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Sammanfattning 
På Volvo Cars Corporation (VCC), är vevaxelmoment styrsignal för kalibrering av växellådan 
under växling. Målet med detta examensarbete är att utforma en verifieringsmetod (DVM) för 
vevaxelns vridmoment. Baserat på hjulet vridmoment, beräknas vevaxel momentet genom att 
kompensera momentförluster steg för steg. De relativa vridmoment-förlusterna ges av tidigare 
mätningar. Momentförlusterna klassificeras enligt olika komponenter i fordonets 
transmissionssystem. 

Vevaxelns modellerade vridmomentsignal används som referenssignal för att utvärdera 
prestandan hos verifieringsmetoden (Design Verification Method). Referenssignalen är 
certifierad inom ett visst intervall av VCC. 

Nyckelord. Verifieringsmetod. Vevaxel Moment. Vridmoment. Moment Förluster. 
Transmission. 
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Abstract 
 
At Volvo Cars Corporation (VCC), crankshaft torque is a control signal for calibrating the 
gearbox for gear shifting operations. The goal of this master thesis is to design a verification 
method (DVM) for crankshaft torque. Based on the wheel torque, the crankshaft torque is 
calculated by compensating the torque losses step by step. The relative torque loss data are 
provided by the previous measurements. The torque losses are classified by different components 
in the vehicle transmission system.  

The modeled crankshaft torque signal will be used as a reference signal to evaluate the 
performance of the Design Verification Method. The reference signal is certificated within a 
certain range by VCC.   
Keywords.  Verification Method. Crankshaft Torque. Wheel Torque. Torque Losses. 
Transmission. 
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NOMENCLATURE 

The Notations and Abbreviations used in the Master thesis are shown below.  

Notations 

Symbol Description 

𝛼 Angular Position of the Rotor (rad) 
�̈� Angular Acceleration (rad/s^2) 

𝑓𝑐 Sampling Frequency of the Encoder (Hz) 

𝑛 Resolution of the Encoder (P/s) 

𝐼 Inertia of the motor (kg⋅m^2)  
𝑇 Torque of the motor (Nm) 

𝑥 Generalized Coordinate  

𝑣 Generalized Velocity 

𝑀 Generalized Inertial Matrix 
ℎ Generalized Force 

𝑃 Cylinder Pressure (Pa) 

𝜏𝑙 Load Torque (Nm) 

𝜆 Lagrange-multiplier 

𝑎 Inertial Term 
𝑏 Gravity Term 

𝑐 Coriolis Term 

𝑓 Friction Term 

𝑑 Pressure Term  
𝑇𝑟𝑟𝑟𝑟ℎ𝑒𝑒𝑙  Sum of the Raw Wheel Torque (Nm) 

𝑇𝑙 Left Wheel Torque (Nm) 

𝑇𝑟 Right Wheel Torque (Nm) 

𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟  Output Gearbox Torque (Nm) 

𝐽𝑓𝑓𝑓𝑟𝑙 Final Drive Inertia (kg⋅m^2)  

𝐽𝑟ℎ𝑒𝑒𝑙  Wheel Inertia (kg⋅m^2) 

�̈�𝑜𝑜𝑜𝑜𝑒𝑟𝑟  Output Gearbox Angular Acceleration (rad/s^2) 

𝑛𝑜𝑒𝑟𝑟  Transmission Ration in Gearbox 

𝑇𝑓𝑓𝑜𝑒𝑟𝑟   Input Gearbox Torque (Nm)  

�̇�𝑓𝑓𝑜𝑒𝑟𝑟   Input Gearbox Angular Speed (rad/s) 

�̇�𝑜𝑜𝑜𝑜𝑒𝑟𝑟   Output Gearbox Angular Speed (rad/s) 
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𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟𝑙𝑜𝑜𝑜  Gearbox Torque Loss by Look-up Table with 𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟  (Nm) 

𝑇𝑓𝑓𝑜𝑒𝑟𝑟𝑙𝑜𝑜𝑜  Gearbox Torque Loss by Look-up Table with 𝑇𝑓𝑓𝑜𝑒𝑟𝑟  (Nm) 

𝑘  Loop Number 

𝐼𝑜𝑒𝑟𝑟  Inertia of the Gearbox (kg⋅m^2) 

�̈�𝑓𝑓𝑜𝑒𝑟𝑟  Input Gearbox Angular Acceleration (rad/s^2) 

�̇�𝑒𝑓𝑜𝑓𝑓𝑒    Engine Angular Speed (rad/s)  

𝑇𝑒𝑓𝑓  Viscous Compensated Torque (Nm) 

𝐼𝑒𝑓𝑓  Viscous Efficiency (%) 

𝑇𝑜𝑓𝑙   Oil Pump Torque Loss Compensated Torque (Nm) 

Tconverter  Converter Inertia Compensated Torque (Nm) 

Iconverter   Inertia of Converter (kg⋅m^2) 

α̈engine   Engine Angular Acceleration (rad/s^2) 

Abbreviations 
SQ-Leaders Shift Controls and Calibration  

VCC Volvo Cars Corporation 
AW Gearbox Supplier 
F21/ F22 Gearbox Series Number 

ECM Engine Control Module 
TCM Transmission Control Module 
INCA Data Collection and Calibration Software  

DVM Design Verification Method 
FEM                         Finite Element Model 

DENSO                    Vehicle Components Supplier 
BCM                        Brake Control Module  
EGR                         Exhaust Gas Recirculation 

FFT                         Fast Fourier Transformation 
VVT                         Variable Valve Timing 
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1  INTRODUCTION 
In this chapter, the background, the purpose and the method used in the thesis will be described. 
In addition, the delimitation will also be outlined which shows an overall arrangement. 

 

 

1.1 Background 
This research started at Volvo Cars Corporation (VCC) in 2014. At VCC, there are various 
departments and many advanced rigs and instruments. There is one group named Shift Controls 
and Calibration (SQ-Leaders) which wants to find a method to verify the crankshaft torque to 
improve the shift quality in one ongoing project. One of the SQ-Leaders’ tasks is to deal with 
relative issues in gearbox in order to give customers a good drivability, i.e. flare and jerk.  

