
PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7301



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7302



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7303



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7304



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7305



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7306



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7307



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7308



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7309



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7310



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7311



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7312



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7313



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7314



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7315



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7316



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7317



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7318



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7319



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7320



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7321



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7322



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7323



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7324



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7325



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7326



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7327



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7328



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7329



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7330



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7331



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7332



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7333



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7334



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7335



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7336



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7337



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7338



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7339



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7340



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7341



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7342



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7343



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7344



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7345



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7346



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7347



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7348



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7349



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7350



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7351



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7352



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7353



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7354



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7355



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7356



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7357



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7358



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7359



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7360



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7361



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7362



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7363



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7364



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7365



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7366



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7367



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7368



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7369



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7370



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7371



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7372



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7373



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7374



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7375



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7376



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7377



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7378



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7379



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7380



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7381



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7382



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7383



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7384



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7385



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7386



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7387



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7388



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7389



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7390



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7391



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7392



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7393



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7394



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7395



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7396



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7397



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7398



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7399



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7400



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7401



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7402



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7403



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7404



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7405



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7406



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7407



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7408



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7409



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7410



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7411



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7412



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7413



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7414



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7415



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7416



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7417



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7418



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7419



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7420



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7421



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7422



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7423



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7424



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7425



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7426



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7427



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7428



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7429



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7430



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7431



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7432



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7433



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7434



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7435



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7436



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7437



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7438



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7439



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7440



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7441



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7442



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7443



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7444



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7445



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7446



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7447



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7448



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7449



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7450



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7451



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7452



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7453



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7454



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7455



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7456



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7457



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7458



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7459



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7460



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7461



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7462



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7463



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7464



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7465



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7466



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7467



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7468



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7469



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7470



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7471



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7472



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7473



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7474



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7475



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7476



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7477



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7478



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7479



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7480



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7481



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7482



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7483



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7484



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7485



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7486



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7487



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7488



PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7489



VW EX1020 
U.S. Patent No. 6,581,565

C\1 
<( 
Lt) 
CD ,... 
CD 

"" 0 ,... 
D. 
w 

(19) 1 Europiiisches Patentamt 

1111111111111111111111 1111111111 1111111111111111111111111111111 111111111111 
European Patent Office 

Office europeen des brevets (11) EP 1 076 165 A2 

(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: 
14.02.2001 Bulletin 2001/07 

(21) Application number: 00306482.1 

(22) Date of filing: 28.07.2000 

(84) Designated Contracting States: 
AT BE CH CY DE OK ES Fl FR GB GR IE IT Ll LU 
MCNLPTSE 
Designated Extension States: 
AL LT LV MK RO Sl 

(30) Priority: 09.08.1999 US 370234 

(71) Applicant: 
Ford Global Technologies, Inc. 
Dearborn, Michigan 48126 (US) 

(51) Int. Cl.l: F020 33/02, F02D 41/12 

(72) Inventors: 
• Robichaux, Jerry Dean 

Riverview, Michigan 48192 (US) 
• Pallett, Tobias John 

Ypsilanti, Michigan 48197 (US) 

(7 4) Representative: 
Messulam, Alec Moses et al 
A. Messulam & Co. Ltd, 
43-45 High Road 
Bushey Heath, Herts WD23 1 EE (GB) 

(54) system and method for cont rolling engine torque 

(57) A system and method for controlling an engine 
include determining a desired engine brake torque and 
modifying the desired engine brake torque based on 
current engine operating conditions to determine a 
requested engine brake torque prior to determination of 
control parameters, including at least one of an airflow 
and a fuel quantity, to effect the requested engine brake 
torque. Preferably, the desired engine brake torque is 
modified by combining the desired engine brake torque 
with an idle speed torque to generate a first intermedi­
ate torque, comparing the first intermediate torque to an 
actual engine brake torque to generate a second inter­
mediate torque, generating a feedback correction 
torque based on the second intermediate torque, and 
combining the first intermediate torque, the feedback 
correction torque, and a third intermediate torque to 
determine the requested engine brake torque, where 
the third intermediate torque represents accessory load 
or a frictional torque loss which varies with temperature. 
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Description 

(0001) The present invention is directed to a system and method for controlling engine torque using feedback and 
feed forward control. 

5 [0002) Electronic airflow control systems, such as variable cam timing systems and electronic throttle control sys­
tems, replace traditional mechanical throttle cable systems with an "electronic linkage" provided by sensors and actua­
tors in communication with an electronic controller. This increases the control authority of the electronic controller and 
allows the airflow and/or fuel flow to be controlled independently of the accelerator pedal position. 
(0003) To control the actual output engine brake torque to achieve the driver demanded engine brake torque, it is 

10 desirable to calculate a corresponding desired airflow and fuel flow. Preferably, this computation accounts for variations 
in engine operating parameters, such as engine operating temperature and accessory losses. 
[0004) Prior art approaches convert the desired engine torque to a desired airflow using a two-dimensional lookup 
table with inputs for desired torque and engine speed. However, such lookup tables are typically calibrated for stoichio­
metric operation and for maximum brake torque (MBT). The resulting desired airflow is then modified by a function 

15 which relates engine operating temperature and air/fuel ratio to engine torque to generate a modified or corrected air­

flow. The corrected desired airflow is then achieved via an appropriate airflow rate controller. This approach may be 
seen by reference to U.S. Pat. Nos. 5,351 , 776, 5,383,432, and 5,501,989, for example. 
[0005) While the prior art approaches may be acceptable for many applications and operating conditions, it is desir­
able to provide a more robust engine torque controller which improves powertrain performance for current applications 

20 and is more amenable to new engine technologies and control strategies such as direct injection, lean burn, variable 
cam timing, and variable displacement applications_ 
[0006) Preferably, the control parameters include at least one of an airflow and a fuel quantity, to effect the 
requested engine brake torque. Preferably, the desired engine brake torque is modified by combining the desired 
engine brake torque with an idle speed torque to generate a first intermediate torque, comparing the first intermediate 

25 torque to an actual engine brake torque to generate a second intermediate torque, generating a feedback correction 
torque based on the second intermediate torque, and combining the first intermediate torque, the feedback correction 
torque, and a third intermediate torque to determine the requested engine brake torque, where the third intermediate 
torque represents accessory load or a frictional torque loss which varies with temperature. 
[0007) The embodiment of the present invention provides a system and method for engine torque control in an 

30 engine having electronically controlled airflow and/or fuel flow. 
(0008) The embodiment of the present invention is has an advantage that it provides a system and method for 
engine torque control which more accurately compensate for current operating conditions such as additional frictional 
losses when the engine is cold and for variable accessory losses which correct for variations between desired and 

actual torque using a torque feedback signal. 
35 [0009) The embodiment of the present invention provides a number of other advantages. It compensates the input 

to the engine torque controller prior to determination of the control parameters, such as airflow and fuel flow, rather than 
modifying the output of the engine torque controller as described in the prior art. This provides a more robust torque 
control ler which is more easily applied to various engine technologies. 
[0010) The invention will now be described further, by way of example, with reference to the accompanying draw-

40 lngs, in which: 

Figure 1 is a block diagram illustrating a system and method for controlling engine torque according to the present 
invention; 
Figure 2 is a block diagram il lustrating an output torque based powertrain control strategy including determination 

45 of a desired engine torque according to the present invention; 
Figure 3 is a block diagram illustrating an engine torque controller according to the present invention; and 
Figure 4 is a flowchart illustrating a system and method for controlling engine torque according to the present inven­
tion. 

50 [0011) Figure 1 provides a block diagram illustrating operation of a system or method for controlling engine torque 
according to the present invention. 

[0012) System 10 includes a vehicular powertrain 12 having an internal combustion engine 14 coupled to an auto­
matic transmission 16. Of course, the present invention is equally applicable to manual transmission applications. Pow­
ertrain 12 may also include a controller 18 in communication with engine 14 and transmission 16 for providing various 

55 information and control functions. Engine 14 is connected to transmission 16 via crankshaft 20 which is connected to 
transmission pump 22 and/or torque converter 24. Preferably, torque converter 24 is a hydrodynamic torque converter 
including a pump or impeller 26 which is selectively fluidly coupled to a turbine 28. Torque converter 24 may also include 

a frictional converter clutch or bypass clutch 30 which provides a selective frictional coupling between turbine shaft 32 

2 
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and input shaft 34. 

(0013) Automatic transmission 16 includes a plurality of input-to-output ratios or gear ratios effected by various 
gears, indicated generally by reference numeral 36, and associated frictional elements such as clutches, bands, and 
the like, as well known in the art. Gears 36 provide selective reduction or multiplication ratios between turbine shaft 32 

5 and output shaft 38. Automatic transmission 16 is preferably electronically controlled via one or more shift solenoids, 
indicated generally by reference numeral40, and a converter clutch control (CC) 41 to select an appropriate gear ratio 
based on current operating conditions. Transmission 16 also preferably includes an actuator for controlling pump pres­
sure (PP) 42 (or line pressure), in addition to a shift lever position sensor (PRN) 44 to provide an indication of the oper­
ator's selected gear or driving mode, such as drive, reverse, park, etc. A line pressure sensor (LP) 46 can be provided 

10 to facilitate closed loop feedback control of the hydraulic line pressure during shifting or ratio changing. 
(0014) Depending upon the particular application, output shaft 38 may be coupled to one or more axles 48 via a 
final drive reduction or differential 50 which may include one or more gears, as indicated generally by reference numeral 
52. Each axle 48 may include two or more wheels 54 having corresponding wheel speed sensors 56. 
(0015) In addition to the sensors described above, powertrain 12 preferably includes a plurality of sensors, indi-

15 cated generally by reference numeral 60, in communication with corresponding inr:;ut ports 62 of controller 18 to sense 

or monitor the current operating and ambient conditions of powertrain 12. A plurality of actuators, indicated generally 
by reference numeral 64, communicate with controller 18 via output ports 66 to effect control of powertrain 12 in 
response to commands generated by controller 18. 
(0016) The sensors preferably include a throttle valve position sensor (TPS) 68 which monitors the position of throt-

20 tie valve 70 which is disposed within intake 72. A mass airflow sensor (MAF) 74 provides an indication of the air mass 
flowing through intake 72. A temperature sensor (TMP) 76 provides an indication of the engine temperature which may 
include engine coolant temperature or engine oil temperature, for example. 
(0017) As also illustrated in Figure 1, an engine speed sensor (RPM) 80 monitors rotational speed of crankshaft 20. 
Similarly, a turbine speed sensor 82 monitors the rotational speed of the turbine 28 of torque converter 24. Another rota-

25 tiona! speed sensor, vehicle speed sensor (VSS) 84, provides an indication of the speed of output shaft 38 which may 
be used to determine the vehicle speed based on the ratio of differential 50 and the size of wheels 54. Of course, wheel 
speed sensors (WS1 and WS2) 56 may be used to provide an indication of the vehicle speed as well. 
(0018) Depending upon the particular application requirements, various sensors may be omitted or alternative sen­
sors provided which generate signals indicative of re lated sensed parameters. Values corresponding to ambient or 

30 operating conditions may be inferred or calculated using one or more of the sensed parameters without departing from 
the spirit or scope of the present invention. 
(0019) An accelerator pedal 58 is manipulated by the driver to control the output of powertrain 12. A pedal position 
sensor 59 provides an indication of the position of accelerator pedal 58, preferably ·n the form of counts. In one embod­

iment, an increasing number of counts Indicates a request for increased power output. Preferably, redundant position 
35 sensors are used with at least one position sensor having a negative slope such :hat a decreasing number of counts 

corresponds to a request for increased power output. A manifold absolute pressure (MAP) sensor, or equivalent, may 
be used to provide an indication of the current barometric pressure. 
(0020) Actuators 64 are used to provide control signals or to effect movement of various devices in powertrain 12. 
Actuators 64 may include actuators for timing and metering fuel (FUEL) 90, controlling ignition angle or timing (SPK) 

