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Abstract 
The potential innovation and emerging workforce created by autonomous 
vehicle technologies, which have just entered the lean product development 
disciplines, play an important role in the development or change of the au-
tomotive manufacturing industry. Therefore, the intensity of work and the 
innovation practices brought by the technologies in question at each step of 
very different and interdisciplinary studies deeply affect the new and lean 
product development steps. Comparatively measuring the operating weight 
of new autonomous vehicle technologies in different company structures in 
these lean product development steps has important consequences for the 
development and change of the automotive industry under heavy global 
competition. On the other hand, it is difficult to measure the innovation in-
put or the use of new autonomous technology under the AHP mathematical 
model of each part that constitutes the whole of the lean product develop-
ment process, but it also creates the future predictions of the sector. The 
Analytical Hierarchy Process (AHP), which is one of the multi-purpose de-
cision-making methods, was used to determine the most intense value crea-
tion, the design and development phase where there is innovation input, or 
the lean product development discipline throughout the whole process. The 
AHP method was preferred for the comparative analysis and synthesis of 
different applications or similar approaches in the automotive manufactur-
ing industry companies (global and local) and lean product development 
processes in the field study of the research, under qualitative data. Under the 
AHP mathematical model created in the research, it was aimed to measure 
interdisciplinary clusters with a focus on new technology and to identify si-
milarities or differences under alternative applications created by different 
company structures and to compare them systematically and evaluate them 
mathematically. In the study, the AHP mathematical model was used to 
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compare lean product development processes and the use of new autonom-
ous vehicle technologies, and the Expert Choice program was preferred in 
the application of the method.  
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1. Introduction 

Today’s automotive industry continues its developments in the processes it uses 
in the application and design of innovation or new autonomous vehicle tech-
nologies, and in the final new products, continues its development with its pro-
ductions in an increasingly competitive environment. Therefore, global automo-
tive manufacturing industry companies design and develop new vehicle prod-
ucts and update them by increasing their efficiency within defined life cycles in 
order to maintain their competitive structure and increase market penetration. 
In this sense, both lean product development steps and interdisciplinary stage 
clusters created by new autonomous vehicle technologies in practice emerge as a 
result of the restructuring of different and new expertise-based collaborations, 
which are formed by intensive application and adaptation studies, on the basis of 
simplification and value creation. On the other hand, interdisciplinary collabo-
rations created by autonomous technologies in practice; it has been observed 
that it has a positive effect on potential innovation creation and new technology 
adaptation, reducing the application cost of autonomous technologies within the 
scope of outsourcing, increasing flexibility in the use and functions brought by 
new technologies, and ensuring customer satisfaction with innovation. 

One of the critical activities of the design and development process manage-
ment is the adaptation of the new technologies procured through the foreign 
procurement channel to the new vehicle. Considering that lean product devel-
opment and design activities basically constitute high resource management and 
investment, incorporating new outsourced new technology into the product in 
existing processes requires special solutions and measurements. Outsourcing of 
automotive manufacturing industry companies constitutes an important deci-
sion point in how new technology can be included in existing lean product de-
velopment processes, in practice, in which stages. The correct evaluation of the 
parameters within the basic discipline or function and process values created by 
each lean product development step with autonomous technologies will make 
the whole flow efficient. In this study; an AHP mathematical model was estab-
lished to analyse the clustering or adaptation density created by new product 
development departments and disciplines in practice, including new autonom-
ous technologies. In this comparison structure, which works with the mathe-
matical model included in the AHP method, the lean product development 
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process steps of 3 global automotive manufacturing industry companies (GC) 
and 3 local automotive manufacturing industry companies (LC) were evaluated. 
After evaluating the new product development disciplines of each automotive 
manufacturing industry company with the AHP model, a total score was ob-
tained for the expertise and discipline in autonomous technology applications. 
Among these values, it is clear that the new product development discipline, which 
has the highest clustering workload, needs a high resource investment.  

2. Lean Product Development Process and Research Model 

New and lean product development management focuses on how effectively 
businesses use their innovation or creation processes and capabilities, and how 
successful they are in coordinating resource management and updating in com-
pany functions [1] [2] [3]. Therefore, value creation and preservation in the new 
product development management or process constitute an important roadmap 
for the company’s innovation and new technology acquisition. To create an ef-
fective design and lean product development process, or to provide competitive 
advantage with new products, lies in the details of the iterative structure of the 
firm’s innovation acquisition and deployment implementation processes [4] [5] 
[6] [7]. As a result of the increase in international competition, automotive man-
ufacturing industry companies create important values by directing mass pro-
duction with their products in high demand in that region, with product devel-
opment center specialized for variables, realizing vehicle adaptations of new au-
tonomous technologies that come into play specifically for the region, and opti-
mizes resource management in a repetitive manner in order to spread in pro-
duction [8] [9]. In addition, depending on the shortening of the product life cycle 
(PL) from today’s global market conditions, automotive manufacturing industry 
companies are developing plans to expand, update or change their existing prod-
uct ranges, or to offer new products to certain markets under the autonomous 
technologies that come into play in certain periods. For this reason, prioritizing 
the determination and operation of lean product development that require labor 
intensive in the application, adaptation or design of new autonomous vehicle 
technologies provides significant benefits in the global competition of automo-
tive manufacturing industry companies [10] [11] [12]. Lean product develop-
ment revealed by AHP mathematical model comparisons play an important role 
in the future of new autonomous vehicle technologies [13] [14]. The order of 
importance or the comparative structure of the disciplines in the lean and new 
product development process according to autonomous vehicle technology ap-
plications plays an active role in the definition, design and development of new 
transportation solutions or requirements intertwined with the new life model 
[15]. 

