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Abstract: With the rapid development of the tourism and transportation industry, urban residents
are becoming more and more convenient to travel, and the public's attention to the issue of airport
taxi passenger and revenue is also increasing. This article will build a selection decision model, a
ride efficiency index model, and taxi mileage revenue model, which studies taxi driver
decision-making, airport taxi riding efficiency, and balanced revenue. In the first question, nine
indicators are selected based on certain principles as the influencing factors in selecting a decision
model; secondly, it is obtained by the analytic hierarchy process. Get the weight to form the column
vector o; then use the gray correlation analysis method to calculate the correlation degree of each
indicator by substituting the weight column vector  to get the ranking of the degree of influence of
each indicator on the decision result. The model solution will be implemented in the second
problem. In the second question, the relevant data of different time periods in Shanghai Pudong
International Airport were collected and applied to the problem one model. Finally, it was
concluded that the best overall benefit for taxi drivers to choose to carry passengers at 18:00 that
day.

1. Introduction

With the continuous development of China's economy, the level of residents' consumption has
gradually increased, and more and more people choose to travel by air [1]. The roadside taxi
transport system at the hub airport is one of the important transportation links between the airport
and the city. Whether the operation is smooth, the planning is reasonable, and the public experience
all reflect the level of public transportation management in a city [2]. However, there are often
passenger queues and taxis in the airport to carry passengers, which makes taxi drivers how to
choose between queuing to carry passengers and returning to the city, and how to manage taxis at the
airport. Reasonable passenger loading and taxi queuing have become a major problem for the airport.

2. Model Establishment And Solution
2.1 The First Question
2.1.1 Establishment of model one

(1) Sub-question one

For sub-problem one: Analyze and study the influencing mechanism of factors related to taxi
driver decision-making. In this paper, we will use the gray correlation analysis method to calculate
the gray correlation between various indicators, so as to obtain the degree of influence of each
indicator on taxi driver decision-making. The comparison between them, thus explaining the
mechanism of action between the various influencing factors. In order to simplify the calculation,
this article chooses to calculate by spss 24.0 software. According to the gray system theory, if x=
{Xgr X1 Xgrewe on , X, ) 1S the gray correlation factor set, where x, is the reference data sequence, X (i

=1.2,...... , m) is the comparison data series, x, (k) and x; (k) are x, with x; K-th data point. That is:
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xp = (x0(1),%0(2), ... oo, X0 (1))
x; = (x,(1),2%1(2), oo e, X, (1))

xy = (x,(1),%,(2), v oo, x5 (n))

Xm = (xrn(l)-xm(z)- u--xm(n))
Otherwise:
Api(k) = |xp (k) — x; ()|

Apin = min mkinA(Ji(k)
i

Apmax = max mélx Ay, (k)
i

AT?I!H + pAmax

r(xo (), x; (k) = Boi (k) + pAmax

r(xo,x;) = Z wkr(xo(k).xf(k))
k=1

In general, if r (x,, X )>r(X,, X;), thenx,versusx relevance ratio x, versus x; is more relevant,
in other words x; correct x, degree of influence x; bigger.

(2) Sub-question two

Aiming at sub-problem two: comprehensively considering the changing rules of the number of
passengers at the airport and the benefits of taxi drivers, a taxi driver selection decision model is
established. First, the corresponding indicators need to be selected as influencing factors, both as
application indicators of sub-problem one and at the same time in sub-problem two the weight
setting is carried out in this paper. AHP analytic hierarchy process is used to determine the weight of
each influencing factor, the weight matrix is constructed, and the weight calculation is performed by
spss 24.0 software to obtain the weight value of the corresponding index. Finally, the choice of
airport taxi driver is constructed. The decision index model is used as the basis for the driver's
decision.

1) Index selection principle

The selection of indicators for selecting a decision model should meet the following principles:

a. Objectivity principle: The selected indicators should be able to objectively reflect the status of
tuition fees in colleges and universities.

b. Quantifiable principle: The selected indicators should be quantifiable for quantitative analysis.

c. One-time principle: The selected indicators should be data that can be directly represented in
the data without secondary calculation.

d. Principle of openness: The selected indicators should be publicly available in the literature, so
that they can be collected and used for research.

