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Development of Shopping Path Analysis System(SPAS)
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ABSTRACT

Technological advancements in information technology including RFID and mobile techno-
logies have made it feasible to track the customers travel path in a store. The customer
travel paths provide valuable implications to understanding the customer behaviors in a
store. In our research, we develop a shopping path analysis system to track and analyze
the customer travel path. The proposed system consists of RFID systems for collecting
the customer paths and analysis system. The analysis system conducts clustering for
identifying the distinctive shopping patterns, and analyzes the profile of a grocery, such
as congestion rate, visiting rate, and staying time, etc. We show the applicability of our
proposed system using the actual data obtained at a grocery in Seoul as a case study.
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(Figure 1) Shopping Path Analysis System(SPAS)

(Table 1) System Requirement and Related Developed Module

System Requirement

Solution

Related modules

Labor-intensive
Small sample count

- Automation tech. using RFID

3.1 moving data collection module
- RFID Tag and Repeater

Correlation between purchasing
and shopping path

- mapping with customer info and
shopping path

3.1 moving data collection module

- Integration total information
(customer, product, moving data,
history of purchase)

Need of measures for
congestion in store

- development of measures of
congestion

3.2 analysis module
- definitionof zone profile

Recognition of behavior of
customers in front of
non-purchase products

- analysis shopping time of non-
purchase products

3.2 analysis module
- analysis of times

Recognition of dead zone

- development new shopping
pattern algorithm

3.2 analysis module
- moving data clustering algorithm
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(Figure 4) Shopping Time and Moving Time Transformation from RFID Data
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(Table 2) Measurement Definition

Measures

description

Ratio of visiting in
each product

Visiting customers in each product/Entire customers

Ratio of staying in
each product

Staying time in each product/total staying time

Ratio of purchasing in
each product

Purchase price in each product/entire purchased price

Ratio of purchasing in
visiting count

Ratio of purchasing in each product/Ratio of visiting in each product

Ratio of purchasing in
staying time

Ratio of purchasing in each product/Ratio of staying in each product
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(Figure 5> Ul Examples of Shopping Path Analysis System
LCSSI51E Sk LCSS SIM AR 7] ¢ w3 2T A 2713 Aol
TE ARt o] & 7|WHOE stof AjEAl & HEE AFESH] wite] 8% FHAES §
Aol 23 dneEe A AR AHew U8 ¢ & AUt Add 21
LCSS_SIM ofz] 23} 3Fo] 28 9] x$} y 9 st ¢l As H7kE Hste e
& AR FAE SR F vk dolel& Agstel dds 43 o3 45
) S BUH3] <Figure 6>& #ok3t e~
less(z, y
L ~(z,y)= o) = = = = 1
oS5~ (a, y) xlength +ylength—less(z, ) Eiao EJ_—’E] 9] 2} /\1 = E]—o%‘l‘—]_—’ %J:]'
Function : INIT CLUSTER CADIDATE
Input : Moving Path Trajectories (T), Support (S)
Output : Initial Cluster of Moving Path (CT)
1 L = Apriori(T, S) // Frequent Pattern over Support(S)
2 FOR (list in L) {
3 FP= max(L)
4 }
5 FOR (traj in T) {
6 CT = max(LCSS_SIM (FP, traj)) //selecting initial cluster moving path
7 }
8
9 RETURN CT
Function : Path _CLUSTERING
Input : Moving Path Trajectories T = {x1, x2, -+, xn}, Support (S), Sim_LCS Threshold (D)
Output : Clusters (Cn)
1 WHILE (CT = INIT CLUSTER CADIDATE(T, S)) {
2 for (traj in T) {
3 If (LCS_SIM (traj, CT) ) D) {
4 Cn (= traj // Insert Cluster group
5 }
6 RETURN Cn

(Figure 6) Pseudo Code of Moving Data Clustering
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(Table 3) Purchased Product Ranking

rank product ratio(%) rank product ratio(%)
1 vegetables 22.6 14 beverage 2.0
2 snack 12.6 15 detergent 16
3 dairy 12.0 16 cleaning 16
4 fruit 6.0 17 pork 1.1
5 seasoning 5.6 18 health-tea 1.0
6 cold/frozen 5.3 19 hygiene 09
7 finfish 48 20 interior 05
8 cooking 46 21 pet—turf 0.2
9 fast-food 4.1 22 vehicle 0.1
10 chicken 39 23 handicraft 0.05
11 kitchen 31 24 alcohol 0.05
12 beef 2.6 25 toy 0.03
13 dried-seafood 2.6 25 category products
4. Ak A€o A A4 MUl S, AAEE, TR U 2 )
e, P 57 AL AT 9, 948
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(Table 4) Summary of Average Shopping Time of Selves

product Entire Shopping time(hour) Average Shopping time(second)
POS 204.8 44.4
health-tea 94.6 13.1
dried—-seafood 62.0 6.9
fruit 86.1 156
snack 207.3 156
cold/frozen 239.1 11.3
chicken 70.0 16.8
dairy 203.1 133
pork 446 25.1
finfish 79.9 12.8
detergent 65.4 12.1
beef 136.6 176
handicraft 28.0 11.2
pet-turf 46.6 20.2
toy 24.5 59.0
hygiene 6y 424
beverage .5 17.0
fast—food 162.1 105
interior 382 16.4
vehicle 56.4 229
cooking 138.8 26.0
seasoning 161.9 86
alcohol 4.4 422.7
kitchen 82.2 14.1
vegetables 503.0 164
cleaning 39.8 144
entrance 15.1 31
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(Table 5) Summary of Average Shopping Time of Selves for Non-Purchase