At VCC, several groups usually collaborate with each other and also with the suppliers in order 
to improve manufacturing quality. In this thesis, the gearbox is supplied by a company called 
AW which is one of the gearbox suppliers in the world. Therefore, SQ-Leaders will mainly 
collaborate with AW to improve the quality of a new type of gearbox called F22. Compared with 
the previous gearbox F21, F22 has made an outstanding improvement. For example, F22 has a 
larger memory, uses 8-speed gearbox instead of the 6-speed, has less torque losses in gearbox 
and a shorter response time between requested and actual torque, etc. However, due to the utility 
of the new gearbox, many issues still need to be solved, such as signal accuracy, interface 
connection, etc. Torque accuracy is one of these issues and will be discussed further in the thesis. 
For the powertrain and transmission of vehicle, Engine Control Module (ECM) and 
Transmission Control Module (TCM) are used as control functions of engine and gearbox 
respectively. The purpose of these two modules is to provide control signal by operating control 
algorithms according to different working environments and pedal maps. Here we call these 
control signals “modeled signals”, because the pedal map is stored as reference data in advance. 
VCC uses a software tool called INCA to receive wanted signals, such as requested torque, 
actual torque, and engine speed and so on. In addition, some calibration labels can also be set in 
advance by this software, such as maximum crankshaft torque, engine speed limitation, 
acceleration pedal position limitation, etc. INCA can be used as a flexible tool by engineers for 
the calibration, diagnostics and validation of vehicles and engines. 

1.2 Research Question 
During the ongoing project, the integration of this new gearbox needs to be evaluated in order to 
give comfortable driving feelings to customers. AW has its own control function in TCM which 
can add or subtract pressure to gearbox during the gear shifting. Too high or too low pressure 
will lead to bad drivability to customer. For instance, higher pressure during the shift can cause 
harsh shift, high fluid temperature. Lower pressure can cause clutch failure. The input signals to 
control function are generated from ECM which can be read by INCA. Based on these signals, 
corresponding pressure will be generated in gearbox during different gear shifting. In addition, 
some strict requirements need to be fulfilled in order to keep control functions working well. For 
instance, the requested crankshaft torque signal from INCA needs to be less than plus or minus 
5% fluctuation compared to a real crankshaft torque, and then AW can provide the correct 
pressure through its control functions. The requested torque signal is generated from the ECM 
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whose mechanism will be introduced in the following section. This signal will also be used as 
reference signal to calculate measurement uncertainty torque loss during coasting and evaluate 
the performance of the processed signal from wheel torque sensor. 
However, after theoretical pressure has been added to the gearbox, the drivability is still not good 
enough during some of the gear shifts, especially when shifting from 1st to 2nd gear. There are 
two typical bad shift quality phenomena which should be avoided in practice. The first bad shift 
quality is called “jerk” i.e., there is a sharp torque overshoot when the clutches tip-up. The other 
bad shift quality is called “flare” i.e., there is no continuous torque transmission during clutch 
(Kulkarni, Taehyun and Yi 2007). In order to improve the shift quality, the accuracy of the 
torque signal should be verified at first. Since there is a torque converter in the automatic 
transmission, engine torque loss will be caused by it without knowing exact value. Therefore, 
lock-up clutch will be incorporated with torque converter at VCC (Higashimata, et al. 2004). The 
aim of the lockup is to improve the efficiency of power utilization when the lockup is closed. 
During the 1st gear shifting, the lockup will be open. The open lockup converter can cause 
uncertain torque loss. In order to give a better feedback when comparing reference signal with 
real crankshaft torque signal, the testing area is selected during the 3rd gear because the lockup is 
totally close. 

Since both AW and SQ-Leaders suspect that perhaps the modeled torque signal from INCA is 
not accurate, this may cause these quality issues. Therefore, designing a verification method 
(DVM) is needed to verify INCA’s actual torque signal. 

1.3 Delimitations 
Formal: 

The original duration of a master thesis project is estimated to 20 weeks in accordance with 
KTH’s requirements. 
This master thesis officially started on 3rd February 2014, but the first two weeks are used for 
preparing a planning meeting which was held on the 25th February 2014. The research and study 
should have been executed before August in accordance with the set schedule. The time after 
that was left for writing this report. 
The time to hand in the thesis report was at the beginning of October 2014. The final 
presentation is scheduled during November 2014. 

All the steps and experiment results are presented in this report. The DVM instruction will be 
handed in to VCC. This DVM instruction will be used for subsequent torque verifications at 
VCC. 
Implementation related: 
Firstly, the reference signal should be found out. This reference signal should be crankshaft 
torque related. 
Secondly, the torque losses should be compensated based on the vehicle transmission system 
step by step. 
Experiment related: 
Three testing will be carried out. The goal of these testing is to compare the accuracy of DVM. 
In these testing, the reference signal will be selected as 250Nm, 300Nm and 350Nm respectively. 
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1.4 Method 
The goal of this thesis is to verify the crankshaft torque signal by designing a verification 
method. This crankshaft torque signal is derived from ECM. Therefore, this signal is called 
modeled signal. In short, this master thesis investigates whether one can and how to verify the 
modeled crankshaft torque by using existing equipment and testing environment at VCC. 
Afterward, experimental testing will be carried out. Due to the schedule’s time limitations and 
the testing work load, it is impossible to include both types of vehicles, namely petrol and diesel 
vehicles, and also the complete range of crankshaft load which ranges from 0Nm to the 
maximum value. Finally, an instrumental report will be designed. By following this report, 
engineers can test what they want. 

Based on (Mohammad and Kaveh 2009), the research method used in this master thesis follows 
the general method of design research as outlined by Figure 1: 

 

Figure 1.Flow chart of design research methodology (Mohammad and Kaveh 2009) 

Components of this model are defined in (Hevner, et al. 2004). In addition, based on this model, 
the relative process steps in this thesis are described as below: 

1. Awareness of the problem: Since the accuracy of the modeled crankshaft torque is 
uncertain, a method is needed to verify the torque value. In addition, the time spends in 
implementing this method should be less than other methods. Meanwhile, because the 
calibration of the torque is applied in the full vehicle, the internal structure of the vehicle 
should not be changed. 

2. Suggestion: Define a reference signal from INCA is necessary which can help the initial 
development of the model. Description of the requested torque signal under AW’s 
nomination will be outlined which can help define the type of crankshaft torque we are 
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looking for. In addition, the way to find out the equivalent signal’s name which is used at 
VCC will also be provided since there are many similar variables. The installation and 
verification of wheel torque sensor are outlined. The choice of wheel torque sensor is 
based on the condition of the instrument department. Also, the way of the data 
communication will be mentioned. Meanwhile, the model of vehicle transmission system 
will be made in the frame of reference chapter. 

