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Abstract

The accuracy of data has a significant impact on the customer flow prediction of traditional offline
retailers. Through the analysis of the passenger flow of a supermarket in 2021, it is found that due
to the instability of the ERP system, the passenger flow of traditional offline retailers had a signif-
icant fluctuation, and from the beginning of March 2021 to the end of July 2021, the passenger flow
data showed a cliff decline. Therefore, when the passenger flow forecast is carried out, it is neces-
sary to carry out some feature engineering processing to the data in view of the instability of the
data. In order to explore the influence of different feature engineering on passenger flow predic-
tion, we propose several feature engineering methods to deal with outliers, such as deleting out-
liers, filling outliers with Arima model, and filling outliers with Mean-Value. Use the SArima mod-
el, Holt-Winters model. In multiple rounds of experiments, the experimental training set will cover
the period from early March 2021 to the end of July 2021. In addition, the parameters of the time
series model will be based on the data, and the optimal parameters will be selected for training.
The final models generated by the experiment will use the data from August 1, 2021 to August 31,
2021 for prediction verification. The results show that the Holt-Winters model is better when no
data-supplemented feature engineering strategy is used, but the prediction ability of the SArima
model is significantly improved after the data completion strategy is used, and the data filling with
the Arima model can improve the prediction ability of the SArima model to a certain extent.
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Figure 1. Flowchart of Arima model experiment
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1) Holt-Winters fINyAEAE R SRR R InPEZE AL o DR EFRATTN 29 v, FH T IR B[] J2 51) 1) 46 1 e 34t gl
RBEHHAT U, KW NFESH e, g, AXWTF:

U = ax(X =S5 )+(1—a)x(u_ +V,)
Vo = Bx (U —Uy )+ (1-B)xv,,
R IE B 24A50 ZR 4T T AT R =T s, W FeSssy, AT
St :7X(Xt _ut)+(1_7)xst—T
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Figure 2. Flow chart of Holt-Winters model experiment
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3.3. Mean-Value
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Figure 3. Flowchart of Mean-Value model experiment
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Figure 4. Statistical diagram of original store passenger flow data
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Figure 6. Statistical diagram of customer traffic data of Mean-Value complete outlier
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Figure 7. Statistical diagram of shopping mall traffic data with Arima model completing outliers
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Figure 8. First-order difference graphs of four data completion methods
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Table 1. 0-order data ADF verification
2 1. 0 ¥4 ADF K38

Hi A 477 5 WiH T 4itE p 18
ADF #3684t it & ~7.167698e+00 2.857762e-10
1% 5 35 MK P —3.469413e+00
ToAT A #efE e
50% i & MK —2.878696e+00
10%.. 35 PE/KF —2.575917e+00
ADF 50 4i i & —2.924997 3.819871e-10
1% E MK —3.470616e+00
T S (B n
50% i & MK —2.879221e+00
10%.. 35 PE/KF —2.576197e+00
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KFEE, BRIE

Continued
ADF 15401 & —6.320255e+00 3.078648e—08
1% 3 K F —3.469413e+00
Mean-Value 17 "
5% 3 1K F —2.878696e+00
10% 5 & 7K —2.575917e+00
ADF 15401 & —6.122570e+00 8.783295¢—08
) 1% %5 1K —3.469181e+00
Arima 78 o
5% 3 1K F —2.878595e+00
10% & & 7K —2.575863e+00

4.3. SArima tEEI T

ST SArima B, fE E—rh, RATCEHEHdRE LI, RARENM, Bk SArima AT =
MNZH(pda)t, FTLLAEZ B d = 1. 8P RN AHE p Ml q IS, JATH 2073k EWT
W B 5 o4 ACF A PACF [, it Wi2¢ ACF El5 PACF AT LKAl S AL p, q M. (HR
TR AT R p, g EEARGRFEMMES LM, FreAn R AIC_BIC #AEKT R, Kk
TN A BRI ASE B S 40

1) ANHATARATHE #4221 SArima #524

o BEREAT AL EE 5 AR T AIC_BIC # EnR E 9 FoR .
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Figure 9. Raw data AIC_BIC heat map without data completion
9. FHITHIBHNEMRIAEIE AIC_BIC A 1E

AR R, K9 iR G DRI 9 (p,a) I E 2 (4,4), MR, XF P D #ATIRL, F
I SArima B Ze i Bl AT TN, 22l 4R, Wi R A 10 B
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loss: 18.458976412271475
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Figure 10. Prediction effect of SArima model
10. SArima R BTSSR =

RS S SR EREATRE S, ISR, WHE 2 for.

