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(57) ABSTRACT 
An embedded controller development tool Which generates 
an interface means for preserving and outputting a control 
data calculated by the control operation means based on a 
speci?c computational procedure, and providing said control 
data to a plurality of control operation means including said 
control operation means; Wherein the control operation 
means is described as a function in the source code of the 
program, the reference data used for calculation by said 
control operation is an argument of the function, said control 
data calculated by said control operation means is the 
argument of the function Which points the return value or the 
address of said function. 
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FIG. 8 

extem void TVO_Ca|cuIate(unsigned short TargetTorque, 

unsigend short Variable_A, 
unsigned short *TVO /\/ C11 

void TVO_Ca|oulate( unsigned short TargetTorque, 

N012 

unsigend short Variable_A, 
unsigned short "TVO 

AV 

*TVO=TargetTorque*Kt~i-Variable_A*Ka; 
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FIG. 9 
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EMBEDDED CONTROLLERS AND 
DEVELOPMENT TOOL FOR EMBEDDED 

CONTROLLERS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an embedded con 
troller and a development tool for embedded controllers. 

[0002] As an embedded or built-in software, an embedded 
controller, and an embedded software development tool so 
far, there is a method of generating automatically the inter 
face program of a basic program according to the input 
information from a programming person (For instance, 
Japanese Patent Application Laid-Open No. 2002-229791, 
page 4 and FIG. 1(b)). 

[0003] Moreover, there is a method of generating auto 
matically the source code by using the control system design 
support software (MATLAB and Simulink) to make the 
embedded software so far (For instance, CyberNet System 
Co., Ltd. publication, “MATLAB Expo 2002 model-based 
control system design conference material”, pp 103-126). 

SUMMARY OF THE INVENTION 

[0004] For instance, in the electronic controller for a 
vehicle, the embedded controller development tool and the 
development process to improve the development efficiency 
of the software for the embedded controller has been 
researched. They are required to generate automatically the 
source code of the software for the embedded controller and 
to increase the reuse of the software. In the conventional 
embedded controller, the interface means sets up a part of 
the basic management means. (or instance, Japanese Patent 
Application Laid-Open No. 2002-229791). Therefore, even 
when a part of two or more control operation means is 
changed, it is necessary to change the entire interface means. 
That is, there is a problem that the part of the interface means 
that should not be originally changed must be re-created. 

[0005] An object of the present invention is to solve the 
above-mentioned problem, and to increase the reuse of the 
embedded controller. 

[0006] Now, there is a method of generating the source 
code of the control operation means automatically by using 
the MATLAB and the Simulink so far (For instance, Cyber 
Net System Co., Ltd. publication, “MATLAB Expo 2002 
model-based control system design conference material”, pp 
103-126). 
[0007] Manual operation was necessary to integrate the 
handing over of the data between the control operation 
means generated automatically and the control operation 
means, and the management of the variables used in the 
entire embedded controller even if the control operation 
means is generated by the above-mentioned method. 

[0008] There is a problem of taking time to describe the 
source code when the source code of the interface means is 
described by a person. 

[0009] An object of the present invention is to solve the 
above-mentioned problem and to improve the productivity 
of the embedded controller. 

[0010] The above-mentioned object is achieved by pro 
viding the corresponding interface means to each control 
operation means in the embedded controller of the present 
invention. 
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[0011] In an embedded controller development tool in the 
present invention, the control operation means is described 
as a function in the source code of the program, the reference 
data used for calculation by said control operation is an 
argument of the function, said control data calculated by said 
control operation means is the argument of the function 
which points the return value or the address of said function, 
further comprising; an analyZing means which extracts the 
speci?ed information from the source code of said control 
operation means; an interface generating means which gen 
erates said corresponding interface means every control 
operation means based on an analytical result of said ana 
lyZing means. 

BRIEF DESCRIPTION OF DRAWINGS 

[0012] FIG. 1 is an explanatory drawing of the present 
invention. 

[0013] FIG. 2 is a system diagram of an electronic con 
troller for a vehicle according to one embodiment of the 
present invention. 

[0014] FIG. 3 is a system diagram of the decentraliZed 
embedded controller according to one embodiment of the 
present invention. 

[0015] FIG. 4 is a schematic diagram of software for the 
embedded controller. 

[0016] 
software. 

[0017] FIG. 6 is a ?ow chart of the task processing 
software. 

