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ABSTRACT

Enhanced capabilities and customization in designs demand a thorough conceptual design phase
for products or equipment. To ensure favorable outcomes, a comprehensive analysis of multiple
design concepts is vital. This paper aims to conduct a decision analysis to determine the most
suitable design for a concurrent brake actuator (CBA) among a range of alternative design
concepts. It presents the development of the conceptual design of the CBA mechanism, which
serves as a foundational mechanism design for future CBA development. Four mechanism design
concepts were generated by utilizing the expanding curvature contour design, linear contour
design, tilted position linear slope, and the nonlinear radius profile of the cam roller. The
assessment of potential failures in the CBA concept design was performed by employing the risk
priority number (RPN) within the framework of Design Failure Mode and Effects Analysis
(DFMEA). The data obtained from DFMEA was utilized to conduct thorough analyses of motion
and stress performance for each conceptual design using commercial software. Subsequently, the
most optimal concept design for the CBA was chosen. This decision was reached by selecting the
CBA concept design that achieved the highest score during the evaluation process, which
employed a weighted decision matrix. According to the findings, the optimal CBA concept design
was determined to be CBA Design B with the highest total score of 102 based on an RPN score
is 32 and maximum stress of 3.647 x 10° N/m?. Its expanding linear contour design effectively
distributes nonlinear brake force while minimizing failure risk, forming the foundational
framework for future CBA development.
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1.0 INTRODUCTION

Ongoing research aims to improve motorcycle safety, particularly by enhancing braking
performance and vehicle stability [1]-[4]. Numerous strategies for brake force control, including
combined brake systems (CBS) and antilock braking systems (ABS), were devised at this time.
CBS improves the effectiveness of deceleration for motorcyclists. Its goals were to increase
deceleration rates and reduce nosedive effects. The CBS reduces stopping distance by 40% by
integrating the actions of the front and rear brakes through a single actuation control [5].
Furthermore, the CBS outperforms ABS in terms of deceleration distance on surfaces with high
friction [6]. However, the CBS may still cause wheel lock under hard deceleration [7], [8]. In
contrast, ABS prevents wheel lock and improves the motorcycle's stability and stopping
performance. The ABS may not detect certain dynamic instabilities, such as rear-wheel lift-up,
necessitating manual control of brake force distribution to avoid collisions [9]. Therefore,
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integrating CBS and ABS has the potential to significantly improve motorcycle stopping distance
and vehicle stability [10]. These technologies offer riders of all talent levels and experience levels
safety benefits [11]. Currently, industries are developing additional improvements to integrate CBS
and ABS on motorcycles [12]. The combination of these systems has enhanced braking efficacy.
Nonetheless, implementing both systems on a lightweight motorcycle with an engine displacement
of less than 125 cc is difficult. Therefore, integrating a wheel lock prevention strategy directly into
CBS could be a viable alternative [12].

According to the impact assessment conducted by the European Parliament, CBS is a more
affordable braking technology for lightweight motorcycles than ABS. In 2012, the European
Parliament passed a law mandating the installation of CBS on lightweight motorcycles. This rule
has been in effect for new type-approved vehicles since 2016 and for all new vehicles since 2017.
Consequently, the European Union (EU) has made CBS mandatory for lightweight motorcycles [5],
[13]. Since April 2018, India has also mandated the use of CBS for lightweight motorcycles,
followed by Taiwan and Japan. Other nations, including Brazil, Australia, and New Zealand, are
also considering similar regulations. The majority of motorcycles in this category are equipped with
either mechanical drum brakes on both wheels or a combination of a hydraulic disc brake on the
front tire and a mechanical drum brake on the rear wheel. Therefore, a mechanical actuator is a
practical option for these motorcycles' CBS mechanisms. A brake lever actuates the CBS
mechanism, which simultaneously engages the front and rear brakes via cable links. The force
distribution of this CBS mechanism is largely unaffected by the deceleration increment.

Recent studies have shown that the variable combined brake systems (VCBS), which permit
variation in the distribution of brake force, can attain high braking performance [14]. Maintaining
an ideal nonlinear brake force distribution during deceleration is necessary to maximize braking
effectiveness. This ideal distribution is achieved when both wheels lock up simultaneously during
braking [15], [16]. To accomplish this, the present study proposes employing the Concurrent Brake
Actuator (CBA), which was introduced in prior work [17]. The CBA serves as a regulatory
mechanism for achieving the necessary non-linear distribution of brake force between a
motorcycle's front and rear brakes. To achieve the desired non-linear force distribution, the
moment-arm ratio must increase proportionally to the intensity of the actuation force. To effectively
control this task, a passive compliant actuator is considered highly suitable due to its ability to
modulate the moment of force during actuation [18], [19].

