
 

Abstract- This paper presents a control strategy for a mild 
hybrid vehicle equipped with Integrated Starter Alternator 
(ISA). The ISA provides the torque augmentation and 
regenerative braking as well as the Start/Stop capability for the 
vehicle. Continuously Variable Transmission (CVT) is utilized to 
achieve the full benefits of the mild hybrid drive train. The 
validity of the proposed CVT control unit, Start/Stop system, 
and the optimal torque distribution between the ISA and 
Internal Combustion Engine (ICE) are verified through the 
simulations. Finally, the emissions and fuel consumption 
reduction advantages of the proposed vehicle controller for the 
mild hybrid vehicle with lead-acid battery are extracted from 
the simulation results.  

 
Index Terms—Integrated Starter Alternator (ISA), 

Continuously Variable Transmission (CVT), fuel economy, 
Optimal Operating Point (OOP), torque distribution. 

I. INTRODUCTION 
 Reducing emissions and improving fuel economy are of 

today main concerns. The development of Electric Vehicles 
(EV) and Hybrid Electric Vehicles (HEV) has taken on an 
accelerated pace to fulfill these needs [1] [2]. 
Accommodating Integrated Starter Alternator (ISA) in a 
conventional vehicle is the quick and low cost approach to 
mild Hybrid Electric Vehicles. A mild HEV does not need 
high power energy storage due to small power rating of the 
ISA [2]. The ISA can be directly mounted on the crankshaft, 
or it can be driven by belt. Direct mounted ISA can generate 
more power. Nevertheless, belt driven ISA is easier to 
package. Using a belt driven ISA, power generation of up to 
5 kW is possible, beyond which there would be heavy stress 
on the belt and mechanical parts and the system would be 
unable to deliver high power [3]. 

The ISA has the ability to start the engine quickly and 
quietly, which provides the Start/Stop capability for the 
vehicle. By the Start/Stop, the engine can be stopped, when 
the driver pushes the brake and stops the vehicle. The first 
production version of the Start/Stop system is reported in [4]. 
The ISA can also assist the engine during high torque 
demands, which is critical when using a downsized Internal 
Combustion Engine (ICE). The torque assist capability can 
result in improved acceleration and towing capabilities. 
Regenerative braking is also achieved by the ISA, but it is 
limited to the regeneration power level of the battery.  

The full benefits of a mild hybrid passenger vehicle can be 
achieved by using Continuously Variable Transmission 
(CVT) in a pre-transmission ISA configuration. The CVT can 

continuously change the transmission ratio using two variable 
diameter pulleys. The drive pulley is connected to the 
crankshaft of the engine and the driven pulley transfers 
energy to the driveshaft.  

This paper examines the benefits of utilizing the ISA and 
CVT in a conventional passenger vehicle with a normal 
engine. A vehicle controller is proposed and the simulation 
results are presented using Advanced vehicle simulator 
(ADVISOR 2002) [5]. This controller not only handles the 
Start/Stop management, but can also handle the energy 
management, by the proper torque distribution between the 
ISA and ICE, and appropriate CVT control. The computation 
of the ICE Optimal Operating Point (OOP) is based on the 
efficiency and emission maps of the ICE. In contrast to the 
fuzzy controllers proposed in the authors' previous work [6] 
and the one reported in [7], the computed ICE optimal torque 
is requested directly from the ICE and it is not needed to 
adjust it depending on the State of Charge (SOC) of the 
battery and driver’s torque request. A new CVT Control Unit 
(CCU) is proposed as the CVT control unit used in 
ADVISOR for parallel hybrid configuration is not applicable 
to the proposed mild hybrid vehicle controller. The proposed 
CCU considers the engine speed and torque request 
requirements, and it also cares about the emissions and ICE 
redline speed. 