2.1. Determination Process of Lean Product Development 

The importance given to new product or innovation management provides 
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long-term technology design or development that does not depend only on the 
design and new product development process stakeholders, and this structure 
positively affects the competitive power of automotive manufacturing industry 
companies in the long run [16] [17] [18] [19]. A collective upgrade investment 
for new autonomous technology adoption to all new product development dis-
ciplines and stakeholders could result in significant financial and operational 
losses for automotive manufacturing industry companies (Figure 1). Therefore, 
under the measurement of the density, innovation and workforce amount 
created by the new autonomous vehicle technologies in the application of lean  
 

 

Figure 1. Autonomous technology use to lean product development process [19]. 
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product development disciplines, the decision to invest in order of priority or to 
increase software, hardware and resources step by step according to the whole 
flow effect, increases the efficiency of the total flow or prevents losses (Figure 1). 
In addition, the selection or determination of new product development discip-
lines, where new autonomous vehicle technologies constitute a heavy workforce, 
the definition of decision criteria, and the pre-selection of specialization depart-
ments where potential innovations can increase consist of two stages (Figure 1). 

In Paker’s (2018) research, lean product development process disciplines rea-
lized in automotive industry companies were detailed and the basic functions of 
the value stream map, new project scale, and value creation and preservation 
focused specialties, which were affected by innovations, professions and the 
hardware and software used were conveyed in the study (Figure 1). In Figure 
1, the investment budget, the lean product development teams that will be acti-
vated, the hours of expertise, software and hardware, as well as strategic markets 
and market shares are also included in other sources at the project entry level in 
the new project plans with the aforementioned initial setup [20] [21] [22]. 

2.2. Identification of New Autonomous Vehicle Technologies 

In order to define and select new autonomous vehicle technologies; one-on-one 
meetings with global automotive manufacturing industry companies (GC), 
which are both developers and users of these technologies, as well as local au-
tomotive industry companies (LC), which are only users through the supply 
channel, were first conducted with field studies, as planned. New autonomous 
technologies and lean product development disciplines were revealed in the 
light of one-on-one interviews conducted during the first field research of the 
study (Figure 2). The second field study of the study covers the analyses under 
the AHP survey method, as shared in this publication. Therefore, the most 
comprehensive and widespread studies for the sub-criterion values used in the 
definition and evaluation or selection of decision criteria in the AHP survey 
study have formed the main and sub-criteria that are closest to the mathemati-
cal model made by Paker (2018) and Dickson (1966) [23] [24]. 6 main and 23 
sub-criteria have been determined that can be used in the selection and evalua-
tion of processes or systems in Dickson’s or Paker’s studies. In these process or 
system selection evaluation studies, the main and sub-criteria with the highest 
share, in order of importance, of value creation or preservation, supply chain va-
riables or selection, efficiency or performance measurements and similar com-
parisons were examined. In the study conducted by Wind (1980), a sequence of 
criteria was created according to the importance of main and sub-criteria, cost, 
time, quality, product, capacity, place and similar evaluations respectively [25]. 
Yang’s evaluation criteria (2008), Paker’s (2018) and Dickson’s (1966) 23 - 29 
criteria, or Wind’s (1980) comparison studies were analyses under the AHP 
mathematical model [23] [24] [25] [26]. Therefore, in the results of this study; 
performance, efficiency, order of importance, clusters and selection, similar main  
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Figure 2. New autonomous vehicle technology on CAN network [30] [31] [32]. 
 
and sub-criteria were among the alternatives with the highest importance, re-
spectively. In the repetitive review of the research that Ho (2010) made and 
started in 1991; performance, price, quality, production capacity and distribu-
tion has been determined among the supply chain and similar evaluations, the 
four most important sub-criteria considered [27]. In this direction, sub-criteria 
of price, quality, service and distribution are considered as the most important 
criteria in many studies. As a result of process or supply channel selection and 
evaluation, hundreds of criteria are summarized and in order of importance 
quality, delivery, price/cost, production capacity, service, management, technol-
ogy, R & D, finance, flexibility, relations, risk and security, etc. priority order of 
the sub-criteria was compared among the alternative structures according to the 
order of importance [23] [27]. Traditionally, measuring the performance or effi-
ciency of the sub-stages constituting the main process on the basis of basic crite-
ria, evaluation methods in order of importance, while measuring only the use of 
resource management criteria in the decision-making process; it has been re-
vealed that the performance criterion alone is not sufficient for the alternative 
process selection and evaluation methods developed in the following years, and 
that other criteria should also be taken into account. 
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Various methods come to the fore in pre-selection of processes that can be 
evaluated on the AHP mathematical model. Categorical methods, data envelop-
ment analysis, clustering analysis and event-based inferential systems are widely 
used in the preselection of processes that can be included in the AHP compari-
son structure. The minimum conditions required for each main and sub-criteria 
evaluated with these methods are determined or if at least one of these criteria 
does not have the desired feature or minimum value, it is eliminated from the 
alternatives. Another main and sub-criteria pre-selection method is to determine 
the most important criterion and to create an evaluation model according to this 
criterion among all alternatives [28]. AHP artificial intelligence models devel-
oped for the solution of the selection problem of alternative applications focused 
on the evaluation of the process stages; expert systems developed with event- 
based inference and neural networks yield valuable results. Expert Systems are 
aimed at solving important problems in a specialized field by imitating the way 
of thinking of experts. There is no need to formulate the decision-making process 
while performing the formation or selection of the process-oriented stages by uti-
lizing neural networks. With this feature, the neural networks of the AHP ma-
thematical model cope better than other models when it comes to decision mak-
ing situations where uncertainty and complexity are involved. Development 
process performed process evaluation and selection with a decision support sys-
tem based on neural networks [29]. 