Accordingly, the objective of this research is to propose a design mechanism for the CBA
that can effectively control the desired non-linear distribution of brake force. This paper presents a
conceptual design of the CBA mechanism as a foundation for future CBA development. As a result,
four conceptual designs of the CBA mechanism were generated. To assess the feasibility of the
considered concept designs, Design Failure Mode and Effect Analysis (DFMEA) was employed,
alongside motion and stress analysis using commercially available software. The evaluation of
potential failures in the CBA concept design was carried out by utilizing the risk priority number
(RPN) within the DFMEA framework. The data obtained from DFMEA was then employed in
conducting motion and stress performance analyses for each conceptual design. Subsequently, the
most optimal concept design for the CBA was selected by considering the CBA concept design that
achieved the highest score during the evaluation process using a weighted decision matrix [20]—
[23].

2.0 METHODOLOGY

2.1 Conceptual design of the CBA mechanism

Based on the fundamental concept of CBA [17] and deriving inspiration from the passive compliant
actuator, Figure 1 depicts four conceptual designs for CBA mechanisms. These designs were then
converted into three-dimensional computer-aided design (CAD) models with dimensions of 120
mm (H) x 170 mm (W). The purpose of these mechanisms was to adjust the arm distance during
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actuation, whether by hand lever or foot accelerator, to generate distinct output forces for the front
and rear brakes.

The primary body of the initial CBA concept, known as CBA Design A, featured an
expanding curvature contour design. In this conceptual design, the front and rear brakes were
activated via the ball-bearing roller's central axis. By moving the arm relative to the primary body,
transmission of actuation forces was achieved. Specifically, the movement of the main body
stretched the springs by causing the ball-bearing rollers to transverse the expanding curvature
contour. This action facilitated the ratio-dependent control of a nonlinear moment arm function.
Specifically, this was accomplished by increasing the horizontal distance between arm A and the
primary body movement. The use of ball-bearing rollers assured a frictionless and smooth motion.

Alternately, CBA Design B investigated the feasibility of an expanding linear contour to
accomplish the desired performance. Similar to Design A, the central axis of the ball-bearing roller
facilitated the operation of the front and rear brakes. The main structure received actuation forces
from either a hand lever or foot pedal. Arm A's horizontal distance increased as the primary body
moved, while Arm B's distance remained unchanged. This relative movement between the arm and
the primary body ensured that both brakes were activated. As a result, the front brake's actuation
force was increased, while the rear brake's force was decreased. This configuration resulted in a
nonlinear distribution of force across both brakes. The inclusion of a spring-maintained contact
between the roller and the expanding contour, while the ball-bearing roller allowed for frictionless
movement.

In the instance of CBA Design C, a predetermined arrangement was suggested for the
primary structure. The primary structure was intentionally constructed with an inclined linear slope,
and its motion was regulated by a pair of ball-bearing rollers. In line with earlier iterations, the
implementation of ball-bearing rollers enabled seamless motion by minimizing friction. In the
present design configuration, a single roller remained in a fixed position while the other roller
traversed an elongated aperture. The displacement of the roller within the elongated aperture was
directly correlated with the movement of the arm, resulting in the elongation of the spring and the
traversal of the roller across the central structure. The arm was operated through the use of either a
manual hand lever or a foot accelerator, facilitating the allocation of force to both the front and rear
brakes. The activation of the front brake was achieved using the central shaft of the roller, which
was situated within an elongated hole. In contrast, the rear brake was activated at a stationary
position on the arm. It is important to acknowledge that the horizontal displacement of arm A
exhibited an increase as the roller traversed the elongated aperture, while the horizontal
displacement of arm B remained consistent throughout the process of actuation.