II. VEHICLE IDENTIFICATION 
In this paper, the application of the ISA on SAMAND 

passenger vehicle is examined. This vehicle is a medium size 
car and the engine used in this car (XU7JPL3) is a normal 
gasoline engine (not downsized). Their specifications are 
given in Table I. The 42-V power supply system that is used 
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TABLE I 
SPECIFICATION OF THE VEHICLE AND ENGINE 

Parameter Value 
Vehicle Over-all Mass (kg) 
Aerodynamic Drag Coefficient 
Frontal Area (m2) 

Wheel Base (m) 
Rolling Resistance Coefficient. 
Wheel Radius (m) 
Front Wheel Load Fraction 

1250 
0.3 

1.965 
2.67 

0.012 
0.3 
0.6 

Engine type 
Engine capacity (cm3) 
Max. power (hp) 
Max. torque (Nm) 
Compression ratio 

XU7JPL3 
1761 

100@5000rpm 
153@3750rpm 

9.3:1 



 

in the simulation consists of three modules of Hawker 
Genesis 12V, 25 Ah Valve Regulated Lead-Acid (VRLA) 
batteries. Although using lead-acid batteries during boosting 
and regenerative braking will lead to a short lifetime and 
heavy batteries [8], VRLA battery would be chosen as it has 
shown a good compromise for cost reasons. 

The ISA used here is a 10 kW electrical machine directly 
mounted on the crankshaft, with the maximum continuous 
torque capability of about 50 Nm and over torque factor of 2 
for intermittent operation. The utilized CVT can provide the 
ratios from 0.86 up to 4.3 continuously. Final drive has the 
transmission ratio of 3.5 so the total ratio from 3 up to 15 is 
achieved. 

III.    VEHICLE CONTROLLER DESIGN 

The vehicle controller is developed based on the efficiency 
and emission maps of the ICE as well as input data such as 
the engine temperature, and vehicle speed. This controller 
puts the ICE in its optimal operating point. It distributes the 
torque between the ICE and ISA and selects the optimal CVT 
ratio. Fig. 1 shows the functional architecture of the vehicle 
controller, where Nw and Tw are respectively the axle speed 
and estimated driver’s torque request on the driven wheels, 
Vveh is the vehicle speed, and Pr is the estimated power 
request. The CVT Control Unit (CCU), Engine State 
Controller (ESC), and Torque Limit Calculator (TLC) are the 
embedded controllers in the vehicle controller, which their 
functions are briefly explained as follows: 

The ESC manages the Start/Stop system. The CCU 
calculates the permissible CVT ratio range, considering the 
engine speed requirements as well as the torque request 
requirements. It ensures that forcing the ICE to operate in the 
OOP will not decrease the vehicle performance. The control 
strategy used in CCU avoids ICE over-revving and ICE 
operation at low speeds and it also considers the driver’s 
torque request not to over-burden the ICE or ISA. The TLC 
calculates the boosting or charging torque limits that can be 
provided by the ISA. Its application leads to maintain the 

SOC in the desired level for lead-acid batteries.  
As shown in Fig. 1, the Block C of the vehicle controller 

computes the OOP. This block finds the OOP by 
investigating the ICE efficiency and emission maps only on 
the ICE possible operating points. The ICE possible operating 
points are all limited in speed between Nmin and Nmax 
depending on the CVT ratio limitations described above. 
They are also limited in torque depending on the ISA 
maximum permissible boosting/charging torques (outputs of 
the TLC), and the power request estimated by Block B.  

As shown in Fig. 1, the appropriate weights to the emission 
reduction and efficiency improvement are tuned depending 
on the driving requirements (Block A). The OOP is computed 
depending on these weights. Finally, the desired torque is 
requested from the ICE and the desired speed is achieved by 
choosing the appropriate CVT ratio.  

IV. TORQUE LIMIT CALCULATOR 

The ISA Torque Limit Calculator (TLC) senses the SOC 
level of the battery and computes the motoring or generating 
torque limits that the ISA is permitted to provide. As shown 
in Fig. 1, the outputs of this unit are denoted by the TISA,max 
and TISA,min. These values respectively determine the 
maximum and minimum output torques that the ISA is 
permitted to provide on the axle. The way that the TLC 
computes these values is described as follows: 

Firstly, using the equivalent circuit model of the utilized 
lead-acid battery, the maximum charging power acceptance 
and discharging power capability of the battery are extracted 
at the current SOC, which are denoted by Pbat,chrg,max  and 
Pbat,dis,max respectively. Afterwards depending on the SOC 
level of the battery, the TLC determines how many times the 
Pbat,dis,max and Pbat,chrg,max, the ISA is permitted to augment the 
ICE or to charge the battery. These numbers of times are 
denoted by the bst_factor and gen_factor and are determined 
based on the SOC level of the battery, as shown in Fig. 2. 

Finally, the ISA maximum output power (PISA,max) and the 
ISA minimum output power (PISA,min) are calculated based on 

 
Fig. 1. Functional architecture of the vehicle controller. 