In the survey part of the research, the autonomous vehicle technologies ques-
tioned with the companies are included in Figure 2. The autonomous vehicle 
technologies in Figure 2 are 10 autonomous vehicle technology pieces that de-
termine the speed and distance of the vehicle and its environmental conditions; 
Lane directs with 30 subsystems working in CAN network using Lidar, GPS, 
Infrared Camera, Ultrasound, Wheel Encoder, Short-long wave Radar and simi-
lar units [30] [31] [32]. The time elapsed during the instantaneous reception and 
transmission of information on the CAN line above is the key point in deter-
mining the distance, and the frequency shift in the reflected beam is calculated 
with the Doppler Effect to determine the vehicle speed (Figure 2). The CAN 
system consists of a standard network structure that uses 2 basic cables to receive 
and transmit data from the ACC system (Figure 2). Therefore, each node com-
ing to the CAN system transmits 0 to 8 bytes of messages in the message header. 
The main role of the message header in question is to decide the priority of the 
message. Thus, the message with the highest priority is transmitted first. When it 
finds a free space to transmit the secondary message, it tries to send its message 
again (Figure 2). On the other hand, among the systems connected to the CAN 
line, the engine control module (ECU): regulates the travel speed by controlling 
the digital throttle of the vehicle power engine. When the autonomous vehicle 
engine control ECU receives information from the ACC module, it controls the 
vehicle speed. Brake control module (BAC), which directs the counterforce of 
this system: it is to activate the digital brake system when needed by the ACC 
module [30] [31]. Sensors (Brake Pedal Sensor, Accelerator Pedal Sensor, Radar 
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Sensor, Four Wheel Sensor, etc.) and actuators in autonomous vehicles (Brake 
Actuator (BA), Throttle Actuator (TA), etc.) are increasing with newly added 
functions. The main function of the brake actuator (BAC) is to determine ve-
hicle speed or reduce vehicle speed by signalling the vehicle throttle actuator 
(TAC). The main function of the digital throttle actuator (TAC) is to control 
the throttle valve according to the need of the ACC system [31] [32]. 

3. Research Method 

The AHP research method approach, developed by Thomas L. Saaty in the early 
1970’s, is a tool to assist decision making in complex, unstructured and mul-
ti-criteria decision processes [33]. The AHP method was preferred for this study 
because of its ability to use qualitative and quantitative criteria together [33] [34] 
[35]. In addition, it is a method that is easy to understand and implement by 
global and local automotive manufacturing industry company managers who 
participated in the second field survey, and it is also a method that can help im-
prove the decision-making process. The aim of the AHP research method; for a 
given set of alternatives, by scaling the associated priorities, taking into account 
the intuitive judgments of the decision maker and the consistency of comparison 
of the alternatives in the decision-making process, is to ensure that this process 
(decision making process) is completed in the most effective way [33] [34] [35]. 
With the AHP mathematical model method, the problem is decomposed in a 
hierarchical manner while it is applied in the process steps and in the selection 
of alternative products or companies. The basic structure of the hierarchy con-
sists of three level relationship levels developed to calculate the pairwise com-
parison matrix ratios and weights [36] [37]. In this process, the decision maker 
pairwise comparison matrix ratios are defined. Therefore, this method is strictly 
related to people’s decision-making ability. Under the AHP mathematical mod-
el, the main problem is decomposed in a hierarchical manner, while choosing 
the importance of the process stages or choosing the firm with alternative appli-
cations. The hierarchy is basically evaluated at three levels: the first level creates 
the main purpose, the second level creates the information, criteria, main and 
sub-criteria that should be included in the formula, and the third and last level 
includes the characteristics of the alternatives [33]. Creating the basic hierar-
chical structure under the AHP model helps to avoid complexity, while also de-
termining the basic elements of the problem [33]. The criteria can be separated 
into main and sub-criteria depending on the purpose of the research, this situa-
tion also increases the number of levels created in the hierarchy. The selection of 
the interdisciplinary study corresponding to the most effective technology, which 
is the aim of the highest-level problem, shows the alternative automotive manu-
facturing industry firm practices at the last level. Therefore, the second and sub-
sequent third levels indicate the main and sub-criteria of cluster selection in or-
der of importance, respectively [38]. 

When the application steps of the AHP research method developed by Saaty 
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are examined in detail [33]: 1 definition of the problem and determination of the 
target in this problem, 2 starting from the target, placing the criteria in the mid-
dle level and the alternatives in the hierarchical structure at the lowest level, 3 
determining which alternative or criterion is dominant, 4 for each column in the 
binary comparison matrix, column sums and normalizing the matrix by dividing 
the elements in the matrix by the relevant column sum, taking the totals of rows 
formed for each alternative or criterion in the 5 retrieval of row sums for each 
alternative or criterion in the normalized matrix, 6 multiplying the priority val-
ues obtained for each criterion or option in the priority matrix created with the 
priority vector, with all the elements in the column in the binary comparison 
matrix of that criterion or option, 7 calculating the n value by dividing the row 
total values in the weighted total matrix by the row values in the priority matrix 
and calculating the arithmetic average of the values in the last matrix of (n.1.) 
size, 8 calculation of consistency index, 9 Calculation of the consistency ratio by 
using comparison tables, 10 Calculation of the final priority value to be reached 
by multiplying the priorities of the alternatives calculated on the basis of the cri-
teria and the criteria priorities obtained as a result of the pairwise comparison of 
the criteria among themselves, for each alternative (Figure 3). 

If the consistency ratio is less than 0.10, the comparison matrix is considered 
consistent (Figure 3). On the other hand, the pairwise comparison scale is given 
in Figure 4. The binary comparison scale is an evaluation system developed to 
reduce the effect of intermediate values in the decimal system (Figure 4). 

If the consistency ratio is smaller than the basic deviation ratio, the consis-
tency ratio of the scale evaluations in the matrix structure increases (Figure 4). 
The formula that creates the binary comparison scale uses the scale values in 
Figure 4. 
 

 

Figure 3. Average random consistency (RI) table [33]. 
 

 

Figure 4. AHP rating scale [33]. 
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4. AHP Implementation of Findings 

The research was carried out with 30 employees, who have been performing the 
automotive manufacturing and new product development functions in the same 
location (Turkey) since the 1960’ s, and who have taken on managerial positions 
in local (LC) and global partnered (GC) automotive industry companies (1 local, 
2 global), and new to the design stages. It focuses on the impact of autonomous 
vehicle technologies in practice. 3 participating automotive manufacturing in-
dustry companies, which still continue their manufacturing and new product 
development functions at the said location; has been carrying out new vehicle 
design and development, simultaneous new product projects, robotic manufac-
turing technologies, local and global sales and service network, mixed product 
assembly lines, current lean product development processes and similar activi-
ties for more than half a century.  