Table 2. Error table of SArima model prediction results
= 2. SArima {REFINEE RIRE TR

H 3] HSE A R
2021-08-01 45 42.66667 2.333326
2021-08-02 28 22.17409 5.825912
2021-08-03 23 49.14716 —26.1472
2021-08-04 25 38.05967 —13.0597
2021-08-05 35 16.12297 18.87703
2021-08-06 20 —13.9759 33.97587
2021-08-07 56 51.27939 4.72061
2021-08-08 39 57.51167 —18.5117
2021-08-09 34 34.59544 —0.59544
2021-08-10 43 33.84833 9.151675
2021-08-11 40 35.71872 4.281281
2021-08-12 39 20.41649 18.58351
2021-08-13 47 52.64206 —5.64206
2021-08-14 70 56.66623 13.33377
2021-08-15 69 46.76441 22.23559
2021-08-16 45 19.62592 25.37408
2021-08-17 46 34.07842 11.92158
2021-08-18 40 47.19308 —7.19308
2021-08-19 30 38.26693 —8.26693
2021-08-20 65 59.52833 5.47167
2021-08-21 76 57.87853 18.12147
2021-08-22 66 40.09952 25.90048
2021-08-23 34 20.62774 13.37226
2021-08-24 41 34.32539 6.674606
2021-08-25 45 31.64328 13.35672
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Continued
2021-08-26 48 31.14862 16.85138
2021-08-27 51 31.08126 19.91874
2021-08-28 60 45.2413 14.7587
2021-08-29 66 55.57972 10.42028
2021-08-30 60 26.70845 33.29155
2021-08-31 69 19.68455 49.31545

2) B S5 AE ) SArima 7Y
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Figure 11. AIC_BIC heat map of data with deleted outliers
E 11, MFRFFEEEIRE AIC_BIC A HE
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Figure 12. Prediction effect of SArima model
[& 12. SArima fREFUR R E
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R ME 5 BB #AT SR Z TS, BPESTHR, R4 3 for.

Table 3. Error table of SArima model prediction results

= 3. SArima {REFINEE RIRE TR

Hi
2021-08-01
2021-08-02
2021-08-03
2021-08-04
2021-08-05
2021-08-06
2021-08-07
2021-08-08
2021-08-09
2021-08-10
2021-08-11
2021-08-12
2021-08-13
2021-08-14
2021-08-15
2021-08-16
2021-08-17
2021-08-18
2021-08-19
2021-08-20
2021-08-21
2021-08-22
2021-08-23
2021-08-24
2021-08-25
2021-08-26
2021-08-27
2021-08-28
2021-08-29
2021-08-30
2021-08-31

HELE
45
28
23
25
35
20
56
39
34
43
40
39
47
70
69
45
46
40
30
65
76
66
34
41
45
48
51
60
66
60
69

FiE
70.12217
42.5839
41.57066
37.50728
35.38552
44.34471
59.7644
66.57298
42.75884
42.37621
37.94153
35.79196
4487478
60.33572
67.13576
43.31808
42.93901
38.50631
36.35671
45.43935
60.90037
67.70049
43.88282
43.50375
39.07105
36.92145
46.00409
61.46511
68.26523
44.44756
44.06849

=

—25.1222
—14.5839
—18.5707
—12.5073
—0.38552
—24.3447
—3.7644
—27.573
—8.75884
0.623785
2.058475
3.208038
2.125218
9.664283
1.86424
1.681924
3.06099
1.493685
—6.35671
19.56065
15.09963
—1.70049
—0.88282
—2.50375
5.928948
11.07855
4.995909
—1.46511
—2.26523
15.55244
2493151

3) f#H Mean-Value 3 #h 55 {E 1) SArima f5 4!