In contrast to the conventional fixed main body approach, CBA Design D presented a novel
conceptual design that integrated a nonlinear radius profile for the cam roller. The synchronization
of the cam roller's rotation with the movement of the primary body was achieved through the control
of a hand lever or foot pedal. The transmission of actuator forces for the front and rear brakes
occurred via the central shafts of the ball bearing roller and cam roller. The horizontal distance
between the cam roller and the ball bearing roller was controlled by the rotation of the cam roller,
while the contact force applied to the main body was regulated by a spring that was connected to
both rollers. As the cam roller underwent rotational motion concerning the main body, the
separation between arm A and arm B in the horizontal direction exhibited an increase, while the
separation between arm A and arm B in the horizontal direction remained constant. The
implementation of this mechanism led to a non-linear allocation of force between the front and rear
brakes. The integration of a ball-bearing roller facilitated seamless motion devoid of friction.

2.2 Conceptual Design Evaluation
In this study, Design Failure Mode and Effect Analysis (DFMEA) as well as motion and stress
analysis by commercial software were combined to conduct the evaluation. The utilization of the

DFMEA methodology facilitated the identification of potential adverse consequences resulting
from failures, as well as the underlying causes of these failures, and the development of strategies
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to prevent them. This approach involved a comprehensive analysis of individual components and
their interrelationships. The potential failure items associated with each concept design in the CBA
were subsequently identified and subjected to analysis utilizing the risk priority number (RPN)
formula.

A motion and stress analysis were performed by using the commercial software of finite
element analysis (FEA). It was used to perform a stress performance analysis on each CBA
conceptual design using the DFMEA data as well as to simulate the motion of the CBA. This
analysis utilized assembly members, part contact, and a robust physics-based solver to determine
the assembly's physical movements under the specified load. Figure 2 depicts the flowchart layout
utilized for this analysis. A structural analysis was conducted on the components, considering the
calculated assembly motion and forces. The analysis focused on evaluating the stress conditions
experienced by the critical sections. Figure 3 depicts the geometry and boundary conditions (BC)
designated to each component of the CBA concept design. In this analysis, a reference point was
established on the fixed guide component. The constraints and applied load were selected following
the CBA's guiding principles. To prevent components from penetrating during motion, Solid Body
Contact was defined as the type of contact between components. This configuration was applied to
each CBA concept design for the objectives of the analysis.
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Figure 1. Schematic of CBA concept design; a) CBA Design A; b) CBA Design B; ¢) CBA Design C; d)
CBA Design D
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Figure 3. Boundary Condition Setup [17]

3.0 RESULTS AND DISCUSSION
3.1 Design Failure Mode and Effect Analysis

Based on a review of component connections and interactions, Table 1 details the probable failure
points for each CBA concept design. The first column of the table defined each CBA design concept,
while the second column detailed the probable failure items and their related functions within each
CBA. It was determined based on this column that the primary pin and cam roller were potential
failure areas.

CBA Designs A, B, and D made extensive use of the primary pin mechanism to assist the
application of force for triggering the front and rear brakes, letting them to adjust to the increasing
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contour of the main body. The dynamic contour exhibited a notable influence in governing the non-
linear allocation of force to the braking system. On the other hand, the horizontal distance of the
arm in CBA Design C was regulated by the cam roller, thereby facilitating the desired nonlinear
force distribution. Following the enumeration of the functions performed by the primary pin and
cam roller, the potential failure modes associated with these functions were identified and listed in
the third column. The primary pin exhibited vulnerability to fracturing, while the cam roller
displayed potential failure in rotating by the motion of the main body.

In the fourth column, the consequences of each failure mode were then considered from the
perspective of the evaluated components. Analysis of the CBA concept designs revealed that failure
of the primary pin or cam roller could result in the CBA's inability to distribute forces to the front
and rear brakes. Following the documentation of prospective effects for each failure mode, the
severity of these failures was evaluated and recorded in the fifth column. According to the severity
rating table [24], all prospective failures were classified as having a very high severity because they
rendered the vehicle inoperable due to the loss of its primary function. Design and material
specifications of the primary pin or cam roller were identified as possible causes of these failures.

Using the occurrence rating table [24], the occurrence ranking was then determined. Design
A of the CBA had a low occurrence rating of three, while Concepts B, C, and D were rated at two.
In the seventh column, these occurrence ratings represented the probability of failure occurring
during CBA operation. In addition to identifying the potential causes of failure, Table 1 also
includes recommendations for design controls and actions for each CBA concept design. Based on
design criteria and computational analysis, which were documented in the eighth column, it was
possible to detect potential failures. According to the detection rating table [24], the suggested
approach has a very high probability of detecting defects in CBA Designs A, B, and D. For CBA
Design C, the likelihood of detection was deemed to be considerable.