3. Development: The signal will be processed in Matlab according to the transmission model. 
This will give the wanted crankshaft torque by compensating the torque losses from wheel 
torque backward to crankshaft torque during the torque transmission. 

4. Evaluation: Under some specific conditions, processed crankshaft torque signal will be 
compared to the same modeled crankshaft torque signal which is derived from INCA. This 
crankshaft torque has been certificated by VCC under a certain range. 

5. Conclusion: Some experiments will be carried out and an evaluation of the model will be 
shown by comparing the compensated crankshaft torque and the reference signal. In 
addition, the DVM will be attached. 
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2  FRAME OF REFERENCE 
In this chapter, the recent research method of finding out the accurate engine crankshaft torque 
will be outlined. In addition, based on the existing knowledge, the transmission model used in 
this thesis will be introduced. 

 

 

2.1 Frame of Reference 
The aim of this chapter is to give a summary of the existing torque measuring methods. 
Nowadays, the way of measuring crankshaft torque is basically based on two directions. One is 
to measure other relevant variables. The other way is to build the engine or motor model. By 
these methods, torque signal from crankshaft can be measured or modeled. However, there are 
more or less drawbacks to each method when facing present time research and development 
requirements. In addition, vehicle modeled knowledge will be outlined as well. Based on this 
model, the following signal processing can start. 

2.2 Measuring Method 
Torque is a very important physical variable to vehicle industry. The normal method to get 
torque value is to measure other variables which are quite convenient to be obtained by sensor 
and have mathematic relation with torque. In this part three measuring methods from two papers 
will be outlined. 

2.2.1 Strain Gage Torque Meter 
In (William 1982), seven automotive torque measurement methods are introduced. Only strain 
gage torque meter will be introduced since it is the most popular one of these methods. 
First of all, four metal-foil gages are arranged in a bridge format and stick to the torsion member. 
This bridge arrangement can decrease the influence of resistance because tensile strain and 
compressive strain can counteract each other. Four slip rings are usually used for electrical 
connection to four heads of bridge respectively. Two slip rings are used for excitation purposes. 
The other two slip rings are used for signal outputs. In order to install the torque meters on a 
vehicle, the driveline needs to be detached first. Then, remove a section of driveshaft. After 
flanges are welded on the shaft, the torque meter is installed. At last, assemble the detached 
components into the driveline. Based on this torque meter, the result can be measured. The 
arrangement of this sensor is shown in Figure 2: 

 

http://www.baidu.com/link?url=w0FllNGy1ISH-o0QExd8hqXFdwEUi99O0HwDaTv4C4dBOfWFo3PyWdAp6ktEDi_OWzkRvRVqVA-YBwP0CKWsPK
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Figure 2. Essential elements in strain gage torque meters. (a) Arrangement of strain gages on shaft section. (b) 
Schematic diagram of strain gage torque meter (William 1982). 

However, this transducer easily gets dirty. In addition, it can also be easily affected by 
temperature. The largest problem to apply this method in this thesis is that it’s very hard and 
exhausting to change strain gages when it gets dirty. When designing the verification method, 
the convenient utilization needs to be considered. However, frequent change of strain gages will 
cost a lot of time.  

2.2.2 Two Contactless Measurement Methods 
In (Pfister and Yves 2010), Pfister mentioned two contactless measurement methods. Although, 
these methods are used for motor torque, some ideas can be used as reference. 

The first method is based on the inertia of the motor rotor. First of all, an encoder will be used to 
measure the position 𝛼 of the rotor. Then the rotor acceleration �̈� can be calculated from the 
frequency 𝑓𝑐  of the encoder and the resolution 𝑛 of the encoder: 

                                            �̈� = 2𝜋
𝑓
𝑓𝑐
̇                                                      (1) 

According to Equation 2 where 𝐼 is the inertia of motor, the torque 𝑇 of motor can be calculated 
by 

                                                                          𝑇 = 𝐼�̈�                                                                 (2) 
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However, this method has its drawbacks. Firstly, the encoder needs to be fixed in the vehicle if 
this method is used in a full vehicle. The goal of this thesis is to find out a convenient and rapid 
method, separating the vehicle is time consuming. Secondly, due to the manufacturing quality, 
the inertia of every engine is not the same. The inertia difference between different engines can 
also cause deviation of torque. 

The second contactless measurement method is called eddy currents brake method. In this 
method, a braking torque should be created at first. Based on several assumptions, a finite 
element model (FEM) is created. A multipolar axially magnetized permanent magnet is mounted 
at the end of the motor shaft (Figure 3). A copper plate is placed in front of the magnet. As the 
plate is placed in a varying field, eddy currents appear in it and a braking torque appears. 

 

Figure 3. Eddy current brake design and assumptions for eddy current brake FEM model (Pfister and Yves 2010) 

The biggest drawback of this method is that is too complex to implement in a full vehicle. 
Although the accuracy of the torque is quite good in the original paper, some assumptions may 
lead to errors in the low shift number. 

2.3 Model Based Method 
Due to the complexity of measuring crankshaft torque in a full vehicle directly, methods for 
modeling the engine have become very popular recently. In (ITO, et al. 2010), an engine 
modeling method is outlined. 
From the theory, if the pressure of each cylinder is known, the engine torque could be calculated 
easily. However, the pressure cannot be obtained by the sensor from the perspective of cost and 
practice. Therefore, crankshaft angle is used to estimate the crankshaft torque. 
First of all, a piston-crank model is used which is derived by Projection Method as Figure 4 
(Blajer 2001) .The first step of this method is to derive each equation of motion of unconstrained 
components, such as piston, crank and connection rod. Equation 3 shows the generalized 
coordinate, 𝑥 and the generalized velocity 𝑣 and relevant variables can be found in Figure 4. 
According to the generalized coordinate, the generalized inertial matrix 𝑀 and the generalized 
force ℎ are defined in Equation 4. 𝑃 represents cylinder pressure which is difficult and expensive 
to measure and 𝜏𝑙 is a load torque. Secondly, all constraints between the components are derived 
which are shown in Equation 5. If Equation 5 is differentiated and let each matrix equals to 0, 
then �̇� = 𝐶𝑇𝑣 can be obtained. After the combination of Equation 4 and Equation 5, a 
constrained system can be derived which is shown in Equation 6 as 𝜆 is a Lagrange-multiplier. In 
Equation 6, the variable 𝐶 is the same as in  �̇� = 𝐶𝑇𝑣. 
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Figure 4. Schematic figure of a piston-crank model (ITO, et al. 2010) 