FoH S HEAT PRALFE J5 AR ) AIC_BIC #1 B R IE 13 k.
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Figure 13. AIC_BIC heat map with Mean-Value completion of outliers

13. f£F Mean-Value #M & 7 E &R AIC_BIC #[E
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loss: 11.372414218550016
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Figure 14. Prediction effect of SArima model
14. SArima B FUMZ R &

59 0% o0 % o 0P 0 o e os® m“ﬁ@“a@“:“mf’iﬂ“:&%
A
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% CAG S
SN AT AT o

A g
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Table 4. Error table of SArima model prediction results

3 4. SArima FBRBIFNE RIRER

A o

N

0 @ @ pf @ ® @ @ _gf @
NI LA ST T e
N o

B
o 'v.“l\& o

H HSE T R
2021-08-01 45 52.35714 —7.35714
2021-08-02 28 32.24044 —4.24044
2021-08-03 23 30.63942 —7.63942
2021-08-04 25 37.18575 -12.1858
2021-08-05 35 33.91311 1.086891
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Continued
2021-08-06 20 43.76604 —23.766
2021-08-07 56 58.41126 —2.41126
2021-08-08 39 58.44797 —19.448
2021-08-09 34 41.05194 —7.05194
2021-08-10 43 34.40468 8.595325
2021-08-11 40 42.37975 —2.37975
2021-08-12 39 41.38634 —2.38634
2021-08-13 47 51.71612 —4.71612
2021-08-14 70 60.64925 9.350748
2021-08-15 69 63.63395 5.366051
2021-08-16 45 43.91264 1.087364
2021-08-17 46 43.21232 2.787677
2021-08-18 40 49.60273 -9.60273
2021-08-19 30 39.07505 —9.07505
2021-08-20 65 47.83876 17.16124
2021-08-21 76 58.86741 17.13259
2021-08-22 66 52.90643 13.09357
2021-08-23 34 35.62791 -1.62791
2021-08-24 41 40.42461 0.575395
2021-08-25 45 40.98411 4.015891
2021-08-26 48 39.35929 8.640707
2021-08-27 51 39.38862 11.61138
2021-08-28 60 55.34035 4.659651
2021-08-29 66 47.08214 18.91786
2021-08-30 60 42.72818 17.27182
2021-08-31 69 47.85268 21.14732
4) A Arima SFECR 5 B IK) SArima B
ot et AT AL B S 2E R AIC_BIC #4115 i
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Figure 15. AIC_BIC heat map using Arima model to complete outliers
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A Arima B 2021 4R Z R EEAT TN, SflPr I, WA 16 Pk,
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Figure 16. Prediction effect of SArima model
[&] 16. SArima fRE FUM R E

R NE S BSRERATRET R, HIESTHR, WHE S P,

Table 5. Error table of SArima model prediction results
e 5. SArima {REFINEE RIRE TR

H 3 HYME T {EL wRE
2021-08-01 45 53.68029 —8.68029
2021-08-02 28 35.00859 —7.00859
2021-08-03 23 36.00158 —13.0016
2021-08-04 25 39.59415 —14.5942
2021-08-05 35 34.27874 0.721265
2021-08-06 20 41.67846 —21.6785
2021-08-07 56 59.1781 -3.1781
2021-08-08 39 62.61238 —23.6124
2021-08-09 34 42.69568 —8.69568
2021-08-10 43 32.50631 10.49369
2021-08-11 40 39.61825 0.381747
2021-08-12 39 37.14491 1.855089
2021-08-13 47 52.31952 —5.31952
2021-08-14 70 63.64477 6.355228
2021-08-15 69 66.05399 2.946007
2021-08-16 45 4477296 0.227035
2021-08-17 46 41.68511 4.314888
2021-08-18 40 45.74378 —5.74378
2021-08-19 30 36.49591 —6.49591
2021-08-20 65 47.79212 17.20789
2021-08-21 76 62.35169 13.64831
2021-08-22 66 55.63867 10.36133
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Continued
2021-08-23 34 38.02437 —4.02437
2021-08-24 41 39.96603 1.033975
2021-08-25 45 37.61004 7.389956
2021-08-26 48 36.23311 11.76689
2021-08-27 51 41.99275 9.007252
2021-08-28 60 60.83719 —0.83719
2021-08-29 66 55.13589 10.86411
2021-08-30 60 44.46564 15.53436
2021-08-31 69 44.35498 24.64502

