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Abstract 
 

This Paper focus, on the different stages associated with the advancement of Automobile Braking Control system. Different V-Models 

(SIL, MIL, HIL, and DIL) are contrasted with the proposed V model for Hydraulic antilock braking system. The main objective of this 

research is to enable various loop simulations used in a variety of automotive industries, in order to analyze the performance of different 

safety functions. A vehicle model is used to represent a real vehicle in a model-based environment. Vehicle model is a sophisticated 

component, which makes use of two wheeler dynamics concepts to achieve a real vehicle behavior. In this research, an attempt is made 

to elaborate the various automotive simulations used starting from model in loop simulation to Driver in loop Simulation approaches 

followed by a V-diagram approach to develop the product. Here an ABS controller is taken as an example model for simulation. 
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1. Introduction 

Modeling and Simulation is ending up progressively pre- domi-

nant in programming advancement. Displaying gives an approach 

to depict the outline of the product framework graphically; in ad-

dition, a very much characterized, recorded model can even re-

place a product configuration report. Entertainment gives a way to 

deal with test this layout before utilization. Tools like MALAB-

Simulation and State model give a demonstrating and reenactment 

condition and in addition investigation instruments that can be 

coordinated into a work process. Such arrangements help design-

ing endeavors to meet the apparently unthinkable objective of 

lessening advancement expenses and time to advertise, while de-

livering more programming than any other time in recent memory. 

Demonstrating and recreation has been utilized since the mid-

1990s by the aviation and car enterprises, which discovered their 

utilization of chip expanding quickly. Designers perceived the 

upsides of reproducing multi-area frameworks for the reasons for 

creating implanted controls [1]. The off-parkway industry started 

embracing demonstrating and recreation 10 years after the fact and 

is currently observing expanded advantages. 

Model Based Programming Advancement (MBPA) is a technique 

that can be used to lessen surrenders, enhance improvement time, 

and increment coordinated effort among engineers by utilizing 

demonstrating and reproduction. The introduce is to utilize  

numerical models and control calculations to speak to the product 

and the physical parts that are specifically or in a roundabout way 

controlled by the software. Reproduction is the pantomime of the 

errand of a bona fide world process or structure after some time. 

The show of reenacting something at first requires that a model be 

conveyed; this model tends to the key qualities or practic-

es/segments of the picked physical or theoretical framework or 

process. The model tends to the structure itself; however the reen-

actment tends to the development of the framework after some 

time [2]. Any model can be spoken to in two sections to be specif-

ic a plant demonstrate and a controller display. Plant demonstrat-

ing depends on making a square outline that actualizes known 

differential mathematical conditions to repeat the physical frame-

work. Controller display is utilized to test the flow of the plant 

demonstrate either disconnected or in genuine time. 

1.1. V-diagram 

A traditional advancement strategy called the V cycle or V- graph 

is extended in fig.1 to demonstrate how displaying and reproduc-

tion can coordinate into item improvement lifecycle. So also, any 

product improvement life cycle can be received to utilize demon-

strating and recreation without changing the center phases of that 

Software advancement cycle. Necessity for reenactments: Reduc-

tion of advancement cycle, Demand to broadly test control equip-

ment and programming keeping in mind the end goal to meet se-

curity and quality prerequisites, and Need to avert exorbitant and 

perilous failures. 

 
Fig. 1: V-Diagram. 
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International Journal of Engineering & Technology 1741 

 
 

 
Fig. 2: MIL, SIL, and HIL Testing. 

 

The fig.2., indicates the proposed Testing Environment Model for 

Automotive Braking Controller. The above mentioned process 

collectively forms a V-model development cycle for Automotive 

Braking Control System. Automobile Stopping execution, i.e., 

stopping capability and vehicle dealing with, can be redesigned by 

a non- solidifying halting framework. The main motto of Automo-

tive halting is to assemble the disc tractive powers. Ant-lock brak-

ing is generally proficient by regulating the disc over the zenith of 

the twist of the µ - Slip tractive powers as showed up in Fig.3 in 

the midst of ABS moves [3]. The slip S is described as 

 

Slip= (Vv-Vtyre)/Vv                                                                    (1) 

 

where Vv be the automotive speed and Vtyre is the disc velocity. 