AHP mathematical model problem definition used in the research: with new 
product development processes and disciplines realized in local and global au-
tomotive manufacturing industry companies, it constitutes a comparison of the 
intensity of use of new autonomous vehicle technologies. The depth question 
created by the problem is to determine the clusters with the intensity expe-
rienced by the disciplines that make up the lean product development process of 
autonomous vehicle technologies, which are at the center of innovation in the 
automotive industry. The needs of software, hardware and analysis studies of 
new technologies in the field or the needs of different areas of expertise in prac-
tice are revealed in technology creation (GC global automotive companies) or 
acquisition (LC local automotive companies). Therefore, a comparison structure 
has been designed under the technology adaptations of different autonomous 
technologies, which are carried out in partnership with 2 global automotive 
companies, and also supplied by 1 local automotive companies. The company 
that realizes the most efficient technology adaptation in newly developed ve-
hicles and the purpose or model of the selection of new product development 
disciplines or the order of importance set an example for an efficient structure in 
value creation and preservation. On the other hand, when the definition of the 
criteria in the AHP mathematical model structure is examined: the main criteria 
of the study are the vehicle constituting the new product development; A (elec-
trical & electronic systems), B (power train systems), C (ergonomics & package), 
D (interface & Instruments Panel (IP) control), E (upper body & prototype), F 
(test & Homoglation systems), to be there are a total of 6 (Figure 5). In addition, 
the 23 sub - criteria (A7 - 9, B10 - 13, C14 - 19, D20 - 22, E23 - 25, F26 - 29) of 6 
main criteria (A, B, C, D, E, F); in new product development, it constitutes 23 
specialization disciplines that perform the application and adaptation of new 
autonomous vehicle technologies on the vehicle (Figure 5). The interdiscipli-
nary productivity among 1 local or 2 global automotive manufacturing industry 
firms, which constitute the alternatives in the comparison structure of the AHP 
mathematical model, was measured with a focus on autonomous vehicle tech-
nologies (Figure 5). 
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Figure 5. AHP comparison mathematical model and EC software impact rates. 
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Mathematical model formation provides the most important structural unit in 
the AHP method (Figure 5). Starting from the purpose determined in the me-
thod approach in question, the relationship setup determined at all stages, the 
sub-criteria determined for each criterion, and finally the order of importance in 
the alternatives, created an inductive hierarchical structure (Figure 5). In Figure 
5, the basic flow structure of the AHP mathematical model established in the re-
search is shown. In this study, the AHP method was used to evaluate the qualita-
tive and quantitative elements together and to preserve the quality of being fast 
in decision making (Figure 5). 

5. Discussion and Evaluation 

Similar items at each level of the AHP hierarchy established within the frame-
work of the research were compared in terms of criteria at the next level. A 
pairwise comparison matrix of all items was created. Since the comparison of an 
item with itself in these binary matrices will be expressed with the number 1, the 
value 1 is placed on the diagonals of the matrix. Therefore, it represents n(n − 
1)/2 comparisons in a matrix with “n” elements. The main criteria in the AHP 
mathematical model, together with the elements within their homogeneous classes, 
were placed in the pairwise comparison matrix and after the priority vector was 
found, the consistency of the created vector was calculated according to the AHP 
method. The consistency ratio does not exceed 0.10 as stated before.  

While comparing the sub-criteria in the AHP model structure, first priority 
was given to the comparisons of the first-level criteria. Thus: A (Electrics & 
Electronics systems), B (Powertrain), C (Ergonomics & Package), D (Interface 
& Instruments Panel (IP) control), E (Upper body & Prototype), F (Test & Ho-
moglation) assessments were made, under binary matrices (Figure 6). The pair-
wise comparison matrix of the main criteria is presented in Figure 6. In the next 
step, the comparison values of the sub-criteria related to each main criterion at 
the first level were calculated. In the final stage calculations of the mathematical 
model structure, each criterion was compared in terms of alternatives. The 
main and sub-criteria determined under the AHP model carried out within the  
 

 

Figure 6. Calculation of AHP main criteria on column weighted. 
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framework of the research were compared in three alternative automotive in-
dustry company structures. These comparisons were made with 30 automotive 
industry company managers who played an active role in decision making. The 
AHP mathematical model, which was designed according to the working struc-
ture, was both calculated and carried out using Expert Choice (EC) software, in 
order of importance according to the new autonomous technology adaptations 
of different expertise and disciplines in the new product development process 
according to the comparative company structure. The EC program offers various 
evaluations in the comparison of main and sub-criteria and alternatives. These 
consist of options that convey verbal, numerical or graphic expression and anal-
ysis. In Figure 6; while B (2.7) uses less autonomous technology than A (4.2), F 
(11.333) is moderate compared to D (8.166) and E (10.833) uses moderately au-
tonomous technology relative to C (20). While B (Power Train Systems) shows a 
weak advantage over A (Electric & Electronic Systems), F (Test and Homologa-
tion) is moderate compared to D (Interface & IP) and E (Upper Body & Proto-
type) are all of than moderately important compared to (Ergonomic & Package) 
C (Figure 6). According to A and B the D order of importance is weak, while E 
and F test and homologation are moderately unimportant according to C ergo-
nomic and package system. D, while it shows moderate insignificance according 
to A and B, it is moderately insignificant according to C, E and F is calculated as 
the weakest link in the ranking. A, B, D, E and F show moderate insignificance 
relative to C but A, B, D, E show moderate insignificance relative to F the weak-
est in ranking. A and B show moderate insignificance compared to F, C shows 
moderate insignificance for F but A, B, D, E shows weaker insignificance than F 
and C. Thus, the first stage of the AHP method is completed and the next stage 
is passed to find the priority vector (Figure 6). 