2) Index selection results

According to the requirements of the topic, comprehensively considering the changing rules of
the number of passengers at the airport and the income of taxi drivers, this article has carried out a
hierarchical analysis on the selected indicators, and a total of 3 first-level indicators: the pool factor

X, passenger factor X, operating factor X; 9 secondary indicators: average number of taxis released
X, average effective berth X, average waiting time X; flights X, nnumber of passengers X; average

passenger per vehicle Xg,mileage X, ,fare Xg, time cost Xsthe hierarchical relationship is shown in

Tablel.
a. ahp hierarchy analysis

102



First, a weight matrix must be constructed between all the first-level indicators and between the
first-level and second-level indicators, and then substituted into the spss 24.0 software to perform the
AHP hierarchy analysis to obtain the weight of each indicator.

b. Choosing a decision model index score

From the results of the above indicator weight analysis, the weight value of each of the 9
secondary indicators can be calculated o, (k =1, 2,...... 9). The weights obtained can not only be
substituted into the sub-problem one to calculate the grey correlation between the indicators, but also
can be used as the weight vector of this problem for the establishment of the taxi driver selection
decision model Here you get the combined weight vector:

w=(W W, W3 Wy W5 W5 W; Wg Wy)l
After getting relevant data, a decision matrix will be formed:

X131 X1z vt Xap

X21 Xz v ot Xop
X =

Xg1 Xgz v v Xgp

Xg1 Xgg e+ v Xgp

9
Record total scoreY = X = Zkzlz:zla)k X,; Calculate the score of each group of programs.

The group with the highest total score is the best choice for decision making. The total score
obtained @ That is, the score index for the taxi driver selection decision model constructed can be
used as the basis for driver selection decisions.

Table 1. Hierarchical relationship of each indicator

Number of taxis released X,
Effective berth x,
Car pool factor X, Average waiting time x,
Flights x,
Number of passengers x,
Passenger factor X, Average number of passengers per vehicle x,
mileage x,

Choice Decision Model x fare x
8

Operational factor X, time cost x,

2.2 Second Question
2.2.1 Data collection and preprocessing
Table 2. Relevant index data of Shanghai Pudong International Airport in each time period

time X X, Xq X, Xs Xg X5 Xg Xg
15:00 355 1.31 10.39 36 3309 7.4 53 186 60
16:00 571 1.07 12.95 36 3417 6.9 47.9 168 55
17:00 708 1.03 16.71 27 2077 5.1 52.8 186 65
18:00 575 1.37 14.27 33 3948 7.3 53.9 192 72
19:00 487 2.01 13.82 26 1831 8.2 56.3 201 80
20:00 534 1.73 11.05 37 4595 10.7 53.6 189 72
21:00 415 1.53 9.21 36 4680 11.3 47.9 169 62
22:00 737 1.05 7.47 32 2077 8.6 41.6 146 55
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23:00

| 761 |

1.02 |

8.29

| 26 |

1745

| 65

409 | 143 | 50 |

Taking Shanghai Pudong International Airport as the object, data at different time periods in a
day were randomly selected for collection and preprocessing. The statistical indicators were
selected 9 secondary indicators: the average number of taxis released x, average effective berthx,

average waiting time X; flights X, nnumber of passengers Xs; average passenger per vehicle Xg ,

mileage X,, fare Xg, time costXy. Specific indicator values such astable. As there is no taxi flow

from Pudong Airport from 3am to 4 am on the same day, the data in the above two time periods in
the original data are deleted as invalid data, and the following data are valid data after screening.