Inconveniences in arranging an braking regulator consolidate the 

nonlinear behavior of the stopping components, the time-

differentiating nature of the framework parts and obscure/altering 

ecological parameters. A nonlinear control methodology called 

Sliding mode technique, which permits a tremendous type of non-

linear structures to be regulated by paying little heed to system 

parameter assortment. 

2. Motivation and scope of the research 

The motivation of the project is to make a Vehicle Motion Simula-

tor which enables the users to feel the importance of various vehi-

cle safety functions. It offers a virtual reality environment which 

helps in realizing the importance of vehicle safety systems when a 

hazardous driving condition is encountered. The current existing 

simulator can be further extended in various domains like rider 

training, gaming simulator and software in the loop testing of new-

ly developed safety functions. Since all the tests donot require a 

real vehicle, track testing cost could be saved. It consumes less 

time and offers good accuracy levels. 

3. Related work 

Mirzaeinejad and Mirzaei., have associated a farsighted method to 

manage intend a non-linear replica type regulator for the turn 

slip. Fundamental reaction strategy is similarly used to construct 

the energy of the illustrated regulator[4]. Along these lines, the 

command rule is delivered by restricting the particular among the 

insightful and needed output the slip and its essential. Choi.S.B, 

has built up another steady wheel slip braking figuring. the ABS 

estimation, run base control of disc velocity is diminished to the 

base. Raise wheels devours load relate, grasp, and abandon modes; 

though the cycling is finished by steady input control. even as cy-

cling reverse controls speeds, the helm top slips that develop tire-

to-street granulating are overviewed [5].  

From the assessed top slips, reference rates of face wheels are 

figured. The frontage wheels are proscribed unendingly to track 

the orientation speeds. Rangelow.K.Z., described the replica of a 

quarter-vehicle and an Anti-lock Braking System in MATLAB-

SIMULINK [6]. To demonstrate the exhaust characteristics and 

the vibrant lead on a stage and an rough road, the fleet -tire show 

is used. Sharkawy.A.B., analyzed the execution of unwilling Brak-

ing framework with assortment of heaviness, pounding Road tire 

friction coefficient, inclination of road et cetera a auto-tuning Pro-

portional integral direct intend to vanquish these possessions by 

methods for soft GA is made; by means of a manage focus toward 

restrain halting partition even as observance trip extent of the tires 

inside the preferred band. Talpov.A.V., Kayancan.Y., and 

Kaynak.O., projected a neuro-fuzzy flexible direct move toward for 

nonlinear scheme by means of show vulnerabilities, within non-

solidifying ceasing components. The control plot involves Propor-

tional Derivative regulator in addition to an opposite allusion rep-

resentation of the retort of proscribed scheme[8].  

Its yield is worn as an blunder movement through an online com-

putation toward invigorate the parameters of a neuro soft into 

regulator. Patil.C.B, and Longoria., encompass the decoupling 

attribute in frictional circle brake pedal instrument gathered from 

side to side kinematic examination of ABS to decide allusion 

brake torque is shown[9]. Showing of braking sensor-actuator and 

organize setup are depicted. Huang and Shih, comprise the feath-

ery regulator to the hydraulic- fueled modulator plus along these 

lines the brake pedal weight[10]. The execution of regulator in 

addition to weight driven modulator are assess by the hardware in 

Loop environment test. Onit.Y.,and Kayacam.E., comprise pro-

jected a narrative system intended for the framework of SMC. 

since speed of the automobile altered, the perfect estimation of the 

wheel slip determination in like manner change[11-12]. Reduce 

indicator is used toward imagine the future yield of the frame-

work. 