Once the severity (S), occurrence (O), and detection (D) ratings were enumerated in the table,
the Risk Priority Number (RPN) was calculated using equation (1) for each CBA concept design
[25]. The RPN results were displayed in the table's eleventh column. CBA Design A had an RPN
value of 48, CBA Design B had an RPN value of 32, CBA Design C had an RPN value of 48, and
CBA Design D had an RPN value of 32. Determined and inputted into the DFMEA table were the
recommended corrective actions.

Based on the calculated RPN values, the CBA concept designs were ranked in ascending
order to identify the one with the lowest failure probability. CBA Design B and CBA Design D had
the lowest RPN scores of 32, indicating a lower risk of failure, based on the RPN evaluation. The
RPN scores for CBA Design A and CBA Design C were both 48. Due to their reduced RPN values
compared to the other designs, CBA Design B and CBA Design D were deemed to be the most
effective CBA concept designs.

RPN=0XxSxD (1)
3.2 Stress Analysis

In addition to the RPN analysis, a stress analysis of the primary pin was performed. This analysis
was required because the primary pin played an integral role in transmitting force to the front and
rear brakes. The purpose of this analysis was to determine the CBA concept design that generated
the least amount of strain during actuation. Figure 4 depicts the stress contour on the primary pin
for each concept design, as well as the material's yield strength, which was 2.206 x 10* N/m?. This
value represented the utmost stress threshold that the primary pin could withstand before failure.

The analysis revealed that the utmost stress levels in each design concept did not exceed the
specified stress limit. Upon comparing the individual stress values, it was determined that CBA
Design C had the maximum stress, measuring 1.387 x 10® N/m” The stress levels of CBA Designs
A and B were lower than those of CBA Design C, measuring 1.935 x 10° N/m?® and 3.647 x 10*
N/m?, respectively. CBA Design D had the lowest stress value in this analysis, with a magnitude of
6.603 x 10° N/m*.
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Table 1: Functional DFMEA For CBA Conceptual Design
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CBA Design A to conform to the Fracture distribute forces 8 material 3 CAE 2 48 specifications and
to the front and specification . conduct durability
curve contour rear brakes analysis testing
Primary pin - Failing to desien Must adhere to
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linear contour rear brakes analysis testing
Roller Cam — Failing to design Must adhere to
. . properly design and L design
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The design incorporating a linear slope in the tilted position in CBA Designs B and D was identified
as a factor contributing to the reduced stress result. This design reduced the frictional force at the
roller's contact surface with the linear slope, resulting in minimal tension on the primary pin.
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3.3 Concept Selection

In this section, a thorough examination of each CBA evaluation concept was conducted. All DFMEA,
motion analysis, and stress analysis data were meticulously analysed. This analysis was conducted to
determine the optimal CBA concept design for future CBA development. Table 2 provides a summary of the
outcomes of concept evaluations conducted based on arm expansion, stress, and RPN. According to the data
presented in the table, only CBA Design A and CBA Design B exhibited the capacity to horizontally extend
the arm. Consequently, both of these CBA concept designs were capable of activating and distributing
nonlinear braking force to the front and rear brakes. In contrast to the other CBA concept designs, CBA
Design A exhibited the maximum stress levels on the primary pin. The CBA Design D, on the other hand,
exhibited the lowest primary pin stress. This disparity may be attributable to the inability of the arm to expand
in this particular CBA design. CBA Design B and CBA Design D earned lesser scores than CBA Design A
and CBA Design C based on the RPN values. Both CBA Design B and CBA Design D obtained an RPN
value of 32. In contrast, CBA Designs A and C yielded an RPN value of 48. All of these factors were
considered when selecting the CBA concept design with the greatest potential.

