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1
ONBOARD ELECTRONIC CONTROL UNIT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International
Application No. PCT/IP2014/071999 filed Aug. 22, 2014,
the contents of all of which are incorporated herein by

reference in their entirety.
10

TECHNICAL FIELD

The present invention relates to improvement of an
onboard electronic control unit which 1s, for example, an
onboard engine control unit 1n which a first integrated circuit 15
device to be a main control circuit section and a second
integrated circuit device to be a combination control circuit
section work together by performing serial communication
with each other, and particularly relates to an onboard
clectronic control unit which 1s small 1n si1ze and 1s capable 20
ol performing high-speed processing by reducing the num-
ber of mput/output terminals of the main control circuit
section.

BACKGROUND ART 25

The electronic control unit in which the main control
circuit section and the combination control circuit section
are connected with each other 1n series and work together 1s
widely used 1n practice. However, one of functions of the 30
combination control circuit section 1s to use the minimum
number of input/output terminals 1n the main control circuit
section which are limited to terminals requiring high-speed
processing to thereby compensate insullicient additional
input/output signals in low-speed operations by interposing 35
the combination control circuit section which 1s connected in
series 1n response to various applicable vehicle types. There-
fore, mput/output signals indirectly connected from the
combination control circuit section to the main control
circuit section are limited to signals 1n low-speed operations 40
in which response delay with respect to the transmission of
input/output signals does not matter. Another one of func-
tions of the combination control circuit section 1s to con-
stantly monitor the operation state of the main control circuit
section. The monitoring control 1s devised to be performed 45
at relatively lower frequency as compared with the fre-
quency of uplink and downlink communication for reducing
a control burden 1n the main control circuit section.

For example, 1n FIG. 1 and FIG. 2 of the following Patent
Literature 1 “ONBOARD ELECTRONIC CONTROL 350
UNIT WITH MONITOR CONTROL CIRCUIT”, a main
control circuit section 20A mainly configured by a micro-
processor 20 and including a multi-channel AD converter 26
performs serial communication of a downlink communica-
tion data DND and an uplink communication data UPD with 55
a monitor control circuit section 30A (corresponding to the
combination control circuit section) mainly configured by a
logic circuit section 30a and including a multi-channel AD
converter 36 through serial interface circuits 27a, 37a,
performing drive control of a first electrical load group 12a 60
which 1s directly driven and a second electrical load group
12b which 1s indirectly driven 1n accordance with operation
states of a first input sensor 11a as a direct mput sensor
including an opening/closing sensor and an analog sensor
and a second 1put sensor 11b as an indirect input sensor. 65
The monitor control circuit section 30A sends question data
as the uplink communication data UPD, determining pres-

2

ence of an abnormality 1n the main control circuit section
20A by comparing answer data from the main control circuit

section 20A obtained as the downlink communication data
DND with correct answer data stored in the monitor control
circuit section 30A. The downlink communication data
DND shown 1 FIG. 2 1s, for example, 100-bit, the uplink
communication data UPD 1s, for example, 500-bit, and a
communication permission period TO 1s, for example, 5
msec, but full-duplex block communication 1s performed, in
which a period of time necessary for one communication 1s,
for example, 0.5 msec or less.

In contrast, for example, in the following Patent Literature
2 “FRAME CONFIGURATION OF CYCLIC TRANSMIS-
SION”, a concept for shortening the communication period
while mixing high-speed communication data and a low-
speed communication data 1s disclosed. In FIG. 1, Sl
denotes a start mark STX of communication, S2 denotes a
high-speed data block, S3 denotes an address block, S4
denotes a low-speed data block corresponding to a trans-
mission destination designated by the address block 83, S5
denotes an end mark ETX of communication and S6 denotes
an additional block for checking an error with respect to
transmission data. A data frame F1 (1=1, 2 . . . ) including the
block S1 to S6 1s sequentially transmitted from a driven
control unit 2 m FIG. 2 to a control sequencer 1 by every 2
msec. A storage location of the high-speed data S2 1s, for
cxample, a fixed address storage unit 12 of 32 words,
whereas, the low-speed data S4 1s transmitted to, for
example, a storage unit 13 of 20x32 words as a storage
location while sequentially updating the address. Therefore,
according to the divided transmission method, a period of
time necessary for transmitting the high-speed data of 32
words 1s reduced to 2/21 as compared with a case of
transmitting data of 21x32 words at a time.

On the other hand, 1n FIG. 1 to FIG. 3 of the following
Patent Literature 3 “A/D CONVERTER” relating to the
above mvention, there 1s disclosed a concept 1n which one
of 8 analog signals CHO to CH7 mputted from an analog
input terminal 1 1 FIG. 1 1s selected by a multiplexer 2 1n
an analog/digital converter 10 to be inputted into an A/D
converter 4 and digitally converted, and an externally
attached decode circuit 11 (FIG. 2) becomes valid by an
extended channel selection signal 6, and one of eight
extended analog signals CH20 to CH27 inputted from an
extended analog signal mput terminal 12 1s selected and
inputted to the A/C converter 4 through an input channel
CHO to thereby extend the channels so that the total 15
analog signals can be dealt with. The multiplexer 2 1s
controlled by selection data bits b0 to b3 serial-transmaitted
by a channel selection register 20 (FIG. 3), and the analog/
digital converter 10 supplies parallel signals of the bits b0 to
b3 to the externally attached decode circuit 11.

Patent Literature 1: JP-A 2009-1292677 (FIG. 1, Abstract,
FIG. 2, paragraphs 0034 to 0036)

Patent Literature 2: JP-A5-244218 (FIG. 1, Abstract,
paragraph 0007)

Patent Literature 3: JP-A8-307269 (FIG. 1, Abstract,
paragraph 0028)

SUMMARY OF INVENTION

Technical Problem

In Patent Literature 1, 1t 1s difficult to drive-control the
first electrical load group 12a by the downlink communica-
tion data DND as the downlink communication speed 1s low
as well as the downlink communication period 1s long,
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therefore, there are problems that the number of output
terminals of the main control circuit section 20A 1s
increased, which also increases the size and cost, and further,
improvement 1n process speed becomes ditlicult as the size
1s increased. Furthermore, the monitor control circuit section
30A (the combination control circuit section) includes the
multi-channel AD converter 36 replying a digital conversion
value as the uplink communication data UPD, therefore, the
number of bits of the reply in the uplink communication data
UPD 1s increased and the time necessary for reply becomes
long. As a result, there 1s a problem that, when the number
ol analog put signals 1n the second imput sensor group 11b
1s reduced, the number of put signals in the first input
sensor group lla 1s increased and the number of input
terminals 1n the main control circuit section 20A 1s
increased, which inhibits the promotion of size reduction.

The above Patent Literature 2 relates to high-speed reply
of uplink communication data from the driven control unit
2 to the control sequencer 1, which does not discuss a control
instruction by the downlink communication from the control
sequencer 1 to the driven control unit 2. When the uplink
communication system according to Patent Literature 2 is
applied to the downlink communication 1n Patent Literature
1 and the relation with respect to the uplink communication
1s 1gnored, the downlink data amount of one time 1s reduced
and the downlink communication 1s repeated at high fre-
quency, thereby moving part of the first electrical load group
12a i Patent Literature 1 to the second electrical load group
12b and reducing the number of output terminals of the main
control circuit part 20A. However, in the case where the
onboard electronic control unit 1s, for example, the onboard
engine control unit in which fuel injection control or 1gnition
control of a 4-cylinder 4-cycle engine 1s performed, a period
of time necessary for a crank shaft to rotates at an angle of
1 degree in a rotation angle when the engine 1s rotating at
6000 rpm 1s 28 usec, which 1s a problem that 1t 1s extremely
difficult to perform high-speed control in response to the
above 1n the start-stop synchronization type communication
as shown 1n Patent Literature 2.

In the case where the analog/digital converter 10 accord-
ing to the above Patent Literature 3 1s used as the multi-
channel AD converter 26 according to Patent Literature 1,
the multi-channel AD converter 36 according to Patent
Literature 1 1s abolished and the decode circuit 11 in Patent
Literature 3 1s used, the uplink communication data UPD 1n
Patent Literature 1 can be largely reduced, however, it 1s
necessary that the main control circuit section 20A transmits
a channel control signal 3 to the added decode circuit 11,
therefore, the number of output terminals of the main control
circuit section 20A 1s increased. Even when the signal is
transmitted 1n the downlink communication data DND, only
the low-speed analog signal can be dealt with as the down-
link communication period 1s long, which causes a problem
that 1t 1s difficult to reduce the number of analog input
signals 1n the first mput sensor group 11a and reduce the
number of mput terminals of the main control circuit section
20A.

The present invention has been made 1n view of the above
circumstances, and a {irst object of the present invention 1s
to provide a small-sized 1nexpensive integrated circuit
device as the main control circuit section by reducing the
number of output terminals with respect to electrical loads of
high-speed operations which has been directly outputted
from the main control circuit section 1n an onboard elec-
tronic control unit in which the main control circuit section
and the combination control circuit section are connected 1n
series. A second object of the present invention is to provide
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a further small-sized 1nexpensive integration circuit device
as the main control circuit section, which 1s capable of
reducing the number of analog input signals which have
been directly mputted to the main control circuit section.

Solution to Problem

According to an embodiment of the present invention,
there 1s provided an onboard electronic control unit includ-
ing a main control circuit section as an integrated circuit
device mainly configured by a microprocessor and a com-
bination control circuit section provided 1n the outside of the
main circuit control circuit section and performing commu-
nication of serial signals with each other, which work
together, in which the main control circuit section 1s con-
figured to drive-control plural electronic loads part of which
1s directly connected to the main control circuit section, or
remaining part or all thereof 1s indirectly connected to the
combination control circuit section in accordance with
respective operation states ol direct imput signals directly
connected to the main control circuit section not in associa-
tion with the combination control circuit section and indirect
input signals associated with the combination control circuit
section,

in which a downlink communication data DND transmit-
ted from the main control circuit section to the combination
control circuit section includes a first downlink data DNDQ
with a fixed address and a second downlink data DND1 with
a variable address as a pair, which 1s periodically transmitted
in series based on a transmission start instruction signal STD
and a downlink clock signal CLD generated by the main
control circuit section,

in the plural electrical loads, a high-speed load which 1s
necessary to be controlled at high frequency receives high-
speed indirect drive control by the first downlink data DND0
periodically transmitted every time, and an indirect load
which 1s not necessary to be controlled every time by the
first downlink data DNDO0 and 1s controlled at low frequency
receives low-speed indirect drive control by the second
downlink data DND1 in which a transmission target is
changed by a designated address even when transmitted
every time, and

in the case where there 1s room 1n the number of signals
of the first downlink data DNDO0 in comparison with the
number of loads of the high-speed load, part or all of the
indirect load may be controlled by the first downlink data
DNDO.

