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RIde, HAndling & STeering

m-RIHAST

a performance evaluation tool for

-Developed by:

Mr. Shubham Kedia, Dr. Divyanshu Joshi, Dr. Muthiah Saravanan
(Advanced Technology, Mahindra Research Valley, Chennai)
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Problem Statement

Objective 
Performance 
Evaluation

Ride, Handling & 
Steering

ISO & SAE 
standards

Volume 
of Data 
& Time

Expensive 
tools

Lack of 
Automation

Procedures in ISO 

& SAE standards 

involve complex 

mathematical 

operations, data 

processing and 

statistical analysis.

Due to the 

complexity of 

operations and 

volume of data, 

evaluation is often 

time consuming 

and tedious.

Expensive 

commercial tools 

and their multiple 

licenses are 

usually required 

for 

implementation.

Process 

automation using 

existing tools 

includes several 

limitations and 

challenges making 

it cumbersome to 

implement.
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Objectives

Objective Metrics as per 
ISO and SAE Standards

Steering

Handling

Ride 

Raw Data

Quantification Visualization

Comparison GUI interface

Stand Alone 
Application

Assist vehicle 
Dynamics 
Testing & 

Evaluation
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Scope

Ride and 
Vibration 
Domain

ISO 2631-1

•Weighted RMS

•VDV

•MSDV

•MTVV

ISO 2631-5 
• Dose Value

• Static Equivalent 
Compressive 
Stress

ISO 10326
• Seat Effective 

Amplitude 
Transmissibility

• Damping Test

Handling 
Domain

ISO 4138 
•Understeer 
Gradient

• Mathematical 
Operations with 
Lat. Acc. And 
Steering Angle

ISO 7401
• Response Delays

• Time Lags

• Overshoots

• Gains in 
Frequency and 
Time Domain

Steering 
Domain

ISO 13674-1
• Steering Stiffness

• Steering Friction

• Angle Hysteresis

• Steering Sensitivity

• Dead-Bands

• Delays

• Gain

• Torque  Hysteresis

Mathematical 
Operations

Filtering

Detrending

Time Delay using 
Cross-Correlation

Coherence

Statistical 
Parameters

Data Processing

Plot Helps in Time and 
Frequency Domains
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Results
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Methodology
MATLAB 

Platform 

Development
Validation

GUI 

Development
Evaluation

Tools Used:
• MATLAB (basic)
• MATLAB 

Controls System 
• MATLAB 

Compiler 
Toolbox

• MATLAB 
Statistics 
Toolbox.

MATLAB 
Platform 

➢Various logics and algorithms are developed to facilitate several
mathematical computations

➢Tools and functions available in MATLAB are used

➢Mathematical operations and custom filters which are not
available are manually programmed.

Validation

➢Mathematical functions and algorithms developed for various
operations involved in implementation of standards and the help
tools are validated against available routines

GUI

➢The GUI development is performed using MATLAB guide feature

➢m-RIHAST is compiled as a standalone application using
MATLAB compiler

Evaluation

➢mRIHAST is evaluated by different internal teams

➢Next version is under development
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ISO 13674-1 : Implementation

(Weave test: method for the 
quantification of on-centre
handling)

Sample overview
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Operations involved (ISO 13674-1)

Data 
selection for 
4 cycles/max 

available

De-offsetting
Filtering

(0-5 Hz)

Separating 
Data for 

Hysteresis

Selection of 
data for on-

center region

Curve fit for 
all hysteresis 

loops

Find slopes 
at on-center 

regions

Calculate 
ordinates 

and abscissa

Calculate 
time delays 
from cross 
correlation

Hysteresis 
areas on 

curve 
intersection

Plotting the 
hysteresis 
curves for 

visualization

Exporting 
Data
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User Comments
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Disclaimer

Mahindra & Mahindra herein referred to as M&M, and its subsidiary companies provide a wide array of presentations and reports,

with the contributions of various professionals. These presentations and reports are for informational purposes and private circulation

only and do not constitute an offer to buy or sell any securities mentioned therein. They do not purport to be a complete description of

the markets conditions or developments referred to in the material. While utmost care has been taken in preparing the above, we

claim no responsibility for their accuracy. We shall not be liable for any direct or indirect losses arising from the use thereof and the

viewers are requested to use the information contained herein at their own risk. These presentations and reports should not be

reproduced, re-circulated, published in any media, website or otherwise, in any form or manner, in part or as a whole, without the

express consent in writing of M&M or its subsidiaries. Any unauthorized use, disclosure or public dissemination of information

contained herein is prohibited. Unless specifically noted, M&M or any of its subsidiary companies is not responsible for the content of

these presentations and/or the opinions of the presenters. Individual situations and local practices and standards may vary, so

viewers and others utilizing information contained within a presentation are free to adopt differing standards and approaches as they

see fit. You may not repackage or sell the presentation. Products and names mentioned in materials or presentations are the property

of their respective owners and the mention of them does not constitute an endorsement by M&M or its subsidiary companies.

Information contained in a presentation hosted or promoted by M&M is provided “as is” without warranty of any kind, either expressed

or implied, including any warranty of merchantability or fitness for a particular purpose. M&M or its subsidiary companies assume no

liability or responsibility for the contents of a presentation or the opinions expressed by the presenters. All expressions of opinion are

subject to change without notice.

Copyright © 2012 Mahindra & Mahindra Ltd. All rights reserved.

Thank You
www.mahindra.com


