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VEHICLE TRANSMISSION SHIFT QUALITY 

[0001] The invention relates to vehicle transmission shift 
quality, in particular in relation to automated manual trans 
mission (AMT) shift quality. 
[0002] In Europe there is considerable groWth in the appli 
cation of automated manual transmissions (AMT) predomi 
nantly for reasons of cost and CO2 e?iciency. There are a 
range of such transmissions available, and they can generally 
be grouped into single clutch systems (AMT-l) and tWin path 
systems (AMT-2). Yet more sophisticated versions are under 
development. HoWever, the poor shift quality of this “?rst 
Wave” of manual-based transmissions, that is to say, the per 
formance of the vehicle during gear changes, particularly as 
perceived by the driver is a signi?cant problem, due to inter 
ruption of the propulsive torque. This differs from conven 
tional planetary automatic transmissions in Which the propul 
sive torque remains positive throughout the shift process. 
[0003] FIG. 1 shoWs a typical AMT shift pro?le (accelera 
tion against time) from Which it can be seen that the shift takes 
a long time and is folloWed by a period of oscillation. 
[0004] Various attempts have been made to assess AMT 
shift quality but these have tended to be inappropriately based 
on corresponding tests for automatic transmissions, Which 
have signi?cantly different considerations and indeed expec 
tations, or based on simplistic metrics. 
[0005] The invention is set out in the claims. 
[0006] The invention gives rise to various advantages over 
knoWn arrangements. The modelling of the various aspects of 
the vehicle poWertrain or transmission, including a driver 
model, alloWs a full and meaningful set of data to be obtained 
relevant to the shift quality and taking into account, for 
example, the effects on the driver. As a result the development 
process can be signi?cantly focused and enhanced as a result 
of the more advanced metrics adopted. It Will be appreciated 
that references to AMT transmissions extends to alternative 
stepped transmissions such as automated stepped ratio trans 
missions and other appropriate transmissions. The invention 
is also applicable to other transient vehicle phenomena for 
Which obj ect/ subjective correlation is relevant. 
[0007] Embodiments of the invention Will noW be 
described, by Way of example, With reference to the draWings, 
of Which: 
[0008] FIG. 1 shoWs an AMT shift pro?le; 
[0009] FIG. 2 shoWs her analysis of the pro?le; 
[0010] FIG. 3 shoWs a schematic of a technique for objec 
tive/subj ective correlation for AMTs; 
[0011] FIG. 4 shoWs an multi-element human model for 
AMT shift pro?ling; 
[0012] FIG. 5 is a block diagram of a control system 
according to the invention; 
[0013] FIG. 6 shoWs longitudinal acceleration during shift; 
[0014] FIG. 7 shoWs a time history during shift; 
[0015] FIG. 8 shoWs ?rst order components during shift; 
[0016] FIG. 9 shoWs second order components during shift; 
[0017] FIG. 10 shoWs a summation method according to 
the invention; 
[0018] FIG. 11 shoWs a technique for controlling a param 
eter such as longitudinal acceleration of the vehicle to speci?c 
pro?les; and 
[0019] FIG. 12 shoWs a range of shift pro?le relating to 
longitudinal acceleration. 
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[0020] In overvieW the invention provides an improved 
approach to measurement, modeling and control of shift qual 
ity in AMTs. This is based on a more detailed analysis of the 
factors affecting the quality of the shift both physically and in 
terms of driver perception. As a result the invention provides 
an assessment of the subjective shift quality obtained from 
measured or predicted time-based data. In addition the system 
can be used to de?ne cause/effect maps Which direct changes 
to the control variables in an off-line environment. In addi 
tion, in on-line operation the cause/effect maps can direct 
changes Within the control algorithms. Yet further the system 
is used to predict shift quality and ?ag a diagnostic for service 
remedy if a given threshold is exceeded. 
[0021] Analysis of shift quality requires many factors to be 
considered in combination including: longitudinal accelera 
tion, vehicle pitch and acoustic frequencies and time deriva 
tives of these factors. 
[0022] In each case the technique must account for tWo key 
requirements: identi?cation of features of the shift Which 
alloW ready mathematical description of a recorded or pre 
dicted shift pro?le, and a means of correlation Which accounts 
for the inevitable interactions betWeen the sensory inputs to 
the driver in the formulation of opinion. 
[0023] FIG. 2 shoWs in more detail the acceleration/time 
curve for an AMT shift (solid line) together With an “ideal” 
pro?le (dotted line). Other “ideal” pro?les may be more 
appropriate for different driving styles. FIG. 2 further illus 
trates the times T1_Ideal and T1_Real for the ideal and real 
(oscillatory) shifts based on engineering judgement. 
[0024] According to a ?rst approach any deviation from his 
ideal shift can be assigned a mathematical “cost” Which 
Would act to reduce the ideal rating from a value of 10. The 
shift pro?le is idealiZed by piece-Wise approximations using 
the folloWing line portions: 