The main control circuit section further includes at least
one of a high-speed AD converter to which a high-speed
analog sensor outputting analog signals as part of the direct
input signals 1s connected and a multi-channel AD converter
to which a medium-speed analog sensor 1s connected,

a low-speed analog sensor outputting analog signals as
part of the mdirect input signals 1s connected to the multi-
channel AD converter or the high-speed AD converter
through an indirect multiplexer,

in the case where the medium-speed analog sensor 1s dealt
with as indirect mput signals, the medium-speed analog
sensor and the low-speed analog sensor are connected to the
high-speed AD converter through an extended 1ndirect mul-
tiplexer, and

the indirect multiplexer or the extended multiplexer
selects one of plural analog 1input channels by selection data
transmitted by a selection register in the combination control

circuit section by the downlink communication data DND.

Advantageous Effects of Invention

As described above, the onboard electronic control unit
according to the present imnvention i1s configured so that the
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main control circuit section and the combination control
circuit section performing communication of serial signals

with each other work together, and that the main control
circuit section drive-controls plural electrical loads directly
connected to the main control circuit unit or plural electronic
loads indirectly connected to the combination control circuit
section 1n accordance with respective operation states of
direct input signals and indirect imnput signals associated with
the combination control circuit section,

the downlink communication data DND transmitted from
the main control circuit section to the combination control
circuit section includes the first downlink data DNDO with
a fixed address and the second downlink data DND1 with a
variable address as a pair, which 1s periodically transmitted
in series, the high-speed indirect drive control 1s performed
to the high-speed load by the first downlink data DNDO
transmitted every time, and the low-speed indirect drive
control 1s performed to the indirect load of the low-speed
response by the second downlink data DND1 in which the
transmission target 1s changed by a designated address even
when transmitted every time, at least the low-speed analog,
sensor outputting part of the indirect mnput signals 1s con-
nected to the high-speed AD converter or the multi-channel
AD converter through the indirect multiplexer or the
extended indirect multiplexer, and the multiplexer switches
the mput channel by selection data transmitted 1n the down-
link communication data.

Accordingly, there are advantages that the number of
output terminals of the main control circuit section can be
reduced, the size can be reduced and the high-speed pro-
cessing performance can be improved by indirectly drive-
controlling part or all of the direct load which has been
directly driven-controlled by the main control circuit section
in related art at high speed from the combination control
circuit section.

There 1s another advantage that drive/stop can be per-
formed promptly 1in accordance with the drive control
instruction by indirectly drive-controlling part or all of the
indirect load which has been indirectly low speed driven-
controlled 1n related art at high speed.

There are further advantages that the number of input
terminals of the main control circuit section can be reduced
by increasing the number of the indirect analog sensors and
reducing the number of direct analog sensors instead to
thereby reduce the size and further improve performance of
the high-speed processing.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an entire configuration block diagram of an
onboard electronic control unit according to Embodiment 1
of the present invention.

FIG. 2 1s a block diagram showing a partially detailed
configuration of the onboard electronic control unit of FIG.
1 according to Embodiment 1 of the present invention.

FIG. 3 show detailed timing charts of downlink commu-
nication in the onboard electronic control unit of FIG. 1
according to Embodiment 1 of the present invention.

FIG. 4 shows correlation timing charts of downlink com-
munication and uplink communication 1n the onboard elec-
tronic control unit of FIG. 1 according to Embodiment 1 of
the present ivention.

FI1G. 5A 1s a front-half flowchart for explaining operations
in the onboard electronic control unit of FIG. 1 according to
Embodiment 1 of the present invention, showing the start of
CPU transmission/reception operations to the end of CPU
transmission/reception operations.
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FIG. 5B 1s the front-haltf flowchart for explaining opera-
tions 1n the onboard electronic control umit of FIG. 1

according to Embodiment 1 of the present invention, show-
ing the start of downlink PS conversion transmission to the
end of downlink PS conversion transmission.

FIG. 5C 1s the front-half flowchart for explaining opera-
tions 1n the onboard electronic control unmit of FIG. 1
according to Embodiment 1 of the present invention, show-
ing the start of uplink SP conversion reception to the end of
uplink SP conversion reception.

FIG. 6A 1s a latter-half flowchart for explaining operations
in the onboard electronic control unit of FIG. 1 according to
Embodiment 1 of the present invention, showing the start of
SCNT control operations to the end of the SCNT operations.

FIG. 6B 1s the latter-half flowchart for explaining opera-
tions 1 the onboard electronic control umit of FIG. 1
according to Embodiment 1 of the present invention, show-
ing the start of downlink SP conversion reception to the end
of SP conversion reception.

FIG. 6C 1s the latter-half flowchart for explaining opera-
tions 1n the onboard electronic control unmit of FIG. 1
according to Embodiment 1 of the present invention, show-
ing the start of uplink PS conversion reply to the end of
uplink PS conversion reply.

FIG. 7 1s an entire configuration block diagram of an
onboard electronic control unit according to Embodiment 2
of the present invention.

FIG. 8 A 1s a front-half flowchart for explaining operations
in the onboard electronic control unit of FIG. 7 according to
Embodiment 2 of the present invention, showing the start of
CPU transmission/reception operation to the end of the CPU
transmission/reception operation.

FIG. 8B 1s a latter-half flowchart for explaining operations
in the onboard electronic control unit of FIG. 7 according to
Embodiment 2 of the present invention, showing the start of
SCPU transmission/reception operations to the end of the
SCPU transmission/reception operations.

FIG. 9 1s an entire configuration block diagram of an
onboard electronic control unit according to Embodiment 3
of the present invention.

FIG. 10 1s an enftire configuration block diagram of an
onboard electronic control unit according to Embodiment 4
of the present invention.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

A configuration 1n FI1G. 1 showing the entire configuration
block diagram of an onboard electronic control unit accord-
ing to Embodiment 1 of the present invention will be
explained 1n detail.

In FIG. 1, an onboard electronic control unit 100A
includes a main control circuit section 120A and a combi-
nation control circuit section 130A. The onboard electronic
control unit 100A 1s operated by being connected to an
external power supply 101 as an onboard battery through a
not-shown power supply switch with a control voltage Vcc
fed through an internal constant voltage power supply 111.
Plural direct opening/closing sensors 102 which include, for
example, a crank angle sensor and a vehicle speed sensor of
an engine are mputted in parallel to digital input ports of the
main control circuit section 120A as direct input signals DIH
through a first digital input interface circuit 112. A high-
speed analog sensor 103 which includes, for example, a
knock sensor measuring engine sound 1s connected to a
high-speed analog mput port of the main control circuit
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section 120A as a high-speed analog signal ANH through a
high-speed analog interface circuit 113.

Plural medium-speed analog sensors 104 which include,
for example, an accelerator position sensor for detecting the
degree of stamping an accelerator pedal, a throttle position
sensor for measuring an intake valve opening position and
an exhaust gas sensor for measuring oxygen concentration
of the exhaust gas are mputted 1 parallel to medium-speed
analog input ports of the main control circuit section 120A
as medium-speed analog signals ANM through a first analog
input interface circuit 114a. Plural low-speed analog sensors
105 which include, for example, a water temperature sensor
ol engine cooling water and an 1ntake air temperature sensor
are inputted 1n parallel to input terminals of an indirect
multiplexer 11556 as low-speed analog input signals ANL
through a second analog input 1ntertace circuit 1154. Indi-
rect opening/closing sensors 106 which include, for
example, a gear shilt sensor operated in accordance with
gears of a transmission are inputted in parallel to digital
input ports ol the combination control circuit section 130A
as mdirect input signals DIF through a second digital input
interface circuit 116.

A direct load 108a which 1s, for example, a valve open
motor for controlling the intake valve opening position of
the engine 1s energized and driven by a direct drive control
signal DOA generated by the main control circuit section
120A through a direct output interface circuit 118a. A
high-speed load 1085 which 1s, for example, an electromag-
netic coil of an solenoid valve for fuel injection or an
ignition coil of the engine in the case of a gasoline engine 1s
indirectly driven at high speed by a high-speed indirect drive
control signal DOB generated by the combination control
circuit section 130A through a first indirect output interface
circuit 11856. Plural indirect loads 109 which are, {for
example, an electromagnetic clutch for driving a heater for
previously heating the exhaust gas sensor, a hydraulic pump
or an air conditioner compressor, or a power supply relay for
supplying the power to various electrical loads are indirectly
driven at low speed by a low-speed indirect drive control
signal DOC generated by the combination control circuit
section 130A through a second indirect output interface
circuit 119. The direct load 108a, the high-speed load 1085
and the indirect load 109 are collectively named as plural
electrical loads 189. Moreover, an external communication
device 107 which 1s a program tool 1s connected to the main
control circuit section 120A through a sernal interface circuit
126.

The onboard electronic control unit 100A includes a
not-shown circuit substrate housed 1n a not-shown sealed
casing and connecting to the external power supply 101,
respective opening/closing sensors, respective analog sen-
sors and plural electrical loads 189, 1n which the main
control circuit section 120A as one itegrated circuit device,
the combination control circuit section 130A as another
integrated circuit device, various types of interface circuits,
the constant voltage power supply 111 and so on as other
circuit components are loaded on the circuit substrate. In the
case where there 1s a temperature sensor for measuring the
latest temperature of the main control circuit section 120A
and the latest temperature of the constant voltage power
supply 111 as one of other circuit components, an analog

signal generated by the temperature sensor 1s connected to
an nput terminal of the indirect multiplexer 11556. In the
case where there 1s a current detection sensor for observing
a rising status of excitation current of the electromagnetic
coil of the solenoid valve for fuel 1injection as one of other
circuit components, an analog signal generated by the cur-
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rent detection sensor 1s inputted into the main control circuit
section 120A as a high-speed analog input signal ANH.
Concerning whether the indirect multiplexer 1156 1s
included 1n the combination control circuit section 130A or
provided outside of the combination control circuit section
130A as shown i FIG. 1, or whether a voltage control
circuit section of the constant voltage power supply 111 1s
provided inside the combination control circuit section 130A
and only a power transistor portion as a heat generating
component 1s installed on the circuit substrate, these bound-
aries may be changed freely.