 

the Tables II and III respectively, where ηISA is the ISA 
efficiency. The final outputs of the TLC (TISA,max, TISA,min) are 
calculated using these power limits, and the ISA torque-speed 
profile. The results are shown in Fig. 3 and Fig. 4. 

It should be noted that a negative value of the TISA,max 
defines the ISA minimum generating torque. In other words 
this is a case in which the ISA is not permitted to augment the 
ICE and it is only permitted to charge the battery within the 
TISA,max and TISA,min torque limits. Moreover, a positive value 
of the TISA,min defines the ISA minimum boosting torque 
value. In this case the ISA is not permitted to charge the 
battery and it is only permitted to augment the ICE within the 
TISA,max and TISA,min torque limits. This kind of definition is 
utilized in this paper as it leads to simple equations in 
sections V and VI.  

V. CVT CONTROL UNIT  

A CVT control strategy appropriate for mild hybrid 
vehicles is proposed here. The proposed CCU calculates the 
permissible CVT ratio range defined between iCVT,min and 
iCVT,max (see Fig. 1). Generally, any chosen transmission ratio 
must satisfy the engine speed requirements as well as the 
driver’s torque request requirements [6]. 

A. Engine Speed Requirements 
The vehicle speed must be considered in order to avoid ICE 

operation near the redline speed or extremely low speeds. The 
vehicle speed versus the engine speed is shown in Fig. 5(a), 
where Ne1 and Ne2 define the appropriate engine speed range. 
V1,min, V2,min, V1,max, and V2,max are the corresponding vehicle 
speeds when the maximum or minimum CVT ratio is chosen. 
Nidle defines the engine idle speed, and Nredline is the engine 
redline speed. Vidle is the corresponding vehicle speed in the 
engine idle state with the maximum CVT ratio, and Vred is the 
corresponding vehicle speed in the engine redline speed with 
the minimum CVT ratio.  

The suitable speed range for most of the medium size 
Spark Ignition (SI) engines is in the range of about 220 to 
350 rad/s. In simulations, Ne1 and Ne2 are respectively set to 
120 and 380 rad/s. It should be noted that Ne1 is set to a lower 
value as it leads to better fuel economy as long as there is not 
a high torque request. If the CVT ratios which force the ICE 
to operate at low speeds (e.g. between Ne1 and 220 rad/s) can 
not satisfy the torque request requirements, they will be 
discarded by the CCU. Nevertheless, Ne1 must not be too 
close to the idle speed to avoid unwanted ICE shut off. 

 
            (a)                          (b) 

Fig. 5. CVT ratio limitation based on engine speed requirements. 
(a) Predefined speeds, (b) CVT ratio limitation example (V= 10 m/s). 
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Fig. 4. ISA minimum output torque versus ISA speed and SOC. 

TABLE II 
ISA MAXIMUM OUTPUT POWER CALCULATION 

Condition Possible ISA mode 
ISA max. output power 

(PISA,max) 

bst_factor*>0 Motoring and/or 
Generating  

Pbat,dis,max.bst_factor.ηISA 

bst_factor ≤0 Generating -Pbat,chrg,max.bst_factor/ηISA 
*bst_factor : ISA Max. Boosting Power Factor (see Fig. 2). 

TABLE III  
ISA MINIMUM OUTPUT POWER CALCULATION 

Condition Possible ISA mode 
ISA min. output power 

(PISA,min) 

gen_factor*>0 Motoring and/or 
Generating 

Pbat,chrg,max.gen_factor/ηISA 

gen _factor ≤0 Motoring -Pbat,dis,max.gen_factor.ηISA 
*gen_factor : ISA Max. Generating Power Factor (see Fig. 2). 
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Fig. 3. ISA maximum output torque vs. ISA speed and SOC. 
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Fig. 2. The scaling factors of the ISA maximum power vs. SOC. 



 

The first CVT ratio limitation according to the engine 
speed requirements is conducted based on the Table IV, 
where iidle, ie1, ie2, and iredline are CVT ratios defined as 

 
(1) 

 
(2) 

 
(3) 

 
(4) 

 
where Vveh is the vehicle speed and rw is the wheel radius. 
Fig. 5(b) shows the case 4 of Table IV as an example. In this 
example, the vehicle speed is 10 m/s and in order to operate 
the engine in suitable speed range (Ne1, Ne2), the CVT ratios 
must be limited to the range from iCVT,min,1 up to iCVT,max,1. 