40 92, controlling intake/exhaust valve actuators 93 (VCT) to implement variable cam timing ,setting the amount of exhaust 

gas recirculation (EGR) 94, and adjusting the intake air using throttle valve 70 with an appropriate servomotor or actu­
ator (TVA) 96. As described above, automatic transmission 16 may be selectively controlled by controlling transmission 
pump or line pressure using an appropriate actuator (PP) 42 in combination with shift solenoids (SS1 and SS2) 40 
which are used to select an appropriate gear ratio, and a converter clutch actuator or solenoid (CC) 41 used to lock, 

45 unlock or control slip of the torque converter c lutch 30. Also preferably, a temperature sensor 106 is provided to deter­
mine the transmission oil temperature (TOT). 
(0021) Controller 18 is preferably a microprocessor-based controller which provides integrated control of engine 14 
and transmission 16 of powertrain 12. Of course, the present invention may be implemented in a separate engine or 
transmission controller depending upon the particular application. Controller 18 includes a microprocessor 110 in com-

so munication with input ports 62, output ports 66, and computer readable media 112 via a data/control bus 114. Computer 
readable media 112 may include various types of volatile and non-volatile memory such as random access memory 

(RAM) 116, read-only memory (ROM) 118, and keep-alive memory (KAM) 119. These "functional" descriptions of the 
various types of volatile and non-volatile storage may be implemented by any of a number of known physical devices 
including but not limited to EPROMs, EEPROMs, PROMs, flash memory, and the like. Computer readable media 112 

55 include stored data representing instructions executable by microprocessor 110 to implement the method for controlling 
engine torque according to the present invention. 
(0022) Figure 2 provides a block diagram of a representative control architecture for use with a system and method 

for engine control according to the present invention. As will be understood by one of ordinary skill in the art, one of the 
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advantages of the present invention is its adaptability and robustness to various control architectures and engine tech­
nologies. As such, the present invention may be utilised in any of a number of applications and is independent of the 

particular strategy illustrated for determining a desired engine brake torque and for effecting a requested engine brake 
torque. 

5 (0023] In one embodiment of the present invention, a driver demand is interpreted as represented by block 120 of 
Figure 2 based on the vehicle speed 122 accelerator pedal position 124 and barometric pressure 126. In th is embodi­
ment, the driver demand is interpreted as a wheel torque (TQWH_DD) and is provided as an input to block 130 which 
arbitrates the final wheel torque among various other torque requesters, indicated generally by reference numeral 132. 
Such torque requesters may include, for example, a cruise control torque 134, a traction assist torque 136, and/or a 

10 vehicle speed limiting torque 138. Block 130 selects the appropriate torque depending upon the current operating con­
ditions and provides this final wheel torque (TQ_WHEEL) to block 140 which performs a number of functions including 
scheduling the gear ratio and ratio changes. Block 140 preferably includes determination of a torque converter s lip, and 
calculation of a desired engine brake torque based on the final desired wheel torque. Inputs used in these determina­
tions include vehicle speed 122, barometric pressure 126, current gear ratio 142, current torque converter s lip 144, and 

15 bypass clutch duty cycle 145. Determination of the desired engine torque is explained in greater detail below. 

(0024) The engine torque requested from block 140 is arbitrated w ith various other engine torque limiting functions 
146 as represented by block 150. Transmission controller 152 may also request torque limiting or modulation to provide 
cancellation of the Inertia phase to improve shift feel. Transmission controller 152 communicates with transmission sole­
noid control module 154 which energises the appropriate shift solenoids to effect the ratio change. Solenoid control 

20 module 154 preferably dynamically controls the line pressure via transmission pump pressure actuator 42 during a ratio 
change to improve shift feel. Alternatively, the apply and release pressures for individual clutches or shifting elements 
may be controlled during the ratio change to further improve shift feel. Transmission controller 152 is also in communi­
cation with bypass clutch controller 155 which controls the duty cycle of the torque converter bypass clutch to control 

the state of the clutch. 
25 (0025) The final engine torque determined by block 150 is communicated as a desired engine brake torque to 

engine controller 156, illustrated and described in greater detail with reference to Figure 3. The engine controller mod­
ifies the desired engine brake torque based on current engine operating conditions to determine a requested engine 
brake torque prior to determination of control parameters such as air flow, spark, EGR, and fuel as represented by 
blocks 158, 160, 162, and 164, respectively. Various other control parameters may also be used, such as air/fuel ratio, 

30 and the like, depending upon the particular application. 
(0026) While the present invention is described with reference to a system based on desired wheel torque, the 
present invention is independent of the particular strategy used to determine the desired engine brake torque. For 
example, the present invention could be easily applied to a system which uses a desired tractive effort or wheel power 

to detenmine a desired engine brake torque. Likewise, the present invention is applicable to systems which determine 
35 a desired engine brake torque directly from the operator via an accelerator pedal or similar device. 

(0027] Figure 3 is a block diagram illustrating an engine torque controller 156 according to the present invention. 
Engine torque controller 156 includes three functional sections represented generally by reference numerals 200, 202, 
and 204. Block 200 receives a desired engine brake torque (TQ_ENG) and adjusts the desired engine brake torque to 
generate a requested engine brake torque (TQ_SUM2) based on current operating conditions. The requested engine 

40 brake torque is provided to block 202 which controls at least one operating parameter of the engine based on the 

requested engine brake torque to deliver the desired engine brake torque. Block 204 includes an airflow-based idle 
speed controller which generates an idle speed torque determined at least in part based on a desired engine speed, 
preferably stored in a lookup table. 
(0028) Idle speed controller 204 determines the required airflow to provide idle speed control and dashpot modes 

45 of operation. As known in the art, dashpot mode operates to modify the engine deceleration rate to smoothly approach 
the desired idle speed when the accelerator pedal is released. Idle speed controller 204 includes a feed forward idle 
speed control206 having various inputs including a desired engine idle speed (N_BASE), engine coolant temperature 
(ECT), air charge temperature (ACT), and flags or switches to detenmine the state of various accessories such as air 
conditioning (NC) and power steering (PIS). 

50 (0029) PID and adaptive control feedback block 208 generates an appropriate output based on an RPM error which 
is combined with the output from block 206 and a dashpot input to determine a desired airflow (DESMA F). This value 

is provided to section 202 as explained in greater detail below. The desired airflow is also used to generate a torque trim 
term to provide smooth transitions between idle speed control and other operation modes. The torque trim term is pro­
duced by generating an airflow error which is operated on by PID controller 210 to reduce the error toward zero. The 

55 airflow value is converted to a torque trim value by block 212 which is then combined with the desired engine brake 
torque value at summing junction 214. As such, the desired engine brake torque (TQ_ENG) is adjusted or modified first 
by combining the desired engine brake torque with an idle speed torque (TQ_ TRIM) to generate a first intermediate 

torque (TQ_ SUM) according to: 
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TQ_SUM = TQ_ENG + TQ_ TRIM 

[0030) The first intermediate torque is compared at block 218 to an actual engine brake torque (TQ_NET) gener-
ated by block 216 to generate a torque error (second intermediate torque) according to: 

TQ_ERROR = TQ_SUM - TQ_NET 

(0031) The actual engine brake torque (TQ_NET) may be an estimated or a measured value for actual torque. The 
second intermediate torque or torque error is provided to a PlD controller 220 which generates a feedback correction 

10 torque based on the second intermediate torque. 
[0032) Preferably, controller 220 includes proportional, integral, and derivative terms but is not active during certain 
transient torque limiting control modes, which may include idle speed control, dashpot, engine speed limiting, traction 
asist, transmission gear shifting, and fail safe cooling, among others. In one embodiment, controller 220 sets the pro­
portional and derivative terms to zero while holding the integral term constant during these control modes. Alternatively, 

15 the integral term of controller 220 may be reset during transient torque control modes while setting the proportional and 

derivative terms to zero. The torque feedback controller is preferably deactivated during these transient modes to pre­
vent interference between the control parameters for air and fuel flow and the transient torque control parameters such 
as spark retard or injector/cylinder cutout. An example of a method for reducing engine torque through co-ordinated 
control of spark retard, cylinder cutout, and air/fue l scheduling can be seen in U.S. Patent No. 5,479,898, for example. 

20 [0033) Block 216 preferably provides an estimate of the actual engine brake torque based on current engine oper-
ating parameters including ignition angle, air/fuel ratio, number of cylinders, variable CAM timing angle, engine coolant 
temperature, engine speed, airflow, and operation state of accessories such as :he air conditioning compressor. Of 
course, various other parameters may be included in determining the actual engine brake torque. Alternatively, an 
appropriate sensor may be provided to directly determine the actual engine brake torque. Determination of an esti-

25 mated actual torque is described in greater detail in U.S. Patent No. 5,241 ,855, assigned to the Assignee of the present 
invention. 

30 

[0034) The feedback correction torque generated by PID controller 220 (TQ_PID) is provided to a summing block 
222 where it is combined with the first intermediate torque and a third intermediate torque (ETC_ TQ_LOSS) to deter­
mine the final requested engine brake torque according to: 

TQ_ENG_DES = TQ_SUM + TQ_PID + ETC_ TQ_LOSS 

[0035) The third intermediate torque may represent an accessory brake torque and/or the additional torque 

required to overcome increased frictional losses during cold engine operation. Preferably, the third intermediate torque 
35 is the sum of the estimated accessory brake torques including the air conditioning compressor, front end accessory fric­

tion, power steering pump losses, and additional rotational friction attributable to cold engine operation. The output of 
block 222 is then the requested final engine brake torque which is provided to section 202 to control the engine output. 
In the embodiment illustrated in Figure 3, section 202 uses airflow as the primary control parameter. Of course, fuel 
delivery or fuel flow may also be controlled to control the engine output torque. As such, the input to the torque controller 

40 section 202 is compensated to request additional torque to compensate for accessory losses and cold friction losses 

as opposed to modifying the output of the torque controller as seen in various prio· art references. 
[0036) As stated above, the present invention is independent of the particular strategy or controller used to deliver 
the requested engine brake torque. In this embodiment, airflow is used as the primary control parameter to deliver the 
requested torque for stoichiometric operation. Various other operational modes and/or engine technologies, such as 

45 lean burn, may utilise airflow control, fue l flow control, spark or ignition angle control, and the like as well known in the 
art. 
[0037) Once the requested brake torque is determined by section 200, it is provided to block 230 which provides 
feed forward compensation to compensate for the non-linear effects of the air/fuel ratio being rich or lean of stoichiom­
etry, i.e., an air/fuel ratio between about 12:1 and about 18:1. Likewise, block 230 compensates for the non-linear 

so effects of the spark or ignition angle being retarded from the steady-state operation conditions, such as when in idle 
speed control mode. This is considered a feed forward compensation because these terms modify the control input to 

cause total or partial cancellation of the non-linear functions of the model. Improved transient and steady-state control 
is provided by combining the feed forward compensation of block 230 with the feedback operation of block 220. 
[0038) Block 230 includes inputs representing the operating air/fuel equivalence ratio (LAMBSE), spark retard from 

55 MBT {SPK_DELTA), engine speed (RPM), and load. A lookup table is used to generate a torque ratio parameter which 
defines a relationship between indicated torque at a given air/fuel ratio relative to the indicated torque at a stoichiomet­
ric air/fuel ratio according to: 
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TQ_RATIO_LAMBSE = FN(LAMBSE 