The main control circuit section 120A as the integrated
circuit device mainly configured by a microprocessor CPU
includes, for example, a non-volatile program memory 121
as a tlash memory, a data memory 122 as one area of the
program memory 121 or another non-volatile memory
capable of performing electrical reading/writing, a volatile
RAM memory 123, a high-speed AD converter 124, a
multi-channel AD converter 125, a first PS converter 127 for
downlink communication and a second SP converter for
uplink communication 128. The high-speed AD converter
124 includes AD conversion circuits and builer memories so
as to correspond to one channel or plural input channels and
not having a selection switching circuit for plural input
channels. When there 1s the high-speed analog sensor 103,
the high-speed analog input signal ANH thereot 1s inputted,
and when there 1s the above-described current detection
sensor, the analog signal thereot 1s inputted to another 1nput
channel. One low-speed analog mnput signal ANL selected
by the indirect multiplexer 1156 1s inputted to a specific
input channel which 1s one of the high-speed AD converter
124 and a later-described multi-channel AD converter 125.

The multi-channel AD converter 125 1s a successive
conversion type having a built-in multiplexer 12355 (see FIG.
2) to be the selection switching circuit for the plural mput
channels, in which the medium-speed analog 1nput signals
ANM are mputted to respective mput channels and one
low-speed analog mput signal ANL selected by the indirect
multiplexer 1155 1s 1mputted to the specific input channel
which 1s one of the high-speed AD converter 124 and the
multi-channel AD converter 1235. The above high-speed AD
converter 124 may be a type 1n which successive conversion
1s performed to plural input channels through a built-in
multiplexer not associated with the user, and digital conver-
sion values are automatically stored in buller memories
corresponding to respective mput channels. Boundaries for
determining the high-speed analog sensor 103, the medium-
speed analog sensor 104 and the low-speed analog sensor
105 are roughly divided by required detection responsive-
ness, and 1t 1s no matter that low-speed operation 1s handled
as medium-speed operation as well as medium-speed opera-
tion 1s handled as high-speed operation, and boundaries may
be divided into groups by setting places of sensors or the
configuration of wire harnesses.

The combination control circuit section 130A as the
integrated circuit device mainly configured by a logic con-
trol circuit section SCNT includes a correct answer data
register 131, a high-speed output register 132 storing the
high-speed indirect drive signal DOB by a first downlink
data DNDO0, a low-speed output register 133 storing the
low-speed indirect drive signal DOC by a second downlink
data DND1, a constant setting register 134 which 1s mnitially
set by the second downlink DND1 at the time of starting
operation, storing a control constant as a variable constant
which may be corrected by learming during the operation, a
selection register 133 storing selection data to be a channel
selection signal CSL with respect to the indirect multiplexer




US 10,385,796 B2

9

1156 by the first downlink data DNDO or the second
downlink data DNDJ1, a question register 136q storing plural
question data, in which any of questions 1s 1rregularly
selected and replied periodically by the uplink communica-
tion data UPD, an answer register 136 storing answer data

transmitted by the second downlink data DND1, a first SP

converter 137 for downlink communication, a second PS
converter 138 for uplink communication and an 1nput gate
139 to which an indirect mput signal DIL by the indirect
opening/closing sensor 106 1s mputted and replied periodi-
cally by the uplink communication data UPD. As constants
of the constant setting register 134, for example, there are
delay abnormality determination time for determining
response delay ol answer data with respect to question data,
abnormality determination time of a not-shown watchdog
timer for monitoring a watchdog signal generated by the
main control circuit section 120A. These control constants
are stored 1n the program memory 121 of the main control
circuit section 120A so as to correspond to the vehicle type,
which are transferred to the combination control circuit
section 130A at the time of starting operation.

The question data with respect to the main control circuit
section 120A 1s transmitted from the combination control
circuit section 130A, however, all the uplink communication
data UPD transmitted from the combination control circuit
section 130A to the main control circuit section 120A 1s
collectively expressed as reply data. Moreover, The first PS
converter 127 includes a two-wire differential driver 1n
which logic levels are mutually inverted, and the first SP
converter 137 includes a two-wire differential receiver con-
necting to the differential driver. The main control circuit
section 120A transmits a downlink clock signal CLD
through a not-shown two-wire diflerential driver, and the
combination control circuit section 130A receives the down-
link clock signal CLD through a not-shown two-wire dii-
ferential receiver. Moreover, the main control circuit section
120A transmits a transmission start instruction signal STD
which 1s described later 1n FIG. 3 to the combination control
circuit section 130A, and the combination control circuit
section 130A replies the uplink communication data UPD
which will be described later 1n FIG. 3 to the main control
circuit section 120A, however, each of the transmission start
instruction signal STD and the uplink communication data
UPD 1s one logic signal line for reducing the number of
signal lines.

Next, FIG. 2 as a partial detailed block diagram of FIG.
1 will be explamned. In FIG. 2, the medium-speed analog
sensor 104 generates, for example, seven analog detection
signals, which are inputted in parallel into the built-in
multiplexer 1256 1n the main control circuit section 120A
through the first analog input interface circuit 114q in the
clectronic control unit 100A. The low-speed analog sensor
105 generates, for example, sixteen analog detection signals
and selected one signal 1s 1mputted into the specific input
channel of the built-in multiplexer 1256 1n the main control
circuit section 120A through the second analog input inter-
face circuit 115a and the indirect multiplexer 11556 1n the
clectronic control unit 100A. When digital conversion data
of the medium-speed analog signal ANM 1s necessary, the
microprocessor CPU transmits the channel selection signal
to the built-in multiplexer 1255, then, transmits an AD
conversion instruction to the multi-channel AD converter
125, and reads digital conversion data from a bufler memory
125a and stores the data 1n the RAM memory 123 when an
AD conversion completion signal i1s recerved from the
multi-channel AD converter 125.
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When digital conversion data of the low-speed analog
signal ANL 1s necessary, the microprocessor CPU first
transmits selection data to the selection register 135 1n the
combination control circuit unit 130A, outputs the channel
selection signal to the indirect multiplexer 11556, subse-
quently transmits a specific mput channel selection signal
such as “0” channel to the built-in multiplexer 1255, sub-
sequently transmits the AD conversion instruction to the
multi-channel AD converter 125, reads out digital conver-
sion data from the bufler memory 125q and stores the data
in the RAM memory 123 when receiving the AD conversion
completion signal from the multi-channel AD converter 125.
The indirect opening/closing sensor 106 generates, for
example, [ detection signals, and eight

sixteen on/ofl
SV-based non-contact signals of them are mnputted into the
input gate 139 in the combination control circuit section
130A via mnput terminals which are common to eight signals
of sixteen signals of low-speed analog sensor 105 with mput
signal voltages of 0 to 5V through a 5V-based second digital
interface circuit 116a. The remaining eight signals of the
indirect opening/closing sensor 106 are inputted to the mput
gate 139 1n the combination control circuit section 130A via
dedicated input terminals through the second digital inter-
face circuit 116a which converts DC12V-based on/ofl sig-
nals nto the DC3V-based signal.

The analog input signals or the on/oil input signals of one
of the low-speed analog sensor 105 and the indirect opening/
closing sensor 106 are inputted to the eight common 1nput
terminals, thereby adjusting occurrence of excess and defi-
ciency in the number of signals 1n the low speed analog
sensor 105 and the indirect opening/closing sensor 106
according to the vehicle type. However, there 1s an advan-
tage that responsiveness 1s improved more 1n a case where
the on/ofl signals are received as the low-speed analog
signals ANL rather than received by the uplink communi-
cation data UPD from the combination control circuit sec-
tion 130A and the on/ofl state 1s determined based on values
of digital conversion data. In the embodiment, the imndirect
opening/closing sensor 106 connected to the common 1nput
terminals generates 5V-based non-contact signals, however,
it 1s no matter that the signals are 12V-based on/ofl signals
as long as input resistance of the second analog input
interface circuit 1154 1s increased. In the case of the high-
speed AD converter 124, the built-in multiplexer 12556 does
not exist as described above, and there are the AD conver-
sion circuits and the buller memories which store digital
conversion values thereof so as to correspond to respective
input channels. The mlcroprocessor CPU reads out the
contents by designating the bufler memory corresponding to
the 1nput channel.

Next, actions and operations of the onboard electronic
control unit according to Embodiment 1 of the present
invention which 1s configured as shown 1 FIG. 1 and FIG.
2 will be explained 1n detail based on timing charts shown
in FIG. 3 and FIG. 4 and flowcharts shown 1in FIG. 5A, FIG.
5B, FIG. 6A, FIG. 6B and FIG. 6C.

First, in FIG. 1 and FIG. 2, when a not-shown power
switch 1s closed, the microprocessor CPU 1n the main
control circuit section 120A starts operations, and the direct
load 108a directly controlled by the main control circuit
section 120 A, the high-speed load 1085 and the indirect load
109 of low-speed operations indirectly controlled through
the combination control circuit section 130A are drive-
controlled 1n accordance with operation states of the direct
opening/closing sensor 102, the high-speed analog sensor
103 and the medium-speed analog sensor 104 which are
directly mputted into the main control circuit section 120A,
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operation states of the low-speed analog sensor 105 and the
indirect opening/closing sensor 106 indirectly mnputted to the
main control circuit section 120A in association with the
combination control circuit section 130A and the contents of
input/output control programs stored 1 the program
memory 121.

The combination control circuit section 130A indirectly
drives the high-speed load 1085 and the indirect load 109 by
the downlink communication data DND from the main
control circuit section 120A, selects the channel of the
indirect multiplexer 1156 and mitially sets the control con-
stants with respect to the constant setting register 134,
thereby rewriting and correcting the control constants timely
in accordance with learning results during operation. The
contents of the low-speed output register 133, the constant
setting register 134 and the selection register 135 which are
written by the downlink communication data DND from the
main control circuit section 120A, on/ofl data by the indirect
iput signal DIL from the indirect opening/closing sensor
106 and question data generated by the combination control
circuit section 130A are periodically replied to the main
control circuit section 120A by the uplink communication
data UPD, and the downlink communication data DND from
the main control circuit section 120A includes answer data
with respect to the question data.