                                            𝑥 = [𝑥𝑝  𝑧𝑝  𝑥𝑐  𝑧𝑐  𝑥𝑟  𝑧𝑟  𝜑 𝜃]                                                   (3) 

𝑣 = [𝑥�̇�  𝑧�̇�  𝑥�̇�  𝑧�̇� 𝑥�̇�  𝑧�̇�  �̇� �̇�] 

                                              𝑀 = 𝑑𝑑𝑎𝑑(𝑚𝑝 ,𝑚𝑝 ,𝑚𝑐 ,𝑚𝑐 ,𝑚𝑟 ,𝑚𝑟 ,𝐽𝑐 , 𝐽𝑝)                                     (4) 

ℎ = [0,−𝑚𝑝𝑑− 𝑃𝑃 − 𝑐𝑝𝑧�̇� ,0,−𝑚𝑐𝑑,0,−𝑚𝑟𝑑,−𝑐𝜑�̇�,−𝑐𝜃�̇� − 𝜏𝑙]𝑇 

𝛷 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑥𝑝 − 𝑒
𝑧𝑝 − 𝑟𝑐𝑟𝑟𝜃 + �𝑙𝑐2 − (𝑟𝑟𝑑𝑛𝜃 − 𝑒)2

𝑧𝑐 − 𝑒 + (1− 𝑙𝑜
𝑙𝑐
� )(𝑟𝑟𝑑𝑛𝜃− 𝑒)

𝑧𝑝 − 𝑟𝑐𝑟𝑟𝜃𝑟 + 𝑙𝑜
𝑙𝑐
� �𝑙𝑐2 − (𝑟𝑟𝑑𝑛𝜃− 𝑒)2

𝑥𝑟 − 𝑟𝐺 𝑟𝑑𝑛𝜃
𝑧𝑟 − 𝑟𝐺𝑐𝑟𝑟𝜃

𝜑 − 𝑟𝑑𝑛−1(𝑟𝑜𝑓𝑓𝜃−𝑒
𝑙𝑐

) ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

                               (5) 

                                                               𝑀�̇� = ℎ + 𝐶𝑇𝜆                                                               (6) 

After the mathematical transformation, the final torque equation can be derived as Equation 7. In 
this equation, 𝑎 represents inertial term, 𝑏 includes the gravity consideration, 𝑐 considers the 
Coriolis’s influence, 𝑓 represents friction term and 𝑑 is mechanical motion concerned with 
pressure. Since the left side of Equation 7 doesn’t contain pressure term and the right side 
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represent the wanted torque term which is used for verification and experiment, the crankshaft 
torque model can be derived based on the left side only: 

                                           𝑎(𝜃)�̈� − 𝑏(𝜃) + 𝑓(𝜃)�̇�+ 𝑐(𝜃)�̇�2 = 𝑃𝑑(𝜃)                                     (7) 
Meanwhile, as the development of technology processes, other modeling methods have been 
used, such as artificial neural networks (Zweiri, Lakmal and Karak 2007). In addition, in order to 
improve the accuracy of the modeling result, optimized algorithm is also utilized in modeling the 
engine, such as Kalman filter (Chauvin, et al. 2004). 
In the automobile industry, a convenient and rapid torque verification method could greatly help 
engineers to improve the quality of the vehicle. Therefore, an idea based on wheel torque has 
been developed. 

2.4 Vehicle Transmission System 
In the vehicle, the engine is the main power supplier. In order to make the vehicle move, power 
needs to be transmitted to the wheels. Therefore, the power will mainly pass by torque converter, 
gearbox and wheels (Kiencke and Lars 2005). The driveline figure contains engine, torque 
converter, gearbox and final drive part from the left to the right respectively. In Figure 5, the 
engine is presented by a block with four circles which means the engine is a four pistons engine. 
The final drive part in Figure 5 includes two ovals, a small block and several sticks. The two 
front wheels are presented by two ovals, the sticks mean drive shaft and the small block means 
final drive.   

 

Figure 5. Driveline model of automatic vehicle 
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3  IMPLEMENTATION 
At the beginning, selecting a reference signal of crankshaft torque can give great help to 
improve the model. This reference signal is selected as the modeled crankshaft torque. Due to 
the nomination of the signal, the first step is to find out the correct nomination of the reference 
signal by analyzing the mechanism of the torque flow. This reference signal will also be used in 
the signal processing part. Secondly, the initialization of the experimental equipment will be 
outlined. This step gives reader an overview of the experiment environment. Lastly, the method 
developed to obtain the crankshaft torque based on the model will be explained in details. 

 

 

3.1 Torque Flow and Signal Nomination 
At the beginning of designing a verification method, a reference signal should be selected which 
has three goals. Firstly, reference signal can help improve the DVM when processing the signal. 
Secondly, this reference signal is used to calculate the measurement uncertainty torque loss. 
Thirdly, this reference signal can also be used to evaluate the accuracy of DVM in the end. The 
modeled torque signal whose accuracy we want to improve will be selected as reference signal 
because it has the acceptable accuracy for the most of the torque value. 
During the software development, the nomination of same signal usually differs between 
different collaborated companies. The same situation happened between AW and VCC. To 
control the gearbox in order to provide a good shift quality, AW has its own nomination. 
Therefore, the first step of implementation is to find out the nomination of corresponding control 
signals used at VCC through analyzing the mechanism of derivation of needed torque signal. In 
this section the torque flow and signal nomination will be introduced. In the end, the name of the 
reference signal will be known. 

3.1.1 Introduction of AW Needed Torque Signal 
There is a very crucial signal to AW’s automatic transmission shift control. This signal is called 
the Actual Crankshaft Torque Signal. The requirements of this signal are described as below: 

• This signal should be the image of the actual engine torque available between engine 
crankshaft and torque converter. 

• The inertia of engine should be excluded. 
• The effect on engine torque caused by the torque reductions and limitations sent by any 

controller (ECM, TCM, etc.) should be included. 
• The idle speed controller effects should be included. 
• The effect of all the drivability actions made by the ECM should be included. 
• The torque for accessories load should be excluded. 

