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Abstract: Analyzing the potential travel demand for customized buses is the basis of the service promotion. How-

ever, the existing relevant research focuses on the macro demand characteristics or mode choices’ willingness under 

specific travel scenarios, which is difficult to generalize the various application scenarios and corresponding poten-

tial demand characteristics of customized bus systems. Combining the respective advantages of large data feature 

mining and small sample individual behavior, this paper puts forward a scenario-oriented macro and micro nested 

analysis method for customized bus travel demand. To estimate the customized bus travel demand in different sce-

narios, big data mining is utilized to reveal the macro characteristics of travel demand, and a small sample survey 

can help obtain the mode choices’ willingness of micro individuals and analyze the nested connection through con-

sistent travel scenarios. Then, Xiamen is selected as an example to verify the applicability of the method. The re-

sults show that, according to the characteristics of potential demand, various travel scenarios can be divided into 

four types including “high demand, high mode-shift rate”, corresponding to differentiated customized public trans-

portation marketing strategies. DOI: 10.13813/j.cn11-5141/u.2022.0605-en 
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0 Introduction 

Customized bus (CB) is an emerging form of de-

mand-responsive public transportation that uses internet 

platforms to collect passengers’ travel needs and plan routes 

and schedules based on demand characteristics 
[1–2]

. CB of-

fers personalized travel services that cater to residents’ indi-

vidualized needs, while online demand collection and 

reservation booking through mobile internet have improved 

response efficiency and service quality. In recent years, es-

pecially during the COVID-19 epidemic, CB in many cities 

have achieved ideal passenger flow levels 
[3–5]

, supplement-

ing traditional buses and reflecting the advantages of flexi-

bility, comfort, and traceable passenger flow 
[6–7]

. Developing 

CB can activate and enrich the public transportation service 

market, enhancing its attractiveness to travelers, particularly 

when the passenger flow of urban buses is slow to recover. 

To promote the development of CB, it is essential to ana-

lyze the potential travel demand for such services. Existing 

research on CB demand analysis has focused on macro fea-

ture analysis based on travel big data 
[8–13]

 and micro behavior 

willingness based on sample surveys 
[14–15]

. However, these 

studies have limitations. Macro feature analysis often dis-

cusses urban travel demand as a whole or only focuses on 

commuting demand, ignoring the spatial and temporal de-

mand characteristics of CB in different scenarios. On the 

other hand, micro behavior willingness analysis is limited by 

the sample size of the survey and only analyzes the behav-

ioral mechanisms and travel willingness of specific travel 

scenarios, making it difficult to grasp the demand scale and 

spatial distribution of CB. The commercial promotion of CB 

needs to give full play to the advantages of travel big data and 

small sample behavior survey, clarify the potential demand 

scale and spatial-time distribution of current travel groups 

under different scenarios from the urban level, as well as the 

acceptance of different types of CB modes, then combine the 

conclusions above. 

This paper proposes a scenario-oriented macro and micro 

nested analysis method for the potential travel demand of CB. 

First, segment travel scenarios according to travel attributes, 

and build a scenario-oriented travel demand analysis 

framework; Secondly, mine the macro characteristics of 

travel demand based on travel big data, obtain the choice 

willingness of micro individuals based on small sample sur-

vey; Then realize the nested connection of the above two 

conclusions through consistent travel scenario in order to 

study potential demand of CB under various scenarios, 

providing decision-making reference for the government’s 

public resource allocation and CB enterprise operation. 
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1 Literature review 

1.1 Analysis of customized bus travel demand 

Travel big data (or “macro data”) and survey data (or 

“micro data”) are two common data sources used for ana-

lyzing travel demand. Due to differences in collection pur-

pose, methods, and information contained, the former is 

mostly used for macro feature mining while the latter is ap-

plied for analyzing micro individual demands and mode 

choice intentions. Each type of data contains its own infor-

mation boundaries, leading to limitations in studies focusing 

on CB demand. 

Macro feature mining based on travel big data is currently 

the main method for assessing potential CB demand. This 

method extracts a certain type of travel OD information based 

on resident travel data and assesses travel demand based on 

spatial-temporal clustering features. Some studies 
[8–9]

 use IC 

card data to reconstruct trip chains and identify commuting 

OD, with Chen Xi et al. 
[8]

 identifying CB demand hotspots 

using spatial clustering methods and Guo Rongge et al. 
[9]

 

establishing utility indicators to explore CB service routes. 