[0025] Line 1: linear 
[0026] Line 2: exponential decay 
[0027] Line 3: linear 
[0028] Line 4: exponential rise 
[0029] Line 5: second order damped oscillation super 
imposed upon an exponential rise 

[0030] Alternative piece-Wise elements may also be con 
sidered according to the nature of the metric: sports or a 
comfort shift as shoWn in FIG. 2. 
[0031] A cost function comprises Weighted factors associ 
ated With the magnitude of the deviation from the “ideal” shift 
for each of the line portions. Additionally, factors relating to 
the areas marked as area A and B are also included. The units 
of these areas is velocity (m.s_2><time), therefore the smaller 
the combined area (A+B), the smaller the loss of associated 
quantities such as kinetic energy and momentum. Area B 
Would have a higher Weighting than area A since if sustained 
it Would relate to a potential condition in Which the driver 
rocked in the seat due to the change in sign of acceleration. 
[0032] The damping ratio of the oscillatory line portion 5 is 
taken as a measure of cost for the ?nal portion of the shift. 

[0033] Referring to FIG. 10, a cost measurement process 
can be seen in simpli?ed form Where the cost is derived from 
integrating the elements betWeen the measured and ideal shift 
curves. 

[0034] As can be seen from FIGS. 11 and 12 the goal is to 
vary the real curve to approximate a desired curve Which itself 
is generated from analysis of to “preferred” shift quality for 
example modelled as discussed in more detail beloW. A suit 
able approach, therefore, is to de?ne a range of shift pro?les 
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for example by generating in-vehicle shift pro?les by torque 
modulation Without gear change. As canbe seen from FIG. 12 
this can generate, for example, curves A, B and C, of Which 
curve A is the preferred pro?le. By assessing the shift param 
eters contributing to the different pro?le, a control strategy 
can be developed to obtain the preferred pro?le by a cost 
reduction approach, using the summation method described 
above. 

[0035] An alternative or additional approach is illustrated 
by the overall correction scheme shoWn in FIG. 3. Block 10 
designates the manoeuvre involved, identifying the particular 
shift (eg fourth gear to second gear), the vehicle speed (eg 100 
kp/h) and the longitudinal acceleration (eg 3 m/s/s). As the 
shift quality Will be highly dependent on the particular 
manoeuvre, it is vital to obtain this information Which can be 
done, for example, by appropriate sensors or via the Engine 
Control Unit (ECU). Block 20 comprises the poWertrain 
model, comprising the vehicle poWertrain factors affecting 
the shift quality. These comprise in the present embodiment 
engine torque, engine speed, control of clutch (es), control of 
transmission engagement actuators, control of relevant 
aspects of chassis (active dampers to control pitch, active 
driver seat ergonomics), all of Which may again be monitored 
by appropriate sensors. 
[0036] In the modelling stage, block 30 represents a vehicle 
model of any appropriate type representing the dynamics/ 
physical characteristics of the vehicle. In the present embodi 
ment the model 30 has 3 degrees of freedom, X-axis, Z-axis 
and pitch. 
[0037] The raW variables affecting shift quality are fed to 
parameter de?nition block 40 Which converts the data to data 
representative of shift quality (for example mean accelera 
tion, peak to peak jerk, and a Fast Fourier Transform of the 
acceleration in the range 0-10 HZ). In order to assess the 
quality of the shift a correlation is made With a predicted 
rating (using for example a rating of livery bad to l0ivery 
good) based on a subjective rating made by an experienced 
vehicle tested carrying out the manoeuvre. Any appropriate 
subjective rating scheme can be used. To achieve the rating 
correlation, a neural netWork 50 is employed, Which is found 
to be a particularly ef?cient manner of obtaining the correla 
tion. 