Table 2: Summary of Concepts Evaluation

ID Arm Expansion Stress N/m? RPN
CBA Design A Yes 1.935x10° 48
CBA Design B Yes 3.647x10* 32
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CBA Design C No 1.387x108 48
CBA Design D No 6.603x10° 32

In this stage, concept selection is based on a weighted decision matrix, to propose the optimal
CBA concept design. Table 3 presents the CBA concept design selection matrix, with the evaluated
factors enumerated in the first column. CBA concept designs are evaluated using criteria such as
arm expansion, stress, and RPN value. The relative importance of these criteria, known as criteria
weight, is indicated in the second column on a scale from 1 to 10, with 10 representing the most
essential criterion. The primary selection criteria for the CBA concept design were arm expansion
and stress, as determined by an analysis of CBA concept designs. Therefore, both criteria received
a score of 10, while the RPN criterion received an 8-point rating. In the third column, the
performance of each CBA concept design was graded using a 5-point scale from 0 to 4. A score of
0 indicates an inadequate performance while a score of 4 indicates the greatest performance. Then,
the total score for each concept design is calculated. Multiplying the grade score by the rated scale
for each criterion and adding the results yields the total score. The CBA Design A received an
overall score of 84, whereas CBA Design B outperformed CBA Design A with a score of 102. The
CBA Design C, on the other hand, received the lowest score of 34 among the CBA concept designs.
CBA Design D earned a total score of 72, placing it in third place among all other scores. As a
consequence, CBA Design B was chosen as the concept design for the CBA, as it received the
highest score among the other concept designs.

Table 3: Concept Selection Matrix

Concept Selection Weight CBA CBA CBA CBA
Matrix Design A Design B Design C Design D
Arm Expansion 10 4 4 0 0
Stress 10 2 3 1 4
RPN 8 3 4 3 4
Total Score 84 102 34 72

4.0 CONCLUSION

In brief, this study introduced four conceptual designs for the CBA mechanism, which were
subjected to thorough evaluation using DFMEA, motion analysis, and stress analysis techniques.
Based on the findings, it was decided that CBA Design B is the ideal concept design for the CBA.
The conclusion was made based on a qualitative evaluation, considering the higher score obtained
by CBA Design B in contrast to other designs by CBA. The CBA Design B comprises the utilization
of an expanding linear contour design on its main body, which exhibits potential in providing the
appropriate nonlinear force distribution across both the front and rear brakes. The present design
enables the effective distribution and implementation of the desired nonlinear brake force to both
the front and rear brake systems, while concurrently minimizing the probability of malfunction.
Consequently, the suggested mechanism design will serve as the foundation for the future
development of the CBA.

ACKNOWLEDGMENTS
The authors gratefully acknowledge the financial and technical support of Universiti Teknologi

MARA, Cawangan Pulau Pinang, as well as the scholarship provided to the first author by the
Ministry of Higher Education under the IPTA Academic Training Scheme.

89 DOI: https://doi.org/10.11113/jm.v46.492



M. Hisyam Basri, N.I. Ismail, Arif Pahmi, Mahadzir M.M, R. Rabilah, H. Azmi, R. Othman and S. Che Mat
Jurnal Mekanikal, December 2023, 46: 81-90

REFERENCES

10.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

. M. T. Yousif, A. F. M. Sadullah, and K. A. A. Kassim, 4 review of behavioural issues contribution to motorcycle

safety. IATSS Research, 2020. 44(2): p. 142—-154.

G. Savino, R. Lot, M. Massaro, M. Rizzi, I. Symeonidis, S. Will and J. Brown, Active safety systems for powered
two-wheelers: A systematic review. Traffic Injury Prevention, 2020. 21(1): p. 78-86.

X. D. Zhang and C. K. Chen, 4 study of a cornering braking control system for a motorcycle. Applied Sciences, 2022.
12(12575): p. 1-16.

S. S. Gunjate and S. A. Khot, 4 systematic review of emergency braking assistant system to avoid accidents using
pulse width modulation and fuzzy logic control integrated with antilock braking. International Journal of Automotive
and Mechanical Engineering, 2023. 20(2): p. 10457—-10479.

OECD/ITF, Improving safety for motorcycle, scooter and moped riders, 2015. OECD Publishing, Paris.

S. Koetniyom, S. Chanthanumataporn, M. Dangchat, S. Pangkreung, and C. Srisurangkul, Technical effectiveness of
ABS, non-ABS and CBS in step-through motorcycles. Applied Science and Engineering Progress, 2021. 14(1): p. 120-
130.

E. R. Teoh, Effectiveness of antilock braking systems in reducing motorcycle fatal crash rates. Traffic Injury
Prevention, 2011. 12: p. 169—-173.

E. R. Teoh, Motorcycle antilock braking systems and fatal crash rates: updated results. Traffic Injury Prevention,
2022. 23(4): p. 203-207.