Some studies
 [10–12] 

use taxi GPS data to mine potential pas-

senger groups and OD hotspots, while Yu Qing et al. 
[13]

 

discuss CB service route design methods based on mobile 

phone signaling data. However, the above data records do not 

include individual attribute information, making it difficult to 

analyze the shifting willingness of travel groups to CB, re-

sulting in low credibility of research conclusions. 

CB mode choice intention analysis based on small sample 

survey data focuses on specific populations’ willingness to 

choose CB. Firstly, RP and SP surveys are conducted on 

commuting groups, followed by statistical analysis methods 

such as discrete choice models to discuss specific groups’ 

willingness to choose CB and the mechanism behind it, 

achieving research on individual-level behavior and attitudes 
[14–15]

. However, it is difficult to conduct surveys on different 

travel groups using traditional questionnaire forms and dif-

ficult to expand survey results to the city level, hindering the 

broad promotion of research conclusions. 

It should be noted that most studies discuss CB travel 

demand as a whole 
[10–13]

, or only focus on commuting 
[8–9, 

14–15]
, lacking consideration of various practical service sce-

narios for CB and differences in travel demand between 

different scenarios. In fact, they do not analyze relevant de-

mand from the perspective of CB diversification character-

istics, which is not conducive to guiding CB practice. 

1.2 Method of scenario oriented 

The concept of scenario-oriented (or “scenario-driven”) 

originated from marketing. Marketing research has shown 

that consumer behavior often occurs in specific scenarios of 

daily life, and consumers’ perception of services is strongly 

related to these scenarios. Therefore, distinguishing different 

scenarios when designing products or services can more 

accurately meet consumers’ personalized needs in different 

scenarios 
[16]

. In recent years, the method of scenario-driven 

has gradually expanded from the marketing process to 

product designing, smart manufacturing, and management 

system development, becoming an innovative development 

model. The concept of scenarios has also been generalized 

from consumer and application scenarios to demand scenar-

ios. 

The method of scenario-driven has been applied in the 

development of transportation systems, such as the devel-

opment of big data platforms based on different data appli-

cation scenarios 
[17]

, the design of signal control simulation 

systems for future urban transportation scenarios 
[18]

, and the 

research on autonomous driving systems in specific envi-

ronmental scenarios 
[19]

. However, existing methods for an-

alyzing travel demand for new formats, such as CB, still use a 

top-down analysis model for traditional transit, and lack 

consideration of the demand differences caused by diversi-

fied travel service products from the perspective of multiple 

travel scenarios. In fact, introducing scenario-driven thinking 

and conducting scenario-based differential analysis of CB 

demand is an important foundational work for promoting 

public transportation priority using market-oriented ap-

proaches and aligns with the direction of dynamic, refined, 

and accurate governance 
[20]

. 

1.3 Method of nested analysis 

The analysis concept of macro-micro data nesting (also 

known as “integration of big and small data”) has emerged 

with the widespread application of big data, and it can spe-

cifically address the following shortcomings of big data: first, 

big data belongs to “weak designed” data 
[21]

, which does not 

serve scientific research specifically 
[22]

, and its information 

content is limited with observation boundaries; second, the 

lack of individual attribute data in big data leads to emphasize 

correlation rather than causality 
[23]

, making it difficult to 

verify causal relationships 
[24]

; finally, big data is not a com-

plete sample data 
[22–24]

, and cannot represent the entire social 

population. The macro-micro data nesting approach can lever-

age the advantages of big and small data, and through the con-

struction of information keys, achieve effective matching of big 

and small data, while also verifying micro-behavioral mecha-

nisms through macro feature correlation analysis 
[21–24]

. 

The method of nested analysis has been widely applied in 

disciplines such as sociology and geography. Sun Shichao 
[25]

 

used the IC card number as the linking key to construct a 

nested connection between macro transit travel data and 

micro individual survey data, thus achieving a comprehen-

sive measurement of user behavior and attitude features, and 

completing user market segmentation in two dimensions. J. 