[0038] In addition to the vehicle/poWertrain inputs, the 
driver subjectivity can be modelled using a seat model 55 and 
a multi-element human model generally designated 60 in 
FIG. 3 and shoWn in more detail in FIG. 4. This assumes that 
a metric can be derived Which includes pressure pro?les act 
ing upon the driver’s body, sensitivity transfer functions and 
time derivatives of the folloWing variables: head pitch 61, 
vehicle pitch, rpm-visual 63, rpm-acoustic 62, normal forces, 
shear forces and neuromuscular feedback to maintain seated 
posture, the latter parameter relating mainly to the neck 64 
and arms of the driver. Clearly these measurements are 
beyond normal data logging techniques, and so the model 
shoWn is applied. The parameters and boundary conditions 
are varied until the model reacts in the same Way as a real 
driver, alloWing to model to stand alone. As discussed beloW 
a neural netWork is a particularly suitable system for achiev 
ing this objective ef?ciently. 
[0039] The relevant parameters are derived from a dynamic 
model of the driver. The transformation of these variables 
Would include the folloWing: 
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[0040] time derivatives 
[0041] mean, positive peak, negative peak, number of 

perceptible oscillations. 
[0042] sensitivity transfer functions 
[0043] Dosage metrics associated With PoWer Spectral 

Densities (from FFTs) 
[0044] In addition conventional parameters relate to vari 
ables referenced to the seat rail of the vehicle, Where appro 
priate. 

[0045] Shift time (measured as the time from the initia 
tion of the shift to the time at Which full torque has been 

reinstated). 
[0046] Pitch: pitch rate and pitch accelerationitreating 

positive and negative pitch as distinct variables. 
[0047] Longitudinal Acceleration: mean, positive peak, 

negative peak, number of perceptible oscillations. 
[0048] Jerk: mean, positive peak, negative peak, number 

of perceptible oscillations 
[0049] Related metrics Would also be derived as dosage 
metrics associated With PoWer Spectral Densities (from 
FFTs) of vibrations in longitudinal and pitch modes. 
[0050] The above transformations Would be applied to the 
folloWing variables: 

[0051] Normal pressure pro?les acting upon the driver’s 
body 

[0052] Shear forces 
[0053] Head pitch 
[0054] Trunk pitch about the hip axis (spinal ?exure 
assumed Zero in a simple case although more complex 
models Would be considered for the most realistic case.) 

[0055] Engine speed change: rpm-visual and rpm-acous 
tic. 

[0056] The in?uence of aural cues (SPL distributions) 
arising from a change in poWertrain state (load and 
speed) 

[0057] Neuromuscular effort associated With control of 
neck muscles to maintain posture, the latter parameter 
relating manly to the neck and arms of the driver. A 
control technique, preferably PID Would be applied to 
maintain equilibrium, and a measure associated With the 
magnitude of the control action Would be taken as an 
approximation of muscular effort. 

[0058] The raW variables thus obtained are also fed to the 
parameter de?nition block 40 after sensitivity Weightings are 
applied as appropriate at block 70. These Weightings may be 
pre-set or themselves learned in the neural netWork 50. The 
parameters are fed to the neural netWork 50, to obtain corre 
lation With the predicted rating. 
[0059] Accordingly the method applies the folloWing pro 
cess: 

[0060] Record data in-vehicle (longitudinal accelera 
tion, pitch, pitch rate) With shift subjective rating. 

[0061] Repeat for a Wide range of shifts With de?nite 
attributes to avoid ill-conditioning of the data. 

[0062] De?ne functions to describe the pressure pro?les 
for the body/ seat contact areas. 

[0063] Use these pressure pro?les to transfer loads to the 
driver model. 

[0064] Vary the boundary conditions (pro?les) until the 
simulated driver reacts as in the real vehicle. 

[0065] Apply neural netWorks With vehicle measure 
ments as the input layer and subjective ratings as the 
output layer to establish the correlation metric. 

[0066] The effectiveness of the technique arises because 
the greater the number of direct in?uences included in the 
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model, the more the effect of extraneous in?uences (such as 
brand image etc) Will be reduced, but not eliminated. It is 
inevitable that the same gear-shift (objectively identical) Will 
give different subjective rating When assessed in a tWo differ 
ent vehicle platforms. 
[0067] As a result a Correlation Model is provided in the 
form of the algorithm Which has inputs of system parameters 
(transforms of variables) and outputs a predicted value of 
shift quality rating. The model can be used in the vehicle 
development process once the neural netWork has been 
trained in a calibration period to ascertain the effects of 
changes to the vehicle on shift quality and to tailor the design 
to improve shift quality. 
[0068] Although a look up table could be used to store the 
correlation data, or a regression model adopted, Neural Net 
Works provide a simple and robust mechanism to convert 
system parameters into a predicted rating involving the fol 
loWing components; 

[0069] Input layerithe interface for input parameters 
[0070] Intermediate layers4comprising neurones and 
Weighted links 

[0071] Output layerithe interface for the output value 
[0072] Training environmentiapplication of training 

data to vary the characteristics of the intermediate layers 
to mimic the response of the real system. 