B. Torque Request Requirements 
Any chosen ratio must ensure that the ICE and ISA 

maximum total torque can overcome the estimated driver’s 
torque request. Consequently, the first CVT ratio limitations 
based on the engine speed requirements (between iCVT,min,1 and 
iCVT,max,1) are limited further by the torque request 
requirements and finally, the permissible ratio range between 
iCVT,min and iCVT,max are calculated.  

According to (5), the torque request on engine side of the 
CVT is obtained by dividing the estimated torque request on 
the driven wheels (Tw) by the chosen CVT ratio (icvt) between 
iCVT,min,1 and iCVT,max,1. If the torque request on engine side of 
the CVT is lower than the maximum total torque capability of 
the ICE (TICE,max) and ISA (TISA,max) at the corresponding axle 
speed (n=iCVT.Nw), then the chosen CVT ratio can satisfy the 
torque request requirements, otherwise it is discarded by the 
CCU. The estimated accessory load torque on the ICE (Tacc), 
and the CVT efficiency (ηCVT) are also considered in (5).  

 
(5) 

 
The ISA torque capability in (5) is set to the ISA maximum 

output torque (TISA,max) that is computed by the TLC as 
described in section IV. It should be noted that this value is 
negative for low SOC levels. The reason of using the TISA,max 
value in (5) is not discussed here to condense this paper.  

Two examples are demonstrated in Fig. 6 to explain the 
way that the torque request requirements are considered in 
CVT ratio limitation. Fig. 6(a) shows how the ICE operation 
at low speeds is avoided due to the high torque request. In 
this example, there is a high torque request of 900 Nm on the 
driven wheels and the vehicle speed is related to the case 4 of 
Table IV. The SOC level is 0.8 so the ISA is permitted to 
augment the ICE up to 0.67 times the Pbat,dis,max (see Fig. 2). 
This figure shows that the limits of the CVT ratio based on 
the speed requirements are not completely appropriate for the 
torque request requirements and further ratio limitation is 
needed due to the fact that the tractive torque is not enough to 
satisfy the driver’s torque request. 

Fig. 6(b) shows another example of the CCU operation. It 
is demonstrated that the proposed CCU is able to extend the 
default appropriate speed range up to the redline speed in the 
severe conditions like uphill climbing. In this example, the 
first limited ratios, iCVT,min,1 and iCVT,max,1, are respectively equal 
to 3 and 5.7 for the vehicle speed of 20 m/s (case 5 of 
Table IV) and no ratio in the first limited ratio range can 
provide the tractive torque equal or above the requested 
torque on the driven wheels. As a result, a higher CVT ratio 
(iCVT,max=iCVT,min= 6.38 ) is chosen. 

VI. OPTIMAL OPERATING POINT COMPUTATION 

Controlling the operating point of the ICE is the key issue 
in emission reduction and fuel economy improvement. The 
OOP of the ICE is computed here by inspecting the ICE 
efficiency and emission maps. As used in [6] [7], a cost 
function is defined as 

 
J=w1(1-ηn)+w2(NOx,n)+w3(HCn)+w4(COn)           (6) 

 
where J is the cost function, wi are weights, ηn is the 
normalized efficiency map, and NOx,n, HCn, and COn are the 
normalized emission maps of the ICE. As shown in Fig. 1, the 
weight tuning is done by the Block A. As the engine is not 
downsized, the weight adjustment for efficiency improvement 
will lead to excess battery charging. It is due to the best 
efficiency operating region, which is close to the ICE 
maximum torque region. This kind of weight adjustment is 
appropriate for a downsized engine and must be used with 
care in a vehicle without downsized ICE. As a result, the 
maximum and minimum torque requests on engine side of the 
CVT, are fed to the weight tuning block as shown in Fig. 1. 
These values (Tr,min, Tr,max) are used to estimate the actual ICE 
torque request on engine side of the CVT. In this way, the 
weights are tuned based on the estimated ICE torque request. 
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TABLE IV 
CVT RATIO LIMITATION BASED ON ENGINE SPEED REQUIREMENTS 