2.2.2 Correlation between indicators

(1) Solution of grey correlation
First, the data sequence matrix A is dimensionless. In order to reduce the calculation, this paper
uses the database intrinsic function B = zscore (A) in MATLAB 2017a software to directly obtain
the dimensionless matrix B. FigureShown:

F=E-aA ¥ x
A
o 22x9 double
1 el 4 5 6 7 8 9 10 1 1z
1 31300 21.2300 22 2361 56000  38.2000 133 45 ~
2 42100 397300 8 583 39000 341000 17 40
3 41700 42.6900 1 428 28000 269000 127 43
4 52300  26.4300 12 537 31000 30.1000 103 35
5 36200 15.2100 8 571 49000  31.5000 108 40
5 25400 14.3700 14 503 59000 369000 129 45
7 20000 121800 17 1071 7.8000  21.2000 106 EE
3 2.0800 9.4300 32 1374 9.6000  44.6000 158 55
9 2.0100 8.2100 48 1429 9.5000 4 143 50
10 17300 11.2000 28 1207 84000  43.2000 150 0
1 11200 10.8300 27 1337 86000 461000 161 50
12 1.2300 87100 6 2305 9.2000  50.5000 178 65
13 2.0200 8.9300 29 3011 8.4000 521000 185 70
14 13100 10.3900 6 3309 7.4000 53 186 50
15 10700 12.9500 6 3417 59000 47.0000 168 55
18 G 4 N2nn 1& 7100 27 W77 £ 4nnn =9 onnn 104 [543 5 ©
#LrE ®
»» B=zscor ~
E =
0.2157  0.7028  0.6212 -0.4084  0.2536 -0.7379 -0.6865 -0.8751 -0.7148
-0.6884  1.5161  2.5280 -1.7053 -1.0368 -1.4738 -1.1864 -1.2008 ~-1.1040
-1.0326  1.4850  2.9361 -1.4274 -1.2320 -1.9499 -0.8450 ~-0.8722 -0.8705
-1.5374  3.0342  1.1572 -1.3348 -1.1401 -1.82001 -1.6740 -1.6608 -—1.4932
-1.5833  1.0713  0.0007 -1.7053 ~-1.1229 -1.0409 ~-1.5033 -1.4965 -—1.1040
fxv =N 7435 n_ 2501 =N _NA5R =1 1445 -1 _N?a1 =N _1751 =N _R450 =N _R/NAR5 =N _T714R &

Then substitute the dimensionless matrix into the correlation coefficient:

r(%, (k) x (k)) =

Figure 1. Matlab dimensionless processing

Amin + pA

AOi (k) + pAmax

max (p:05)

The correlation coefficient matrix with the time series as the reference sequence is obtained, and
the obtained gray correlation coefficient matrix is substituted into the correlation degree formula to
obtain the correlation degree of each index. As table shown:
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Table 3. Gray correlation results

Relevance results
Evaluation item Correlation Ranking
X, 0.730 1
X, 0.531 9
Xq 0.582 5
X, 0.582 5
Xs 0.580 7
Xg 0.580 7
X, 0.589 4
Xg 0.701 2
Xq 0.687 3

(2) Conclusion of relevance

By observing the above correlations, we can know the degree of influence of various indicators on
the taxi driver's decision-making scheme. Among the nine selected indicators, the most significant
influence on the taxi driver's decision-making is the average number of taxis released. x, Followed

by taxi fare X;, the degree of correlation is higher than 0.7, which shows that the degree of influence
is very large. x,,mileage x, average waiting time x, flights x, Number of passengers x,and average
passengers per vehicle x,the correlation degree of these six items is between 0.58 and 0.59, which

shows that the impact is greater. The last ranking of the correlation degree is the average effective
berth. x, The correlation degree is only 0.531, which has the least impact on driver decisions.

2.2.3 Selection decision model solving

(1) Index value of decision model

According to the principle of the AHP analytic hierarchy model, it is necessary to calculate the
product of the decision matrix and the weight vector to obtain the total score value of each scheme
and compare it to the maximum value. The decision matrix is the data matrix obtained through the
dimensionless processing above,

9 22 .
Y=wX = E E @, X , count score matrix.
k=1 Lmdi=1 !