3.1.2 Overview 
In order to find out the corresponding torque signal name used at VCC, the torque signal 
generation process needs to be analyzed at first so that we can clear out the wanted torque signal 
from numerous similar torque signals. In Figure 6, we give an overview of the torque signal 
internal (VCC) generation process. Then, the communication between internal and external 
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(DENSO and AW) signals will be shown in Figure 7. Therefore the reader can have an overall 
perspective. The definition of each control function and input and output will be shown later. 

 

Figure 6. Overview of functions implementation 
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Figure 7. Overall of nomination flow and the reference signal position is highlighted by red circle 

3.1.3 Traction Force Request Function 
First of all, the accelerator pedal position will be interpreted to Traction Force Request Function. 
Then the demanded driver requested crankshaft torque will be extracted which is a function of 
accelerator pedal position and the engine speed. Meanwhile, this requested torque will be 
translated into the requested traction for the next control function. 

3.1.4 Traction Force Arbitration 
This function is used to arbitrate the requested traction derived from Traction Force Request 
Function. The output of this function is the arbitrated requested traction. This arbitration function 
needs the input to be recalculated to acceleration domain, the coefficient between traction and 
acceleration is derived from an estimation model which contains the influence of the tire 
resistance, air resistance, etc. At last the output will be recalculated back to traction. During the 
processing, the arbitrated requested torque will also be derived. In addition, these arbitrated 
requested traction and torque are also affected by cruise control and vehicle speed limiter. 
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3.1.5 Anti-Jerk Control 
When a torque applied on a coupling between two axles in the powertrain, some backlash will 
happen. This backlash can lead to jerk and shuffle issues. Therefore, this function aims at 
minimizing the jerk and shuffle issues in the vehicle. This function works in the crankshaft 
torque domain and the output of this function are processed requested torque, requested 
instantaneous fraction and requested base fraction. 

3.1.6 Brake Stability Limitation 

This function aims to provide a stable chassis system by controlling the requested traction signal. 
From the Brake Control Module (BCM), there is a main limited wheel torque called DSTC. 
DSTC provides engine reduction torque to this control function which will be recalculated back 
to traction in this control function. Therefore, after the limitation of engine reduction torque, the 
main outputs of this function are requested instantaneous traction and requested base traction 
respectively. 

3.1.7 Required Crankshaft Torque 
This function helps compensating the losses in the powertrain and transmission. The main reason 
for the compensation of losses in the powertrain with an automatic transmission is to minimize 
variations in the engine speed when a gear is engaged from neutral mode to drive mode and vice 
versa. The compensation of losses includes adding predicted loss of the torque converter, adding 
loss of the oil pump because it is powered by the crankshaft when pressurizing the gearbox, etc. 
The outputs of this function are requested base crankshaft torque and requested instantaneous 
crankshaft torque. 

3.1.8 Crankshaft Torque Arbitration 
The Crankshaft Torque Arbitration has the responsibility to arbitrate different crankshaft torque 
requests. Maximum engine torque limitation and engine torque limitation during gear shift are 
the main external inputs and the main outputs are the arbitrated crankshaft torque to TCM, 
requested instantaneous crankshaft torque and requested base crankshaft torque. 

3.1.9 Torque Coordination 
As the engine not only needs to provide propulsive torque but also need to provide accessory 
torque, the Torque Coordination function gives the possibility to coordinate different crankshaft 
torque requests. The main outputs are requested engine base torque and requested engine 
instantaneous torque and both of them will be delivered to external DENSO module. 

3.1.10 Actual Traction Force  
The Actual Traction Force function’s main purpose is to calculate an estimation of the actual 
traction force applied on the vehicle.  The main inputs to this function are external signals, one is 
from DENSO module and the others are the estimation of each accessory load, such as AC 
torque estimation, Alternator load, etc.  The outputs of this function are accessory compensation 
and estimated crankshaft torque from model. The last mentioned actual crankshaft torque refers 
to the same variable as AW used. 
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3.1.11 Conclusion 
When an acceleration pedal position signal is generated to ECM, this signal will be processed by 
control functions in the ECM. These control functions are provided by VCC. After Torque 
Coordination function, the processed requested torque signals will be delivered to DENSO 
module. Due to the interface communication and company privacy, the nomination of this signal 
needs to be renamed. Then, DENSO module will generate an actual torque signal after being 
processed by smoke limitation function and exhaust gas recirculation (EGR) function and back 
to Actual Traction Force function. Meanwhile, control torque signal from AW will be generated 
to this function also. The control torque signal aims to remove inertia shock during up or down 
shifting, make gear shifting faster, protect components in transmission and also helps to avoid 
engine flare. Through these signals as inputs to Actual Traction Force function, the wanted 
actual crankshaft torque is derived. 

As we can see from Figure 6 and Figure 7, after analyzing the mechanism of torque signal flow, 
we can figure out the nomination of actual engine crankshaft torque at VCC. This torque will be 
used as modeled actual crankshaft torque which will be compared to the measured actual 
crankshaft torque in order to improve the model at the beginning. The reference signal position is 
marked by red circle in Figure 7. 

3.2 Wheel Torque Sensor Installation and Initialization 
Wheel Torque sensor is used for measuring torque at the wheel axle. The sensors are mounted on 
the two heads of front wheel axle flange (A.F.Kheiralla, et al. 2003). The layout of installation is 
shown in Figure 8: 

 

Figure 8. Wheel sensor layout 

After the sensors are fixed, the wire will be connected to a hardware called IPetronic which is 
shown in Figure 9. The function of IPetronic is to receive data from the detected hardware 
through several CAN channels and send data to software called SetIpemotion. SetIpemotion is 
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an excel file which is used to generate the lasted ‘dbc’ file after receiving and calibrating signal 
by amplifier and offset. The interface of SetIpemotion is shown Figure 10: 

 

Figure 9. Ipetronic 

 

Figure 10. SetIpemotion interface 
When the last ‘dbc’ file is generated, this file needs to be updated to INCA experimental 
platform. After that, the data from sensor can be read to INCA experiment. In addition, due to 
the signal processed by Matlab, data need to be sent to Matlab from INCA. VCC provides a tool 
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called ‘ptdataread’ which can help to read wanted data from various files type and INCA is 
included. The steps to read data will be provided in the DVM report in details. 