[0018] FIG. 7 is a block diagram of the torque base 
control application. 

[0019] FIG. 8 is an illustration of C source codes of the 
control software components. 

[0020] FIG. 9 is an illustration of C source code of the 
interface software. 

[0021] FIG. 10 is a view showing the de?nition informa 
tion on the torque base control framework. 

[0022] FIG. 11 is a ?ow chart of the torque base control 
framework. 

[0023] FIG. 12 is a system diagram in the I/O operation 
part in the decentraliZed control system. 

[0024] FIG. 13 is a software development process dia 
gram for the embedded controller. 

[0025] FIG. 14 is a view showing embedded software 
development means 1. 

[0026] FIG. 15 is a view showing embedded software 
development means 2. 

[0027] FIG. 16 is a view showing embedded software 
development means 3. 

[0028] FIG. 17 is a ?ow chart of the interface software 
automatic generation. 

[0029] FIG. 18 is a ?ow chart of the control software 
component information extraction. 

[0030] 
chart. 

FIG. 5 is a schematic diagram of the application 

FIG. 19 is an interface software generation ?ow 



US 2004/0133879 A1 

[0031] FIG. 20 is an illustration of an embedded software 
network notice assignment. 

[0032] FIG. 21 is an illustration of an embedded softWare 
netWork notice assignment service. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] An embodiment of the present invention Will be 
explained referring to the draWings. 

[0034] The vehicle control controller is treated as an 
example of the embedded controller in this embodiment. 

[0035] FIG. 1 shoWs the basic con?guration of the appli 
cation softWare to Which the present invention is applied. 
Reference numerals 1A, . . . 1B and 1C designate control 

softWare components Where the update logic of control 
variable are described. This corresponds to the control 
operation means in the present invention. 2A, . . . 2B and 2C 

designate the interface softWare Which corresponds to the 
control softWare components. 

[0036] This corresponds to the interface means in the 
present invention. Reference numeral 3 designates the basic 
logic executed in the application softWare, for instance, the 
control basic softWare Where the order of updating the 
variable, that is, the execution sequence of the control 
softWare components is described. This corresponds to the 
control basis processing means in the present invention. 

[0037] Reference numeral 4 is external input data. The 
external information is obtained by measuring, for instance, 
by the sensor included in the hardWare, or by communicat 
ing With other application softWares and controllers. 

[0038] This corresponds to the external input processing 
means in the present invention. Reference numeral 5 des 
ignates an information output to the outside. The output to 
the outside is executed by driving an actuator included in the 
hardWare, or by communicating With other applications and 
controllers. 

[0039] This corresponds to the external output processing 
means in the present invention. Reference numeral 6 des 
ignates the operation system Which carries out the task 
control and the interruption management of the embedded 
softWare. This corresponds to the basic management means 
in the present invention. The softWare components and the 
interface softWare are associated With 1A and 2A, and 1B 
and 2B, respectively. Therefore, When softWare component 
1C is changed for instance, only the interface softWare 2C is 
changed. Namely, the interface softWare 2A and 2B can be 
used Without changing. 

[0040] That is, there is an effect that the reuse of the 
embedded softWare Which has the interface softWare is 
improved by adopting the con?guration shoWn in FIG. 1. 
Although only one hierarchy of the application is expressed 
in FIG. 1, the present invention is not limited to one 
hierarchy, but applied to all hierarchies. For instance, soft 
Ware components 1A itself can have the con?guration shoWn 
in FIG. 1. This con?guration is effective in the so-called 
hierarchiZed embedded softWare con?guration. 

[0041] FIG. 2 shoWs the vehicle Where the present inven 
tion Was applied. 
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[0042] In this example, vehicle 7 has engine 8, control unit 
(ECU) 10 to control engine 8, for instance, automatic 
transmission (AT) 9, control unit (ECU) 20 to control 
automatic transmission 9, acceleration pedal A operated by 
a driver. Moreover, control unit (ECU) 20 can be a control 
unit for the throttle control, not for the automatic transmis 
sion. That is, this means the control unit other than one for 
an engine. 

[0043] FIG. 3 shoWs the basic con?guration of the decen 
traliZed control system for a vehicle. 