In the second step, the values in each column in matrix [A] are summed up 
(Figure 6). After the total is found, each row element is divided by the resulting 
total to create a new [B] n × 1 vector. Figure 6 shows the calculation of the 
weights of the main criteria. The consistency ratio was calculated as 0.05 (Figure 
7). Since the consistency ratio was less than 0.10, the evaluation method was  
 

 

Figure 7. Comparative effect rates of lean product development stages (EC view). 
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accepted as consistent. In Figure 6, different from Figure 7, a graphical com-
parison was made. The importance values of the main criteria A, B, C, D, E, F, 
respectively, are shown on the matrix (Figure 7). In order to perform the con-
sistency analysis, the priorities of the sub-criteria were calculated among the 
main criteria and for each main criterion. To summarize what has been done at 
this stage, priorities have been determined in terms of the general purpose, based 
on the priorities obtained in the solution stages of the problem. Here, depending 
on each criterion, the priorities of each alternative are arranged in a matrix, and 
each column of this matrix is multiplied by the priority of the criteria in this 
column, and these products are collected along the rows. Thus, the vector of 
priorities for each alternative is obtained. Total priorities for all of the criteria, 
sub-criteria and alternatives are resolved in the EC software (Figure 7). When 
the analysis is made with EC software, the importance criteria of the main crite-
ria are respectively; C (ergonomics & package) 33.8%, F (test & homologation) 
26.9%, E (upper body & prototype) 15.5%, D (interface & IP control) 10.5%, A 
(electrical & electronic systems) 8.7%, B (power train systems) was obtained as 
4.5% and the importance values of the alternatives were determined as 52.4% for 
GC1 global automotive manufacturing industry company, GC2 global automo-
tive manufacturing industry company 33.0%, LC1 local automotive manufac-
turing industry company 14.6% importance values. GC1 is the global automotive 
manufacturing industry firm with the highest clustering (Figure 7), with 52.4% 
using the newest autonomous vehicle technologies. 

In Figure 7 above, the main criteria and the distribution of alternatives are 
solved in the EC computer program, and in Figure 8 below, the criteria, main 
and sub-criteria or the relative importance values of alternative automotive in-
dustry company applications are shown together (Figure 8). 

In Figure 8, the priority vectors found for each alternative in the previous 
stage were compared and the alternative with the highest value was revealed. 
GC1 global automotive industry company 52.4%, GC2 global automotive indus-
try company 33%, LC1 local automotive industry company 14.6% were calcu-
lated in the model and with the resulting difference, GC1 global automotive in-
dustry company, which is the highest priority alternative, was selected. A graph 
showing the performance, dynamics, slope and break-even sensitivity analyses of 
the EC software is included (Figure 9). 

The first of the sensitivity graph for each automotive industry company in 
Figure 9 is the performance sensitivity graph. While GC1 and GC2 global au-
tomotive manufacturing industry firms are around 60%, LC1 local automotive 
manufacturing industry firm is over 20% (Figure 9). While GC1 global automo-
tive manufacturing firm is above 95% in C discipline (Ergonomics & Package), 
GC2 global automotive manufacturing firm is defined as below 35% and LC1 
local automotive manufacturing firm is defined by 15% (Figure 9). While GC1 
global automotive manufacturing industry firm has around 75% in F discipline 
(Test and Homoglation), GC2 and LC1 automotive manufacturing industry  
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Figure 8. Values for criteria, sub-criteria, and alternatives weighted. 
 
companies have 40% ratio. While GC1 global automotive manufacturing indus-
try firm was 70% in E discipline (Upper Body & Prototype), GC2 global automo-
tive manufacturing industry firm was determined as 40% and LC1 global auto-
motive manufacturing industry firm was determined as 25%. GC1 global auto-
motive manufacturing industry company achieved 65% in D discipline (Inter-
face & IP Control), GC2 global automotive manufacturing industry company 
achieved over 60%, LC1 local automotive manufacturing industry company 
achieved 20%. GC1 global automotive manufacturing company has a perfor-
mance sensitivity of 75% in A discipline (Electrics & Electronics Systems), GC2 
global automotive manufacturing company is around 45%, while LC1 local au-
tomotive manufacturing company has a performance sensitivity of over 20% 
(Figure 10). When the value of any criterion is changed, the changes consisting 
of other criteria and alternatives are automatically seen simultaneously. The 
second of the four sensitivity graphs for each automotive company in Figure 10  
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Figure 9. AHP performance and sensitivity measurement analysis. 
 

 

Figure 10. Value of lean product development stages affecting the new autonomous tech-
nology (EC view). 
 
is the slope sensitivity graph. This chart shows the relationship between alterna-
tives on the basis of criteria (Figure 10). GC1 global automotive manufacturing 
industry firm shows a negative slope from 55% to 45%; GC2 global automotive 
manufacturing industry firm shows a positive slope from 30% to 45%. GC1 
global automotive manufacturing industry firm shows a negative slope from 
50% to 55%, while GC2 global automotive manufacturing industry firm shows a 
positive slope from 30% to 35%. LC1 local automotive manufacturing industry 
firm shows very little positive slope from 14% to 15% (Figure 10). 

The third of the four sensitivity graphs for each automotive manufacturing 
industry company in Figure 10 belongs to the dynamic sensitivity analysis. The 
main criteria are; A (Electrical & Electronics Systems) 8.7%, B (Power trains sys-
tems) was the highest with 4.5%, C (Ergonomics & Package) was the lowest with 
33.8%, D (Interface & IP control) 10.5%, E (Upper Body & Prototype) 15.5% and  
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Figure 11. Weighted head to head between GC1 and GC2. 
 
F (Test & Homoglation) 26.9% indicate dynamic sensitivity (Figure 10). GC1 
global automotive manufacturing industry company was calculated as 52.4%, 
GC2 global automotive manufacturing industry company was calculated as 33%, 
LC1 local automotive manufacturing industry company was calculated as 14.6% 
and GC1 global automotive manufacturing industry company was selected as 
the alternative with the highest priority (Figure 11). 