(0039) This function is described in greater detail in U.S. Patent No. 5,241,855 assigned to the Assignee of the 
present invention. Because this function is preferably defined for maximum brake torqLe (MBT) ignition timing, any var-

5 iation from MBT requires an additional compensation. The effect of spark retard, such as may occur during idle speed 
control, is preferably calculated from a tabular function and is represented as a scalar determined according to: 

10 

15 

TQ_RATIO_SPK = FN(SPK_DELTA) 

(0040) Such a function is described in greater detail in U.S. Patent No. 5,241 ,855. Preferably, this value represents 
the reduction in torque due to an ignition timing which is varied from MBT during steady· state conditions. Thus, the input 
torque to block 230 (TQ_ENG_DES) can be compensated for the effects of spark retard and lean or rich LAMBSE 
according to: 

TQ_ENG DES 
TQ_ENG_ TOT- TQ_RATIOLAMBSE•TQ RATIO SPK 

(0041) The output of block 230 (TQ_ENG_TOT) is provided to block 232 which converts the torque to a required 
airflow (load) to achieve the requested value of engine brake torque. Preferably, this model (FNTQETC) is in the form 
of a lookup table referenced by requested engine brake torque and engine speed. In one embodiment, this model 

20 assumes minimal accessory losses, stoichiometric operation, warm engine operation, and standard temperature and 
pressure calibrations. The output of block 232 is in the form of a desired engine cylinder load which may be represented 

by: 

25 

30 

ETC_DES_LOAD = FNTZETC(TQ_ENG_ TOT, RPM) 

where load is defined as the percentage of maximum theoretical cylinder air mass in the combustion chamber for a nat­
urally aspirated engine (SARCHG). 
(0042] Block 234 converts the load to a desired intake airflow (ETC_TQ_MAF) according to: 

ETC_TQ_MAF = ETC_DES_LOAD • ENGCYL • RPM • SARCHG 

where ENGCYL represents the number of intake strokes per engine revolution. Block 236 operates as a multiplexer or 
switch to switch between the real-time controller and the idle speed or dash pot mode control. The appropriate input is 

selected and passed to the output based on the APP (at part pedal) flag which is set to zero or one when the accelerator 
35 pedal is either partly depressed or fully depressed and equal to minus one when the accelerator pedal is not depressed. 

Block 238 selects the higher value for the airflow from the idle speed controller or the real-time engine torque controller 
to ensure that the final requested airflow (ETC_DESMAF) does not decrease below the idle speed control setting (DES­
MAF) due to any modelling errors in the torque-to-load table (FNTQETC) represented by block 232. As such, block 238 
always selects the maximum of its two inputs which is then provided at the output. 

40 (0043) Referring now to Figure 4, a flowchart illustrating control logic of one embodiment of a system or method 

according to the present invention is shown. As will be appreciated by one of ordinary skill in the art, the flowchart illus­
trated in Figure 4 may represent any of a number of known processing strategies such as event-driven, interrupt-driven, 
multi-tasking, multi-threading, and the like. As such, various steps or functions illustrated may be performed in the 
sequence illustrated, in parallel, or in some cases omitted. Likewise, the order of processing is not necessarily required 

45 to achieve the objects, features, and advantages of the invention, but is provided for ease of illustration and description. 
Preferably, the control logic is implemented in software which is executed by a microprocessor-based controller. Of 
course, the control logic may be implemented in software, hardware, or a combination of software and hardware. The 
flowchart of Figures 4 illustrate one "loop" and its operations are preferably repeated at predetermined time intervals as 
known by those of skill in the art. 

50 (0044) Block 300 represents determining a desired engine brake torque. As described above, various techniques 
may be used to determine the desired engine brake torque. Preferably, the desired engine brake torque is determined 

based on the vehicle speed, accelerator pedal position, and current barometric pressure. Depending upon the particu­
lar application, a driver demanded torque may be represented by a wheel torque, wheel power, engine power, or various 
other parameters which are converted to a desired engine brake torque. Blocks 302-308 adjust the desired engine 

55 brake torque to generate a requested engine brake torque based on current operating conditions. Blocks 310-312 rep­
resent controlling at least one of the operating parameters of the engine based on the requested engine brake torque 
to deliver the desired engine brake torque. 

(0045) In particular, block 302 represents combining the desired engine brake torque with an idle speed torque to 
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generate a first intermediate torque. Preferably, the idle speed torque is a torque trim value which is used to provide 
smooth transitions between the idle speed controller and the engine torque controller. The first intermediate torque is 
compared to the actual engine brake torque to generate a second intermediate torque as represented by block 304. 
Preferably, the first intermediate torque is also used in a feed forward arrangement as illustrated in Figure 3 and rep re-

s sented by block 308. 

(0046) Block 306 represents generating a feedback correction torque based on the second intermediate torque. 
Preferably, a proportional-integral-derivative (PI D) controller is used to generate the feedback correction torque. Prefer­
ably, the proportional and derivative terms are set to zero while the integral term is held constant during at least one 
engine control mode where transient torque control is necessary, such as during idle speed control, traction assist, and 

10 the like. The output of the feedback correction torque block is used to adjust the requested engine brake torque to drive 
the torque error toward zero. 
(0047] A third intermediate torque based on accessory loads and/or engine frictional losses is determined as rep­
resented by block 308. Preferably, block 308 represents determination of an estimated accessory brake torque which 
includes the torque required to operate various vehicle accessories including an air conditioning compressor, power 

15 steering pump, and the like. Various losses may also be compensated for by block 308 including the frictional losses. 

As known, frictional losses generally vary as a function of engine temperature and engine speed. As such, block 308 
preferably includes a term for frictional losses based on engine temperature and engine speed. 
(0048) The first intermediate torque, feedback correction torque, and third intermediate torque are combined to 
determine the requested engine brake torque as represented by block 310. The requested engine brake torque is then 

20 compensated for the torque reducing effects of spark retard and LAMBSE being rich or lean of stoichiometry. The com­
pensated requested engine brake torque is then provided to block 312 where it is converted to appropriate control 
parameters to control the engine as represented by block 312. The control parameters may include airflow, fuel, ignition 
angle (spark), CAM timing, and the like, depending upon the particular application. 

(0049) As such, the present invention compensates the input to the engine torque controller prior to determination 
25 of the control parameters rather than modifying the output of the engine torque controller as described in the prior art. 

30 

This provides a more robust torque controller which is more easily applied to various engine technologies including lean 
burn, variable CAM timing, and the like. 

Claims 

1. A method for controlling an engine, the method comprising: 

determining a desired engine brake torque; 

adjusting the desired engine brake torque to generate a requested engine brake torque based on current oper-
35 ating conditions; and 

controlling at least one operating parameter of the engine based on the requested engine brake torque to 
deliver the desired engine brake torque. 

2. A method as c laimed in claim 1, wherein the step of determining a desired engine brake torque comprises deter-
40 mining a desired engine brake torque based on aocelerator pedal position, barometric pressure, and vehicle speed. 

3. A method as claimed in claim 1, wherein the step of determining a desired engine brake torque comprises deter­
mining a desired engine brake torque based on aocelerator pedal position, barometric pressure, and engine speed. 

45 4. A method as claimed in claim 1, wherein the step of adjusting the desired engine brake torque comprises: combin­
ing the desired engine brake torque with an idle speed torque, the idle speed torque determined at least in part 
based on a desired engine speed. 

5. The method of claim 1 wherein the step of adjusting the desired engine brake torque comprises: 
50 

determining an actual engine brake torque; and 
comparing the actual engine brake torque to the desired engine brake torque to generate a torque error. 

6. A method as claimed in c laim 5, wherein the step of determining an actual engine brake torque comprises estimat-
55 ing an actual engine brake torque based on current engine operating parameters. 

7. A method as claimed in claim 6, wherein the step of estimating an actual engine brake torque comprises estimating 

an actual engine brake torque based on at least engine speed, engine temperature, airflow, ignition angle, and rei-
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ative camshaft timing. 

8. A method as claimed in claim 5, wherein the step of adjusting the desired engine brake torque further comprises 
generating a requested brake torque based on the torque error to drive the torque error toward zero. 

9. A method as claimed in claim 8, wherein the step of generating a requested brake torque based on the torque error 
comprises applying the torque error to a PID feedback controller. 

10. A method as claimed in claim 8, wherein the PID feedback controller includes a proportional term, an integral term, 
10 and a derivative term, and wherein the proportional and derivative terms are set to zero and the integral term is held 

constant during transient torque control modes. 
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IN THE UNITED STATES DISTRICT COURT 
FOR THE EASTERN DISTRICT OF MICHIGAN 

SOUTHERN DISTRICT 
 
MICHIGAN MOTOR TECHNOLOGIES LLC 

Plaintiff, 

v. 

VOLKSWAGEN AKTIENGESELLSCHAFT 
and VOLKSWAGEN GROUP OF AMERICA, 
INC.,  

Defendant. 

C.A. No. 2:19-cv-10485-DML-SDD 

JURY TRIAL DEMANDED 

 
AMENDED COMPLAINT FOR PATENT INFRINGEMENT 

 
Michigan Motor Technologies LLC (“MMT” or “Plaintiff”), for its Amended Complaint 

against Defendants Volkswagen Aktiengesellschaft (“VWAG” or “Defendant”) and Volkswagen 

Group of America, Inc. (“VWGOA” or “Defendant”) (collectively “Defendants”), alleges the 

following: 

NATURE OF THE ACTION 

1. This is an action for patent infringement arising under the Patent Laws of the 

United States, 35 U.S.C. § 1 et seq. 

THE PARTIES 

2. Plaintiff is a Limited Liability Company organized under the laws of the State of 

Michigan with a place of business at 2360 Orchard Lake Road, Suite 100, Sylvan Lake, 

Michigan 48320. 

3. Upon information and belief, Volkswagen Aktiengesellschaft is a Corporation 

organized and existing under the laws of Germany, with its principal place of business at 

Berliner Ring 2, 38440 Wolfsburg, Germany. 

4. Upon information and belief, Volkswagen Group of America, Inc. is a 

Corporation organized and existing under the laws of the State of New Jersey and a wholly 
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 2

owned subsidiary of Volkswagen Aktiengesellschaft.  Volkswagen Group of America, Inc. has 

its principal place of business at 2200 Ferdinand Porsche Dr., Herndon, VA 20171. 

JURISDICTION AND VENUE 

5. This is an action for patent infringement arising under the Patent Laws of the 

United States, Title 35 of the United States Code. 

6. This court has subject matter jurisdiction under 28 U.S.C. §§ 1331 and 1338(a). 

7. Venue is proper in this judicial district under 28 U.S.C. § 1400(b).  On 

information and belief, Defendants have committed acts of infringement in this District and have 

regular and established places of business within this District. 

8. On information and belief, Defendant VWGOA has a place of business at 3800 

Hamlin Road, Auburn Hills, MI 48326. 

9. On information and belief, Defendants are subject to this Court’s general and 

specific personal jurisdiction because Defendants have sufficient minimum contacts within the 

State of Michigan and this District, pursuant to due process and/or Michigan Long Arm Statute 

because Defendants purposefully availed themselves of the privileges of conducting business in 

the State of Michigan and in this District, because Defendants regularly conduct and solicit 

business within the State of Michigan and within this District, and because Plaintiff’s causes of 

action arise directly from Defendants’ business contacts and other activities in the State of 

Michigan and this District.  

COUNT – I INFRINGEMENT OF U.S. PATENT NO. 6,588,260 

10. The allegations set forth in the foregoing paragraphs 1-9 are incorporated into this 

First Claim for Relief.  