Blumenstock et al. 
[26]

 conducted a sample survey on tele-

phone users in Rwanda, using the measured household asset 

information as a label to construct a supervised learning 

model for predicting household asset status based on anon-

ymous phone call records big data, and analyzed the overall 
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poverty situation in the area. Huang Wei et al. 
[27]

 established 

a mapping relationship between partial user mobile signaling 

location data and their true individual residence, and con-

structed a supervised learning model based on signaling big 

data to predict residential location, and analyzed the distri-

bution of population in residential areas. Qin Xiao et al. 
[24]

 

proposed three method frameworks for combining big and 

small data: EDCF, MFVE, and AADSF, to discuss the   

inter-influence mechanisms between urban space and resi-

dent behavioral activities. Applying the above framework, 

Qiu Jing et al. 
[28]

 discovered two types of spatial patterns in 

the main urban area of Changzhou city based on WeChat hot 

spot big data: balanced and unbalanced employment-residence 

spaces. They then built regression analysis models based on 

POI data and micro survey data to analyze the causes of the 

differences between the two types of spaces. 

Taking the analysis of potential CB travel demand as an 

example, this paper combines traditional micro-sample sur-

vey methods to conduct a sample survey on corresponding 

travelers, which can supplement individual behavioral inten-

tion evidence for macro feature conclusions based on travel 

data analysis, and overcome the one-sidedness of analysis 

based on a single data source. 

2 Framework of scenario-oriented macro and 

micro data nested analysis 

2.1 Basic logic 

Travelers in cities meet their diverse travel needs through 

various existing transportation modes. With the emergence of 

CB services, some travelers may switch from original mode 

to CB, and different travel scenarios may lead to differences 

in travelers’ potential demand for CB. In various scenarios, 

the potential demand for CB depends on two factors: the 

demand (and characteristics) of the original travel mode, and 

the willingness or mode-shift rate of travelers. 

Based on the above logic, combining with scenario-oriented 

macro-micro data nested analysis method, this paper pro-

poses a framework for analyzing potential demand for CB 

(see Figure 1), which includes four steps: Research object 

selection and data collection, scene segmenting, macro and 

micro data analysis, and nested analysis.

 

Fig.1  Scenario-oriented macro and micro data nested analysis framework for potential travel demand of customized bus 
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2.2 Research object selection and data collection 

Select the existing travelers of a certain mode as the re-

search object and collect data. The travel big data of indi-

vidual travel activities (see Table 1), usually collected using 

public transit IC cards, mobile digital devices, etc.; sample 

survey data is obtained based on a sample survey of the re-

search group. It is recommended to choose research subjects 

with relatively low data acquisition difficulty. 

The method framework proposes the following require-

ments for the two types of data: macro data should be able to 

extract complete travel OD information from the raw data; 

micro data should focus on sampling methods, sample size, 

and survey content to improve the credibility of small-sample 

survey data. 

1) Sampling methods 

Understand the overall distribution of the target popula-

tion’s attributes (such as gender, age, etc.) and conduct strat-

ified sampling based on these characteristics. If cost 

constraints prevent stratified sampling, simple random sam-

pling can be used instead, and the consistency between the 

sample’s attribute distribution and the overall distribution can 

be controlled to improve the representativeness of the sample. 

2) Sample size 

If the sampling rate of resident travel survey cannot be 

reached by using small sample survey, the sample size re-

quired for simple random sampling can be calculated ac-

cording to the accuracy requirements. For the common 

normal population, when the total number of subjects is > 5 

000 and the confidence level is 95%, the error range of ± 10% 

can be met when the number of samples reaches 96, ± 5% can 

be met when the number of samples reaches 384, and ± 3% 

can be met when the number of samples reaches 1 067 
[29]

. 

The specific sample size is determined according to the re-

quired accuracy requirements and costs. 

3) Survey content 

Various attribute characteristics (including travel purpose, 

travel time, travel distance, etc.) of the study object using the 

original transportation mode should be collected, as well as 

their willingness to shift from the original mode to CB under 

the above travel conditions. Considering that CB has not been 

widely popularized, the concept of CB should be objectively 

introduced before the SP survey to reduce the error caused by 

insufficient cognitive level. 