 

4. Modeling of hydraulic antilock Braking 

System 

A classical ABS is made out of a central electronic entity. The 

major components made of velocity speed sensors for each wheels 

independently, plus no less than two hydraulic driven controlled 

plates on the coaster brake network. the majority braking systems 

arranged in automobiles can accomplish braking divisions lesser 

than individuals without braking controller. Braking controller 

reduce their probability of crushing, or conceivably the reality of 

bang. A couple of Braking system arrangements diminish this 

issue by subsiding rotating time, in like manner leasing the wheel 

more than once rapidly jolt and open[13-14]. The basic preferred 

standpoint of Braking system on such background is to fabricate 

the limit of driver in the direction of keep up manage of the auto-

mobile as opposed to go keen on a slide through defeat of direct 

remnants additional plausible resting on fragile background like 

shake or unsafe floors like snowstorm or hoarfrost[15-16]. The 

disc turns by means of a hidden precise rate with the intention of 

identifies with the automobile velocity previous to the brakes are 

associated. 

 
Fig. 3: Adhesion Coefficient versus Slip. 
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Fig. 4: Simulink Model of ABS Controller. 

 

V=wr                                                                                             (2) 

 

Lamda= (Vv-Vw)/Vv                                                                   (3) 

 

The Simulink Model of ABS Controller Plant is shown in the 

Fig.4., the model includes the Angular speed calculation, mu-slip 

friction curve, vehicle speed and Stopping distance calculation 

unit. From the equation of slip it is clearly understood that when-

ever vehicle linear velocity is in synchronous with wheel angular 

velocity slip will be zero, this indicates that there is no chance for 

vehicle undergo skidding. But whenever the synchronization mis-

matches that the moment brake force applied wheel angular veloci-

ty suddenly comes down to zero this causes the slip value one, 

results vehicle undergo skidding [17-18]. In order to maintain the 

synchronization between wheel angular speed and vehicle linear 

velocity, a desired value of slip is chosen that λ=0.2 which expands 

the bond between the tire and street surface and lessens the halting 

separation of the vehicle [19]. Friction force on a wheel  

 

 𝐅𝐟=𝛚𝛍 𝐍𝐞𝐰𝐭𝐨𝐧                                                                            (4) 

 

 𝐒 = -Ff/m                                                                                     (5) 

 

The stopping distance and vehicle speed is obtained from equation 

(4) Torque generated on wheel 

 

T=Ff.r                                                                                           (6) 

 

In this model, a perfect antilock braking controller, that utilizations 

’ON-OFF’ control is planned, in view of the blunder, between 

original slip and desired slip. The Hydraulic actuator utilized as a 

part of slowing mechanism is modeled to as transfer function in-

terms of hydraulic. It receives slip as data and adjusts the measure 

of advance in weight, required for stopping. The Hydraulic Brake 

Pressure modulator is indicated in Fig.5. it’s a major part of the 

ABS controller, it modulates the brake pressure whenever the 

panic barking mode encounters[20]. 

 

Ww= (Tt-Tb)/J                                                                             (7) 

 

Angular velocity of wheel is obtained by passing equation (6) in 

to an integrator block. 

 

 
Fig. 5: Hydraulic Brake Pressure Modulator. 

5. Results and discussion 

The model based practical confirmation of a pressure driven slow-

ing mechanism beneath the activity of an Braking controller is 

presented. The ON-OFF controller utilized here can’t be utilized 

for street surface with various coefficient of rubbing. For an 

equipment in-circle recreation of a slowing mechanism, simulation 

is created and arranged for the regulator equipment, to trial the 

conditions of movement on ongoing equipment to imitate the hag-

gle elements. This altogether lessens the time expected to demon-

strate new thoughts by empowering real testing right on time in the 

advancement cycle. 

 

 
Fig. 6: Normalized Sip V/s Time without ABS. 

 

 
Fig. 7: Vehicle and Wheel Speed V/s Time without ABS. 