4.4. Holt-Winters T

KHAMIE I ZH 773, #2] Holt-Winters S A ERHR AR ERRANME, 15218 R TR,

1) AT HE 442 Holt-Winters 57

Holt-Winters #5784 4= gl 7 700 B 40 R B 17 fTwe
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Figure 17. Prediction effect of Holt-Winters model
17. Holt-Winters 224 T35 5R &
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Table 6. Error table of prediction results of Holt-Winters model
5% 6. Holt-Winters #8 B 75

%@9 %\\3 %\1

:Q %@:“ Y %\b %ﬂe o

@ o
L @?ﬂq ey

&“‘ 5

H HSE THIE W
2021/8/1 45 39.55097 5.449026362
2021/8/2 28 43.69106 —15.691065
2021/8/3 23 43.23972 —20.2397249
2021/8/4 25 38.45884 —13.4588445
2021/8/5 35 42 47564 —7.47563684
2021/8/6 20 63.91756 —43.9175592
2021/8/7 56 63.10523 —7.10522991
2021/8/8 39 40.37129 —1.3712868
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KFEE, BRIE

Continued

2021/8/9 34 44.51138 —10.5113781
2021/8/10 43 44.06004 —1.0600381
2021/8/11 40 39.27916 0.720842369
2021/8/12 39 43.29595 —4.29595001
2021/8/13 47 64.73787 =17.7378724
2021/8/14 70 63.92554 6.074456928
2021/8/15 69 41.1916 27.80840004
2021/8/16 45 45.33169 —0.33169129
2021/8/17 46 44.88035 1.11964874
2021/8/18 40 40.09947 —0.09947079
2021/8/19 30 44.11626 —14.1162632
2021/8/20 65 65.55819 —0.55818554
2021/8/21 76 64.74586 11.25414376
2021/8/22 66 42.01191 23.98808687
2021/8/23 34 46.152 —12.1520044
2021/8/24 41 45.70066 —4.70066442
2021/8/25 45 40.91978 4.080216042
2021/8/26 48 44.93658 3.063423667
2021/8/27 51 66.3785 —15.3784987
2021/8/28 60 65.56617 —5.5661694
2021/8/29 66 42.83223 23.16777371
2021/8/30 60 46.97232 13.02768239
2021/8/31 69 46.52098 22.47902241

2) Ml (A 1 Holt-Winters 57
Holt-Winters A5 74 A= R (1 T30 Pl 1] 18 Ffpo:
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Figure 18. Prediction effect of Holt-Winters model
18. Holt-Winters #&2Y F 55 5R &

Holt-Winters #5784 I ) 25 R 5 FCSAB 2 ) IR ZE 1R 46 7 Ffss:

DOI: 10.12677/csa.2023.1312247 2492 THENUR S 5 R H


https://doi.org/10.12677/csa.2023.1312247

Table 7. Error table of prediction results of Holt-Winters model

5% 7. Holt-Winters # B N4 RiRER

H i HSE ToE R
2021/8/1 45 48.68307 ~3.68307436
2021/8/2 28 46.23639 ~18.2363851
2021/8/3 23 42.84135 ~19.841351
2021/8/4 25 42.81987 ~17.8198661
2021/8/5 35 47.96467 ~12.9646671
2021/8/6 20 47.92323 ~27.9232339
2021/8/7 56 47.03899 8.961005427
2021/8/8 39 42.7743 ~3.77429891
2021/8/9 34 44.49407 ~10.4940733
2021/8/10 43 40.08347 2.91653391
2021/8/11 40 4253184 ~2.53184313
2021/8/12 39 39.2056 ~0.20559828
2021/8/13 47 50.35212 ~3.35211989
2021/8/14 70 55.17793 14.82207279
2021/8/15 69 47.39051 21.60948579
2021/8/16 45 49.85733 ~4.85733181
2021/8/17 46 47.35163 ~1.35162729
2021/8/18 40 43.8747 ~3.87470353
2021/8/19 30 438527 ~13.8527003
2021/8/20 65 49.1216 15.87840373
2021/8/21 76 49.07916 26.92083639
2021/8/22 66 48.1736 17.82640391
2021/8/23 34 43.80603 ~9.80603407
2021/8/24 4 4556729 ~4.56729015
2021/8/25 45 41.0503 3.949702844
2021/8/26 48 4355773 4.442269857
2021/8/27 51 40.15125 10.84874522
2021/8/28 60 51.56664 8.43336454
2021/8/29 66 56.50884 9.491156591
2021/8/30 60 4853359 11.46640546
2021/8/31 69 51.05991 17.94008713