 

2.3 Scene segmenting 

Based on the attributes related to travel (recorded as “P”), 

all original travel demands can be segmented into several 

travel scenes (recorded as “S”). In this method, one or more 

attributes, such as travel purpose, travel time period, and 

travel distance, can be selected to form P. Considering that 

the willingness of travelers to switch modes is usually in-

fluenced by multiple factors 
[30–31]

, selecting more travel 

attributes to form P may reduce errors in subsequent analyses  

Tab.1  Types of travel big data 

 
of mode choice. However, overly complex P may result in 

non-representative scene divisions and increase practical 

difficulties. In addition, CB services still have public service 

characteristics, and not all user demands can be considered in 

the early potential demand estimation process. 

This paper suggests that P be determined based on the 

types of CB services planned by the city (such as routes 

serving hub transfer and leisure trip), and scene division 

should be conducted to achieve targeted analysis. If condi-

tions permit, pre-surveys can also be conducted to analyze the 

main influencing factors of travelers’ willingness to choose 

CB services and determine P. 

2.4 Macro and micro data analysis 

Macro data analysis is based on the spatial-temporal fea-

tures of OD obtained from travel big data, using reference 

attribute features P to infer the travel scenario S that indi-

vidual trips belong to. Then, through aggregation and other 

methods, the demand for travel under the original mode (and the 

features) is extracted and calculated in the travel scenario S. 

Micro data analysis is based on the survey of travel at-

tributes of research subjects, using reference attribute fea-

tures P to select and extract samples that meet the travel 

conditions of the travel scenario S. Then, the mode-shift rate 

of travelers from the original mode to CB is calculated and 

aggregated under the travel scenario S. 

2.5 Nested analysis 

Nested analysis is used to connect the conclusions of 

macro and micro data analysis based on the same travel 

scenario S. With the above process, we can explore the dif-

ferentiated demand for CB under various specific travel 

scenarios. 

3 Case study 

3.1 Research object and data collection 

Take Xiamen as an example to verify the proposed method 
framework. Select local taxi order data for macro analysis. 
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This data includes the city’s online taxi and cruise taxi order 
records from May 31 to June 9, 2019 (5 days for working 
days and 5 days for holidays). The OD data format is shown 
in Table 2. The amount of data after cleaning is about 4.6 
million. 

Conduct sampling survey on local taxi passengers and 
obtain small-scale sample data for microscopic analysis. The 
questionnaire was distributed to the target group through the 
“Questionnaire Star” platform in July 2021. According to the 
data requirements in the method framework, the design 
content of the questionnaire is shown in Table 3. Finally, 200 
valid samples were recovered. 

Tab.2  OD data format of taxi orders 

Tab.3  Questionnaire contents 
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3.2 Potential travel demand analysis 

1) Scene segmenting 

Divide taxi travel scenarios. In consideration of the limi-

tation of the number of samples and the difficulty of identi-

fying the OD scenario, “travel purpose” is selected as the 

attribute feature P, and five travel scenarios (namely com-

muting, hub transfer, leisure trip, traveling to scenic spot and 

seeking medical treatment) are set up, corresponding to the 

potential service scenario of CB. 

2) Macro data analysis 

The travel purpose of individual OD in the taxi order data 

is inferred, and then the taxi travel demand characteristics 

under various travel scenarios are obtained. Considering that 

the existing travel order data often does not directly contain 

travel purpose information, this paper identifies and verifies 

the travel purpose of OD based on land use information and 

the space-time characteristics of OD. The technical route is 

shown in Figure 2. The main steps are as follows: based on 

the local POI data, identify the nature of the traffic area land 
[32]

 and match it with the aggregated OD data; Select some 

ODs with strong spatial aggregation (to avoid the impact of a 

large number of scattered demands on scenario inference), 

and judge and verify the corresponding travel purpose based 

on time-varying characteristics and land use characteristics, 

as shown in Table 4. 

3) Micro data analysis 

Based on the survey data, the mode-shift rate of taxi pas-

sengers to CB is calculated under various travel scenarios. 