 

The normalized slip variation in absence of ABS controller is 

depicted in Fig.6. it is clearly seen from this graph, Braking with-

out controller does not have brake pressure modulation. This 

greatly vehicle undergoes skidding condition, which can be seen 

from Fig.7. that is the mismatch of wheel and vehicle angular 

velocity. Almost 10 seconds difference in the wheel and vehicle 

speed. The wheel speed suddenly comes down to zero as a result 

wheel lock take place. 

 

 
Fig. 8:Normalized Slip v/s Time. 
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Fig. 9: Mu-Slip Curve. 

 

In Presence of ABS controller the Brake pressure modulation 

takes place, and the variation of slip value under the influence of 

brake pressure modulation as show in the Fig.8. the friction co-

efficient versus slip curve is depicted in fig.9., from the curve its 

clearly seen that the maximum friction between the road and tire 

will be occurring at desired value of slip which is approximately 

0.2. 

 

 
Fig. 10: Vehicle and Wheel Speed v/s Time. 

 

 
Fig. 11: Stopping Distance. 

 

In presence of ABS controller the brake pressure modulation 

maintains the wheel and vehicle angular velocity almost same this 

can be seen from fig.10. Which indeed the deduction in the vehi-

cle stopping distances as shown in fig.11. Consequently, vehicle 

will not undergo skidding condition. 

6. Conclusion 

The simulation results, from fig.6. it shows that the normalized 

slip in absences of ABS controller there is no brake pressure mod-

ulation occurs, results mismatch of vehicle and wheel angular 

velocity as shown in fig.7., this can be avoided by using the ABS 

controller the brake pressure modulation takes place and the varia-

tion of normalized slip value as shown in fig.8. the maximum 

friction between road and tire occurs at a desired value of mu i.e 

𝜆 = 0.2. can be observed in fig.9.and from fig.10. and fig.11. it 

can be clearly observed that the braking system without a braking 

Controller leads to non synchronization of vehicle and wheel an-

gular speed, this leads to be vehicle undergo skidding. by integrat-

ing the braking controller in to the braking system, the synchroni-

zation of vehicle and wheel angular speed is achieved this results 

vehicle will be in stable zone. braking controller modulates the 

brake pressure and it will not allow the wheel to lock suddenly. 

braking Controller achieves the reduction in stopping distance of 

the vehicle. A new development platform for automotive Hydrau-

lic braking system is introduced. The simulation results show that 

the proposed development process and the virtual experiment 

environment can efficiently handle various Electronic control Unit 

design problems caused by transitions among separate develop-

ment steps. The proposed environment can be a basis for the mod-

el based approach in antilock braking system. 

References 

[1] J. Y. Wong, (2004), Theory of Ground Vehicles fourth edition, Wiley 

Publications. 

[2] Jason Mowry.(2006) Modeling and Simulation in Embedded Systems 

for-off-Highwayvehicles. 

http://ww2.distek.com/uploads/common/DISTekModelingandSimula
tion WhitePaper.pdf. 

[3]  Bleckman, H.-W., and Rosen K., (1986), Traction Control System 

with Teves ABS Mark II,Proc.Soc. Automot. Eng., Paper No. 
860506, pp123-130. 

[4] H. Mirzaeinedjad,and M. Mirzaei., (2012), A novel method for non-

linear control of wheel slip in anti-lock braking systems, Control 
Engineering-Practice-vol.18,pp.918-926.  

[5] S. B. Choi, (2008), Antilock Brake System with a Continuous Wheel 

Slip Control to Maximize the Braking Performance and the Ride 
Quality, IEEE Transaction on Control Systems Technology, vol. 16, 

no. 5, pp211-220. 

[6] K.Z. Rangelov, (2014), SIMULINK Model of a Quarter-Vehicle 
with an Antilock Braking System, Master’s Thesis-Eindhoven: 

Stan Ackermans Institute,Eindverslagen Stan Ackermans Institute. 