3) f#iH Mean-Value JE%} 57 {E 1) Holt-Winters 1544
Holt-Winters #5754 2 jafe (1 F0 1l G P 19 s -
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Figure 19. Prediction effect of Holt-Winters model
19. Holt-Winters #&2Y Fi 35 5R &

Holt-Winters #5784 0 ) 25 SR 5 FCSAR 2 [) 3R ZE 401 R 46 8 s

Table 8. Error table of prediction results of Holt-Winters model
5% 8. Holt-Winters B FiN4E RiRER

H 1] HEH FitE RE
2021/8/1 45 30.88416 14.11584353
2021/8/2 28 31.2464 —3.24640196
2021/8/3 23 32.42923 —9.42923145
2021/8/4 25 32.51837 —7.51836817
2021/8/5 35 37.01588 —2.01588382
2021/8/6 20 51.46988 —31.4698799
2021/817 56 52.60782 3.392180474
2021/8/8 39 31.2984 7.701595188
2021/8/9 34 31.66065 2.339349699

2021/8/10 43 32.84348 10.15652021
2021/8/11 40 32.93262 7.067383484
2021/8/12 39 37.43013 1.569867834
2021/8/13 47 51.88413 —4.88412824
2021/8/14 70 53.02207 16.97793213
2021/8/15 69 31.71265 37.28734685
2021/8/16 45 32.0749 12.92510136
2021/8/17 46 33.25773 12.74227187
2021/8/18 40 33.34686 6.653135142
2021/8/19 30 37.84438 —7.84438051
2021/8/20 65 52.29838 12.70162342
2021/8/21 76 53.43632 22.56368379
2021/8/22 66 32.1269 33.8730985

2021/8/23 34 32.48915 1.510853014
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Continued

2021/8/24
2021/8/25
2021/8/26
2021/8/27
2021/8/28
2021/8/29
2021/8/30
2021/8/31

41
45
48
51
60
66
60
69

33.67198
33.76111
38.25863
52.71262
53.85056
32.54115

32.9034
34.08622

7.328023527
11.2388868
9.741371148
—1.71262493
6.149435446
33.45885016
27.09660467
34.91377518
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Figure 20. Prediction effect of Holt-Winters model
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Table 9. Error table of prediction results of Holt-Winters model

5% 9. Holt-Winters 8RB FiM 45 RiRER

S

&P

o

P

P
A2 o
AT N

@@@ %\i %122“% @0‘&

H 3 HYE FitE wE
2021/8/1 45 31.24465 13.7553534
2021/8/2 28 31.65328 —3.65328383
2021/8/3 23 32.38079 —9.38079107
2021/8/4 25 32.06355 —7.06354776
2021/8/5 35 36.3355 —1.33550098
2021/8/6 20 51.88061 —31.8806104
2021/8/7 56 52.79045 3.209547311
2021/8/8 39 31.67102 7.328977526
2021/8/9 34 32.07966 1.920340297

2021/8/10 43 32.80717 10.19283305
2021/8/11 40 32.48992 7.510076364
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2021/8/12 39 36.76188 2.238123148
2021/8/13 47 52.30699 —5.30698632
2021/8/14 70 53.21683 16.78317144
2021/8/15 69 32.0974 36.90260165
2021/8/16 45 32.50604 12.49396442
2021/8/17 46 33.23354 12.76645718
2021/8/18 40 32.9163 7.08370049

2021/8/19 30 37.18825 —7.18825273
2021/8/20 65 52.73336 12.26663781
2021/8/21 76 53.6432 22.35679556
2021/8/22 66 32.52377 33.47622578
2021/8/23 34 32.93241 1.067588549
2021/8/24 41 33.65992 7.340081302
2021/8/25 45 33.34268 11.65732462
2021/8/26 48 37.61463 10.3853714

2021/8/27 51 53.15974 —2.15973806
2021/8/28 60 54.06958 5.930419688
2021/8/29 66 32.95015 33.0498499

2021/8/30 60 33.35879 26.64121267
2021/8/31 69 34.08629 34.91370543

4.5. XFELSTHR
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Table 10. Results of evaluation indexes of the three models
5 10. =ZFERNTMNIRIRERE
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