The question data generated by the combination control
circuit section 130A corresponds to questions of four arith-
metic operations, for example, by given formulas with
respect to given numerals. The main control circuit section
120A transmits calculation results as answer data. The
combination control circuit section 130A determines
whether the main control circuit section 120A normally
operates or not by comparing correct answer data stored 1n
the correct answer data register 131 with the answer data
transmitted from the main control circuit section 120A. The
question register 136a stores plural question data, and the
combination control circuit section 130A irregularly selects
and adopts the questions. A time limit for waiting for the
answer 1s, for example, 100 msc, and the same question 1s
repeated during the period, and next question data 1s adopted
when the time limit 100 msec passes.

Next, FIG. 3 showing the details of the downlink com-
munication data DND will be explained. FIG. 3(A) shows a
wavetorm of the transmission start istruction signal STD
transmitted from the main control circuit section 120A to the
combination control circuit section 130A. When the logic
level 1s “H”, the downlink communication 1s invalid. When
the logic level 1s changed from “H” to “L”, the main control
circuit section 120A starts transmission of the downlink
communication data DND, and the communication control
circuit section 130A starts receiving the data. FIG. 3(B) 1s a
wavelorm of the downlink clock signal CLD of, for
example, 40 MHz transmitted from the main control circuit
section 120A to the combination control circuit section
130A. The logic levels of the transmission start instruction
signal STD and the downlink communication data DND are
changed 1n synchronization with the operation of the down-
link clock signal CLD.

FI1G. 3(C) shows a configuration of the first downlink data
DNDO 1n the downlink communication data DND, and an
initial bit 1s a selection bit S showing that the following
32-bi1t transmission data 1s the first downlink data DNDQO, for
example, the logic level of which 1s “L”". The first 24-bit 1n
the 32-bit data corresponds to the on/ofl mstruction signal
transmitted to the high-speed output register 132 1n the
combination control circuit section 130A, and the following
8-bit corresponds to selection data to be transmitted to the
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selection register 135. Accordingly, the high-speed load
1085 of 24 points or less can be driven, however, part of the
indirect load 109 may be driven when the high-speed load
1085 1s small. FIG. 3(D) shows a configuration of the second
downlink data DND1 transmitted continuously from the first
downlink data DNDO0, and an initial bit 1s a selection bit S
showing that the following 32-bit transmission data 1s the
second downlink data DND1, for example, the logic level of
which 1s “H”. The first 3-bit in the 32-bit data corresponds
to later-described command data, and the following 5-bit
corresponds to address data indicating a number of a cor-
responding register, the following 8-bit corresponds to
checksum data for checking codes and the following 16-bit
corresponds to transmission data with respect to the low-
speed output register 133, anyone of plural constant setting
registers 134 or the answer register 136 designated by the
address data.

Consequently, when a write command 1s selected by
designating the selection register 135 as the address data,
selection data can be transmitted also by the second down-
link data DND1, and selection data 1n the first downlink data
DNDO 1s not necessary in this case. The 8-bit checksum data
1s configured by, for example, binary-adding high order 8
bits and low order 8 bits 1n 16-bit transmission data and
adding a carry bit, 11 1t exists, to the least significant bit. The
reason why the checksum data i1s provided on the second
downlink data DND1 side 1s to prevent occurrence of
uncorrectable state of error data for a long period of time
until uvpdate data i1s transmitted in the case where the
frequency of transmission to the setting register 134 or the
low-speed output register 133 1s low and error data 1s stored
due to noise malfunction. In response to the problem, the
same data 1s transmitted again at each predetermined period
even when there 1s no change 1n the contents of transmission
data. In Embodiments 2, 4, the combination control circuit
section generates a read request signal REQ to the main
control circuit section when a sumcheck error occurs 1n
transmission data.

FIG. 3(E) shows the contents of 3-bit command data.
When an instruction code number 1s “000”, the contents of
the second downlink data DND1 indicate an invalid instruc-
tion which can be 1gnored in the combination control circuit
section 130A. When an instruction code number 1s “100”,
the contents indicate a write instruction with respect to the
register of the designated address. When an 1nstruction code
number 1s “101”, the contents indicate a read instruction
with respect to the register of the designated address. When
an 1nstruction code number 1s “1107, the contents indicate a
register batch read instruction for continuously reading the
contents of the low-speed output register 133, all the plural
constant setting registers 134, the selection register 135 and
the answer register 1365 in the prescribed order, and an
instruction code number “111” corresponds to an uplink
reply stop instruction. When uplink communication 1s
started by the register batch read instruction, and the reply
stop 1nstruction 1s generated during reply operation, replied
data becomes valid and the reply operation 1s stopped with
unreplied data remained. When uplink communication 1s
started by the register batch read instruction, and the read
istruction in a register address unit occurs during reply
operation, the replied data becomes valid and the batch reply
operation 1s stopped with unreplied data remained, then,
uplink communication based on the read instruction 1n the
register address unit 1s started.

Next, FIG. 4 showing the entire configuration of the
downlink communication data DND and the uplink com-
munication data UPD will be explamned. In FIG. 4, the
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transmission start instruction signal STD 1s periodically
generated, for example, at a period Td of 2.5 usec, and the
first downlink data DNDO and the second downlink data
DND1 are transmitted as a pair during the period. The
command data and the address data of the second downlink
data DND1 are variously updated, and when the batch
reading command or the register address unit read nstruc-
tion 1s transmitted, the communication control circuit sec-
tion 130A which has received the command starts uplink
communication after a minute delay time T0. The uplink
communication data UPD 1s configured by data of 80 frames
at the maximum, in which one frame includes a start bit with
the logic level “L”, a parity bit and 3-bit as a stop bit with
the logic level “H” with respect to 8-bit of the minimum unat.
The data of 1040 bits 1n total 1s replied by a clock signal of
2.5 MHz obtained by dividing the downlink clock signal
CLD by V16, and the maximum time necessary for reply Tm
1s approximately 0.4 msec. However, the read instruction 1s
generated so that the period Tu=2 to 5 msec as the frequency
ol occurrence of uplink communication.

Next, FIG. 5A, FIG. 5B and FIG. 5C as flowcharts
showing communication control operations on the main
control circuit section 120A side will be explained. A step
500 of FIG. 5A 1s a step 1n which the microprocessor CPU
of the main control circuit section 120A starts downlink and
uplink communication control operations. A step 310 of
FIG. 5B 1s a step in which the first PS converter 127 starts
the transmission control operation. A step 501 continued
from Step 500 1s a determination step 1n which whether a
transmission start time in the given period comes or not, or
whether the transmission has already started or not 1s
determined. When the transmission start time comes or the
transmission has already started, determination of YES 1s
made and the process proceeds to a step 502. When it 1s not
in the transmission start time and the previous transmission
has ended, determination of NO 1s made and the process
proceeds to a step 371. In the step 502 and a subsequent step
503, the first downlink data DNDO and the second downlink
data DND1 are written to the bufler memories of the first PS
converter 127, and 1n a subsequent step 504, the transmis-
sion start instruction signal STD 1s generated. A step 511
continued from the step 510 1s a waiting step in which
whether the transmission start instruction signal STD has
been generated by the step 504 1s determined. When the
signal 1s not generated, determination of NO 1s made and the
process proceeds to a step 519 of transmission end, then, the
process immediately returns to the transmission start step
510 and returns to the step 511 again.

When determination of YES 1s made 1n the step 511, the
process sequentially proceeds to a step 512 and a step 513,
and the first downlink data DND0 and the second downlink
data DNDJ1 stored in the buller memories by the step 502
and the step 503 are transmitted from the first PS converter
127. In a subsequent step 514, whether data of the given
number of bits has been transmitted or not 1s determined.
When the transmission 1s not completed, determination of
NO 1s made and the process 1s returned to the step 512.
When the transmission ends, determination of YES 1s made
and the process proceed to a transmission end step 519. In
the transmission end step 519, the process proceeds to the
transmission start process 510 immediately, and regenera-
tion of a next transmission start instruction signal STD 1s
waited 1n the step 511. On the other hand, in a step 505
continued from the step 504, whether the downlink com-
munication period at this time has been completed or not 1s
determined. When the period 1s not completed, determina-
tion of NO 1s made and the process proceeds to the step 571.
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When the period 1s completed, determination of YES 1is
made and the process proceeds to a step 506.

In the step 506, the transmission start mstruction signal
STD generated 1n the step 504 1s stopped, and in the
subsequent step 371, whether there 1s a record of generating
the read instruction or not 1n the step 503 i1s determined.
When the read instruction i1s generated or has been gener-
ated, determination of YES 1s made and the process proceeds
to a step 572. When the read instruction 1s not generated,
determination of NO 1s made and the process proceeds to an
operation end step 579. In the step 572, a reception instruc-
tion of the uplink communication data UPD 1s generated
with respect to the second SP converter 128 and the process
proceeds to a step 573. On the other hand, a step 560 of FIG.
5C 1s a step of starting a control operation 1n which the
second SP converter 128 receives the uplink communication
data UPD. A subsequent step 561 1s a waiting step 1n which
whether a reception 1nstruction i1s generated or not by the
process 572 1s determined. When the instruction i1s gener-
ated, determination of YES 1s made and the process proceeds
to a step 562. When the instruction 1s not generated, deter-
mination of NO 1s made and the process proceeds to a
reception end step 569, then, the process returns to the step
561 immediately via the reception start process 560.

In the step 562, the uplink communication data UPD 1s
sequentially received and stored in bufler memories. In a
subsequent step 563, whether the reception of the uplink
communication data UPD of the given number of bits 1s
completed or not 1s determined. When the reception 1s not
completed, determination of NO 1s made and the process
returns to the step 562. When the reception 1s completed,
determination of YES 1s made and the process proceeds to
a reception end step 569. On the other hand, 1n the step 573,
whether the reception of the uplink communication data
UPD 1s completed or not 1s determined. When the reception
1s not completed, determination of NO i1s made and the
process proceeds to an operation end step 379. When the
reception 1s completed, determination of YES 1s made and
the process proceeds to a step 574. In step 574, the recerved
uplink communication data UPD 1s transferred and written
from the bufler memory of the second SP converter 128 to
the RAM memory 123. In a subsequent step 575, uplink data
reception nstruction stored in the step 372 1s cancelled and
the process proceeds to the operation end step 579. In the
operation end step 579, another control program 1s executed
and the process returns to the operation start step 500 before
a next downlink communication 1s started. When determi-
nation of the step 573 1s No, many uplink communications
are executed while control operations from the operation
start step 500 to the operation end step 579 are repeated,
alter that, determination of the step 573 i1s changed to YES.