11. On July 8, 2003, U.S. Patent No. 6,588,260 (“the ’260 patent”) entitled 

“Electronic Throttle Disable Control Test System,” was duly and legally issued by the United 
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 3

States Patent and Trademark Office. A true and correct copy of the ’260 patent is attached as 

Exhibit 1. 

12. Plaintiff is the assignee and owner of the right, title and interest in and to the ’260 

patent, including the right to assert all causes of action arising under said patents and the right to 

any remedies for infringement of them.  

13. Upon information and belief, Defendants have directly infringed at least claim 1 

of the ’260 patent by making, using, selling, importing and/or providing and causing to be used 

the at least the 2015-2018 3.6L Touareg (collectively the “’260 patent Accused 

Instrumentalities”). 

14. In particular, claim 1 of the ’260 patent recites an electronic throttle control 

apparatus for testing integrity of a motor drive electronics disable feature comprising: a PCM 

having drive electronics for controlling a motor coupled to an electronic throttle plate, said PCM 

having control logic to disable said drive electronics and return said electronic throttle plate to a 

default position, determine a default throttle position sensor (TPS) output voltage corresponding 

to said default position, command a full closing motor voltage, compare a full closing TPS 

output voltage to said default TPS output voltage, and engage failure mode management when 

said full closing TPS output voltage and said default TPS output voltage are significantly 

different from each other. 

15. Upon information and belief, the ’260 patent Accused Instrumentalities infringe at 

least claim 1 of the ’260 patent.  The ’260 patent Accused Instrumentalities comprise an 

electronic throttle control apparatus (Figure 1) for testing integrity of a motor drive electronics 

disable feature (Figure 2) comprising: a PCM having drive electronics for controlling a motor 

coupled to an electronic throttle plate (Figure 3), said PCM having control logic to disable said 

drive electronics and return said electronic throttle plate to a default position (Figure 4), 
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 4

determine a default throttle position sensor (TPS) output voltage corresponding to said default 

position, command a full closing motor voltage, compare a full closing TPS output voltage to 

said default TPS output voltage (Figure 5), and engage failure mode management when said full 

closing TPS output voltage and said default TPS output voltage are significantly different from 

each other (Figure 6). 

 

 
Volkswagen SSP 823603 
 
As shown above, there is a Throttle Valve Control Module (J338), which in conjunction with the 
Throttle Drive Angle Sensor (G187) and Throttle Drive Angle Sensor 2 (G188), constitutes an 
electronic throttle control apparatus. 
  
Figure 1     
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 5

 
 
As shown above, there is an Electronic Throttle Control (ETC)[J388] system which tests 
integrity of a motor drive electronics disable feature. 

 
The PCM/ECM uses the Throttle Drive Angle Sensor (G187) and Throttle Drive Angle Sensor 2 
(G188) to monitor the actual throttle blade position and when the actual position is out of range 
with the target position, the ECM (J623) will set the DTC P0638. Bank 1 refers to the side of the 
engine with cylinder number one, however most vehicles use one throttle body for all cylinders. 
This code is similar to code P0639.  Most throttle bodies of this type are not serviceable and need 
to be replaced. The throttle body is spring actuated to hold it at an open position in the event of a 
motor failure; in some cases, with a complete failure, the throttle will be unresponsive, and the 
vehicle will only be capable of driving at a slow speed. 
 
https://www.obd-codes.com/p0638 

Figure 2 
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 6

 

 
Volkswagen SSP 823603 
 
The PCM (powertrain control module) comprises the ECM (J623) and the Transmission Control 
Module TCM (J217) (shown above). 
 
The PCM, shown above, has drive electronics for controlling a throttle valve control module 
motor coupled to an electronic throttle plate/throttle valve (shown below).  
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Volkswagen SSP 823603 
 
Figure 3 
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 8

 
 
DTC P2106 is exemplary of the DTCs that are more specific that will typically accompany DTC 
P0652. 
 
https://www.obd-codes.com 
 
For example, as shown above, control logic in the ECM issues a command which controls the 
throttle actuator control system - limiting power where there is a sensor or circuit error or failure 
of the throttle valve functionality check affecting the Throttle Valve Control Module (J388) 
(shown above) (disable drive electronics).  
 
When there is an error detected during continuous monitoring (P2106, above), or when the ECM 
performs specific checks (P0638, below), a Throttle Actuator Rationality Check for Close 
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Movement (Default Position) or a Throttle Actuator Signal Range Check at the low mechanical 
stop, the ECM Turns on the Electronic Power Control (EPC) warning lamp and the ECM returns 
the electronic throttle plate to a default position.  
 
Further, the ECM relinquishes control of the Throttle Valve Control Module (J388) which 
remains in a default position.   

 
 

 
Figure 4 

For example, as demonstrated by DTC P0638 included below.  The ECM makes a determination 
of the amount of time required to reach a reference point (default position of the electronic 
throttle plate) and the deviation from the reference point.  On information and belief, the control 
logic in the ECM disables the drive electronics for controlling the throttle motor by not 
supplying power to the throttle motor, whereby the electronic throttle plate is returned to a 
default position. DTC P0638 also demonstrates that the ECM commands full motor closing 
voltage (signal range check at mechanical stop) and compares that to TPS 1 output voltage (< 
0.40; > 0.80 V) or TPS 2 output voltage (< 4.20; > 4.60 V). Any significant difference from these 
voltage ranges are considered out of range, resulting in at least DTC P0638. The algorithms 
executed by the ECM for DTC P0638 and DTC P2106 differ, as such errors during a continuous 
monitor (see P2106 above); however, DTC P0638 algorithms are typically performed during 
initialization or shut down. 
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https://www.obd-codes.com 
 
For example, as shown above, there are two checks for P0638; one is determined from the 
amount of time to reach a reference point (default position) and the deviation from the reference 
point.  The second is a command for full motor closing voltage (signal range check at 
mechanical stop) is compared to TPS 1 output voltage (< 0.40; > 0.80 V) or TPS 2 output 
voltage (< 4.20; > 4.60 V) and any deviation from these voltage ranges are considered out of 
range and will set the DTC. These checks differ from errors detected during a continuous 
monitor (see above) and are typically performed during initialization or shut down. 
 
Figure 5 
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 12

 
 
 
For example, as shown above, engine failure mode management P2106 (throttle actuator control 
system-forced limited power) is engaged when a full closing TPS output voltage indicates a 
deviation of throttle angle values (as indicated by throttle output voltage [TPS1 output voltage 
signal) opposed to throttle value set point > 4% - 50%). 
 
Figure 6 

Based upon the totality of the foregoing evidence, and based further upon information and belief, 
the ’260 patent Accused Instrumentalities include “an apparatus for testing integrity of a motor 
drive electronics disable feature comprising: a PCM having drive electronics for controlling a 
motor coupled to an electronic throttle plate, said PCM having control logic to disable said drive 
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 13

electronics and return said electronic throttle plate to a default position, determine a default 
throttle position sensor (TPS) output voltage corresponding to said default position, command a 
full closing motor voltage, compare a full closing TPS output voltage to said default TPS output 
voltage, and engage failure mode management when said full closing TPS output voltage and 
said default TPS output voltage are significantly different from each other.” 
 

COUNT II – INFRINGEMENT OF U.S. PATENT NO. 6,443,128  

16. The allegations set forth in the foregoing paragraphs 1 through 15 are 

incorporated into this Second Claim for Relief. 

17. On September 3, 2002, U.S. Patent No. 6,443,128 (“the ’128 patent”), entitled 

“Method of Controlling an Internal Combustion Engine,” was duly and legally issued by the 

United States Patent and Trademark Office.  A true and correct copy of the ’128 patent is 

attached as Exhibit 2. 

18. Plaintiff is the assignee and owner of the right, title and interest in and to the ’128 

patent, including the right to assert all causes of action arising under said patents and the right to 

any remedies for infringement of them. 

19. Upon information and belief, Defendants have directly infringed at least claim 1 

of the ’128 patent by making, using, selling, importing and/or providing and causing to be used 

the 2015-2018 3.6L Touareg (the “’128 patent Accused Instrumentalities”). 

20. In particular, claim 1 of the ’128 patent recites a method of controlling an internal 

combustion engine, the engine having an engine controller and an electronically controlled 

throttle including a throttle control motor driven by a throttle control circuit, the method 

comprising: determining a throttle position command for the throttle control motor; applying the 

throttle position command to the throttle control motor with the throttle control circuit; detecting 

an open circuit condition in the throttle control circuit; detecting a closed circuit condition in the 

throttle control circuit; after detection of the closed circuit condition, clipping the throttle 
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position command; and applying the clipped throttle position command to the throttle control 

motor with the throttle control circuit.  

21. On information and belief, the ’128 patent Accused Instrumentalities infringe at 

least claim 1 of the ’128 patent.  The ’128 patent Accused Instrumentalities practice a method of 

controlling an internal combustion engine (Figure 7), the engine having an engine controller and 

an electronically controlled throttle including a throttle (Figure 8) control motor driven by a 

throttle control circuit (Figure 8), the method comprising: determining a throttle position 

command for the throttle control motor (Figure 9); applying the throttle position command to the 

throttle control motor with the throttle control circuit (Figure 10); detecting an open circuit 

condition in the throttle control circuit (Figure 11); detecting a closed circuit condition in the 

throttle control circuit (Figure 11); after detection of the closed circuit condition, clipping the 

throttle position command (Figure 12); and applying the clipped throttle position command to 

the throttle control motor with the throttle control circuit (Figure 12).  
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 15

 

The Engine Control Module (J623) provides a method of controlling an internal combustion 
engine.  
 
Figure 7 

 
 

The ’128 patent Infringing Instrumentalities comprise an Engine controller, the ECM (J623) and 
an electronically controlled throttle (J338). 
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The method practiced by the ’128 patent Infringing Instrumentalities comprises an electronically 
controlled throttle (J338) including a throttle control motor driven by a throttle control circuit. 
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The electronically controlled throttle includes a throttle control motor (J338) driven by a throttle 
control circuit.  See above. 
 
Figure 8 

Case 2:19-cv-10485-DML-SDD   ECF No. 6   filed 04/30/19    PageID.476    Page 17 of 267

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7518



 18

 
 

The throttle position command is sent to the Electronic Throttle Control module from the ECM 
(J623) by way of a motor operation signal.  The throttle position command is derived from the 
accelerator pedal position sensor 2 (G185).   
 
Figure 9 
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The throttle position command (from the Accelerator Pedal Position Sensor 2 G185) is applied to 
the throttle valve control module (J388) motor (shown below) with the throttle control circuit 
(shown above). 
 
Figure 10 
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DTC P2106 Throttle Actuator Control System - Forced Limited Power – The monitor strategy 
looks for an open circuit condition in the throttle actuator, therefore, detecting open circuitry in 
the throttle control circuit. 
  
Figure 11 
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A circuit which removes the peak of a waveform is known as a clipper.  A clipper is designed to 
prevent the output of a circuit from exceeding a predetermined voltage level.   
https://www.allaboutcircuits.com/textbook/semiconductors/chpt-3/clipper-circuits/ 
 
Clipping prohibits a surge in engine power which results from an Accelerator Pedal Position 
Sensor 2 (G185) signaling to the Throttle Valve Control Module (J338) through the Electronic 
Control Module (ECM; J623)) that a sharp increase in power is needed.  An open circuit 
condition in the throttle control circuit, may result in a driver applying more pressure to the 
accelerator pedal thereby causing the Accelerator Pedal Position Sensor 2 (G185) to send a 
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higher voltage signal to the ECM.  On information in belief, the ECM creates a throttle position 
command based on the throttle position sensor.  However, if there is a malfunction detected by 
the system, such as an open circuit condition in one drive cycle, which is later followed by a 
closed circuit condition, then the throttle position command will be clipped to a throttle position 
command.  On information and belief, the clipped throttle position command is applied to the 
throttle control motor with the throttle control circuit.  
  