Non-purchase average shopping time

purchase average shopping time

Total shopping time | Average shopping time | Total shopping time | Average shopping time
(hour) (second) (hour) (second)
entrance 151 3.1 0.0 0.0
dried-seafood 54.6 6.7 7.4 10.0
seasoning 1435 8.3 187 11.5
fast—food 144.0 10.1 185 15.7
detergent 52.0 105 136 29.2
finfish 51.3 106 287 20.7
handicraft 218 11.2 0.3 16.2
cold/frozen 220.6 11.2 189 12.3
fruit 45.0 11.9 41.1 23.9
vegetables 299.5 12.3 204.5 315
kitchen 61.6 125 21.0 23.3
cleaning 29.2 12.7 10.6 22.8
dairy 152.2 12.8 51.1 14.8
health-tea 90.5 13.0 4.2 14.1
snack 136.5 14.1 71.3 19.7
interior 33.4 15.3 48 30.1
beef 108.3 154 285 379
beverage 41.8 158 129 22.4
chicken 50.9 16.7 194 17.2
pet—turf 438 196 2.9 39.0
cooking .1 21.2 53.7 40.4
vehicle 53.8 22.3 2.6 479
pork 35.0 24.2 9.7 288
hygiene 63.1 419 12.6 444
alcohol 3.7 42.3 0.7 452
POS 207.1 448 0.0 0.0
toy 23.9 585 0.7 789
(Table 6) Average Purchase Price in a Time Slot

Hour count Total price Average price

9 oY1 2,566,695. 47,530.6481

10 304 18,905,658. 62,189.6645

11 650 42,795,791. 65,839.6785

12 764 50,799,448, 66,665.9423

13 894 56,656,056. 63,373.6644

14 1012 61,606,025. 60,924.9259

15 1264 78,594,196. 62,178.9525

16 1551 91,591,054. 59,052.9039

17 1536 96,373,378. 62,743.0846

18 1428 86,153,057. 60,331.2724

19 1232 73,147,2217. 59,372.7492

20 1108 63,088 326. 56,939.3736

21 859 52,577,883. 61,208.2515

22 558 33,107,041. 59,331.6147

23 120 5,999,588, 49,996.5667
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(Figure 7) Average Shopping Time of Selves(second)
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(Figure 9) Average Shopping Time of Selves for Non-Purchase(second)
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(Figure 10> Average Visiting Customers of Selves in a Time Slot
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(Table 7) Profile Summary of Selves

Visiting count Purchase count Purchase count/visiting count

POS 16600 0 0
health-tea 26081 732 2.806641
dried-seafood 32156 1723 5.358254
fruit 19839 5066 25.53556
snack 47736 6398 13.40288
cold/frozen 76219 3751 4921345
chicken 14971 2834 18.92993
dairy 55011 6607 12.01033
pork 6412 1012 15.78291
finfish 22401 3812 17.0171
detergent 19459 1256 6.454597
beef 28010 2018 7.20457
handicraft 9018 36 0.399202
pet—turf 8286 221 2.7139561
toy 1495 25 1.672241
hygiene 6432 844 13.12189
beverage 11545 1523 13.19186
fast-food 55702 2979 5.348102
interior 8407 434 5.162365
vehicle 8851 152 1.71732
cooking 19218 3H%H 18.70642
seasoning 63048 3428 5.037621
alcohol 371 50 13.47709
kitchen 20964 2365 11.28124
vegetables 110538 14623 13.22893
cleaning 9951 1280 12.86303

entrance 17445 0 0
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(Figure 11) Visiting Customers of Selves
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(Table 8) Summary of Moving Clusters
C1l c2 c3 c4 ch cb c7 c8 c9 cl0
Cluster Size 5640 | 4992 | 3567 | 801 221 788 188 67 53 54
Average Visiting 437 | 542 | 268 | 335 | 236 | 285 | 296 | 638 | 327 | 563
Average Shopping Time | 6084 | 783.1 | 411.8 | 5309 | 3939 | 426.1 | 4437 | 11025 | 534.9 | 832.7
Entire 35,498 | 37,352 | 29,689 | 28087 | 24,800 | 28525 | 23,353 | 41,637 | 22,719 | 43,174
Sales | Below W150,000 | 32,526 | 33,750 | 26,757 | 27,072 | 24,021 | 26,731 | 23,353 | 29,955 | 16,466 | 35,527
Below W100,000 | 28,313 | 29,476 | 24,173 | 23,648 | 21,844 | 24,448 | 23,353 | 26,086 | 14,226 | 26,840
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