3.3 Signal Processing 
When the signal from wheel torque sensor is obtained, the next step is to analyse the possible 
torque loss in individual component. In addition, the calculation of compensating the torque loss 
will also be outlined in this part. 

3.3.1 Wheel Part Processing 
At the beginning, the direction of two front wheel torque signals should be verified. The reason 
to verify signals’ direction is because the wheel torque signal in the other part of section 3.3 is 
the sum of two front wheel torque signals. As Figure 11 shows, the left wheel torque signal has 
the same direction as the modeled crankshaft torque signal. On the other hand, the right wheel 
torque signal has the opposite direction. Therefore, the sum of the raw wheel torque shows as 
Equation 8. The reason leads to this phenomenon could due to the calibration coefficient of the 
sensor. 

 

Figure 11. Comparison of wheel torque signal and modeled crankshaft torque signal 

𝑇𝑟𝑟𝑟𝑟ℎ𝑒𝑒𝑙 = 𝑇𝑙 − 𝑇𝑟                                                            (8) 

The torque losses on the wheel part are divided into wheel inertia and final drive influence. The 
final drive is a part of transmission which aims to a further speed reduction and distribute the 
torque to each wheel through the differential (Mehrdad, et al. 2005). As the input signals to the 
model are left wheel torque and right wheel torque respectively, the relation between wheel 
torque and torque loss in the wheel part as Equation 9: 

                           𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟 = (𝑇𝑙 − 𝑇𝑟) + �𝐽𝑓𝑓𝑓𝑟𝑙 + 𝐽𝑟ℎ𝑒𝑒𝑙 � ⋅ �̈�𝑜𝑜𝑜𝑜𝑒𝑟𝑟                 (9) 

3.3.2 Fourier Analysis 
When processing the torque signal, the shape of the signal is heavily oscillated. This signal may 
contain environmental noise and chassis oscillation. Therefore, a method is needed to remove the 
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noise. Since the signal is in time domain, the torque needs to be transformed into frequency 
domain first. Fast Fourier Transformation (FFT) is used by Matlab which can reveal the 
frequency of the signal. The frequency of the signal is revealed in Figure 12. After analyzing the 
frequency of the torque signal, Butterworth low pass filter was used to filter away the noise. 
According to the cutoff frequency’s explanation of ‘butter’ function, the normalized cutoff 
frequency is selected as 2 ⋅ 1/100 by trial and error. Here ‘100’ means the sampling frequency. 
In addition, since the software is Matlab, the resultant normalized frequency needs to time 2 
(Wikipedia n.d.). In Figure 13, the comparison of original torque signal and filtered torque signal 
are outlined. 

 

Figure 12. Frequency analysis of torque signal 

 

Figure 13. Original signal and filtered signal 
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In the gearbox, there are two types of torque losses that need to be compensated. One is the 
gearbox torque loss which is a function of input gearbox speed, input gearbox torque, actual gear 
number and oil temperature. The other one is gearbox inertia. First of all, the torque loss in the 
gearbox will be compensated. 
When the torque goes through the gearbox, the value of the torque loss in the gearbox can be 
found out by corresponding input gearbox speed, gear number, oil temperature and input gearbox 
torque. Since the torque loss data are measured according to the input gearbox torque 𝑇𝑓𝑓𝑜𝑒𝑟𝑟  and 
input gearbox engine speed �̇�𝑓𝑓𝑜𝑒𝑟𝑟 , a method is needed to calculate the corresponding torque 
loss value based on output gearbox torque 𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟  and output gearbox engine speed �̇�𝑜𝑜𝑜𝑜𝑒𝑟𝑟  . 
The flow chart is shown as Figure 14. In Figure 14, the output gearbox torque and output 
gearbox speed are treated as input. Then, use the look-up table and find out the corresponding 
torque loss value 𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟𝑙𝑜𝑜𝑜 . New input gearbox torque 𝑇𝑓𝑓𝑜𝑒𝑟𝑟  can be calculated by adding 
𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟  and   𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟𝑙𝑜𝑜𝑜  up. Next, look up the table again by the new input gearbox torque and 
then get the new torque loss  𝑇𝑓𝑓𝑜𝑒𝑟𝑟𝑙𝑜𝑜𝑜 . Compare with the original torque loss value and new 
torque loss value. If the absolute deviation between these two torque losses is less than 0.1Nm, 
we can continue to the next step. Otherwise, the same calculation should be operated again but 
with new 𝑇𝑓𝑓𝑜𝑒𝑟𝑟. This time the input gearbox torque is equal to the sum of 𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟  
and 𝑇𝑓𝑓𝑜𝑒𝑟𝑟𝑙𝑜𝑜𝑜 . Then, the same calculation can be carried out based on the new input gearbox 
torque.  
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Figure 14. Flow chart of gearbox torque loss compensation 

Since the algorithm of comparing with the original torque loss value and new torque loss value is 
the close loop, in order to avoid the dead loop happened, the close loop time is set as 𝑘. In Figure 
15 and Figure 16, the difference of selecting different loop number 𝑘 is shown by red circle. As 
we can see in the figure, higher loop number gives better accuracy. 



 30 

 

Figure 15. Red line is derived by using calculated input gearbox torque Tingear minus torque loss   Tingearloss . Blue 
line is output gearbox torque Tingear. This figure shows the difference between each other under one time’s loop 

calculation. The red circle shows the difference between red line and blue line. 

 

Figure 16. Red line is derived by using calculated input gearbox torque Tingear minus torque loss   Tingearloss . Blue 
line is output gearbox torque Tingear. This figure shows the difference between each other under five times’ loop 

calculation. The red circle shows red line covers blue line. 