The throttle position command is limited or clipped prior to application to the throttle control 
motor, resulting in smooth changing of the applied throttle position command.   
 

 
 

The throttle position command is limited or clipped prior to application to the throttle control 
motor, resulting in smooth changing of the applied throttle position command. “The actual 
throttle opening can be more or less in proportion to accelerator pedal position given different 
engine operating points.” 
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Figure 12 

Based upon the totality of the foregoing evidence, and based further upon information and belief, 
the ’128 patent Accused Instrumentalities practice a method for controlling an internal 
combustion engine, the engine having an engine controller and an electronically controlled 
throttle including a throttle control motor driven by a throttle control circuit, the method 
comprising: determining a throttle position command for the throttle control motor; applying the 
throttle position command to the throttle control motor with the throttle control circuit; detecting 
an open circuit condition in the throttle control circuit; detecting a closed circuit condition in the 
throttle control circuit; after detection of the closed circuit condition, clipping the throttle 
position command; and applying the clipped throttle position command to the throttle control 
motor with the throttle control circuit. 
 

COUNT III – INFRINGEMENT OF U.S. PATENT NO. 6,581,565  

22. The allegations set forth in the foregoing paragraphs 1 through 21 are 

incorporated into this Third Claim for Relief. 

23. On June 24, 2003, U.S. Patent No. 6,581,565 (“the ’565 patent”), entitled “Engine 

Torque Controller” was duly and legally issued by the United States Patent and Trademark 

Office.  A true and correct copy of the ’565 patent is attached as Exhibit 3. 

24. Plaintiff is the assignee and owner of the right, title and interest in and to the ’565 

patent, including the right to assert all causes of action arising under said patents and the right to 

any remedies for infringement of them. 

25. Upon information and belief, Defendants have directly infringed at least claim 1 

of the ’565 patent by making, using, selling, importing and/or providing and causing to be used 
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the 2013-2018 Passat, 2012-2016 CC, 2012-2017 Touareg, 2018-2019 Atlas, and 2012-2016 

Porsche Cayenne (the “’565 patent Accused Instrumentalities”).  

26. In particular, claim 1 of the ’565 patent recites a device for controlling a torque 

output of an engine, the device comprising: a torque demand controller for generating a torque 

demand signal; and a torque producer which receives the torque demand signal, the torque 

producer includes: an estimator which receives as inputs a current spark angle signal, a current 

air/fuel ratio signal and an estimated air charge signal and outputs an estimated torque signal; a 

comparator which receives as inputs the estimated torque signal and a desired torque signal and 

outputs a difference signal; a high pass filter which receives as an input the difference signal and 

outputs a filtered difference signal in which low frequency components are absent; and a 

transient torque controller which receives as an input the filtered difference signal and outputs a 

fuel adjustment signal and a spark adjustment signal.  

27. On information and belief, the ’565 patent Accused Instrumentalities infringe at 

least claim 1 of the ’565 patent.  The ’565 patent Accused Instrumentalities comprise a device 

for controlling (Figure 13) a torque output of an engine, the device comprising: a torque demand 

controller for generating a torque demand signal (Figure 14); and a torque producer which 

receives the torque demand signal (Figures 15), the torque producer includes: an estimator which 

receives as inputs a current spark angle signal (Figure 16), a current air/fuel ratio signal and an 

estimated air charge signal and outputs an estimated torque signal (Figure 16); a comparator 

which receives as inputs the estimated torque signal and a desired torque signal and outputs a 

difference signal (Figure 17); a high pass filter which receives as an input the difference signal 

and outputs a filtered difference signal in which low frequency components are absent (Figure 

18); and a transient torque controller which receives as an input the filtered difference signal and 

outputs a fuel adjustment signal and a spark adjustment signal (Figure 19). 
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For example, as shown above, the Engine Control Module (ECM) J623 is a device for 
controlling the torque output of the engine.  

Figure 13 
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As shown above, the ’565 patent Accused Instrumentalities comprise a torque demand controller 
(ECM) that generates a torque demand signal based on at least an accelerator pedal position 
signal (Accelerator Pedal Position Sensor G185), an engine speed signal (Engine Speed Sensor 
G28) and engine coolant temperature signal (Engine Coolant Temperature (ECT) Sensor G62). 
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The ’565 patent Accused Instrumentalities comprise an engine coolant temperature signal 
(Engine Coolant Temperature (ECT) Sensor G62)). 

Figure 14 

 
 
The Engine Control Module ECM J623 is a torque producer device that controls the torque 
output of the engine and it receives the torque demand signal internally. 

Figure 15 
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As shown above, the ’565 patent Accused Instrumentalities comprise an estimator (Engine 
Control Module ECM J623) which receives as inputs a current spark angle signal (Ignition coils 
1-6), a current air/fuel ratio signal (Heated Oxygen Sensor (HO2S), G39 and Heated Oxygen 
Sensor (HO2S) 2, G108) and an estimated air charge signal (Mass Air Flow (MAF) signal G70) 
and outputs an estimated torque signal. 

Estimated torque signal ECM J623 (torque demand controller) sends torque demand (reduction) 
signal within the ECM, wherein, based upon information a belief, there is a software-
implemented estimator which makes calculations based at least partially upon sensor feedback 
signals from engine sensors (i.e. crankshaft position sensor (CKPS), mass airflow sensor (MAF), 
fuel injector duty cycle command) and calculates (estimates) an estimated torque signal prior to 
execution by the ECM. 

Figure 16 
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Upon information and belief, the comparator in the ECM receives two inputs: (1) the estimated 
torque signal calculated internally and (2) a desired torque signal calculated internally and 
includes input from the ABS control module J104 and the Transmission Control Module (TCM) 
J217.  
 
Figure 17 
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Upon information and belief, DTC P0606 (pp. 327-331) above exemplifies the ’565 patent 
Accused Instrumentalities comprise an ECM comprising a comparator, which compares the 
difference between the current torque and allowed engine torque (desired torque signal) to 
generate an error signal (DTC P0606). Upon information and belief, the error signal is filtered by 
a high pass filter that filters and the resulting filtered error signal is used by the transient torque 
controller to generate signals to temporarily adjust the torque produced by the engine.  

Figure 18 
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Transient torque is known in the art as a temporary torque condition which exists only until the 
vehicle stabilizes and in cases where the torque is excessive enough for the vehicle to lose 
traction, it requires a torque reduction output signal from the ABS/ESC.  Based upon information 
and belief, the transient torque controller (software within the ECM) receives as an input the 
filtered difference signal (described above) and outputs a fuel adjustment signal (to the ECM) 
and spark adjustment signal (used for engine control intervention). 
 
Based upon information and belief, the ECM detects external torque demands as shown in the 
DTC P0506. which causes the throttle opening to be either increased or decreased, thereby 
further requiring the addition (adjustment) of fuel and an adjustment in spark timing. 
 
Figure 19 

Based upon the totality of the foregoing evidence, and based further upon information and belief, 
the ’565 patent Accused Instrumentalities incorporate “a device for controlling a torque output of 
an engine, the device comprising: a torque demand controller for generating a torque demand 
signal; and a torque producer which receives the torque demand signal, the torque producer 
includes: an estimator which receives as inputs a current spark angle signal, a current air/fuel 
ratio signal and an estimated air charge signal and outputs an estimated torque signal; a 
comparator which receives as inputs the estimated torque signal and a desired torque signal and 
outputs a difference signal; a high pass filter which receives as an input the difference signal and 
outputs a filtered difference signal in which low frequency components are absent; and a 
transient torque controller which receives as an input the filtered difference signal and outputs a 
fuel adjustment signal and a spark adjustment signal.” 
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COUNT IV – INFRINGEMENT OF U.S. PATENT NO. 6,379,281 

28. The allegations set forth in the foregoing paragraphs 1 through 27 are 

incorporated into this Forth Claim for Relief. 

29. On April 30, 2002, U.S. Patent No. 6,379,281 (“the ’281 patent”), entitled 

“Engine Output Controller” was duly and legally issued by the United States Patent and 

Trademark Office.  A true and correct copy of the ’281 patent is attached as Exhibit 4. 

30. Plaintiff is the assignee and owner of the right, title and interest in and to the ’281 

patent, including the right to assert all causes of action arising under said patents and the right to 

any remedies for infringement of them. 

31. Upon information and belief, Defendants have directly infringed at least claims 1, 

7 and 10 of the ’281 patent by making, using, selling, importing and/or providing and causing to 

be used the 2010-2015 Touareg 2011-2017 (the “’281 patent Accused Instrumentalities”).  

32. In particular, claim 1 of the ’281 patent recites an engine output control method 

for a vehicle having a drive by wire engine system responsive to a desired engine torque signal, 

the method comprising the steps of: generating a driver demanded acceleration value 

corresponding to an operator input; generating a gear value as a function of a vehicle speed value 

and said driver demanded acceleration value; deriving a driveline torque demand comprising an 

inertial model torque value of said vehicle driveline corresponding to said driver demanded 

acceleration and said gear value, and a dynamic transmission model torque value for said gear 

value; deriving a demanded engine torque value from said driveline torque demand and a torque 

converter model; and controlling said engine output as a function of said demanded engine 

torque value. 

33. On information and belief, the ’281 patent Accused Instrumentalities infringe at 

least claim 1 of the ’281 patent.  The ’281 patent Accused Instrumentalities practice an engine 
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output control method for a vehicle having a drive by wire engine system (Figure 20) responsive 

to a desired engine torque signal (Figure 20), the method comprising the steps of: generating a 

driver demanded acceleration value corresponding to an operator input (Figure 21); generating a 

gear value as a function of a vehicle speed value and said driver demanded acceleration value 

(Figure 22); deriving a driveline torque demand comprising an inertial model torque value of 

said vehicle driveline corresponding to said driver demanded acceleration and said gear value, 

and a dynamic transmission model torque value for said gear value (Figure 23) deriving a 

demanded engine torque value from said driveline torque demand and a torque converter model 

(Figure 24); and controlling said engine output as a function of said demanded engine torque 

value (Figure 25). 

 

The ’281 patent Accused Instrumentalities comprise a CAN (Controller Area Network) which 
allows microcontrollers like the Engine Control Module (ECM), Transmission Control Module 
(TCM), and Antilock Brake System/Electronic Stability Control (ABS/ESC) to communicate 
with each other.  
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For example, as shown above, the drive by wire system comprises an Engine Control Module 
(J623), Accelerator pedal module (GX2), Throttle Position (TP) Sensor (G79), Accelerator pedal 
position sensor 2 (G185), throttle valve control module (J338) containing the throttle drive angle 
sensor 1 (for electronic power control (EPC) (G187, throttle drive angle sensor 2 (for EPC) 
(G188), and is controlled by the ECM (J623) via the CAN bus.  
 
Figure 20 

 

 
 

The ’281 patent Accused Instrumentalities comprise an Accelerator pedal module (GX2), 
Accelerator pedal position sensor 2 (G79), Accelerator pedal position sensor 2 (G185), throttle 
valve control module (J338) containing the throttle drive angle sensor 1, electronic power control 
(EPC; G187), throttle drive angle sensor 2 (G188), which send a voltage signal to the ECM and 
generates a driver demanded acceleration value corresponding to operator input. See above.  
 
