consulting Institute (MIC), more than 80% of consumers in Tai-
wan prefer “pickup at convenience stores/pay on delivery,” while the new pickup method
using smart lockers only accounts for 0.5%, indicating that the ratio varies dramatically.
Hence, providing more types of monetary services will enhance customers’ satisfaction.
C8: Types of integrated hardware devices

Generally speaking, the hardware devices of smart lockers are less important, as dif-
ferent kinds of customers share the common objective of retrieving packages quickly. In
this study, according to the interview results, the indicative factors C5, C7, C8, and C10
are special center effect measures, while the others are the expected values of different
kinds of customers. The grey multiple attribute decision results are shown in Tables 9 and
10.

Table 9. Initial values of grey multiple attribute decision-making.

Office Students with Univer- Homemakers
Workers sity Education or Above

1. Most suitable time for playing ad-

. 20 30 36
vertisements (second)
2. Number of login interfaces at the
3 6 8
front
3. Types of personal delivery 10 6 8
4. Types of interface switch for multi- 3 ’
ple logistics providers
5. Types of locker spaces 6 8 10
6. Types of monetary flow provided 10 3 6
7. Types of cloud back-end system 1 1 10

management provided
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8. Types of integrated hardware de- 6 g 3
vices
9. Types of back-end data analysis 12 9 5
10. Types of Web /.%Pl—concatenated 20 8 1
functions
The above data were all entered as integers unconditionally.
Table 10. Calculation results of grey multiple attribute decision-making.
Maximizing (1),
Minimizing :z; _ Students
. Expected . Office with Univer- Homemak-
Minimizing Weight .
Deviation to Value Workers .51ty Educa- ers
tion or Above
Target (3)
C1 2 0.831 1.00 0.67 0.56
C2 1 0.820 0.38 0.75 1.00
C3 1 0.788 1.00 0.60 0.80
C4 1 0.657 1.00 0.33 0.22
C5 3 7.0 0.624 0.86 0.88 0.70
Cé 1 0.573 1.00 0.30 0.60
c7 3 9.0 0.550 0.75 0.82 0.90
C8 3 5.0 0.533 0.83 0.63 0.60
C9 1 0.466 1.00 0.75 0.42
C10 3 10 0.464 0.50 0.80 0.83
Results 5.25 4.08 4.23

The analysis of the optimal solution based on grey multiple attribute decision-mak-
ing found that office workers are the main user group of smart lockers. As market com-
petition is intense, more logistics providers are seeking a new niche to seize the oppor-
tunity and create innovative and interactive networks. However, this cannot be realized
until more features are developed for smart lockers, such as lockers set at MRT (Mass
Rapid Transit) stations or in remote areas, so as to provide more convenient services and
more functions (such as freezers or large storage areas).

The three elements of sustainable development are as follows [1,2]:

(1) Environmental: reducing helium emissions

According to the data in Table 11, consumers can use smart pickup stations 24 h a
day and perform self-service pickup according to their individual timeframes. The loca-
tions are convenient for personal pickups and for when no one is at home to collect par-
cels, and the number of transportation vehicles can be reduced, thereby lowering exhaust
emissions.

(2) Social: meeting customer needs

According to the 30 participants from each of the three metropolitan areas in north-
ern, central, and southern Taiwan, Table 11 shows that the top four factors influencing the
use of smart pickup lockers are the same as those shown in Table 11.

(3) Economic: reducing costs

According to Table 9, consumers can use smart pickup lockers for 24 h self-service
pickup on their own time. The locations are convenient for personal pickups and no one
needs to stay home to collect parcels, which will result in lower logistics costs.

The logistics costs were initially categorized as about 6% classification and picking,
about 4% concentrated goods, and about 37% long-distance transportation. Delivery of
goods to customers accounts for about 53%. The uncertainty of this factor was due to the
challenges of urban traffic congestion, distances to remote areas, invalid or wrong ad-
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dresses, locations that are difficult to find, no one being able accept the goods, buyer re-
gret—not accepting the goods, bad parking, no elevators, etc. Such uncertainties are also
the most worrisome situations for office workers [27-29].

A total of 1098 Taiwanese consumers were surveyed on their use of smart pickup
lockers [27-29]. According to Table 9, based on the participants from the metropolitan
areas in northern, central, and southern Taiwan, it can be seen that the top four rankings
of office workers using smart lockers are the same as in Table 11.

Table 11. Why consumers use smart pickup lockers.

Factor Ratio of Ranking

24 h self-service pickup at your own time 62.3%
Location is convenient for personal pickups 52.1%
No one at home can collect parcels 48.9%

No need to contact home delivery staff multiple times to o
. 39.8%

pick up goods

Product location tracking anytime, anywhere 31.6%
Good privacy 30.1%
Home staff ask neighbors to help collect parcels 26.8%
Instant arrival/overtime reminder for goods arrival 25.9%
Return process is cumbersome 24.9%
Enjoying convenience of using technology 23.8%
Avoiding loss of goods caused by loss of collection unit 21.8%
Super-commercial pickup queue/long time to find goods 20.6%
Can check past pickup records 19.8%
Very cool and fresh 18.3%
Recommended by friends and family 15.7%
Collection company is not active 10.9%

Source: [15] and this study.

Strategy promotion: (1) combine with the electric business, push the cargo flow ser-
vice mode to the lockers; (2) cooperate with communities and buildings to establish smart
pickup lockers, as shown in Figure 3 [27].
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Figure 3. Use of smart pickup lockers.

6. Conclusion and Future Research Directions

With the rapid development of e-commerce, the volume of express delivery services
has expanded, and the huge amount of express delivery has caused many problems. Even
though the rural area in Taiwan is not large and express delivery is already very devel-
oped, itis still inconvenient to receive goods. Many smart locker companies have emerged
in the market. The use of smart pickup lockers involves providing a space for temporary
storage of items. When users cannot collect items directly, the courier can deliver the items
to lockers, and then recipients can collect the items when they are free. In addition, they
can also be used for the mailing function; as long as the items are put into the smart pickup
lockers, the logistics personnel will pick up and deliver the goods. The advantage of this
is that the courier can deliver multiple items to one location, and there is no need to call
and wait for people to collect the items, which can improve the efficiency of logistics. It is
more convenient for users to receive packages and pick them up by themselves at any
time, without worrying about not being home to receive them. This research analyzed the
key success factors related to the use of smart lockers and analyzed the key user groups,
hoping to provide the best service plan for the industry and consumers.

As most goods are properly packaged and sensitive items are avoided, the appeal of
privacy is not enough to convince Taiwanese customers to change their user habits.
Hence, more protections for privacy and personal information should be considered in
Web API-concatenated functions. As Taiwan’s market is limited, opportunities are expen-
sive and the actual effects remain to be observed. The time for self-service stores is coming.
The Ministry of Economic Affairs in Taiwan has started to support logistics providers in-
stalling more smart lockers, including at post offices, convenience stores, community
buildings, large public places, and science parks. In the future, logistics providers will
develop convenient and inexpensive services to meet the demands of different groups of
customers and popularize smart lockers.
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