This article defines the same scheme as different time periods within a day, and because the
invalid data from 3 am to 4 am is deleted from the original data, 22 schemes can be finally obtained,
so n = 22, each scheme represents the time In order to reduce the amount of calculation, MATLAB
2017a software is used again to combine the weights of problem one to generate a weight matrix Z =

T ] .
o=(o, v, o, 0, O, w, ®, ® ®,) ,asshown inFigure 2:
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w{TEl

@

—-0.6379 -0.0888 -0.5888 0.5178  -0.5054 0.9937 0.0936 0. 1464 0. 0637 ~
—0.9500 -0.1395 -0.7207 2.0000 -0.4631 0.9504 -0.3452 -0.3465 -0.325%
—0.4543 -0.3500 -0.4033 0.1474 -0.6338 0.4742  -0.0770 -0.1163 -0.3255
0.403% -0.8088 -0.4507 0.05347 -0.5338 0.5608 0.2765 0.2449  -0.325%
-0.1331  -0.7281 -0.6692 0.38884 0.2106 0.8205 0.8129 0.8035 0.8422
0.1928 -0.1320 -0.6465 0. 2400 0.7535 0.4742 1.0078 1.0335 1.2314
—0.0872 -0.6659 -0.48960 0.3384 0.9827 0.0413 1.11768 1. 0664 0.4529
0.9041 -0.8484 -0.2322 0.3884 1.0857  -0.1781 0. 4959 0.4749 0. 0637
1.5320  -0.8765 0.1554 0.0547 0.0352  -0.9543 1.0833 1. 0864 0.8422
0.9225 -0.6208 -0.0961 0. 6105 1.4741  -0.0020 1.2274 1. 2638 1.3871
0.5186 -0.1385 -0.142% -0.0378 -0.1539 0.3876 1.5188 1.9582 2.0099
0.7342  -0.3500 -0.4280 0.9811 1.9717 1. 4698 1.1808 1.1648 1.3871
0.1882 -0.5005 -0.6177 0.8884 2.0370 1.7295 0.4959 0.5078 0.6086
1.6658 -0.8614 -0.7870 0.5179 0.0352 0.5608 -0.2721 -0.2479 0. 0637

1.7761 -0.8840 -0.7125 -0.0379 -0.2201 -0.3483 -0.3574 -0.3465 -0.3255

»» I=[0.0224853562:0. 0408108254 ;0. 0739938184 ;0. 0478980000 0. 0478980000 0. 1436840000 0. 0661610352 0. 1623488100 0. 3947163870

0. 0225
0. 0408
0.0740
0.0479
0.0479
0.1437
0. 0662
0. 1623
0.3947

Jx > v
<

Figure 2. Matlab weight matrix input

Then multiply the weight matrix z by the dimensionless matrix b: Y,, , =B,, ,xZ,,, Thatis, a

column vector composed of the respective index score values of the 22 schemes, as shown in
Figure3:
ot G

0. 3ee7

Figure 3. Matlab matrix multiplication
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Then we got the index score column vector of 22 schemes, and got the index score of each
scheme:
Y; = —04711 Y, = —0.8189 Y¥; = —0.6941 ¥, = —1.1754 Y; = —1.0550 Y; = —0.6110

Y, = —1.1061 Y, = 0.1370 Y, = —0.07a78 Y;o = —0.1620 Y, = —0.0701 Y, = 0.6050
Y3 = 07874 Y4 = 04556 Y5 = 0.1721 Yyq = 04552 Y;, = 0.9217 Y4 = 1.1890
Yio = 1.1386 Y, = 0.6822 Y, = 0.0173 Y,, = —0.3197

3. Conclusion

According to the score value obtained by MATLAB 2017a software, the optimal scheme can be
obtained by comparing the score values of 22 schemes. The definition scheme is a,(n=1, 2,...... :

22), the best solution is a*, which can be obtained from the above results:
Y(@")=maxY(a,) =Y (a,)=1.1890

1<n<22
The best plan obtained from this is the 18th data series plan, that is, the taxi driver chooses to
leave the bus at 18:00 on the same day for the best overall benefit.
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