In this part, the reason for selecting this algorithm is explained. As the measured torque loss data 
is revealed, the higher the input gearbox torque is, the higher the torque loss is. Since input 
gearbox torque is the sum of the output gearbox torque and torque loss in the gearbox, input 
gearbox torque must be larger than the output gearbox torque. Therefore, the input gearbox 
torque loss  𝑇𝑓𝑓𝑜𝑒𝑟𝑟𝑙𝑜𝑜𝑜  must be larger than the output gearbox torque loss 𝑇𝑜𝑜𝑜𝑜𝑒𝑟𝑟𝑙𝑜𝑜𝑜 . In addition, 
because we use the output gearbox torque to check the data from look-up table, the result of the 
input gearbox torque must be smaller than the actual input gearbox torque. Therefore, use a 
larger value such as  𝑇𝑓𝑓𝑜𝑒𝑟𝑟𝑙𝑜𝑜𝑜  will make the input gearbox torque close to the actual input 
gearbox torque. 
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After the input gearbox torque  𝑇𝑓𝑓𝑜𝑒𝑟𝑟  has been calculated, the gearbox inertia will be 
compensated as Equation 10: 

                       𝑇𝑓𝑓𝑜𝑒𝑟𝑟 = 𝑇𝑓𝑓𝑜𝑒𝑟𝑟 + 𝐼𝑜𝑒𝑟𝑟 ⋅ �̈�𝑓𝑓𝑜𝑒𝑟𝑟                                          (10) 

3.3.4 Torque Converter Part Processing 
In the automatic transmission vehicle, the function of the torque converter is the same as the 
clutch in the manual transmission vehicle (Nice n.d.). The torque losses that need to be 
compensated in this part are the efficiency of the torque converter, the oil pump torque loss and 
converter inertia. 
When the power goes through the torque converter, there will be a difference between the input 
speed and the output speed which leads to the torque losses in the torque converter. The 
efficiency factor of the torque converter is measured according to the input and the output speed. 
The input speed is the same as the engine speed  �̇�𝑒𝑓𝑜𝑓𝑓𝑒   and the output speed is the same as the 
input gearbox engine speed �̇�𝑓𝑓𝑜𝑒𝑟𝑟 . The compensated torque 𝑇𝑒𝑓𝑓  can be calculated by timing 
the viscous efficiency factor  𝐼𝑒𝑓𝑓 and 𝑇𝑓𝑓𝑜𝑒𝑟𝑟  which is shown in Equation 11: 

                               𝑇𝑒𝑓𝑓 =  𝐼𝑒𝑓𝑓 ⋅ 𝑇𝑓𝑓𝑜𝑒𝑟𝑟                                                     (11) 

The oil pump torque loss is the loss required to run the gearbox oil pump. The gearbox oil pump 
is situated at the impeller shaft which works between the torque converter and the output shaft. 
Therefore, the torque loss in the oil pump will be compensated in the torque converter part. 
In the oil pump, the torque loss has the same function as the torque loss in gearbox which 
contains oil temperature, gear number, input converter torque and engine speed. Input converter 
torque has the same position of the crankshaft torque in the model, but the difference between 
each other is that there is a measurement uncertainty torque loss which will be introduced later. 
Therefore, the method to compensate the oil pump torque loss is the same as the compensation of 
the gearbox torque loss. After compensating the torque losses in the torque converter, the 
compensated torque we name as  𝑇𝑜𝑓𝑙  

After the compensation of the oil pump torque loss, the converter inertia needs to be 
compensated according to Equation 12: 

Tconverter =  Toil + Iconverter ⋅ α̈engine 

3.3.5 Measurement Uncertainty Torque Loss 
When building the transmission model of the vehicle, there is a deviation error named 
measurement uncertainty torque loss. This deviation error is caused by the components in 
different vehicles. As we know, although the vehicle is manufactured in the same factory, the 
quality of the same component could be different, such as the inertia of the engine. Moreover, 
when testing the vehicle by DVM, the life span of different vehicles could be different too. 
However, the torque loss data used to calculate the crankshaft torque is measured only in limited 
samples. Therefore, the differences mentioned above will lead to bad accuracy of the measured 
torque loss data. This deviation between experimental data and the practical data is called 
measurement uncertainty torque loss. 
In order to remove or decrease the influence of the measurement uncertainty torque loss, a 
method is needed. In reality, when the vehicle is coasting, the accuracy of the modeled 
crankshaft torque is acceptable by VCC. Therefore, an experimental environment will be created 
to obtain the needed data when the vehicle is coasting. When a vehicle is coasting, the wheel 
torque signal will be collected. After the same process of torque losses compensation, the 



 32 

difference between modeled torque signal and measured torque signal is shown in Figure 17. 
Meanwhile, the fitting line is also included. After several repeated experiment, the shape of 
deviation is nearly the same. Moreover, the accuracy of the fitting line is also quite high when 
the order of the fitting line is one. 

 

Figure 17. Deviation between modeled torque signal and measured torque signal when the vehicle is coasting 

In Figure 17, the comparison of the engine influence is also included. The difference between 
engine influence and no engine influence is that engine influence contains the engine inertia 
compensation. In addition, there is a sharp drop at around 3000 rpm. The reason causes this 
phenomenon is due to variable valve timing (VVT) (Verhelst, et al. 2010). The goal of this 
technology is to improve the utility of the power and the fuel economy. By adding the 
measurement uncertainty torque loss, the comparison of several lines is shown in Figure 18: 

 

Figure 18. Comparison of different lines 

In Figure 18, the blue, green, yellow and cyan lines represent different influence of engine inertia 
and measurement uncertainty torque loss respectively. The black line represents the modeled 
crankshaft torque and the red line represents the torque signal without any torque loss 
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compensation.  As we can see from the figure, the deviation of these signals is approximately 
15Nm. The experimental comparison will be discussed in the next chapter. 
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4  RESULTS 
In this chapter, the results will be carried out from 250Nm to 350Nm. By comparing processed 
crankshaft torque and reference torque signal at 250Nm, 300Nm and 350Nm respectively, the 
deviation between each signal will be outlined.  

 

 

4.1 Initial Condition 
When doing the experiment, the initial condition should be decided at first. To the vehicle, the 
oil temperature should be no less than 70 degree. This is because the torque losses in gearbox 
and oil pump are linear when the oil temperature is higher than 70 degree. The driving track 
should be as flat and straight as possible. Therefore, the TT track was selected as testing field. 
First of all, the measurement uncertainty torque loss data should be collected based on the signal 
processing theory mentioned in previous chapter.  

 

Figure 19. First collected measurement uncertainty torque loss data at 3rd gear 
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Figure 20. Second collected measurement uncertainty torque loss data at 3rd gear 

In the above two pictures, the x axis represents the engine speed and the y axis represents the 
measurement uncertainty torque loss. These two pictures revealed that there was only small 
difference in the two fitting lines respectively. For instance, the value of blue line at 800rpm is 
around -4.2 Nm in Figure 19. On the other hand, the value of blue line at the same point is 
around -3.9Nm in Figure 20. This small difference can be ignored in practice. Therefore, in the 
following use of measurement uncertainty torque loss, any data in Figure 19 or Figure 20 can be 
used to compensate measurement uncertainty torque loss. The range of engine speed is from 800 
rpm to 5500 rpm. In Figure 19 and Figure 20, the influence of engine inertia is also presented. 
The engine inertia influence means the multiplication of engine inertia and engine acceleration. 
This will be compensated after measurement uncertainty torque loss compensation.  