Case No. Vehicle Speed iCVT,min,1 iCVT,max,1

1 Vveh < Vidle Max. CVT Ratio Max. CVT Ratio 
2 Vidle ≤ Vveh < V1,min iidle Max. CVT Ratio 
3 V1,min ≤ Vveh < V2,min ie1 Max. CVT Ratio 
4 V2,min ≤ Vveh < V1,max ie1 ie2 
5 V1,max ≤ Vveh ≤ V2,max Min. CVT Ratio ie2 
6 Vveh > V2,max Min. CVT Ratio iredline

7 Vveh > Vred Min. CVT Ratio Min. CVT Ratio 
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         Vveh=10 m/s, SOC=0.8, Tw=900 Nm.       Vveh=20 m/s, SOC=0.5, Tw=700 Nm. 
                  (a)                              (b) 

Fig.6. CVT ratio limitation based on torque request requirements. 
(a) Further limitation on initial CVT range, (b) Extension up to redline. 



 

The values for emissions and efficiency weights are given in 
Table V. 

The Block C of the vehicle controller computes the 
minimum point of the cost function as the OOP. The cost 
function is examined only on the ICE possible operating 
points. The method used to find these candidate operating 
points is described as follows: 

Firstly, the speed of the ICE possible operating points are 
all limited between Nmin and Nmax depending on the CVT ratio 
limitations described in section V. These operating points are 
also limited in torque depending on the estimated torque 
request on the engine side of CVT and the outputs of the 
TLC. The torque request on the engine side of CVT is 
calculated at speeds between Nmin and Nmax using the 
estimated power request. As shown in Fig. 1, the Block B of 
the vehicle controller estimates this power request (Pr). This 
estimation is based on (7), where Pacc is the estimated 
accessory power and ηCVT  is the CVT efficiency. 

 
(7) 

 
Finally, the torque level of the ICE candidate operating 

points (TICE), must satisfy the (8) and (9), where ω is the axle 
speed. It should be noted that because of the proper 
definitions of the TISA,max and TISA,,min values, the ICE 
candidate operating points can be found just by investigating 
one equation, regardless of the SOC level and the ISA 
operating mode. 
 

(8) 
 

(9) 
 

Fig. 7 shows an example with the SOC level of 0.7 and the 
estimated power request (Pr) of about 30 kW. With this level 
of SOC, both the motoring and generating modes of the ISA 
are possible. Fig. 8 shows another example with the SOC of 
0.3 and the estimated power request of about 18 kW. With 
this level of SOC, only the generating mode of the ISA is 
possible. 

VII. SIMULATION RESULTS 

In order to find the fuel economy achievable only by 
Start/Stop system (μ-Hybrid), the SAMAND μ-Hybrid is 
simulated and it is realized that the fuel consumption 
reduction of about 5.5% can be achieved by the Start/Stop 
system alone within a driving time of one hour and half in 
city traffic (India urban cycle). The engine could be turned 
off for 9 minutes during a driving time of one hour and half in 
the city driving cycle of choice. 

The SAMAND mild hybrid vehicle equipped with ISA and 

CVT is also simulated to find the fuel consumption and 
emission reduction by the proposed control strategy. Fig. 9(a) 
shows the ICE operating points for the conventional vehicle 
with manual gearbox and Fig. 9(b) shows the results for the 
mild hybrid vehicle with CVT and the proposed vehicle 
controller during the New European Driving Cycle. Fig. 10 
shows the ISA operating points and Fig. 11 shows the ability 
of the control strategy to maintain the SOC at the desired 
level. The efficiency of the ISA is not considered and can be 
added to the control strategy as a future research, as done 
in [9].  

In addition to the SAMAND mild hybrid vehicle with 
CVT, the SAMAND conventional vehicle with manual 
transmission is also modeled and simulated. A comparison 
between these two cars is executed to extract the fuel 
consumption and emission reduction potential of the 
proposed vehicle controller for the mild hybrid vehicle with 
CVT. The results are given in Table VI for two different 
driving cycles. 
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TABLE VI 
REDUCTION IN FUEL CONSUMPTION AND EMISSIONS THROUGH THE 

PROPOSED VEHICLE CONTROLLER WITH LEAD-ACID BATTERY 

Drive 
Cycle 

L/100 km HC 
(g/km) 

CO 
(g/km) 