Next, FIG. 6A, FIG. 6B and FIG. 6C as flowcharts
showing communication control operations on the combi-
nation control circuit section 130A side will be explained. A
step 600 of FIG. 6A 1s a step of starting operations in the
case where control operations performed by the logic control
circuit SCNT 1n the combination control circuit section
130A are expressed 1n the tlowchart. A step 610 of FIG. 6B
1s a step 1n which the first SP converter 137 starts reception
of downlink data. In a step 611 continued from the step 610,
whether the transmission start instruction STD generated by
the main control circuit section 120A 1s received or not 1s
determined. When determination of YES 1s made, the pro-

cess proceeds to a step 612 and a step 613 sequentially, and
the first downlink data DNDO and the second downlink data
DND1 transmitted 1n the step 512 and the step 513 of FIG.

5B are received and written in the bufter memories in the
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first SP converter 137. In a subsequent step 614, whether the
reception of data of the given number of bits 1s completed or
not 1s determined. When the reception 1s not completed,
determination of NO 1s made and the process returns to the
step 612. When the reception 1s completed, determination of
YES 1s made and the process proceeds to a reception end
step 619. In the reception end step 619, the process imme-
diately proceeds to the reception start step 610 and reception
of a next transmission start mstruction signal STD 1s waited
in the step 611.

On the other hand, a step 601 continued from the step 600
1s a determination step 1n which whether the reception of
downlink data at this time has been completed or not is
determined by the reception completion signal generated by
the first SP converter 137. When the reception 1s completed,
determination of YES 1s made and the process proceeds to
a step 602. When the reception 1s not completed, determi-
nation of NO 1s made and the process proceeds to a step
607a. In a step 603 continued from the step 602, the first
downlink data DND0 and the second downlink data DND1
are read from the buller memories of the first SP converter
137 and are stored in given resisters, then, the process
proceeds to a step 607a. In the step 607a, when answer data
1s stored 1n the answer register 1365 1n the step 603, correct
answer data corresponding to the previous question data 1s
extracted from the correct answer data register 131, which 1s
compared with the answer data at this time to determine
whether the main control circuit section 120A has been
normally operated. In a subsequent step 6075, a period of
time from the generation of question data until the answer
data corresponding to the question data i1s obtamned 1is
measured, thereby determining the presence of an answer
delay. In the case where abnormality determination 1n the
step 607a and the step 6075b occurs plural times, determi-
nation of abnormality occurrence verification 1s made, and
the microprocessor CPU 1s mitialized and restarted by a
not-shown dedicated signal line. In a subsequent step 608a,
next question data 1s wrregularly selected and determined
from the question register 136a. In a subsequent step 6085,
whether a given question update period has passed from the
previous update of question data or not 1s determined, and
question data to be replied 1n a next uplink communication
1s determined.

In a step 671a continued from the step 6085, whether a
read 1nstruction 1s included in stored data in the step 603 1s
determined. When the read instruction has been receirved,
determination of YES i1s made and the process proceeds to
a step 6715. When the read instruction has not been gener-
ated, determination of NO 1s made and the process proceeds
to an operation end step 679. In the step 6715, whether a
reply stop instruction is included 1n stored data in the step
603 or not 1s determined. When the stop instruction has not
been received, determination of NO 1s made and the process
proceeds to a step 672. When the stop instruction 1s received,
determination of YES 1s made and the process proceeds to
an operation end step 679. In the step 672, the uplink
communication data UPD 1s transferred and written in the
bufler memory of the second PS converter 138, and 1 a
subsequent step 673, a reply start instruction 1s generated
and the process proceeds to the operation end step 679. In
the operation end step 679, the process proceeds to the
operation start step 600 immediately.

On the other hand, a step 660 of FIG. 6C 1s a step in which
the second PS converter 138 starts the control operation of
replying the uplink commumnication data UPD. A subsequent
step 661 1s a waiting step 1n which whether the reply start
instruction 1s generated by the step 673 or not 1s determined.
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When the instruction 1s generated, determination of YES 1s
made and the process proceeds to a step 662. When the
instruction 1s not generated, determination of NO 1s made
and the process proceeds to a reply end step 669 and returns
to the step 661 immediately via the reply start step 660. In
the step 662, the uplink communication data UPD 1s sequen-
tially replied, and 1n a subsequent step 663, whether the
reply uplink communication data UPD of the given number
of bits 1s completed or not 1s determined. When the reply 1s
not completed, determination of NO 1s made and the process
returns to the step 662. When the reply 1s completed,
determination of YES 1s made and the process proceeds to
the reply end step 669.

As apparent from the above explanation, the onboard
clectronic control umt 100A according to Embodiment 1 of
the present invention includes the main control circuit
section 120A as an integrated circuit device mainly config-
ured by the microprocessor and the combination control
circuit section 130A provided in the outside of the main
circuit control circuit section and performing communica-
tion of serial signals with each other, which work together.
The main control circuit section 120A 1s configured to
drive-control plural electronic loads 189 part of which 1s
directly connected to the main control circuit section 120A,
or remaining part or all thereot 1s indirectly connected to the
combination control circuit section 130A 1n accordance with
respective operation states of the direct input signals directly
connected to the main control circuit section not in associa-
tion with the combination control circuit section 130A and
indirect input signals associated with the combination con-
trol circuit section 130A. The downlink communication data
DND transmitted from the main control circuit section 120A
to the combination control circuit section 130A includes the
first downlink data DNDO0 with a fixed address and the
second downlink data DND1 with a vanable address as a
pair, which 1s periodically transmitted 1n series based on the
transmission start istruction signal STD and the downlink
clock signal CLD generated by the main control circuit
section 120A. In the plural electrical loads 189, the high-
speed load 1085 which 1s necessary to be controlled at high
frequency receives the high-speed indirect drive control by
the first downlink data DNDO periodically transmitted every
time, and the indirect load 109 which 1s not necessary to be
controlled every time by the first downlink data DNDO0 and
1s controlled at low frequency receives the low-speed indi-
rect drive control by the second downlink data DNDI1 in
which the transmission target 1s changed by the designated
address even when transmitted every time.

In the case where there 1s room 1n the number of signals
of the first downlink data DNDO0 in comparison with the
number of loads of the high-speed load 1085, part or all of
the mdirect load 109 may be controlled by the first downlink
data DNDO,

the main control circuit section 120A further includes at
least one of the high-speed AD converter 124 to which the
high-speed analog sensor 103 outputting analog signals as
part of the direct input signals 1s connected and the multi-
channel AD converter 125 to which the medium-speed
analog sensor 104 1s connected,

the low-speed analog sensor 105 outputting analog sig-
nals as part of the indirect input signals 1s connected to the
multi-channel AD converter 125 or the high-speed AD
converter 124 through the indirect multiplexer 1155, and the
indirect multiplexer 1155 selects one of the plural analog
input channels by selection data transmitted by the selection
register 135 1n the combination control circuit section 130A
by the downlink communication data DND.
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The main control circuit section 120A performs drive
control of plural electrical loads 189 directly or indirectly
through the combination control circuit section 130A in
accordance with the on/ofl states of plural opening/closing
sensors and signal voltage levels of plural analog sensors,

the combination control circuit section 130A 1s mainly
configured by the logic control circuit SCNT,

the opening/closing sensors include the direct opening/
closing sensor 102 directly inputted to the main control
circuit section 120 A and the indirect opening/closing sensor
106 indirectly inputted to the main control circuit section
120A 1n association with the combination control circuit
section 130A, and

the analog sensors include the high-speed analog sensor
103 directly inputted to the main control circuit section
120A, the low-speed analog sensor 105 indirectly mputted
to the main control circuit section 120A 1n association with
the combination control section 130A and the medium-speed
analog sensor 104 1n which variation 1n signal voltage levels
1s gentler than the high-speed analog sensor 103 and varia-
tion 1n signal voltage levels i1s steeper than the low-speed
analog sensor 105, and

the medium-speed analog sensor 104 1s directly mputted
to the main control circuit section 120A.

Then, while the main control circuit section 120A trans-
mits the downlink commumnication data DND 1n series to
plural registers provided in the combination control circuit
section 130A through the first PS converter 127 and the first
SP converter 137, the combination control circuit section
130A replies the uplink communication data UPD 1n series
to the main control circuit section 120A through the second
PS converter 138 and the second SP converter 128,

the first downlink data DNDO0 1s a write-only command
transmitted every time to the high-speed output register 132
in a specific address area in the registers, which includes
on/oil data of plural bits to be the high-speed indirect drive
control signal DOB as transmission data,

the high-speed load 10856 which 1s part or all of the plural
clectrical loads 189 and which requires at least highly
accurate on/ofl control timing 1s indirectly driven at high
speed by the on/ofl data,

the second downlink data DND1 includes command data
and address data, writing on/ofl data of plural bits to be the
low-speed indirect drive control signal DOC to the low-
speed output register 133 designated by address data or
writing numeral data as control constants imtially set or
variably set with respect to the constant setting register 134
when the command data 1s a write instruction,

the indirect load 109 as part of the plural electrical loads
189 1s indirectly driven by the low-speed indirect drive
control signal DOC, and

the on/off signals by the indirect opening/closing sensor
106 are replied from the combination control circuit section
130A to the main control circuit section 120A by the uplink
communication data UPD.

As described above, according to claim 2 of the present
invention, the on/ofl signals of the opening/closing sensor as
part of indirect input signals are replied from the combina-
tion control circuit section to the main control circuit section
by the uplink communication data, and the analog signal
voltage by the indirect analog sensor as another part of the
indirect input signals 1s 1ndirectly inputted to the main
control circuit section in association with the combination
control circuit section, not depending on the uplink com-
munication data.