Pp1-154. 
[7] A.B. Sharkawy, (2010), Genetic fuzzy self-tuning PID controllers for 

antilock braking system, Engineering Applications of Artificial In-

telligence,-vol.23,pp.1041-1052.  
[8] A. V. Talpov, E. Kayancan, Y. Onit and O. Kaynak, (2012) Nero-

fussy control of ABS using variable structure-system based algo-

rithm, Int. Conf. On Adaptive and Intelligent System, IEEE Com-
put Society, DOI 10.1.1109, ICAIS.2009.35, pp.166-171. 

[9] C. B. Patil and R. G. Longoria, (2017), Modular design and testing of 

antilock brake actuation and control using a scaled vehicle system, 
Int. J. of vehicle system modeling and testing, vol.2,pp. 411-427. 

[10] C. K. Huang , and H. C. Shih, (2013) Design of a hydraulic ABS for 

a motorcycle, J Mech Science Technology, vol.24, pp. 131-141. 
[11] V Dankan Gowda., A.C Ramachandra.,(2017) “Slip ratio Control of 

Anti-lock Braking System with Bang-Bang Controller,” Internation-

al Journal of Computer Techniques, vol 4, issue 1, pp. 97-104. 
[12] Y. Onit, E. Kayacan, and O. Kaynak, (2016) A dynamic method to 

forecast wheel slip for ABS and its experimental evaluation, IEEE 

Trans. System, Man and Cybernetics, Part B: cybernetics, vol 39, pp 
551-560. 

[13] Dankan V Gowda., and Sadashiva Chakrasali., (2014)“Comparative 

Analysis of Passive and Semi-active Suspension System for Quarter 
Car Model using PID Controller,” Int. Conf. on Recent Trends in 

Signal Processing, Image Processing and VLSI(ICrSIV), pp.510-

517, Bangalore, India. 
[14] Hanselmann, H. (1998). Development speed up for electronic con-

trol systems Convergence Dearborn, USA. Vol.3. pp.184-190 

http://ww2.distek.com/uploads/common/DISTekModelingandSimulation%20WhitePaper.pdf
http://ww2.distek.com/uploads/common/DISTekModelingandSimulation%20WhitePaper.pdf


1744 International Journal of Engineering & Technology 

 
[15] Dankan V Gowda., Ramachandra A.C.,(2018) “Importance of Non-

Linear Controller in Implementing Anti-Lock Braking System-A 

Technical Review,” International Journal of Advanced Research in 

Computer Science, vol. 9, issue 2, pp. 193-199.  

[16] Isermann, R. (1996). On the design and control of mechatronic sys-
tems a survey. IEEE Transactions on Industrial Electronics, 43(1), 

pp.405-415.  

[17] D.V.Gowda, D.V.Kishore, Shivashankar, A.C. Ramachandra, and C. 
Pandurangappa, (2016) “Optimization of motorcycle pitch with non-

linear control,” in Proceedings of the 1st IEEE International Confer-
ence on Recent Trends in Electronics, Information and Communica-

tion Technology (RTEICT), pp.1656-1660, Bangalore, India. 

[18] Lean, G., Heffernan, D., Dunne, A., (1999) Digital networks in the 
automotive vehicle. IEEE Computing. Control Eng. 10 (6), pp.257-

266.  

[19] Dankan.V.Gowda.,-Kishore-D.V.,-Ramachandra-A.C., -
Pandurangappa.C., (2016) “Two wheeler Vehicle Model Develop-

ment for Driving Simulator Application,” GIT Journal of Engineer-

ing and Technology, vol.9, issue.1, pp.47-51. 
[20] Praveen Kumar., Jegan. A, (2015) Systematic Approach in V-Model 

Development Cycle for an Automotive Embedded Control System, 

Journal of Advance in Electronic and Electric Engineering. ISSN 
2231-1297, Vol.3, No.4, pp.465-470. 