The third of the four sensitivity graphs for each automotive industry company 
in Figure 11 indicates the comparison of the changes in the criteria priority val-
ues of the two alternatives selected in the breakeven sensitivity graph, relative to 
each other. GC1 and GC2 global automotive industry company in break-even 
sensitivity; C (Ergonomics & Package), F (Test & Homoglation), E (UpperBody 
& Prototype), D (Interface & IP control), A (Electrical & Electronic systems), B 
(Powertrain), main in terms of main criteria, the alternative GC1 global automo-
tive manufacturing industry company was selected with the highest priority. 

6. Conclusion and Recommendations 

Automotive manufacturing industry companies, which perform new product 
development functions under heavy competition conditions, while performing 
on-vehicle adaptations of newly introduced autonomous vehicle technologies, 
they also struggle with the efficient addition of innovations and new expertise or 
disciplines to the process. New product development process for an automotive 
manufacturing company; it consists of the combination of the newly designed 
products or parts, the development or redesign of existing and critical technolo-
gy parts, their defined usage scenarios or assembly templates, the establishment 
of modular structure and product diversity in a platform structure, and the ele-
ments at all similar stages. Efficiency is targeted in the design and development 
process of any innovation or new technology that adds value to the new product 
under heavy competition conditions, or in each of the company functions that 
set up the optimization of process disciplines. 

Newly introduced autonomous vehicle technologies have a significant impact 
and workload on both the automotive industry and the new product develop-
ment process disciplines it is involved in. For this reason, the investment deci-
sion of new R & D center to be made with the supply developer of the new tech-
nology integrated with the application of the digital autonomous function that 
new product development process disciplines plan to achieve is of great impor-
tance. Therefore, the adaptation of new technology or the cooperation structure 
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with the new technology supply channel creates new values that directly affect 
application performance. Because the automotive industry updates its new prod-
uct development processes in line with its own targets for its sustainable com-
petitive structure in the face of constantly changing market conditions. These de-
velopments not only create the need for different new product development 
process disciplines in different automotive industry company structures, but also 
create different performance values from autonomous vehicle technologies on 
new vehicle products to design or supply alternatives. 

The AHP mathematical model in the research has transformed the hierarchic-
al formulation of the problem of importance order or importance selection and 
measuring how much intensity the expertise studies responsible for the adapta-
tion of new autonomous vehicle technologies create in which new product de-
velopment discipline. The AHP mathematical model is a multi-criteria deci-
sion-making method. AHP provides the decision maker with the opportunity 
to consider both qualitative and quantitative criteria together in the decision- 
making process. The decision-making process in the AHP method is based on 
the evaluations of experts or people who have knowledge about the subject. After 
all the elements in the hierarchical structure of the model established with the 
help of the AHP method were compared in pairs, the priorities of each element 
were determined. By measuring the consistency of the evaluations made by the 
decision maker in AHP, the subjectivity in reaching the solution is reduced. As 
the decision support system that supports the model, EC software was chosen 
because of its ease of implementation and high reliability. 

In the study, in order to evaluate the integration of the stage disciplines in the 
lean product development departments of the automotive manufacturing indus-
try companies and the newly introduced autonomous vehicle technologies on 
the vehicle, the clusters of the expertise in the process were revealed through the 
AHP mathematical model comparisons. A sequence system was created by mea-
suring the efficiency of the lean product development phase discipline, which 
realized the most intensive new technology adaptation. The new disciplines 
created by autonomous vehicle technologies, newly introduced in automotive 
industry companies, and the specializations that interdisciplinary studies will 
focus on are determined in order of importance. After determining the purpose 
of the study, in the second degree; there are six main criteria’s as: A (Electrical & 
Electronic systems), B (Powertrain systems), C (Ergonomics & Package), D (In-
terface & IP control), E (Upper Body & Prototype), F (Test & Homoglation sys-
tems). At the last level, three alternative structures, namely GC1 global automo-
tive manufacturing industry company, GC2 global automotive manufacturing 
industry and LC1 local automotive manufacturing industry company, were eva-
luated comparatively. Among the three-analysis automotive manufacturing in-
dustry companies, the weighted scores of the automotive industry companies 
obtained by the AHP method were calculated. According to this; GC1 global 
automotive industry firm had the highest performance with 0.524, GC2 global 
automotive industry firm was calculated with a secondary value of 0.330 and 
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LC1 local automotive industry firm was placed in the lowest ranking with 0.146 
points. 

As a result, a competitive business operating in any industry, in order to sus-
tain his life due to the conditions he is in, be able to articulate innovations in 
every sense with high performance, be able to control the creation or preserva-
tion of value in processes, should have a new product development flow struc-
ture that can turn disadvantages into opportunities as well as advantages, should 
increase work efficiency. It is not an easy process to establish this efficient and 
flexible new product development structure and ensure its high performance. 
Therefore, in the light of science, important decisions to be taken within the 
scope of the targeted new process structure, with the efficiency support of mod-
ern techniques and methods, which occurs under variable conditions, ensure the 
company under competitions’ always one step ahead. 

Acknowledgements 

Author (F. A. Paker) served before: Iveco Otoyol (Fiat Group), BMC, Ford Oto-
san, Denso-Alj (Toyota Group), Chevrolet (GM Group), etc., automotive com-
panies as a design and project manager for 25 years. These and other automotive 
company’s employees, thank you for their support to the study.  