The green line represents the measured measurement uncertainty torque loss without engine 
inertia influence. The red line represents the measured measurement uncertainty torque loss with 
engine inertia influence. The black line represents the measurement uncertainty torque loss 
fitting line without engine inertia influence. The blue line represents the measurement 
uncertainty torque loss fitting line with engine inertia influence. In these two pictures, the 
measurement uncertainty torque losses at 800 rpm are both around -4Nm; the measurement 
uncertainty torque losses at VVT point are both around 3Nm and -2.5Nm respectively, the 
measurement uncertainty torque losses at 5500rpm are both around -2Nm. Therefore, any of the 
collected data can be used to compensate the measurement uncertainty torque loss.  

4.2 Three Experimental Results Comparisons 
When the signal processing is completed, a reference signal should be selected to make an 
evaluation of the model performance. Here, we still select the modeled crankshaft torque signal 
from INCA. The value 250Nm, 300Nm and 350Nm have been certificated by VCC. Due to the 
influence of the torque converter, the testing range is selected in the 3rd gear. The following 
pictures revealed the comparison of reference signal and processed crankshaft torque at 250Nm, 
300Nm and 350Nm respectively. In Figure 21, Figure 23 and Figure 25, the red line in the top 
column represents the sum of the original wheel torque signal; the blue line represents the 
processed crankshaft torque signal without measurement uncertainty torque loss compensation 
but with engine inertia influence, the green line represents the processed crankshaft torque signal 
with measurement uncertainty torque loss compensation and engine inertia influence, the yellow 
line represents the processed crankshaft torque signal without measurement uncertainty torque 
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loss compensation and engine inertia influence, the cyan line represents the processed crankshaft 
torque signal with measurement uncertainty torque loss compensation but without engine inertia 
influence. The second cyan line means the actual gear number times 100 in order to have a good 
outline. The black line means reference signal. The second green line means acceleration pedal 
position. The second red line is engine mode. In the lower column, the red line means engine 
speed; the black line means oil temperature times 100 which can give a good outline. The blue 
line in the lower column means engine speed acceleration which is derived by differentiating 
engine speed. In Figure 22, Figure 24 and Figure 26, the red line represents the 5% deviation of 
reference signal. The blue line, green line, yellow line and cyan line represent the deviation 
between reference signal and processed signal accordingly.  

 

Figure 21. Comparison between real crankshaft torque and modeled crankshaft torque at 250Nm 

 

Figure 22. Deviation between real crankshaft torque and modeled crankshaft torque at 250Nm 
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Figure 23. Comparison between real crankshaft torque and modeled crankshaft torque at 300Nm 

 

 Figure 24. Deviation between real crankshaft torque and modeled crankshaft torque at 300Nm 
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 Figure 25. Comparison between real crankshaft torque and modeled crankshaft torque at 350Nm 

 

Figure 26. Deviation between real crankshaft torque and modeled crankshaft torque at 350Nm 
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5  DISCUSSION AND CONCLUSIONS 
In this chapter, the performance will be evaluated. In addition, the conclusion will be made 
based on the evaluation of the performance. 

 

 

5.1 Discussion 
From the result chapter, the deviation between processed crankshaft torque signal and reference 
torque signal was around 10Nm to the 250Nm and 300Nm comparison value respectively. To 
350Nm comparison value, the deviation was around 15Nm before VVT point and decreased 
sharply after VVT point. Firstly, we will analyze why the time to keep reference signal stay at 
350Nm was too short. This was because when pressing on the accelerate pedal, the engine speed 
was still increasing although the request crankshaft torque was limited by a constant value. 
Meanwhile, the shifting point from the 3rd to the 4th gear was around 4000rpm which was 
decided by VCC. Therefore, after the engine speed reached 4000rpm, the gear will be forced to 
change. Since higher crankshaft torque will lead to higher acceleration, the time of staying at 
350Nm was only about 4 seconds. It was obvious to see in these three comparison experiments, 
the deviation was quickly decreased after VVT point in each experiment. Secondly, we will 
analyze why the deviation was larger at the beginning. When transmitting the data, there must be 
time delay. Therefore, once the reference signal reached at 350Nm, the processed crankshaft 
torque signal was still increasing. Then the deviation will be larger.  

5.2 Answers to Research Question 
Throughout carrying out the research of this thesis, a convenient DVM has been created.  In this 
thesis, we have investigated if there is any possible method to find out the real crankshaft torque 
besides the current methods. This method should be convenient and not do harm on the vehicle 
internal structure. Through the wheel torque sensor, we can get a rather good real crankshaft 
torque by processing the torque signal from wheel torque sensor. The signal processing method 
used in this thesis is to compensate the torque losses in each component of vehicle transmission 
system. The oil temperature and road condition influence have also been considered.  

In order to implement DVM for measuring crankshaft torque in the future, the processed 
crankshaft torque should be no larger than 5% deviation of reference signal as the first step in 
this thesis. When comparing the processed crankshaft torque with reference signal, the deviation 
is lower than 5%. The comparison results have been revealed in the result chapter and the 5% 
requirement is achieved.  
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6  RECOMMENDATIONS AND FUTURE WORK 
In this chapter, recommendations on more detailed solutions and future work in this field are 
presented.  
 

 

6.1 Recommendations 
At VCC, the normal but complicated method to measure the real crankshaft torque is through 
special equipment called AVL. This equipment can provide accurate value by measuring the 
cylinder pressure.  However, the vehicle equipped with AVL is hard to borrow. Hopefully, an 
AVL vehicle can be borrowed in the future. By the AVL vehicle, the more accurate crankshaft 
torque signal can be used to compare with the processed crankshaft torque signal. This AVL can 
also provide the accurate signal covers the whole working range. 

6.2 Future work 
Firstly, because there must have some delay during the signal transmission, one method should 
be developed to find out the delay between signal from engine and signal from wheel torque 
sensor.  
Secondly, the accuracy should also be improved in the future. The optimal situation is that the 
processed real crankshaft torque signal totally covers the reference signal. In order to reach this 
result, more possible torque loss should be considered.  
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