For example, the Accelerator pedal module (GX2), Throttle Position (TP) Sensor (G79), and 
Accelerator pedal position sensor 2 (G185) each send a respective voltage signal to the ECM, 
which generates a driver demanded acceleration value corresponding to operator input (the 
operator pressing the accelerator pedal) 
 
Figure 21 
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Automatic transmissions have used mechanical (hydraulic) shift logic for years based on vehicle 
speed and driver demanded acceleration value to determine a gear value. Modern automatic 
transmission control logic (software) is modeled based on this mechanical shift logic. In short, 
this function is certainly present in the ’281 patent Accused Instrumentalities. 
 
As shown below, the gear values (transmission shift points) are determined by the Transmission 
Control Module (TCM; J217) based upon vehicle speed (vehicle speed value) provided by the 
ECM (J623) and the throttle percentage open value (derived from the APS and driver demanded 
acceleration value).   
 
This is evidenced by DTC code P0730 – Incorrect Gear Ratio.  For example, if the TCM detects 
that the transmission is trying to shift to a lower gear than intended DTC code P0730 is 
produced.  The DTC code is based on monitoring actual gear position by checking the torque 
converter slip ratio calculated by the TCM as follows:  

 
Torque converter slip ratio = A x C/B  

 
A: Output shaft revolution signal from speed sensor (revolution sensor)  

B: Engine speed signal from Engine Control Module (ECM)  

C: Gear ratio determined as gear position which TCM supposes  
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If the actual gear position is higher than the position supposed by the TCM, the slip ratio will be 
more than normal. In case the ratio exceeds the specified value, the TCM judges this diagnosis 
malfunction. 
 
https://www.autocodes.com/p0730.html 
 
The engine speed signal is based on the Accelerator pedal module (GX2), Throttle Position (TP) 
Sensor (G79), and Accelerator pedal position sensor 2 (G185) which each send a respective 
voltage signal to the ECM, which generates a driver demanded acceleration value corresponding 
to operator input. 
 
There are two transmission speed sensors, also commonly referred to as a vehicle speed sensors 
(VSS) which send data (respective inputs) to the powertrain control module (PCM), which 
compares these two inputs and calculates which gear the transmission should engage for efficient 
driving. The actual gear ratio is then compared to the desired gear ratio. If the desired gear and 
the actual gear do not match, then the PCM will set a diagnostic trouble code (DTC) and 
illuminate the Check Engine Light. 
 
Figure 22      
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Additionally, adaptations are used to allow the system to learn during vehicle operation. 
 
As shown by the exemplary images below, the Transmission Control Module (TCM; J217) 
(shown above) derives a driveline torque demand which, based upon information and belief for 
the reasons discussed below, is  comprised of an inertial model torque value of the vehicle  
driveline corresponding with the driver demanded acceleration and gear values discussed above, 
and a dynamic transmission model torque value for the gear value.. 
 
Upon information and belief, the ECM/TCM calculates an inertial model torque value and 
a dynamic transmission model torque value. 
 
Figure 23 
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The torque converter can be expressed as functions of the engine speed (demanded engine torque 
value) and the turbine speed from driveline torque demand and a torque converter model.   
 

 
 

 
 
Upon information and belief, the ECM/TCM calculates a demanded engine torque value and a 
driveline torque demand. 
 
Figure 24 
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Service Training Self Study Program 850103 The 8-Speed Automatic Transmission 0C8 Design 
and Function 
 

As demonstrated above, and further supported below, the ECM/TCM controls engine output as a 
function of demanded engine torque value. 
 
Based upon the totality of the foregoing evidence, and based further upon information and belief, 
the ’281 patent Accused Instrumentalities practice an engine output control method for a vehicle 
having a drive by wire engine system responsive to a desired engine torque signal, the method 
comprising the steps of: generating a driver demanded acceleration value corresponding to an 
operator input; generating a gear value as a function of a vehicle speed value and said driver 
demanded acceleration value; deriving a driveline torque demand comprising an inertial model 
torque value of said vehicle driveline corresponding to said driver demanded acceleration and 
said gear value, and a dynamic transmission model torque value for said gear value; deriving a 
demanded engine torque value from said driveline torque demand and a torque converter model; 
and controlling said engine output as a function of said demanded engine torque value. 
 
Figure 25 

COUNT V – INFRINGEMENT OF U.S. PATENT NO. 6,763,804 

34. The allegations set forth in the foregoing paragraphs 1 through 33 are 

incorporated into this Fifth Claim for Relief. 
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35. On July 20, 2004, U.S. Patent No. 6,763,804 (“the ’804 patent”), entitled 

“Electronic Throttle Servo Overheat Protection System,” was duly and legally issued by the 

United States Patent and Trademark Office.  A true and correct copy of the ’804 patent is 

attached as Exhibit 5. 

36. Plaintiff is the assignee and owner of the right, title and interest in and to the ’804 

patent, including the right to assert all causes of action arising under said patents and the right to 

any remedies for infringement of them. 

37. Upon information and belief, Defendants have directly infringed at least claims 1 

and 11 of the ’804 patent by making, using, selling, importing and/or providing and causing to be 

used the 2013-2018 Passat, 2012-2016 CC, 2012-2017 Touareg, 2018-2019 Atlas, and 2012-

2016 Porsche Cayenne (the “’804 patent Accused Instrumentalities”).   

38. In particular, claim 1 of the ’804 patent recites a method for controlling a 

positioning device of an internal combustion engine, the method comprising the steps of: 

providing an electric motor for actuating the positioning device; commanding the positioning 

device to change to a commanded position; detecting a control effort required to change to said 

commanded position; determining whether said control effort exceeds a threshold for a 

predetermined time period; and reducing said control effort when said control effort exceeds said 

threshold for said predetermined time period; wherein commanding the positioning device to 

change to said commanded position comprises at least one of commanding the positioning 

device to open to a hold open mode and commanding the positioning device to close to a hold 

close mode.  

39. On information and belief, the ’804 patent Accused Instrumentalities infringe at 

least claim 1 of the ’804 patent.  The ’804 patent Accused Instrumentalities practice a method for 

controlling a positioning device of an internal combustion engine (Figure 26), the method 
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comprising the steps of: providing an electric motor for actuating the positioning device (Figure 

27); commanding the positioning device to change to a commanded position (Figure 28); 

detecting a control effort required to change to said commanded position (Figure 29); 

determining whether said control effort exceeds a threshold for a predetermined time period  

(Figures 28-30); and reducing said control effort when said control effort exceeds said threshold 

for said predetermined time period (Figure 31); wherein commanding the positioning device to 

change to said commanded position comprises at least one of commanding the positioning 

device to open to a hold open mode and commanding the positioning device to close to a hold 

close mode (Figure 32). 

 
For example, as shown above the Engine Control Module (ECM) J623 controls a positioning 
device, the Throttle Valve Control Module J338 of an internal combustion engine (VW 3.2L & 
3.6L).  
 
Figure 26 
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For example, as shown above, a positioning device, the Throttle Valve Control Module J338 of 
an internal combustion engine (VW 3.2L & 3.6L), is actuated via a Throttle Valve Actuator 
Motor. 

 
Figure 27 

 
 
 

For example, as shown above, a positioning device, the Throttle Valve Control Module J338 of 
an internal combustion engine (VW 3.2L & 3.6L), is actuated via a Throttle Valve Actuator 

Opening for Intake Air Passage

Throttle Valve Actuator Motor

Throttle Drive Angle Sensor
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Motor as commanded by the ECM, to change to a commanded position (based on the driver 
demand commanded from the Accelerator Position Sensor 2 G185). 
 
Figure 28 

 
Touareg 2011, Generic Scan Tool – Edition 09.2016 
 

For example, control effort corresponds to the amount of motor torque that the Throttle Valve 
Control Module J338 requires to change the position of the throttle valve and this is related to the 
time it takes the Throttle Valve Control Module J338 to close to a reference point.  The 
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commanded position is determined by the Engine Control Module (ECM) J623 based on 
information from the Accelerator Position Sensor 2 G185 derived from driver demand, to change 
to a commanded position (based on the driver demand commanded from the Accelerator Position 
Sensor 2 G185). 
 
Figure 29 

 
Touareg 2011, Generic Scan Tool – Edition 09.2016 
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For example, as shown above, the threshold value demonstrates a determination being made by 
the Engine Control Module (ECM) J623 regarding whether a control effort exceeds a threshold 
for a predetermined time period.  
 
Upon information and belief, the claim limitation “determining whether said control effort 
exceeds a threshold for said predetermined time period” is satisfied.  
 
Figure 30 
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Opening for Intake Air Passage

Throttle Valve Actuator Motor

Throttle Drive Angle Sensor
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Touareg 2011, Generic Scan Tool – Edition 09.2016 
 

Control effort is provided by the Throttle Valve Actuator Motor based on the signal sent by the 
Engine Control Module (ECM) J623.  The ECM signal is derived from the Accelerator Position 
Sensor 2 G185 based on driver demanded acceleration input.  The throttle valve is actuated by 
the Throttle Valve Actuator Motor, sending a Throttle Drive Angle Sensor signals (1 & 2) to the 
ECM. The Throttle Actuator Control Rationality check shows a threshold valve. The Throttle 
Valve Actuator Motor will attempt to close the throttle valve within a time limit with feedback 
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from the Throttle Drive Angle Sensor signals (1 & 2), if the Throttle Drive Angle Sensor signals 
(1 & 2) indicate a time greater than the time limit, then the DTC will set. 
 
On information and belief, the ECM hardware and software perform the step of "reducing said 
control effort when said control effort exceeds a threshold for a period."  
 
Figure 31 
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Touareg 2011, Generic Scan Tool – Edition 09.2016 
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http://wiki.ross-tech.com/wiki/index.php/17989/P1581/005505 
 

For example, as shown above, the positioning device, Throttle Valve Control Module J338, is 
commanded by Engine Control Module (ECM) J623, to change to a commanded position (upper 
position or lower position) comprising at least one of the commands to the positioning device to 
open to a hold open mode (upper position) and one of the commands to the positioning device to 
close to a hold close mode (mechanical stop low). 
 
On information and belief, the ECM hardware and software perform the step of “commanding 
the positioning device to at least one of a hold open mode or a hold close mode." 
 
Figure 32 

40. Claim 11 of the ’804 patent recites a system for controlling a positioning device 

of an internal combustion engine to prevent overheat conditions, the system comprising: an 

electric motor for actuating the positioning device with a control effort; a control effort detector 

coupled to said electric motor and intended to detect said control effort; and a controller coupled 

to said electric motor and said control effort detector, said controller including control logic 
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operative to command the positioning device to change to a commanded position, detect a 

control effort required to change to said commanded position, determine whether said control 

effort exceeds a threshold for a predetermined time period, and reduce said control effort when 

said control effort exceeds said threshold for said predetermined time period; wherein said 

controller further includes control logic operative to command the positioning device to close to 

said commanded position in a hold close mode.  

41. On information and belief, the ’804 patent Accused Instrumentalities infringe 

claim 11 of the ’804 patent.  The ’804 patent Accused Instrumentalities comprise a system for 

controlling a positioning device of an internal combustion engine to prevent overheat conditions 

(Figure 33), the system comprising: an electric motor for actuating the positioning device with a 

control effort (Figure 34); a control effort detector coupled to said electric motor and intended to 

detect said control effort (Figure 35); and a controller coupled to said electric motor and said 

control effort detector, said controller including control logic operative to command the 

positioning device to change to a commanded position, detect a control effort required to change 

to said commanded position, determine whether said control effort exceeds a threshold for a 

predetermined time period, and reduce said control effort when said control effort exceeds said 

threshold for said predetermined time period (Figure 36); wherein said controller further 

includes control logic operative to command the positioning device to close to said commanded 

position in a hold close mode (Figures 36-37). 
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For example, as shown above the Engine Control Module (ECM) J623 controls a positioning 
device, the Throttle Valve Control Module J338 of an internal combustion engine (VW 3.2L & 

3.6L), which comprises a system for controlling a positioning device of an internal combustion 

engine to prevent overheat condition.  
 