Accordingly, many opening/closing sensors not requiring
high-speed response are indirectly connected to the combi-
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nation control circuit section side, thereby reducing the
number of input signals with respect to the main control
circuit section as well as largely suppressing the data amount
of uplink communication and shortening the necessary time
of uplink communication as 1t 1s not necessary to transmit
digital conversion values of all analog mput signals by
uplink commumication data, and further, i1t 1s not necessary
to provide the multi-channel AD converter in the combina-
tion control circuit section.

The selection data transmitted to the selection register 135
provided 1n the combination control circuit section 130A 1s
for selecting a signal from plural low-speed analog 1nput
signals ANL inputted from the low-speed analog sensor 105
by the indirect multiplexer 11556 and inputting the signal into
the specific input channel of the multi-channel AD converter
125 or the high-speed AD converter 124 provided in the
main control circuit section 120A,

the multi-channel AD converter 125 1s a successive con-
version type converter including the built-in multiplexer
1256 to be a selection switching circuit of plural input
channels, and when there 1s the medium-speed analog sensor
104, the medium-speed analog input signals ANM are
inputted to respective input channels other than the specific
input channel, and

the high-speed AD converter 124 includes respective AD
converters and buller memories so as to correspond to one
channel or plural input channels, which belongs to a type 1n
which mput selection instructions for the plural input chan-
nels are not necessary, and when there 1s the high-speed
analog sensor 103, the high-speed analog 1nput signals ANH
are mputted to respective input channels other than the
specific input channel.

As described above, according to claim 3 of the present
invention, the plural low-speed analog input signals inputted
from the low-speed analog sensor are inputted to the multi-
channel AD converter or the high-speed AD converter
provided 1n the main control circuit section through the
indirect multiplexer, and the indirect multiplexer selects the
analog 1nput channel by selection data transmitted from the
main control circuit section.

Accordingly, 1t 1s not necessary to transmit the digital
conversion values of the low-speed analog input signals by
the uplink communication data, therefore, the data amount
in the uplink communication 1s largely suppressed and the
necessary time for the uplink communication can be short-
ened, and further, 1t 1s not necessary to provide the multi-
channel AD converter in the combination control circuit
section, therefore, the low-speed analog input signals can be
taken 1nto the main control circuit section with a small size
inexpensively. As the low-speed analog input signal does not
depend on the uplink communication, the signals can be
taken 1nto the main control circuit section with processing
time equivalent to the medium-speed analog input signals.

For example, the number of medium-speed analog 1nput
signals 1s 15 points at the maximum, and the number of
low-speed analog input signals 1s 8 points at the maximum
in related art, however, the number of medium-speed analog
input signals directly mputted to the main control circuit
section 1s reduced such that the number of medium-speed
analog input signals 1s 7 points at the maximum and the

number of low-speed analog input signals 1s 16 points at the
maximum, thereby reducing the number of mnput terminals
of the main control circuit section, reducing the size and
improving high-speed processing performance.
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The same applies to Embodiment 2.

The combination control circuit section 130A further
includes the mput gate 139 to which the on/off signals
inputted from the indirect opening/closing sensor 106 are
inputted,

the uplink communication data UPD further includes the
on/ofl signals of the indirect opening/closing sensor 106
obtained from the mput gate 139,

the mput terminals of the low-speed analog sensor 105
and the mput terminals of the indirect opening/closing
sensor 106 are individually provided, or at least part of 1input
terminals are common terminals.

As described above, according to claim 5 of the present
invention, mput terminals of the low-speed analog sensor
and the indirect opening/closing sensor are individual ter-
minals or common terminals and the on/off signals of the
indirect opeming/closing sensor are reported and replied to
the main control circuit section by the uplink communica-
tion data through the mput gate.

Accordingly, 1n the case where the number of low-speed
analog sensors 1s large and the number of indirect opening/
closing sensors 1s small, or in the 1nverse case, 1t 1s possible
to monitor the mput by the small number of mput terminals
and respond to various specifications of peripheral nput
without increasing the number of input terminals of the main
control circuit section. The same applies to later-described
Embodiments 2 to 4.

Any one of part of on/ofl signals from the indirect
opening/closing sensor 106 or part of low-speed analog
inputs from the low-speed analog sensor 105 1s connected to
the common terminals,

the microprocessor CPU provided in the main control
circuit section 120 A monitors digital conversion values with
respect to signal voltages of analog mput channels to which
the on/off signals are inputted, determining that an on/ofl
signal 1s 1n on-state when the digital conversion value 1s
equal to or more than a second threshold which 1s higher
than a first threshold, and determining that an on/off signal
1s 1n ofl-state when the digital conversion value 1s equal to
or less than the first threshold.

As described above, according to claim 6 of the present
invention, part of the on/ofl signals of the indirect opening/
closing sensor 1s taken by the main control circuit section as
the low-speed analog input signals, not depending on the
uplink communication data, and the state of the on/ofl
signals can be determined by performing digital conversion
of the signals.

Therefore, even when the frequency of uplink communi-
cation of replying the on/ofl state of the indirect opening/
closing sensor i1s reduced, the on/ofl state of the indirect
opening/closing sensor which 1s desired to be monitored
urgently can be determined immediately by monitoring the
analog 1nput signal corresponding to the state.

The same applies to later-described Embodiments 2 to 4.

The command data included 1n the second downlink data
DND1 further includes at least one of the register batch read
instruction, the uplink reply stop mstruction and the register
address unit read 1nstruction,

the register batch read instruction is a read instruction for
reporting and replying the stored contents of plural registers
provided in the combination control circuit section 130A at
a time 1n the prescribed order, not depending on the address
data,

the register address unit read instruction 1s a read instruc-
tion for reporting and replying the stored contents of the
resister of the designated address provided in the combina-
tion control circuit section 130A based on the address data
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attached to the command data, and when the register address
unmt read 1nstruction 1s generated 1n the uplink communica-
tion period i which batch reading 1s performed by the
register batch read instruction, the uplink reply 1s suspended
and the register address unit read 1nstruction 1s executed and
started after the data which has been already replied 1s made
valid 1n the main control circuit section 120A, and

the uplink reply stop instruction i1s an instruction for
suspending the uplink reply and making the data which has
been already replied valid 1n the main control circuit section
120A.

As described above, according to claim 7 of the present
invention, the second downlink data includes the register
batch read instruction and the uplink reply stop instruction
or the register address unit read instruction as command
data.

Therefore, batch reading of stored data 1n the combination

control circuit section side 1s periodically performed by the
register batch read instruction 1n the normal state. When
specific stored data 1s desired to be urgently read from the
main control circuit section side, the uplink reply is sus-
pended once, and the batch read instruction 1s generated
again, thereby reading the desired stored data promptly. As
the desired data can be obtained by transmitting the read
instruction by designating an address of required data, it 1s
desirable to perform the low-speed uplink communication
even when the time necessary for batch report reply of the
entire data becomes long, thereby reducing the burden 1n
communication control.
The same applied to later-described Embodiments 2 to 4.
The combination control circuit section 130A includes the
question register 136a for storing plural question data for
periodically monitoring the operation state of the main
control circuit section 120A, the answer register 1365 for
storing answer data from the main control circuit section
120A with respect to the question register 1365, and the
correct answer data register 131 storing answer data corre-
sponding to respective question data,

the uplink communication data UPD includes the ques-
tion data, and the downlink communication data DND
includes the answer data generated by the main control
circuit section 120A so as to correspond to the question data,

in the question data, one of plural types of question data
stored 1n the question register 136a 1s 1rregularly selected
and adopted, and the question data selected once 1s common
question data with respect to uplink communication data
UPD of plural times,

the combination control circuit section 130A compares
the answer data stored in the answer register 136a with the
contents of the correct answer data register 131 correspond-
ing to the current contents of the question register 136qa
before changing the contents of plural question data to
thereby determine the presence of a control abnormality by
the main control circuit section 120A, and

in the question data, the question contents are updated and
changed after a prescribed time of waiting for the answer
passes, and determination of a communication abnormality
1s made by the combination control circuit section 130A
when an elapsed time from the previous update and change
to the present update and change exceeds a prescribed time.

As described above, according to claim 9 of the present
invention, the combination control circuit section updates
the contents of question information with the prescribed
waiting time for an answer and compares answer data
obtained before the update with correct answer data corre-
sponding to the question data before the update to thereby

determine the presence of an abnormality 1n the main control
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circuit section as well as to determine the communication
abnormality when the update interval of question data 1s too
long.

Therelfore, the determination of an abnormality can be
made when a transmission permission of uplink communi-
cation 1s not obtained or when the transmission of question
data 1s unusually delayed due to suspend processing in the
uplink communication.

The question data included 1n the uplink communication
data UPD 1s set to the same question with respect to uplink
communication of plural times, a next question 1s generated
alter a prescribed period of time passes even when answer
data can be obtained early, thereby eliminating the necessity
of generating answer data frequently in every downlink
communication by the main control circuit section, as a
result, the burden of high-speed control 1s reduced and
high-speed indirect drive control 1s realized.

The same applies to later-described Embodiments 2 to 4.

The command data in the second downlink data DND1
further includes an invalid instruction, and when the com-
mand data 1s the mvalid instruction, the following address
data and attached data with respect to the address data are
ignored 1n the combination control circuit section 130A.

As described above, according to claim 10 of the present
invention, the command data of the second downlink data
has the invalid instruction, and address data and transmis-
s1on data attached to the address data included 1n the second
downlink data can be made 1nvalid.

Accordingly, 1n the second downlink data DNDI1, it 1s
necessary to transmit many initial setting data sequentially
and promptly at the time of starting operation, however,
answer data for periodical monitoring is regularly transmit-
ted at overwhelmingly lower frequency as compare with the
first downlink data DNDO 1n the normal state or low-speed
indirect drive control signals with respect to indirect loads
which scarcely vary are transmitted, therefore, the burden of
high-speed control 1n the main control circuit section 1s
reduced by using the invalid instruction command 1n the
normal state to thereby enable the high-speed indirect drive
control. This applies to later-described Embodiments 2 to 4.