[0044] The decentraliZed control system for a vehicle 
comprises: control unit (ECU) 10 including processor 13, 
memory 12, embedded softWare 11, data sink 14, data source 
15, analog input 41 for the A/D conversion output of input 
to eg an air?oW sensor, digital input 42 for pulses from eg 
a crank angle sensor, analog output 51 for the voltage to 
drive peripheral equipment, and digital output 52 for pulses 
to drive the peripheral equipment; and control unit (ECU) 20 
Which has the same con?guration as ECU 10. 

[0045] FIG. 4 shoWs an example of the con?guration of 
embedded softWare 11. As shoWn in PIG 4, Embedded 
softWare 11 comprises application softWare 111 and basic 
softWare 112. Basic softWare 112 comprises real time opera 
tion system (RTOS) 1121 and basic input/output system 
(BIOS) 1122. RTOS 1121 starts the task of the time cycle 
and the task Which synchroniZes With the external input, and 
provides interrupt disabled processing and the call service 
for other tasks to application softWare 111. 

[0046] BIOS 1122 receives the demand from the applica 
tion softWare 111, and reads external input data 4 and 
outputs external output data 5. By adopting the con?guration 
of FIG. 4, it is possible to separate the part (BIOS) Which 
depends on hardWare in the embedded softWare, the real 
time control functions such as the interruption signal pro 
cessing and the timer processing, etc., the application part 
Which depends on the controlled system such as the ignition 
control etc. of the engine and the gear-shift control of the 
transmission. For instance, there is an advantage that only 
BIOS is changed When CPU changes, and the application 
softWare can be used as it is. 

[0047] FIG. 5 shoWs an example of the con?guration of 
the application softWare. 

[0048] Application softWare 111, for instance, comprises a 
task Which is started at a ?xed cycle like 10 ms cycle task, 
a task Which is started in synchroniZation With the external 
signal like engine revolution synchroniZed task 1112, etc. of 
start like cycle of ten ms task 1111 at constant cycle 
synchroniZing With external signal, and a task executed 
When processor is not used like background task 1113. Each 
of these tasks comprises the task processing basic softWare 
and the control application. 

[0049] For instance, the 10 ms cycle task comprises a 10 
ms task processing basic softWare, diagnosis control 11112, 
fuel correction control 11113, torque-based control 11114, 
and other controls. The symbol “ . . . ” in the ?gure means 

that the control logic is not limited to the above-mentioned 
three kinds of logics. 

[0050] FIG. 6 shoWs the operation of 10 ms task process 
ing basic softWare 11111. RTOS 1121 executes the start 
processing of 10 ms task processing basic softWare 11111. 
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[0051] As a result, the processing of 10 ms task processing 
basic software 11111 is executed. In step S1, an external 
input processing is requested to BIOS 1122, and the latest 
value of the sensor Which updates the input value to the 
air?oW sensor, etc. In step S2, diagnosis control 11112 is 
executed. Then, some controls are executed. In step S3, fuel 
correction control 11113 is executed. In step S4, torque base 
control 11114 is executed. In step 5, the external output 
processing is requested to BIOS 1122, and processing is 
ended. 

[0052] By adopting the con?guration shoWn in FIG. 5 and 
FIG. 6 as the application softWare, it becomes possible to 
process input processing S1 from the outside, control pro 
cessing S2, S3, S4 of Which the objects are different, and 
output processing S5 to the outside in the same task. 

[0053] FIG. 7 shoWs a basic con?guration of the torque 
base control application softWare to Which the present 
invention is applied. 1D, 1E, and 1E are the control software 
components Which the target torque, variable A, and the 
update logic of control variable of the throttle opening are 
described, respectively. 2D, . . . , 2E and 2F are interface 

softWare Which correspond to the control softWare compo 
nents 2D, 2E and 2F, respectively. 3A is a torque base 
control basic softWare Where the order of updating the 
variable of the control software components in the torque 
base control, that is, the execution sequence is described. 4 
is external input data obtained from BIOS 1122. For 
instance, said external information is obtained by measuring 
by using the sensor, and communicating With other appli 
cations and controllers. 

[0054] Reference numeral 5 designates the information 
output to the outside by BIOS 1122. Said external output is 
executed by driving actuator or communicating with other 
applications and controllers. By adopting the con?guration 
shoWn in FIG. 7, only interface softWare 2D is changed, for 
instance, When software component 1D Which operate the 
target torque is changed, and interface softWare 2E and 2E 
can be used Without being changed. That is, there is an effect 
that the reuse of the embedded softWare Which has the 
interface softWare is improved by adopting the con?guration 
shoWn in FIG. 7. 