Figure 33 

 
 

Opening for Intake Air Passage

Throttle Valve Actuator Motor

Throttle Drive Angle Sensor

Opening for Intake Air Passage

Throttle Valve Actuator Motor

Throttle Drive Angle Sensor
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For example, as shown above, a positioning device, the Throttle Valve Control Module J338 of 
an internal combustion engine (VW 3.2L & 3.6L), is actuated via a Throttle Valve Actuator 
Motor with control effort indicated by the amount of current required to actuate the motor. 
 
Figure 34 
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For example, as shown above, a control effort detector in the Engine Control Module (ECM) 
J623 is coupled to the Throttle Valve Actuator Motor and utilizes a diagnostic strategy (DTC 

P2106) to detect control effort indicated by the amount of current required to actuate the motor. 

 
Figure 35 

 

Opening for Intake Air Passage

Throttle Valve Actuator Motor

Throttle Drive Angle Sensor
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For example, as shown above, a control effort detector in the Engine Control Module (ECM) 
J623 is coupled to the Throttle Valve Actuator Motor and includes software-implemented control 
logic operative to command the positioning device to change to a commanded position (P0638), 
detect a control effort required to change to said commanded position (P2106), determine 
whether said control effort exceeds a threshold (Throttle Actuator Temperature/Current 
Monitoring), continuously monitor which continuously monitors the Throttle Actuator Control 
System, for a predetermined time period (Time to close to reference point > 0.6 s), and reduce 
said control effort when said control effort exceeds said threshold for said predetermined time 
period.  
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On information and belief, the ECM hardware and software “reduce[s] said control effort when 
said control effort exceeds said threshold for said predetermined time period.”    
 
Figure 36 

 
 
 

For example, as shown above (and in Figure 36), the Engine Control Module (ECM) J623 is a 
controller with control logic to command the positioning device, the Throttle Valve Control 
Module J338, to close to said commanded position in a hold close mode (P0638). 
 
Figure 37 

Based upon the totality of the foregoing evidence, and based further upon information and belief, 
the ’804 patent Accused Instrumentalities practice a method for controlling a positioning device 
of an internal combustion engine, the method comprising the steps of: providing an electric 
motor for actuating the positioning device; commanding the positioning device to change to a 
commanded position; detecting a control effort required to change to said commanded position; 
determining whether said control effort exceeds a threshold for a predetermined time period; and 
reducing said control effort when said control effort exceeds said threshold for said 
predetermined time period; wherein commanding the positioning device to change to said 
commanded position comprises at least one of commanding the positioning device to open to a 
hold open mode and commanding the positioning device to close to a hold close mode. 
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COUNT VI – INFRINGEMENT OF U.S. PATENT NO. 6,347,680 

42. The allegations set forth in the foregoing paragraphs 1 through 41 are 

incorporated into this Sixth Claim for Relief. 

43. On February 19, 2001, U.S. Patent No. 6,347,680 (“the ’680 patent”), entitled 

“Engine Output Controller,” was duly and legally issued by the United States Patent and 

Trademark Office.  A true and correct copy of the ’680 patent is attached as Exhibit 6. 

44. Plaintiff is the assignee and owner of the right, title and interest in and to the ’680 

patent, including the right to assert all causes of action arising under said patents and the right to 

any remedies for infringement of them. 

45. Upon information and belief, Defendants have directly infringed at least claim of 

the ’680 patent by making, using, selling, importing and/or providing and causing to be used the 

2013-2018 Passat, 2012-2016 CC, 2012-2017 Touareg, 2018-2019 Atlas, and 2012-2016 

Porsche Cayenne (the “’680 patent Accused Instrumentalities”).  

46. In particular, claim 1 of the ’680 patent recites an engine output control method 

for a vehicle having a drive by wire engine system responsive to a desired engine speed signal, 

the method comprising the steps of: generating a driver demanded engine speed value 

corresponding to an operator input; generating a speed control system engine speed value 

corresponding to a predetermined speed value to permit vehicle operation at a constant speed by 

a speed control system; arbitrating between said driver demanded engine speed value and said 

speed control system engine speed value to derive a first desired engine speed value; limiting 

said first desired engine speed value by a vehicle speed limit value, engine speed limit value, and 

transmission speed limit value to generate a second desired engine speed value; and controlling 

said engine output as a function of said second desired engine speed value and an actual engine 

speed value. 
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47. On information and belief, the ’680 patent Accused Instrumentalities infringe at 

least claim 1 of the ’680 patent.  The ’680 patent Accused Instrumentalities practice an engine 

output control method for a vehicle having a drive by wire engine system responsive to a desired 

engine speed signal (Figure 38), the method comprising the steps of: generating a driver 

demanded engine speed value corresponding to an operator input (Figure 39); generating a speed 

control system engine speed value corresponding to a predetermined speed value to permit 

vehicle operation at a constant speed by a speed control system (Figure 40); arbitrating between 

said driver demanded engine speed value and said speed control system engine speed value to 

derive a first desired engine speed value (Figure 41); limiting said first desired engine speed 

value by a vehicle speed limit value, engine speed limit value, and transmission speed limit value 

to generate a second desired engine speed value (Figure 42); and controlling said engine output 

as a function of said second desired engine speed value and an actual engine speed value 

(Figures 38-42). 
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The CAN data bus and the ECM (J623), TCM (J217), ABS System (J104) (controllers) practice 
an engine output control method. 
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The ’680 patent Accused Instrumentalities comprise a CAN (Controller Area Network) which 
allows microcontrollers like the Engine Control Module (ECM) J623, Transmission Control 
Module (TCM), and Antilock Brake System/Electronic Stability Control (ABS/ESC) to 
communicate with each other.  
 
For example, as shown above, the drive by wire system comprises the Accelerator Pedal Position 
Sensor 2 G185, Throttle Valve Control Module J338, and other components, and is controlled by 
the ECM J623. 
 
Figure 38 
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The ’680 patent Accused Instrumentalities comprise an ECM (J623), which generates a driver 
demanded engine speed value corresponding to operator input from the Accelerator Pedal 

Position Sensor 2 (G185). 

Figure 39 
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For example, as shown above, the adaptive cruise control (ACC) is a cruise control system with 
speed regulation that influences driving behavior with both active acceleration and deceleration.  
Upon information and belief, using ACC, any desired speed between 0 km/hr and 210 km/hr can 
be maintained.  System-specified thresholds are set during operation of the ACC; the ECM 
(J623) generates an engine speed value to maintain vehicle operation at a constant speed based 
on the predetermined speed value from the set/coast switch of the cruise control system.  
 
Figure 40 
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Upon information and belief, the ECM (J623) receives signals from sensors. Accelerator Pedal 
Position Sensor 2 (G185), which determine the driver demanded engine speed value.  The speed 
control system engine speed value is determined by the ECM based upon the set speed of the 
cruise control.  The engine management system (a drive by wire system) arbitrates between the 
driver demanded engine speed value and said speed control system engine speed value to derive 
a first desired engine speed value.  
 
Figure 41 
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Upon information and belief, the first desired engine speed value limited by an engine speed 
limit value determined by the ECM based on various monitored conditions (e.g. road conditions; 
driving conditions). 
 

 
 
Upon information and belief, the first desired engine speed value is further limited by a 
transmission speed limit value based on transmission torque capacity limits which is monitored 
by the Transmission Control Module (J217). 
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Upon information and belief, the first desired engine speed value is limited by a vehicle speed 
limit value, engine speed limit value, and transmission speed limit value to generate a second 
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desired engine speed value which is generated when a lower engine speed value is desired due to 
various system capacities or limits as shown above (e.g. transmission torque capacity below). 
 

 
As stated above, the first desired engine speed value is determined via the ECM (J623).  
 
Upon information and belief, the first desired engine speed value is limited by a vehicle speed 
limit value which is generated from the ABS control module (J104) based on conditions such as 
wheel slippage from the wheel speed sensors (J44-47) communicated via the CAN data-bus 
(shown above). 
 
For example, as shown above the CAN Data bus and ECM (J623) control the drive by wire 
system by calculating engine output as a function of said second desired engine speed value and 
an actual speed value.   Necessarily, the second desired speed value must be reconciled with the 
actual engine speed value, thereby controlling the commanded throttle position and resultant 
engine output. 
 
Figure 42 

Based upon the totality of the foregoing evidence, and based further upon information and belief, 
the ’680 patent Accused Instrumentalities practice “an engine output control method for a 
vehicle having a drive by wire engine system responsive to a desired engine speed signal, the 
method comprising the steps of: generating a driver demanded engine speed value corresponding 
to an operator input; generating a speed control system engine speed value corresponding to a 
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predetermined speed value to permit vehicle operation at a constant speed by a speed control 
system; arbitrating between said driver demanded engine speed value and said speed control 
system engine speed value to derive a first desired engine speed value; limiting said first desired 
engine speed value by a vehicle speed limit value, engine speed limit value, and transmission 
speed limit value to generate a second desired engine speed value; and controlling said engine 
output as a function of said second desired engine speed value and an actual engine speed value.” 
 

COUNT VII – INFRINGEMENT OF U.S. PATENT NO. 6,561,166 

48. The allegations set forth in the foregoing paragraphs 1 through 47 are 

incorporated into this Seventh Claim for Relief. 

49. On May 13, 2003, U.S. Patent No. 6,561,166 (“the ’166 patent”), entitled “Purge 

Fuel Canister Measurement Method and System,” was duly and legally issued by the United 

States Patent and Trademark Office.  A true and correct copy of the ’166 patent is attached as 

Exhibit 7. 

50. Plaintiff is the assignee and owner of the right, title and interest in and to the ’166 

patent, including the right to assert all causes of action arising under said patents and the right to 

any remedies for infringement of them. 

51. Upon information and belief, Defendants have directly infringed at least claim1 of 

the ’166 patent by making, using, selling, importing and/or providing and causing to be used the 

2012-2018 Tiguan, 2012-2018 Audi A3, 2012-2018 Audi A4, 2012-2018 Audi A5, 2012-2018 

Audi A6, 2016-2018 Audi TT,  2015-2018 Audi S3, 2015-2018 VW Golf, 2012-2018 VW Golf 

GTI, 2015-2018 VW Golf R, 2015-2018 Golf Sportwagon, 2013-2018 Jetta GLI, 2014-2018 VW 

Jetta Sedan, 2014-2018 VW Passat, 2012-2017 WV CC, 2012-2018 VW Beetle, 2018 VW Atlas, 

2015- 2018 Audi Q3, 2012-2018 Audi Q5, and 2017-2018 Porsche Macan with the EA888 

engines (the “’166 patent Accused Instrumentalities”). 

52. In particular, claim 1 of the ’166 patent recites a method of controlling a direct 

injection spark ignited internal combustion engine that is capable of operating in a stratified 

mode where fuel is injected during a compression stroke of the engine and a homogeneous mode 
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where fuels is injected during an intake stroke of the engine, the internal combustion engine 

having a catalytic converter and an NOx trap, comprising: measuring a first temperature of an 

NOx trap that is in contact with an exhaust gas exhausted from a combustion chamber while the 

engine is operating in the stratified mode; enabling evaporated fuel vapors to enter the 

combustion chamber at a flow rate while the engine is operating in the stratified mode; 

measuring a second temperature of the NOx trap while the engine is operating in the stratified 

mode; and adjusting the flow rate of the evaporated fuel vapors as a function of the second 

temperature when the second temperature is within a lower temperature threshold and an upper 

temperature threshold. 