[0073] Furthermore neural netWorks Win account for main 
effects and multiple interactions. Any appropriate Neural net 
Work can be utiliZed and indeed toolboxes exist Which may 
enable the tools to be applied Without expert understanding. 
Appropriate techniques of linear/non-linear regression may 
be adopted in addition or alternatively. 
[0074] It Will be appreciated that once the system is trained 
in a calibration phase using correlations against real subjec 
tive shift ratings, further development can be carried out for a 
speci?c vehicle or class of vehicles using the model alone.Yet 
further, the system can be implemented in a vehicle control 
system of the type shoWn in FIG. 5. 
[0075] The control system includes a vehicle manoeuvre 
sensor 100 Which detects the manoeuvre parameters (gear 
change, speed, acceleration) and inputs them to a controller 
108, for example implemented in the ECU. The controller 
derives control parameters from a look-up table or neural 
netWork as obtained in the calibration/development process 
and feeds the control parameters to the shift control block 102 
Which controls the shift to provide the desired shift quality. 
The controller 108 can further compensate for long term 
changes in the vehicle, providing diagnostics to trigger main 
tenance by implementing a control loop With additional sen 
sor/model blocks 104, 106. Block 104 comprises a driver 
module Which can comprise sensors to monitor driver per 
ception (seat rail acceleration for example) and/or a model 
based on predetermined values derived in the calibration/ 
development stage to assess human model parameters such as 
neck moment. Block 106 comprises shift parameter sensors 
(Which can alternatively be measured and returned to the 
control block 108 from the shift parameter block 102) to 
monitor continuing operation of the vehicle. Based on this 
feedback the ECU can adjust control parameters over the long 
term and/or ?ag up the need for repair or adjustment. In 
addition to adjusting direct control parameters the ECU can 
also liaise With other engine components under its control (e. g 
active suspension) to adjust shift quality. 
[0076] It Will be seen further that, using a trained neural 
netWork as a component of the controller block 108, the 
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system can continue to learn about shift quality based on 
feedback from the driver module 104. 
[0077] A further possible system providing improved shift 
quality metrics uses system identi?cation to aid the under 
standing of transmission shift characteristics and establish 
dynamic relationships for the vehicle system. Simple tech 
niques for estimating parametric system descriptions given 
step and impulse response assumptions and data have been 
applied as a ?rst stage. 
[0078] The time history for the sprung mass longitudinal 
acceleration during a transmission shift can be separated into 
torque disruption, re-application and transient phases, see 
FIG. 6. Examination of these phases reveals information 
about the transmission, driveline and vehicle dynamics. 
[0079] To illustrate, FIG. 7 shoWs a typical time history for 
the rate of change of longitudinal acceleration proceeding the 
re-application of torque during a shift. On the assumption that 
torque Will be applied in an approximately step-Wise manner, 
the aforementioned time history corresponds to an impulse 
response for the vehicle and relates transmission torque input 
to the longitudinal acceleration of the sprung mass (i.e. the 
vehicle). 
[0080] The results shoWn in FIG. 7 tend to indicate that the 
dynamic behaviour of the vehicle can be characterised by a 
third-order system. Moreover, assuming that the principles of 
superposition can be applied, by inspection it is apparent that 
the impulse response comprises ?rst and second order com 
ponents, see FIGS. 8 and 9. 