[0055] FIG. 8 shoWs an example of the control software 
component 1F shoWn in FIG. 7. 

[0056] Here, C11 is a header ?le (TVO_Calculate.h) When 
software component 1 to update the throttle opening (hence 
forth TVO) is updated is described With C language. C12 is 
a source ?le (TVO_Calculate.c) When software component 
1 to update TVO is described With C language. In C11, The 
prototype of the function to reneW TVO is declared. That is, 
the external declaration (extern) of the function, the type 
(void) of the return value of the function, the function name 
(TVO_Calculate), the type of the input value of the function, 
variable name (unsigned short TargetTorque, . . . , unsigned 

short Variable_A), and the variable Which the function 
updates, in a Word, the type of the output value of the 
software component and the pointer of variable name 
(unsigned short TVO) are declared. Whether the argument of 
the function is an input variable or an output variable is 
judged by Whether identi?er to shoW the pointer argu 
rnent is attached at the head of variable name. Said output 
variable corresponds to the control data calculated by the 
control operation means in the embedded controller in the 
present invention. 
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[0057] C12 describes the function to reneW TVO. That is, 
the type (void) of the return value of the function, the 
function name (TVO_CAlculate), the type and variable 
name (unsigned short TargetTorque, . . . , unsigned short 

Variable_A) of the input value Which is the argument of the 
function, the variable Which unction updates, in a Word, the 
type of output value of software component and the pointer 
of variable name (unsigned short TVO) are de?ned, and the 
method (*TVO=TargetTorque*Kt+Variable_A*Ka) of 
reneWing TVO is described. Target Torque and Variable_A 
are variables, and Kt and Ka are constants. 

[0058] FIG. 9 shoWs C source codes C21, C22, and C23 
as one example of interface softWare 2F shoWn in FIG. 7. 
They correspond to the control software components 
explained in C11 and C12 of FIG. 8. C21 is variable 
declaration C source ?le (TVO.c). C22 is C header ?le 
(TVO.h) to de?ne the variable reference instruction, and 
C23 is C header ?le (TVO_Update.h) to de?ne the variable 
update instruction. 

[0059] In C21, the variable declaration (unsigned short 
TVO) of TVO Which is the output variable of corresponding 
software components C11 and C12 is performed. In C22, the 
de?nition (#de?ne TVO_-Get( ) TVO) of the instruction to 
Which the variable refers and the type and the name (extern 
unsigned short TVO) of the variable Which is the external 
variable declaration of TVO are performed to refer to 
variable TVO declared in C21 by other interface softWare. 

[0060] In C23, the instruction executed When control basic 
softWare 3 requests the update of the variable TVO is 
de?ned. That is, the described C header ?le is read by the 
instruction to refer to the input variable (#include “TVO.h” 
#include “variable_A”), the instruction name to update the 
variable is de?ned (#de?ne TVO-Update( )¥), the function 
name of control software component C12 actually called is 
described (TVO_Calculate . . . ), the instruction to refer to 
control variable which becomes an input of the function to 
reneW TVO is called (TargetTorque Get( ) . . . variable 

A_Get( )), and the address of variable TVO is designated as 
an output of the function to Which TVO is reneWed (& 

TVO). 
[0061] In FIG. 9, the instruction called to update the 
variable by software components C 11 and C12 correspond 

ing to interface softWare C21-C23 is only TVO_Update( When the update of the variable is demanded (TVO_Up 

date( )), the interface softWare collects input values neces 
sary for calling the function to update the variable (Target 
Torque_Get( ) . . . variableA_Get( and designates the 
variable as an output (& TVO). Then, the function to update 
the variable is updated and afterWards is called (TVO_Cal 
culate( 
[0062] By adopting the con?guration shoWn in FIG. 9, for 
instance, When the update of the variable is required from 
the control basic softWare, the variable can be updated in the 
common instruction forrnat cornpletely considering neither 
the number, the type of the input value of the function 
described in the control software components nor variable 
name. Moreover, the operation of the update and the dec 
laration of the I/O variable can be separated from the control 
software components, and the independence of the control 
software components is improved. 

[0063] As one example of the control basic softWare, FIG. 
10 shoWs the control basic softWare of the torque-based 