53. On information and belief, the ’166 patent Accused Instrumentalities infringe at 

least claim 1 of the ’166 patent.  The ’166 patent Accused Instrumentalities practice a method of 

controlling a direct injection spark ignited internal combustion engine (Figure 43) that is capable 

of operating in a stratified mode (Figure 44) where fuel is injected during a compression stroke 

of the engine (Figure 45) and a homogeneous mode where fuels is injected during an intake 

stroke of the engine, the internal combustion engine having a catalytic converter (Figure 46) and 

an NOx trap (Figure 47), comprising: measuring a first temperature of an NOx trap that is in 

contact with an exhaust gas exhausted from a combustion chamber while the engine is operating 

in the stratified mode (Figures 48); enabling evaporated fuel vapors to enter the combustion 

chamber at a flow rate while the engine is operating in the stratified mode (Figure 49); 

measuring a second temperature of the NOx trap while the engine is operating in the stratified 

mode (Figure 50); and adjusting the flow rate of the evaporated fuel vapors as a function of the 

second temperature when the second temperature is within a lower temperature threshold and an 

upper temperature threshold (Figure 51). 
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As shown above, the Engine Management System including the Engine Control Module (ECM; 
J623) controls the Audi 1.8L and 2.0L Third Generation EA888 Engines (direct injection spark 
ignited internal combustion engine).  The ’166 patent Accused Instrumentalities comprise the 
Audi 1.8L and 2.0L Third Generation EA888 Engines. 
 
Figure 43 
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As shown above, the 1.8L and 2.0L TFSI engines are capable of operating in the stratified mode. 
 
Figure 44 
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James D Halderman, Automotive Engine Performance 436 (5 ed. 2017) 
 

For example, as suggested by the image above, the ’166 patent Accused Instrumentalities inject 
fuel during the compression stroke as is common in a Gasoline Direct Injection (GDI) systems. 
The Audi 1.8L & 2.0L engines are a GDI engine.  
 
Figure 45 
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James D Halderman, Automotive Engine Performance 438 (5 ed. 2017) 
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For example, a homogeneous mode may be used during high load operation. As shown above, 
fuel is injected during an intake stroke of the GDI engine.  
 
Figure 46 
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The ’166 patent Accused Instrumentalities comprise a NOx trap. 
 
As shown above, there is a catalytic converter in the engine exhaust after treatment system.  
 
Figure 47 
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Figure 48 
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As shown above, the NOx trap (catalyst) is in contact with an exhaust gas exhausted from a 
combustion chamber. The ’166 patent Accused Instrumentalities both measured and model 
catalyst temperature. 
 

The ’166 patent Accused Instrumentalities comprise a method of controlling a direct injection 
spark ignited internal combustion engine enabling evaporated fuel vapors to enter the 
combustion chamber at a flow rate while the engine is operating in the stratified mode. 
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For example, as shown above, the duty cycle is between 0% and 90%. 

Case 2:19-cv-10485-DML-SDD   ECF No. 6   filed 04/30/19    PageID.545    Page 86 of 267

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 7587



 87

 
 
The ’166 patent Accused Instrumentalities comprise a charcoal canister (Evaporative Emissions 
EVAP Canister) which contains evaporative fuel content.  
 
Figure 49 
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As shown above, the ’166 patent Accused Instrumentalities comprise a method of modeling 
catalyst temperature. 
 
Figure 50 
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Upon information and belief, the ECM is capable of “adjusting the flow rate of the evaporated 
fuel vapors as a function of the second temperature when the second temperature is within a 
lower temperature threshold and an upper temperature threshold.” 
 
Figure 51 

Based upon the totality of the foregoing evidence, and based further upon information and belief, 
the ’166 patent Accused Instrumentalities practice a “method of controlling a direct injection 
spark ignited internal combustion engine that is capable of operating in a stratified mode where 
fuel is injected during a compression stroke of the engine and a homogeneous mode where fuels 
is injected during an intake stroke of the engine, the internal combustion engine having a 
catalytic converter and an NOx trap, comprising: measuring a first temperature of an NOx trap 
that is in contact with an exhaust gas exhausted from a combustion chamber while the engine is 
operating in the stratified mode; enabling evaporated fuel vapors to enter the combustion 
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chamber at a flow rate while the engine is operating in the stratified mode; measuring a second 
temperature of the NOx trap while the engine is operating in the stratified mode; and adjusting 
the flow rate of the evaporated fuel vapors as a function of the second temperature when the 
second temperature is within a lower temperature threshold and an upper temperature threshold.” 
 

COUNT VIII – INFRINGEMENT OF U.S. PATENT NO. 6,988,031 

54. The allegations set forth in the foregoing paragraphs 1 through 53 are 

incorporated into this Eighth Claim for Relief. 

55. On January 17, 2006 U.S. Patent No. 6,988,031 (“the ’031 patent”), entitled 

“System and Method for Determining Engine Stop Position,” was duly and legally issued by the 

United States Patent and Trademark Office.  A true and correct copy of the ’031 patent is 

attached as Exhibit 8. 

56. Plaintiff is the assignee and owner of the right, title and interest in and to the ’031 

patent, including the right to assert all causes of action arising under said patents and the right to 

any remedies for infringement of them. 

57. Upon information and belief, Defendants have directly infringed at least claim 1 

of the ’031 patent by making, using, selling, importing and/or providing and causing to be used 

the 2015-2018 Jetta (1.4L) or other vehicles having incorporated the DTI engine (the “’031 

patent Accused Instrumentalities”).  

58. Upon information and belief, the ’031 patent Accused Instrumentalities 

incorporate the Theta II Engine which comprises a system for determining a stop position of an 

engine. 

59. In particular, claim 1 of the ’031 patent recites a system for determining a stop 

position of an engine, the system comprising: a sensor configured to generate a signal 

corresponding to the angle of the engine; a controller coupled to the sensor and configured to 

receive the signal; and an air flow control device coupled to the engine to control air intake, the 
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controller being configured to control the air flow control device to lower air pressure in the 

engine based on an engine shutdown signal. 

60. On information and belief, the ’031 patent Accused Instrumentalities infringe 

claim 1 of the ’031 patent.  The ’031 patent Accused Instrumentalities comprise a system for 

determining a stop position of an engine (Figure 52), the system comprising: a sensor configured 

to generate a signal corresponding to the angle of the engine (Figure 53); a controller coupled to 

the sensor and configured to receive the signal  (Figure 54); and an air flow control device 

coupled to the engine to control air intake (Figure 55), and upon information and belief the 

controller being configured to control the air flow control device to lower air pressure in the 

engine based on an engine shutdown signal (Figures 52-53). 
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The camshaft (14 above) and crankshaft (28 above) control the piston position in an internal 
combustion engine.   
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The camshaft position sensor (3 above) sends a signal to the ECM corresponding with the stop 
position of an engine.  
 
Figure 52 
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The ’031 patent Accused Instrumentalities comprise a Camshaft Position Sensor (3 above) which 
generates a signal corresponding to the angle of the engine. 
 
Figure 53 
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For example, the Engine Control Module (ECM; J623), a controller, is coupled to the Camshaft 
Position Sensors (G40; G300) and to receive the signals generated by these sensors.   
 
Figure 54 
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For example, in the images above the throttle valve control module (J338), EPC throttle drive 
(G186), and EPC throttle drive angle sensor 1 (G187) and 2 (G188) with the ECM (J623) control 
the air flow and are coupled to the engine to control air intake. The throttle angle sensor has 
functions for detecting a fully-closed throttle and estimating intake air volume by the amount of 
throttle opening.  Shimatani, K., Detecting a Fully-Closed Throttle by Manifold Pressure in Fuel 
Injection System with Idle Speed Control, SAE Technical Paper 2014-32-0075, 2014, 
https://doi.org/10.4271/2014-32-0075. 
 
Figure 55 
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For example, the ECM (J623) is configured to control the air flow control device (throttle valve 
not shown here) to lower air pressure in the engine based on an engine shutdown signal. 
 
The engine shutdown signal is communicated at the end of a drive cycle.  When the engine is 
shut down, the throttle angle is at 0 degrees, thereby decreasing the air pressure in the engine. 
 
Figure 56 

Based upon the totality of the foregoing evidence, and based further upon information and belief, 
the ’031 patent Accused Instrumentalities include “a system for determining a stop position of an 
engine, the system comprising: a sensor configured to generate a signal corresponding to the 
angle of the engine; a controller coupled to the sensor and configured to receive the signal; and 
an air flow control device coupled to the engine to control air intake, the controller being 
configured to control the air flow control device to lower air pressure in the engine based on an 
engine shutdown signal.” 
 

COUNT IX – INFRINGEMENT OF U.S. PATENT NO. 6,612,287 

61. The allegations set forth in the foregoing paragraphs 1 through 60 are 

incorporated into this Ninth Claim for Relief. 
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62. On September 2, 2003 U.S. Patent No. 6,612,287 (“the ’287 patent”), entitled 

“Electronic Throttle Position Feedforward System,” was duly and legally issued by the United 

States Patent and Trademark Office.  A true and correct copy of the ’287 patent is attached as 

Exhibit 9. 

63. Plaintiff is the assignee and owner of the right, title and interest in and to the ’287 

patent, including the right to assert all causes of action arising under said patents and the right to 

any remedies for infringement of them. 

64. Upon information and belief, Defendants have directly infringed at least claim 1 

of the ’287 patent by making, using, selling, importing and/or providing and causing to be used 

the 2012-2018 Tiguan, 2012-2018 Audi A3, 2012-2018 Audi A4, 2012-2018 Audi A5, 2012-

2018 Audi A6, 2016-2018 Audi TT,  2015-2018 Audi S3, 2015-2018 VW Golf, 2012-2018 VW 

Golf GTI, 2015-2018 VW Golf R, 2015-2018 Golf Sportwagon, 2013-2018 Jetta GLI, 2014-

2018 VW Jetta Sedan, 2014-2018 VW Passat, 2012-2017 WV CC, 2012-2018 VW Beetle, 2018 

VW Atlas, 2015- 2018 Audi Q3, 2012-2018 Audi Q5, and 2017-2018 Porsche Macan with the 

EA888 engines  (the “’281 patent Accused Instrumentalities”). 

65. In particular, claim 1 of the ’287 patent recites a method for controlling a 

positioning device of an internal combustion engine, the method comprising the steps of: 

providing an electronic motor for actuating said positioning device with a torque being applied to 

said motor over the positioning range and said torque changing sign thereby defining a torque 

reversal point; detecting a commanded position of said positioning device; determining whether 

said positioning device's command is in the region of said torque reversal point; forming a drive 

signal for the motor on the basis of said commanded position for said positioning device; and 

changing said drive signal to abruptly change the motor voltage when said commanded position 

is in said region of said torque reversal point. 
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66. On information and belief, the ’281 patent Accused Instrumentalities infringe

claim 1 of the ’287 patent.  The ’281 patent Accused Instrumentalities practice a method 

controlling a positioning  (Figure 57) device of an internal combustion engine (Figure 57), the 

method comprising the steps of: providing an electronic motor (Figure 57) for actuating said 

positioning device with a torque being applied to said motor over the positioning range and said 

torque changing sign thereby defining a torque reversal point (Figure 57); detecting a 

commanded position of said positioning device (Figure 57); determining whether said 

positioning device's command is in the region of said torque reversal point (Figure 57); forming 

a drive signal for the motor on the basis of said commanded position for said positioning device 

(Figure 57); and changing said drive signal to abruptly change the motor voltage when said 

commanded position is in said region of said torque reversal point (Figure 57). 
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