[0081] By considering the above-mentioned ?rst and sec 
ond order components of the impulse response, engineering 
insight can be gained about shift quality and the vehicle. For 
example, the ?rst order component gives an indication of the 
shift time constant and statistical measures of poWer loss 
during shifts; the second order component can be used to 
estimate the natural frequency and damping ratio of the driv 
eline (i.e. parameters associated With the shunt phenomenon). 
[0082] It Will be seen that the methodology as described 
above can be applied in various instances. First of all they can 
be used for the collection of objective and subjective data 
Which in itself can form basis foruseful analysis as Well as the 
foundation for automating the subjective rating process. Off 
line simulation, normally undertaken for the development of 
mechanical and control elements relating to poWer‘train, 
drive-line and vehicle systems can be extended according to 
the invention. In particular the trained neural netWork or other 
selective means of correlation betWeen objective and subj ec 
tive data alloWs the predictions likely objective assessment of 
the system or relevant part of the system response alloWing 
appropriate design changes to be quickly identi?ed and 
implemented in the development stage. 
[0083] Once design parameters have been arrived at in the 
simulation phase these can be assessed on dynamic test rigs. 
Such rigs Will be ?tted With system elements to simulate 
certain aspects of the system. For example a real transmission 
can be driven by an electrical dynanometer With the vehicle 
load applied to the output of the transmission loaded by 
another dynanometer. 
[0084] Yet further, as discussed above, sensitivity studies 
can be undertaken to establish the relevant effect and interac 
tion betWeen system changes due to Wear and degradation 
during the life of the vehicle. This can be in simulation Which 
Will be more straightforward for reasons of practicality but 
can also be in actual operation of the vehicle as indicated 
above. The information derived can be applied for tWo main 
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purposes. First of all the information Would be used to guide 
systems designed to achieve the minimum desired shift qual 
ity performance in the most ef?cient Way in terms of Weight/ 
cost/package envelope and so forth. This can be based on the 
system speci?cation for the vehicle, and taken into account 
controllable chassis devices and poWertrain devices for 
example. As a result a tolerance can be built in to accommo 
date likely system degradation. Secondly the derived infor 
mation can be used as stored information to guide the control 
systems of the vehicle to adapt control parameters to maintain 
shift quality during the life of the vehicle as mechanical 
elements of the chassis and poWertrain degrade. In other 
Words dynamic adaptation can be applied as an alternative to 
introducing tolerances ab initio. 
[0085] It Will be appreciated that the invention can be 
applied to any appropriateAMT scheme, andused to calibrate 
and develop vehicles and vehicle transmissions, based on a 
shift pro?le appropriate to the vehicle or market (eg smooth or 
sporty pro?les as appropriate). The invention extends not 
only to the features speci?ed in the claims that folloW but to 
any other novel feature, method or technique or combination 
disclosed herein. 

1.-10. (canceled) 
11 . AnAMT vehicle transmission control system compris 

ing a transmission shift parameter control element, a vehicle 
manoeuvre detection element and a controller, Wherein the 
controller is arranged derive control instructions from the 
detected vehicle manoeuvre to control the shift parameter 
control element. 

12. A system as claimed in claim 11 in Which the controller 
comprises a neural network. 

13. A system as claimed in claim 11 further comprising a 
shift quality sensor element. 

14. A system as claimed in claim 13 in Which the controller 
is arranged to adjust control parameters or provide a diagnos 
tic report or control other parameters based on the sensed shift 
quality. 
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15. A vehicle control system comprising an AMT vehicle 
transmission control system as claimed in claim 11. 

16. A vehicle including a control system as claimed in 
claim 11. 

17. A method of calibrating a system as claimed in any 
preceding claim 1 comprising the steps of running the system 
through one or more predetermined manoeuvre and correlat 
ing a modelled rating against a driver subjective rating for the 
same manoeuvre. 

18. A method as claimed in claim 17 in Which the calibra 
tion is carried out by a neural netWork. 

19. (canceled) 
20. A method of controlling an AMT vehicle transmission 

comprising detecting a vehicle manoeuvre, deriving shift 
control instructions for the detected manoeuvre and control 
ling a shift parameter control element based on the control 
instructions. 

21. A method of developing anAMT vehicle transmission 
comprising the steps of measuring a shift pro?le, determining 
the contributory factors and varying the contributory factors 
to obtain an improved shift pro?le. 

22. A method as claimed in claim 20 in Which a cost 
function is associated With aspects of a shift pro?le and the 
improved shift pro?le is obtained by minimising the cost 
de?ned as a deviation from a preferred shift pro?le. 

23. A vehicle poWertrain modelling system comprising a 
plurality of poWertrain model elements and an interaction 
monitor arranged to monitor interaction betWeen the ele 
ments, in Which the model elements include a time-deterio 
ration model and the interaction monitor monitors interaction 
of the elements over time. 

24. A vehicle development system comprising a modelling 
system as claimed in claim 23. 

* * * * * 