The calculation formula is 

 
Pi is the mode-shift rate of taxi passengers to CB under the 

fourth travel scenario. Si
t 
is the total number of respondents 

whose travel demand meets i travel scenario; Si
w
 is the 

number of respondents who choose “willing” or “very will-

ing” to shift from the original mode to CB. The calculation 

results are shown in Figure 4 (the dotted line represents the 

average level of the mode-shift rate). 

4) Nested analysis 

Figure 5 shows the relationship between the mode-shift 

rate from taxi to CB (horizontal axis) and the original demand 

for the travel mode (vertical axis) in various travel scenarios. 

Based on a certain threshold for the two indicators, the plane 

is divided into four parts, corresponding to different types of 

potential demand for CB in different travel scenarios: 

 

Fig.2  Travel purpose inference of taxi OD data 

 

Fig.3  Macro characteristics of taxi travel demand under each travel scenario 
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Tab.4  Travel purpose inference 

 

 

Fig.4  Mode-shift rate of respondents to customized bus under each travel scenario 

Quadrant 1 represents scenarios of “high demand and high 

mode-shift rate”. Taxi demand exhibits strong spatial and 

temporal clustering, and the proportion of passengers shifting 

to CB is high. Therefore, CB of this type have good opera-

tional potential and are suitable for priority promotion. 

Quadrant 2 represents scenarios of “high demand and low 

mode-shift rate”. Taxi demand exhibits strong spatial and 

temporal aggregation, such as commuting during rush hours, 

hub transfers, and leisure trips at night. However, the pro-

portion of passengers shifting to CB is lower than the average 

level. Therefore, CB serving the above travel scenarios may 

not be attractive enough to original taxi passengers. If this 

type of CB is planned to be promoted, attention should be 

paid to service attributes such as ticket price and punctuality 

to enhance passenger flow attraction. 

Quadrant 3 represents “low demand and low mode-shift 

rate” scenarios. Taxi demand does not exhibit strong spatial 

and temporal aggregation, and the willingness of passengers 

shifting to CB is also low, such as traveling to scenic spots. In 

this travel scenario, original taxi passengers are not the fa-

vorable service objects of CB. 

Quadrant 4 represents “low demand, high mode-shift rate” 

scenarios. Taxi demand does not exhibit strong aggregation, 

but the willingness of taxi passengers to shift to CB is high,
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Fig.5  Conclusion of macro and micro data nested analysis 

such as seeking medical treatment. Low travel demand may 

reflect two situations: the absolute number of such trips is 

small; There are already travel services similar to customized 

public transport (such as conventional buses), which makes a 

large number of travelers not choose taxi. If CB serving this 

type of scenario are planned to be promoted, further research 

on the current mode of transportation for corresponding 

travelers should be conducted to avoid unfavorable competi-

tion between CB and existing travel modes. 

4 Conclusion 

This paper proposes a scenario-oriented macro-micro data 

nested analysis method for potential demand for CB. Based 

on travel attributes, the travel scenarios are segmented, and 

an analysis framework guided by specific scenarios is con-

structed. The advantages of big and small data are utilized to 

mine the macroscopic features of travel demand, and the 

willingness of individual passengers is obtained through 

small-sample surveys. The conclusions of the two aspects are 

nested through consistent travel scenarios to analyze CB 

travel demand in different scenarios. Xiamen is selected as an 

example to verify the operability and data applicability of the 

method. The results show that various travel scenarios can be 

classified into four types of “high demand and high 

mode-shift rate” based on potential demand characteristics, 

and corresponding differentiated CB market promotion 

strategies can be formulated. 

This article still has certain limitations that need to be ad-

dressed. Firstly, the travel scenarios are presented in a quali-

tative manner without sufficient quantitative analysis. Future 

research could incorporate quantitative indicators to facilitate 

more accurate alignment and connection of macro and micro 

data, leading to a more comprehensive understanding of CB’s 

operational potential. Secondly, the sample size of the case 

study is limited by uncontrollable factors, including the on-

going pandemic. Consequently, only taxi passengers were 

used as a nested analysis example, and the mi-

cro-investigation sample size is limited, which restricts the 

generalizability of the results. Future research could expand 

the sample size and consider diverse travel groups, such as 

transit passengers and shared bicycle users, to provide more 

comprehensive insights into CB’s potential demand. 
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