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Baharmand, H., Comes, T. and Lauras, M. (2019) Defining and Measuring the Net-

work Flexibility of Humanitarian Supply Chains: Insights from the 2015 Nepal Earth-
quake. Annals of Operations Research, 283, 961-1000.  
https://doi.org/10.1007/s10479-017-2713-y 

[2] Hertz, S., Johansson, J.K. and de Jager, F. (2001) Customer-Oriented Cost Cutting: 
Process Management at Volvo. Supply Chain Management: An International Jour-
nal, 6, 128-142. https://doi.org/10.1108/13598540110399174 

[3] Behl, A. and Dutta, P. (2019) Humanitarian Supply Chain Management: A The-
matic Literature Review and Future Directions of Research. Annals of Operations 
Research, 283, 1001-1044. https://doi.org/10.1007/s10479-018-2806-2 

[4] Besiou, M. and Van Wassenhove, L.N. (2015) Addressing the challenge of Modeling 
for Decision-Making in Socially Responsible Operations. Production and Operations 
Management, 24, 1390-1401. https://doi.org/10.1111/poms.12375 

[5] Boer, H., Holweg, M., Kilduff, M., Pagell, M., Schmenner, R. and Voss, C. (2015) 
Making a Meaningful Contribution to Theory. International Journal of Operations 
& Production Management, 35, 1231-1252.  
https://doi.org/10.1108/IJOPM-03-2015-0119 

[6] Dube, N., Van der Vaart, T., Teunter, R.H. and Van Wassenhove, L.N. (2016) Host 
Government Impact on the Logistics Performance of International Humanitarian 
Organisations. Journal of Operations Management, 47-48, 44-57.  

https://doi.org/10.4236/jtts.2022.124041
https://doi.org/10.1007/s10479-017-2713-y
https://doi.org/10.1108/13598540110399174
https://doi.org/10.1007/s10479-018-2806-2
https://doi.org/10.1111/poms.12375
https://doi.org/10.1108/IJOPM-03-2015-0119


F. A. Paker 
 

 

DOI: 10.4236/jtts.2022.124041 730 Journal of Transportation Technologies 
 

https://doi.org/10.1016/j.jom.2016.05.011 

[7] Cozzolino, A., Rossi, S. and Conforti, A. (2012) Agile and Lean Principles in the Hu-
manitarian Supply Chain: The Case of the United Nations World Food Programme. 
Journal of Humanitarian Logistics and Supply Chain Management, 2, 16-33.  
https://doi.org/10.1108/20426741211225984 

[8] Dora, M., Kumar, M. and Gellynck, X. (2016) Determinants and Barriers to Lean 
Implementation in Food-Processing SMEs—A Multiple Case Analysis. Production 
Planning & Control, 27, 1-23. https://doi.org/10.1080/09537287.2015.1050477 

[9] Lyons, A.C., Vidamour, K., Jain, R. and Sutherland, M. (2013) Developing an Un-
derstanding of Lean Thinking in Process Industries. Production Planning & Con-
trol, 24, 475-494. https://doi.org/10.1080/09537287.2011.633576 

[10] Martinez, A.J. P., Stapleton, O. and Van Wassenhove, L.N. (2011) Field Vehicle Fleet 
Management in Humanitarian Operations: A Case-Based Approach. Journal of Op-
erations Management, 29, 404-421. https://doi.org/10.1016/j.jom.2010.11.013 

[11] Melin, M. and Barth, H. (2018) Lean in Swedish Agriculture: Strategic and Opera-
tional Perspectives. Production Planning & Control, 29, 845-855.  
https://doi.org/10.1080/09537287.2018.1479784 

[12] Paker, F.A. (2020) Lean Product Development Process with Design Verification Stages 
in the Value Stream of Automotive Industry. Journal of Transportation Technologies, 
11, 37-60. https://doi.org/10.4236/jtts.2021.111003 

[13] Wan, S.P., Xu, G.L. and Dong, J.Y. (2017) Supplier Selection Using ANP and ELECTRE 
II in Interval 2-Tuple Linguistic Environment. Information Sciences, 385-386, 19-38. 
https://doi.org/10.1016/j.ins.2016.12.032 

[14] Awasthi, A., Govindan, K. and Gold, S. (2018) Multi-Tier Sustainable Global Sup-
plier Selection Using a Fuzzy AHP-VIKOR Based Approach. International Journal 
of Production Economics, 195, 106-117. https://doi.org/10.1016/j.ijpe.2017.10.013 

[15] Yin, R.K. (2009) Case Study Research: Design and Methods (Vol. 5). Sage, Thou-
sand Oaks. 

[16] Thomas, A.J., Francis, M., Fisher, R. and Byard, P. (2016) Implementing Lean Six 
Sigma to Overcome the Production Challenges in an Aerospace Company. Produc-
tion Planning & Control, 27, 591-603.  
https://doi.org/10.1080/09537287.2016.1165300 

[17] Taylor, D. and Pettit, S. (2009) A Consideration of the Relevance of Lean Supply 
Chain Concepts for Humanitarian Aid Provision. International Journal of Services 
Technology and Management, 12, 430-444.  
https://doi.org/10.1504/IJSTM.2009.025817 

[18] Saaty, T.L. (1980) The Analytic Hierarchy Process. McGraw Hill, New York.  
https://doi.org/10.21236/ADA214804 

[19] Paker, F.A., Alppay, C. and Sertyesilisik, B. (2018) Determination AHP Analysis of 
the Virtual Stage-Gate Process in the Global Scale Automotive Design. World Jour-
nal of Engineering and Technology, 6, 929-945.  
https://doi.org/10.4236/wjet.2018.64062 

[20] Ulrich, K. and Eppinger, S. (2011) EBOOK: Product Design and Development. 
McGraw-Hill-Irwin, New York. 

[21] Tovey, M. (1992) Intuitive and Objective Processes in Automotive Design. Design 
Studies, 13, 23-41. https://doi.org/10.1016/0142-694X(92)80003-H 

[22] Eppinger, S.D. and Ulrich, K. (1995) Product Design and Development. 5th Edition, 
McGraw-Hill-Irwin, New York. 

https://doi.org/10.4236/jtts.2022.124041
https://doi.org/10.1016/j.jom.2016.05.011
https://doi.org/10.1108/20426741211225984
https://doi.org/10.1080/09537287.2015.1050477
https://doi.org/10.1080/09537287.2011.633576
https://doi.org/10.1016/j.jom.2010.11.013
https://doi.org/10.1080/09537287.2018.1479784
https://doi.org/10.4236/jtts.2021.111003
https://doi.org/10.1016/j.ins.2016.12.032
https://doi.org/10.1016/j.ijpe.2017.10.013
https://doi.org/10.1080/09537287.2016.1165300
https://doi.org/10.1504/IJSTM.2009.025817
https://doi.org/10.21236/ADA214804
https://doi.org/10.4236/wjet.2018.64062
https://doi.org/10.1016/0142-694X(92)80003-H