The plural electrical loads 189 further include the direct
load 108a which 1s directly driven by the direct drive control
signal DOA generated by the main control circuit section
120A,

the direct load 108a 1s a motor controlling a throttle valve
opening position, and negative feedback control of the
motor 1s performed by the main control circuit section 120A
in accordance with output signals of the acceleration posi-
tion sensor and the throttle position sensor as the medium-
speed analog sensors 104,

the high-speed load 10856 1s an electromagnetic coil for
driving an solenoid valve for fuel injection or an 1gnition coil
in a multi-cylinder onboard engine, and the these high-speed
load 1086 perform control of drive or stop in accordance
with a crank angle sensor as the direct opening/closing
sensor 102 within an error range of 1 degree or less of the
crank angle,

the indirect load 109 1s a motor for a pump, an electro-
magnetic clutch, auxiliary machines typified by the solenoid
valve, a heater for exhaust gas or an electromagnetic relay
for a load power supply, and part or all of them may be
included in the high-speed load 10856, and

the transmission period of the downlink communication
data DND 1s 2 to 5 usec and a preferred typical value 1s 2.5
usec, whereas, the reply period of the uplink communication
data UPD 1s 2 to 5 msec and a preferred typical value of a
necessary time for one reply 1s 0.4 msec.
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As described above, according to claim 11 of the present
invention, the present invention 1s applied to the onboard
engine control unit, and the transmission time of the down-
link communication data 1s determined 1n association with
the minimum signal width of the crank angle sensor, and the
transmission period of the uplink communication data 1s
determined 1n association with the mimimum time necessary
for 12 rotation of the engine.

Accordingly, the execution of fuel injection control or
ignition control through the serial communication does not
allect the control accuracy, and the main control circuit
section 1s reduced 1n size and 1ncreased 1n speed by reducing,
the number of output terminals, thereby securing the control
accuracy and obtaining an mexpensive main control circuit
section.

The direct opening/closing sensor of the on/off signals
and respective analog sensors are inputted to the main
control circuit section without depending on uplink com-
munication, therefore, the communication speed required in
the uplink communication 1s suppressed and the burden of
communication control 1s reduced.

i

T'he same applies to later-described Embodiments 2 to 4.
The high-speed analog sensor 103 1s a knock sensor for
measuring vibration sound of the engine,

a digital conversion time necessary for the high-speed AD
converter 124 or the multi-channel AD converter 125 to
perform digital conversion of one analog nput signal 1s a
value which 1s equal to or less than the transmission time of
the downlink communication data DND of one time.

As described above, according to claim 12 of the present
invention, the time necessary for digital conversion per one
input of the high-speed AD converter or the multi-channel
AD converter 1s a value equal to or less than the transmission
time of downlink communication data of one time, and the
knock sensor 1s connected to the high-speed AD converter as
the high-speed analog sensor.

Accordingly, the high-speed analog sensor can read out
the digital conversion values at any time even when the
channel designation 1s not performed by selection data. Even
in the medium-speed analog mput signal or the low-speed
analog input signal 1n which the channel selection 15 per-
formed, the digital conversion value of the analog nput
signal designated by the previous downlink communication
can be read out betfore the designated channel 1s changed 1n
the next downlink communication.

The same applies to later-described Embodiments 2 to 4.

Embodiment 2

A configuration 1n FI1G. 7 showing the entire configuration
block diagram of an onboard electronic control unit accord-
ing to Embodiment 2 of the present invention will be
explained by focusing on different points from that of FIG.
1. In respective drawings, the same symbols denote the same
or corresponding sections, and principal different points
between FIG. 1 and FIG. 7 are that a main control circuit
section 120B 1s used instead of the main control circuit
section 120A, that a combination control circuit section
130B 1s used instead of the combination control circuit
section 130A and that the combination control circuit section
130B 1s changed from the logic control circuit SCNT to an
auxiliary microprocessor SCPU. Moreover, an abnormality
data register 134¢ 1s added to the combination control circuit
section 130B. When abnormality data 1s stored there, a read
request signal REQ 1s generated with respect to the main
control circuit section 120B by a dedicated line.
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In FIG. 7, an onboard electronic control unit 100B 1s
mainly configured by the main control circuit section 120B
and the combination control circuit section 130B. The power
1s supplied to the onboard electronic control unit 100B from
the external power supply 101 1n the same manner as the
case¢ of FIG. 1. As opening/closing sensors and analog
sensors, plural direct opeming/closing sensors 102, the high-
speed analog sensor 103, plural medium-speed analog sen-
sors 104, plural low-speed analog sensors 105 and plural
indirect opening/closing sensors 106 are inputted, and as
plural electrical loads 189, the direct load 1084, the high-
speed load 1086 and the indirect load 109 are drive con-
trolled.

The constant voltage power supply 111, the first digital
input interface circuit 112, the high-speed analog input
interface 113, the first analog 1input interface circuit 114aq, the
second analog input interface circuit 115a, the indirect
multiplexer 1155, the second digital input 1nterface circuit
116, the direct output interface circuit 118a, the first indirect
output interface circuit 1185 and the second i1ndirect output
interface circuit 119 in the onboard electronic control unit
100B are configured in the same manner as the case of FIG.
1, and the 1nput circuits of the low-speed analog sensor 105
and the indirect opening/closing sensor 106 are configured
in the same manner as FIG. 2. An input/output disconnec-
tion/short-circuit abnormality detection circuit 140 as one of
additional components determines the presence of an abnor-
mality i disconnection or short-circuit in part or all input
wiring of the opening/closing sensors and the analog sensors
or output wiring of plural electrical loads 189, storing the
detected abnormality in a first-in first-out data table by
linking an abnormality category code (whether disconnec-
tion or short-circuit and so on) with an identification number
of the sensor or the load 1n which abnormality occurs as a
pair. The data stored 1n the data table is transierred to the
abnormality data register 134e which i1s one area of the
constant setting register 134 as abnormality detection data
ERR.

When the abnormality detection data ERR 1s stored 1n the
abnormality data register 134e, the combination control
circuit section 1308 generates the read request signal REQ)
and transmits the signal to the main control circuit section
120B through a dedicated signal line, and the main control
circuit section 120B generates a read instruction to obtain
abnormality data promptly by a next uplink communication
data UPD. When the abnormality detection data written 1n
the abnormality data register 134e 1s read out and another
abnormality detection data ERR subsequently occurs, the
abnormality detection data ERR 1s updated and written 1n
the abnormality detection register 134, and the read request
signal REQ 1s generated again. When a downlink commu-
nication abnormality 1s detected by referring to checksum
data 1n the second downlink data DND1 shown 1in FIG. 3(D)
and comparing the data with check sum data in the received
data to determine the presence of an abnormality in the
downlink communication, an abnormality code number and
address data 1n the second downlink data DND1 are written
in the abnormality data register 134e as a pair, 1n addition to
the abnormality of the put/output disconnection/short-
circuit.

Part or all of DC5V-based portions of a constant voltage
control circuit section of the above-described constant volt-
age power supply 111, the first digital input interface circuit
112, the high-speed analog interface circuit 113, the first
analog input interface circuit 114q, the second analog 1nput
interface circuit 115q, the indirect multiplexer 1135, the
second digital input interface circuit 116, the direct output
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interface circuit 118q, the first indirect output interface
circuit 1185 and the second indirect output interface circuit
119, and most of the input/output disconnection/short-circuit
140, the not-shown watchdog timer, a power-on reset circuit
and so on are mtegrated in the combination control circuit
section 130B and configured as one integrate circuit device,
however, the main control circuit section 1s an ASIC (Appli-
cation Specific Integrated Circuit) lead by a semiconductor
maker, whereas the combination control circuit section 1s an
ASIC lead by a maker of the onboard electronic control unait.
It 1s not necessary for the combination control circuit unit
1308 to configure one 1ntegrated circuit device, and the unit
may be configured by general circuit components being
mounted on the surface of a not-shown circuit substrate as
well as may be configured by being divided as plural
integrated circuit devices. The same applies to all Embodi-
ments 1 to 4.

Actions and operations of onboard electronic control unit
according to Embodiment 2 configured as shown in FIG. 7
will be explained based on flowcharts shown in FIG. 8A,
FIG. 8B by focusing on different points from those of FIG.
5A, FIG. 6A.

First, in FIG. 7, when a not-shown power switch 1s closed,
the microprocessor CPU 1n the main control circuit section
1208 starts operation, and the direct load 108a directly
controlled by the main control circuit section 120B, the
high-speed load 1085 and the indirect load 109 of low-speed
operations 1ndirectly controlled through the combination
control circuit section 130B are drive-controlled in accor-
dance with operation states of the direct opening/closing
sensor 102, the high-speed analog sensor 103 and the
medium-speed analog sensor 104 which are directly inputted
into the main control circuit section 120B, operation states
of the low-speed analog sensor 105 and the indirect opening/
closing sensor 106 indirectly imputted to the main control
circuit section 120B in association with the combination
control circuit section 130B and the contents of input/output
control programs stored in the program memory 121.

The transmaission start mstruction signal STD, the down-
link clock signal CLD, the first downlink data DNDO and the
second downlink data DND1 which are transmitted from the
main control circuit section 120B to the combination control
circuit section 130B, and the uplink communication data
UPD replied from the combination control circuit section
130B to the main control circuit section 120B are as
explained 1n FIG. 3 and FIG. 4. The relation between
question data generated by the combination control circuit
section 130B and answer data generated by the main control
circuit section 120B 1s also the same as that of FIG. 1.
Accordingly, the read request signal REQ generated by the
combination control circuit section 130B and control opera-
tions of the main control circuit section 120B corresponding
to the signal will be explained 1n detail based on flowcharts
shown 1n FIG. 8A, FIG. 8B.

FIG. 8A 1s a flowchart relating to transmission/reception
control operations of the microprocessor CUP 1n the main
control circuit section 120B, whereas FIG. 8B 1s a flowchart
relating to control operations of the auxiliary microprocessor
SCPU 1n the combination control circuit section 130B. In
these tlowcharts, steps 1n 500 s correspond to those of FIG.
5A, and steps 1 600 s correspond to those of FIG. 6A.
Theretore, steps 1n 800 s which are different from those of
FIG. 5A, FIG. 5B will be explained here. A step 800 1s a step
ol starting control operations by the auxiliary microproces-
sor SCPU. A subsequent step 801 1s a determination step 1n
which whether abnormality detection data has been written
in the abnormality data register 134e or not 1s determined.
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When an abnormality occurs, determination of YES 1s made
and the process proceeds to a step 802, and when an
abnormality does not occurs, determination of NO 1s made
and the process proceeds to a step 601. In a step 802, the read
request signal REQ 1s generated and the process proceeds to
the step S601.