D. Green, 4 comparison of stopping distance performance for motorcycles equipped with ABS, CBS and conventional
hydraulic brake systems. International Motorcycle Safety Conference, 2006.

G. Ponte, D. Searson, J. Royals, and R. Anderson W, New motorcycle safety technology: An overview for South
Australia. 2015. The University of Adelaide.

P. Huertas-Leyva, M. Nugent, G. Savino, M. Pierini, N. Baldanzini, and S. Rosalie, Emergency braking performance
of motorcycle riders: skill identification in a real-life perception-action task designed for training purposes.
Transportation Research Part F: Traffic Psychology and Behaviour, 2019. 63: p. 93—-107.

K. Masaie, M. Takushi, T. Keishin, I. Hiroshi, H. Tatsuo, and H. Wasaku, Combination of Antilock Brake System
(ABS) and Combined Brake System (CBS) for motorcycle. SAE Technical Paper. 960960, 1996.

L. Soni, S. Venkateswaran, and V. Ramachandran, Performance and comfort optimization from ABS/CBS/Motor
Regenerative Braking in an electric two wheeler during heavy and mild braking respectively. SAE Technical. Paper.
2019-26-0122, 2019.

.Y. T. Lin, C. Y. Tseng, J. H. Kuang, and Y. M. Hwang, 4 design method for a variable combined brake system for

motorcycles applying the adaptive control method. Machines, 2021. 9(2): p. 1-18.

K. Bayar, R. Biasini, S. Onori, and G. Rizzoni, Modelling and control of a brake system for an extended range electric
vehicle equipped with axle motors. International Journal of Vehicle Design, 2012. 58(2/3/4): p. 399-426.

Y. F. Lian, Y. T. Tian, L. L. Hu, and C. Yin, 4 new braking force distribution strategy for electric vehicle based on
regenerative braking strength continuity. Journal of Central South University, 2013. 20(12): p. 3481-3489.

M. Hisyam Basri, A. H. Zulkifli, N. L. Ismail, T. R. Jaafar, M. A. Ab Hamid Pahmi, and A. Husin, Conceptual design
evaluation of concurrent brake actuator mechanism. Journal of Applied Engineering Design and Simulation, 2021.
1(1): p. 97-105.

B. Vanderborght et al., Variable impedance actuators: A review. Robotics and Autonomous Systems, 2013. 61(12):
p. 1601-1614.

S. A. Migliore, E. A. Brown, and S. P. DeWeerth, Novel nonlinear elastic actuators for passively controlling robotic
Jjoint compliance. Journal of Mechanical Design, 2007. 129: p. 406-412.

H. K. Sharaf, M. R. Ishak, S. M. Sapuan, and N. Yidris, Conceptual design of the cross-arm for the application in the
transmission towers by using TRIZ-morphological chart—-ANP methods. Journal of Material Research and
Technology, 2020. 9(4): p. 9182-9188.

G. O. Odu, Weighting methods for multi-criteria decision making technique. Journal of Applied Sciences and
Environmental Manage, 2019. 23(8): p. 1449.

H. Radhwan, M. S. M. Effendi, M. Farizuan Rosli, Z. Shayfull, and K. N. Nadia, Design and Analysis of Jigs and
Fixtures for Manufacturing Process. IOP Conference Series: Materials Science and Engineering, 2019. 551(1): p. 1-
9.

T. Biswas, P. Chatterjee, and B. Choudhuri, Selection of commercially available alternative passenger vehicle in
automotive environment. Operational Research in Engineering Sciences: Theory and Applications, 2020. 3(1): p. 16—
27.

. S. Vinodh and D. Santhosh, Application of FMEA to an automotive leaf spring manufacturing organization. The

TQM Journal, 2012. 24(3): p. 260-274.

F. Lolli, A. Ishizaka, R. Gamberini, B. Rimini, and M. Messori, FlowSort-GDSS - A novel group multi-criteria
decision support system for sorting problems with application to FMEA. Expert Systems with Applications, 2015.
42(17-18): p. 6342-6349.

90 DOI: https://doi.org/10.11113/jm.v46.492



	2.1 Conceptual design of the CBA mechanism
	2.2 Conceptual Design Evaluation
	4.0  CONCLUSION
	ACKNOWLEDGMENTS