NOx 

(g/km) 
Engine 

Efficiency 
1* 10.4% 14.2% 7% -3.9% 11.1% 

  2** 13.8% 15.6% 10.7% 18.3% -11.1% 
 *Drive Cycle 1=6* NEDC, Ave. up grade=0%, Ave. down grade=0% 
 **Drive Cycle 2=6* India Urban, Ave. up grade=0%, Ave. down grade=0% 
 Reference Car: SAMAND conventional vehicle with manual transmission  
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Vveh=10 m/s, SOC=0.3, Tw=400 Nm, ηCVT=0.8, Pacc=1 kW, iCVT,min=7.6, iCVT,max=11.4. 
Fig. 8. Possible operating points of ICE (Example No. 2). 
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Vveh=10 m/s, SOC=0.7, Tw=700 Nm, ηCVT=0.8, Pacc=1 kW, iCVT,min=6.6, iCVT,max=11.4. 
Fig. 7. Possible operating points of ICE (Example No. 1). 

 
       (a)                 (b) 

Fig. 9. The ICE high efficiency region and the ICE operating points. 
(a) Conventional. (b) Mild HEV with proposed controller. 

TABLE V
WEIGHT ADJUSTMENT BASED ON DRIVING CONDITION 

Estimated ICE 
Torque Request w1 w2 w3 w4 

Low 0.2 1.8 1.8 1.8 
Medium 0.4 0.6 0.5 0.55 

High 0.9 0.6 0.5 0.55 



 

VIII. CONCLUSION 

This paper presents a powertrain control strategy for a mild 
hybrid vehicle without a downsized engine. Although using a 
normal engine (not downsized) is not the goal for the ISA 
application, it may be utilized as a quick approach to mild 
hybrid vehicles by accommodating the ISA in a conventional 
vehicle without designing a new downsized engine. 
Nevertheless, the engine efficiency could not be high without 
downsizing the engine. 

It is realized by simulation that the fuel consumption 
reduction of about 5.5% can be achieved by Start/Stop system 
alone (μ-Hybrid). Utilizing the Continuously Variable 
Transmission in addition to the torque assist, and regenerative 
braking capabilities of the ISA leads to further fuel economy 
improvement and emission reduction. Although the torque 
assist and regenerative braking capabilities are limited due to 
the power density limitations of the lead-acid battery, this 
battery is chosen as it has shown a good compromise for cost 
reasons.  

For best fuel economy and effective emission control of a 
mild hybrid vehicle with ISA, the gear ratio must be chosen 
correctly. The CVT ratio must comply with the vehicle speed 
as well as the torque request. Any CVT control strategy 
without considering these requirements will lead to the 
vehicle performance reduction. Furthermore, the ICE 
operation in the Optimal Operating Point (OOP) must be 
ensured by the proper control of the CVT. In this paper, the 
ICE desired operating point is computed by inspecting the 
ICE efficiency and emission maps. The ICE candidate 
operating points are all limited in speed and torque depending 
on the vehicle speed, estimated torque request, battery SOC, 
and the ISA and ICE maximum torque capabilities. As a 
result the computed ICE optimal torque can be requested 
directly from the ICE and it is not needed to tune it depending 
on the driving requirements. It is in contrast to the fuzzy logic 
based controllers used in [6] [7], which first compute the 
OOP and then change it according to the SOC and driver’s 
torque request values. 

The full functionality of the ISA requires a highly dynamic 
energy storage system. According to the simulation results, 
the proposed mild hybrid vehicle controller with the 42V, 

25 Ah lead-acid battery has the fuel consumption reduction 
potential of about 14% which can be improved by utilizing 
better energy storage.  
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Fig. 11. The SOC level of the battery. 
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Fig. 10. The ISA operating points. 

TABLE VI 
REDUCTION IN FUEL CONSUMPTION AND EMISSIONS THROUGH THE PROPOSED 

VEHICLE CONTROLLER WITH LEAD-ACID BATTERY 

Drive 
Cycle 

L/100 km HC 
(g/km) 

CO 
(g/km) 

NOx 

(g/km) 
Engine 

Efficiency 
1* 10.4% 14.2% 7% -3.9% 11.1% 

  2** 13.8% 15.6% 10.7% 18.3% -11.1% 
 *Drive Cycle 1=6* NEDC, Ave. up grade=0%, Ave. down grade=0% 
 **Drive Cycle 2=6* India Urban, Ave. up grade=0%, Ave. down grade=0% 
 Reference Car: SAMAND conventional vehicle with manual transmission  

.