F. A. Paker 
 

 

DOI: 10.4236/jtts.2022.124041 731 Journal of Transportation Technologies 
 

[23] Dickson, G.W. (1966) An Analysis of Vendor Selection Systems and Decisions. Jour-
nal of Purchasing, 2, 5-17. https://doi.org/10.1111/j.1745-493X.1966.tb00818.x 

[24] Paker, F.A., Alppay, C. and Sertyeşilişik, B. (2018) Use of the AHP Methodology in 
Vehicle Design Process Dynamics: Determination of the Most Effective Concept 
Phases for the New Automotive Product. Journal of Transportation Technologies, 8, 
312-330. https://doi.org/10.4236/jtts.2018.84017 

[25] Wind, Y. and Saaty, T.L. (1980) Marketing Applications of the Analytic Hierarchy 
Process. Management science, 26, 641-658. https://doi.org/10.1287/mnsc.26.7.641 

[26] Yang, B., Wu, Y. and Yin, M. (2008) Supplier Selection Modeling and Analysis 
Based on Polychromatic Sets. In: Xu, L.D., Tjoa, A.M. and Chaudhry, S.S., Eds., Re-
search and Practical Issues of Enterprise Information Systems II, Springer, Boston, 
1481-1485. https://doi.org/10.1007/978-0-387-76312-5_80 

[27] Ho, W., Xu, X. and Dey, P.K. (2010) Multi-Criteria Decision-Making Approaches 
for Supplier Evaluation and Selection: A Literature Review. European Journal of 
Operational Research, 202, 16-24. https://doi.org/10.1016/j.ejor.2009.05.009 

[28] De Boer, L., Labro, E. and Morlacchi, P. (2001) A Review of Methods Supporting 
Supplier Selection. European Journal of Purchasing & Supply Management, 7, 75-89. 
https://doi.org/10.1016/S0969-7012(00)00028-9 

[29] Bhander, G.S., Hauschild, M. and McAloone, T. (2003) Implementing Life Cycle 
Assessment in Product Development. Environmental Progress, 22, 255-267.  
https://doi.org/10.1002/ep.670220414 

[30] Lawson, S. (2018) Roads that Cars Can Read REPORT III: Tackling the Transition 
to Automated Vehicles.  

[31] Bacha, A., Bauman, C., Faruque, R., Fleming, M., Terwelp, C., Reinholtz, C., et al. 
(2008) Odin: Team Victortango’s Entry in the Darpa Urban Challenge. Journal of 
field Robotics, 25, 467-492. https://doi.org/10.1002/rob.20248 

[32] Surakka, T., Härri, F., Haahtela, T., Horila, A. and Michl, T. (2018) Regulation and 
Governance Supporting Systemic MaaS Innovations. Research in Transportation 
Business & Management, 27, 56-66. https://doi.org/10.1016/j.rtbm.2018.12.001 

[33] Saaty, T.L. (1986) Axiomatic Foundation of the Analytic Hierarchy Process. Man-
agement Science, 32, 841-855. https://doi.org/10.1287/mnsc.32.7.841 

[34] Saaty, T.L. (1990) An Exposition of the AHP in Reply to the Paper “Remarks on the 
Analytic Hierarchy Process”. Management Science, 36, 259-268.  
https://doi.org/10.1287/mnsc.36.3.259 

[35] Saaty, T.L. (1990) How to Make a Decision: The Analytic Hierarchy Process. Euro-
pean Journal of Operational Research, 48, 9-26.  
https://doi.org/10.1016/0377-2217(90)90057-I 

[36] Xia, W. and Wu, Z. (2007) Supplier Selection with Multiple Criteria in Volume 
Discount Environments. Omega, 35, 494-504.  
https://doi.org/10.1016/j.omega.2005.09.002 

[37] Lee, E.K., Ha, S. and Kim, S.K. (2001) Supplier Selection and Management System 
Considering Relationships in Supply Chain Management. IEEE Transactions on 
Engineering Management, 48, 307-318. https://doi.org/10.1109/17.946529 

[38] Handfield, R., Walton, S.V., Sroufe, R. and Melnyk, S.A. (2002) Applying Environ-
mental Criteria to Supplier Assessment: A Study in the Application of the Analytical 
Hierarchy Process. European Journal of Operational Research, 141, 70-87.  
https://doi.org/10.1016/S0377-2217(01)00261-2  

 

https://doi.org/10.4236/jtts.2022.124041
https://doi.org/10.1111/j.1745-493X.1966.tb00818.x
https://doi.org/10.4236/jtts.2018.84017
https://doi.org/10.1287/mnsc.26.7.641
https://doi.org/10.1007/978-0-387-76312-5_80
https://doi.org/10.1016/j.ejor.2009.05.009
https://doi.org/10.1016/S0969-7012(00)00028-9
https://doi.org/10.1002/ep.670220414
https://doi.org/10.1002/rob.20248
https://doi.org/10.1016/j.rtbm.2018.12.001
https://doi.org/10.1287/mnsc.32.7.841
https://doi.org/10.1287/mnsc.36.3.259
https://doi.org/10.1016/0377-2217(90)90057-I
https://doi.org/10.1016/j.omega.2005.09.002
https://doi.org/10.1109/17.946529
https://doi.org/10.1016/S0377-2217(01)00261-2

	Evaluation of Lean Product Development Stages of Autonomous Vehicle Technologies with AHP Method
	Abstract
	Keywords
	1. Introduction
	2. Lean Product Development Process and Research Model
	2.1. Determination Process of Lean Product Development
	2.2. Identification of New Autonomous Vehicle Technologies

	3. Research Method
	4. AHP Implementation of Findings
	5. Discussion and Evaluation
	6. Conclusion and Recommendations
	Acknowledgements
	Conflicts of Interest
	References