On the other hand, a step 803 continued from the start step
500 1n the transmission/reception control operations by the
microprocessor CPU 1s a determination step 1 which
whether the read request signal REQ has been generated or
not by the step 802 1s determined by the logic level of the
dedicated signal line, determination of YES 1s made when
there 1s the read request, determination of NO 1s made when
there 1s no read request and the process proceeds to the step
501. A step 804 1s a step in which command data of the
second downlink data DND1 transmitted next time 1s set as
a read mstruction in the register address unit explained 1n
FIGS. 3(D) (E), and the process proceeds to the step S501
alter setting the address to a register number of the abnormal
data register 134e. As a result, the read instruction with
respect to the abnormal data register 134e¢ 1s written 1n the
step 503 and the read instruction 1s transmitted to the
combination control circuit section 130B 1n the step 603 of
FIG. 8B through the step 513 of FIG. 5B and the step 613
of FIG. 6B.

Consequently, determination of YES 1s made 1n the 671a
of FIG. 8B, the abnormality data register 134e 1s designated
in the uplink communication data UPD of the step 672, the
contents of abnormality occurrence 1s replied and transmit-
ted to the main control circuit section 120B 1n the step 574
of FIG. 8A through the step 662 of FIG. 6C and the step 562
of FIG. 5C. On the other hand, the read request signal
generated 1n the step 802 1s cancelled by a step 805 of FIG.
8B in the combination control circuit section 130B. In an
operation completion step 879, the process returns to the
operation start step 800 within a prescribed period of time
alter other control programs are executed.

As apparent from the above explanation, the onboard
clectronic control unit 100B according to Embodiment 2 of
the present ivention includes the main control circuit
section 120B as an integrated circuit device mainly config-
ured by the microprocessor and the combination control
circuit section 130B provided in the outside of the main
circuit control circuit section and performing communica-
tion of serial signals with each other, which work together.
The main control circuit section 120B 1s configured to
drive-control plural electronic loads 189 part of which 1is
directly connected to the main control circuit section 1208,
or remaining part or all thereof 1s indirectly connected to the
combination control circuit section 130B 1n accordance with
respective operation states of the direct input signals directly
connected to the main control circuit section not 1n associa-
tion with the combination control circuit section 130B and
indirect 1nput signals associated with the combination con-
trol circuit section 130B. The downlink communication data
DND transmitted from the main control circuit section 1208
to the combination control circuit section 130B includes the
first downlink data DNDO with a fixed address and the
second downlink data DND1 with a variable address as a
pair, which 1s periodically transmitted 1n series based on the
transmission start mstruction signal STD and the downlink
clock signal CLD generated by the main control circuit
section 120B. In the plural electrical loads 189, the high-
speed load 1085 which 1s necessary to be controlled at high
frequency receives the high-speed indirect drive control by
the first downlink data DNDJO periodically transmitted every
time, and the indirect load 109 which 1s not necessary to be
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controlled every time by the first downlink data DNDO0 and
1s controlled at low frequency receives the low-speed 1ndi-
rect drive control by the second downlink data DNDI1 in
which the transmission target 1s changed by the designated
address even when transmitted every time.

In the case where there 1s room 1n the number of signals
of the first downlink data DNDO0 in comparison with the
number of loads of the high-speed load 1085, part or all of
the mdirect load 109 may be controlled by the first downlink
data DNDO,

the main control circuit section 120B further includes at
least one of the high-speed AD converter 124 to which the
high-speed analog sensor 103 outputting analog signals as
part of the direct input signals 1s connected and the multi-
channel AD converter 125 to which the medium-speed
analog sensor 104 1s connected,

the low-speed analog sensor 105 outputting analog sig-
nals as part of the indirect input signals 1s connected to the
multi-channel AD converter 125 or the high-speed AD
converter 124 through the indirect multiplexer 11556, and

the indirect multiplexer 1155 selects one of the plural
analog mput channels by selection data transmitted by the
selection register 135 in the combination control circuit
section 130B by the downlink communication data DND.

The main control circuit section 120B performs drive
control of plural electrical loads 189 directly or indirectly
through the combination control circuit section 130B in
accordance with the on/oil states of plural opening/closing
sensors and signal voltage levels of plural analog sensors,
the combination control circuit section 130B 1s mainly
configured by the auxiliary microprocessor SCPU, the open-
ing/closing sensors include the direct opening/closing sensor
102 directly mputted to the main control circuit section
120B and the indirect opening/closing sensor 106 indirectly
inputted to the main control circuit section 120B 1n asso-
ciation with the combination control circuit section 130B,
and

the analog sensors include the high-speed analog sensor
103 directly mputted to the main control circuit section
120B, the low-speed analog sensor 105 indirectly inputted to
the main control circuit section 120B 1n association with the
combination control section 130B and the medium-speed
analog sensor 104 1n which variation 1n signal voltage levels
1s gentler than the high-speed analog sensor 103 and varia-
tion 1n signal voltage levels i1s steeper than the low-speed
analog sensor 105, and

the medium-speed analog sensor 104 1s directly inputted
to the main control circuit section 120B.

Then, while the main control circuit section 120B trans-
mits the downlink communication data DND in series to
plural registers provided 1n the combination control circuit
section 130B through the first PS converter 127 and the first
SP converter 137, the combination control circuit section
130B replies the uplink communication data UPD 1n series
to the main control circuit section 120B through the second
PS converter 138 and the second SP converter 128,

the first downlink data DNDO 1s a write-only command
transmitted every time to the high-speed output register 132
in a specilic address area 1n the registers, which includes
on/ofl data of plural bits to be the high-speed indirect drive
control signal DOB as transmission data,

the high-speed load 1085 which 1s part or all of the plural
clectrical loads 189 and which requires at least highly
accurate on/ofl control timing 1s indirectly driven at high
speed by the on/ofl data,

the second downlink data DND1 includes command data
and address data, writing on/off data of plural bits to be the
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low-speed indirect drive control signal DOC to the low-
speed output register 133 designated by address data or
writing numeral data as control constants imtially set or
variably set with respect to the constant setting register 134
when the command data 1s a write 1nstruction,

the indirect load 109 as part of the plural electrical loads
189 1s indirectly driven by the low-speed indirect drive
control signal DOC, and

the on/off signals by the indirect opening/closing sensor
106 are replied from the combination control circuit section
130B to the main control circuit section 1208 by the uplink
communication data UPD.

As described above, according to claim 2 of the present
invention, the on/ofl signals of the opening/closing sensor as
part of indirect input signals are replied from the combina-
tion control circuit section to the main control circuit section
by the uplink communication data, and the analog signal
voltage by the indirect analog sensor as another part of the
indirect input signals 1s 1ndirectly inputted to the main
control circuit section 1n association with the combination
control circuit section, not depending on the uplink com-
munication data.

Accordingly, many opening/closing sensors not requiring
high-speed response are indirectly connected to the combi-
nation control circuit section, thereby reducing the number
of 1nput signals with respect to the main control circuit
section as well as largely suppressing the data amount of
uplink communication and shortening the necessary time of
uplink communication as 1t 1s not necessary to transmit
digital conversion values of all analog mput signals by
uplink communication data, and further, 1t 1s not necessary
to provide the multi-channel AD converter in the combina-
tion control circuit section in the same manner as Embodi-
ment 1.

The command data included 1n the second downlink data
DND1 further includes at least one of the register batch read
instruction, the uplink reply stop instruction and the register
address unit read 1nstruction,

the register batch read instruction is a read instruction for
reporting and replying the stored contents of plural registers
provided 1n the combination control circuit section 130B at
a time 1n the prescribed order, not depending on the address
data,

the register address unit read instruction 1s a read nstruc-
tion for reporting and replying the stored contents of the
resister of the designated address provided in the combina-
tion control circuit section 130B based on the address data
attached to the command data, and when the register address
unit read nstruction 1s generated 1n the uplink communica-
tion period i which batch reading 1s performed by the
register batch read instruction, the uplink reply 1s suspended
and the register address unit read 1nstruction 1s executed and
started after the data which has been already replied
becomes valid 1n the main control circuit section 120B, and

the uplink reply stop instruction i1s an instruction for
suspending the uplink reply and making the data which has
been already replied valid in the main control circuit section
120B.

As described above, according to claim 7 of the present
invention, the second downlink data includes the register
batch read instruction and the uplink reply stop instruction
or the register address unit read instruction as command
data.

Theretfore, batch reading of stored data in the combination
control circuit section 1s periodically performed by the
register batch read instruction in the normal state. When
specific stored data 1s desired to be urgently read from the
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main control circuit section, the uplink reply 1s suspended
once, and the batch read instruction 1s generated again,

thereby reading the desired stored data promptly. As the
desired data can be obtained by transmitting the read mstruc-
tion by designating an address of required data, it 1s desir-
able to perform the low-speed uplink communication even
when the time necessary for batch report reply of the entire
data becomes long, thereby reducing the burden 1n commu-
nication control 1in the same manner as the case of Embodi-
ment 1.

The constant setting register 134 provided in the combi-
nation control circuit section 130B further includes the
abnormality data register 134e,

the abnormality data register 134e stores abnormality data
when an abnormality in disconnection or short-circuit occurs

in part of input/output wiring, or when an abnormality 1n
downlink commumnication determined based on code mspec-
tion data added to the second downlink data DND1 occurs,

the communication control circuit section 130B generates
the read request signal REQ by the dedicated line with
respect to the main control circuit section 120B when the
abnormality data 1s stored in the abnormality data register
134¢, and

the main control circuit section 120B generates the reg-
ister batch read instruction or the register address unit read
mstruction by receiving the read request signal REQ.

As described above, according to claim 8 of the present
invention, the combination control circuit section includes
the abnormality data register, generating the read request
signal to the main control circuit section when detecting the
abnormality, and replying abnormality generation data by
the read instruction from the main control circuit section.

Accordingly, the abnormality generation data can be
reported and replied to the main control circuit section
promptly, not depending on the read instruction generated at
cach prescribed period, thereby widening normal intervals
of read 1nstructions and reducing the burden of control in the
main control circuit unit.

Embodiment 3

A configuration in FIG. 9 showing the entire configuration
block diagram of an onboard electronic control unit accord-
ing to Embodiment 3 of the present invention will be
explained by focusing on different points from that of FIG.
1.

In respective drawings, the same symbols denote the same

or corresponding sections, and principal different points
between FIG. 1 and FIG. 9 are that a main control circuit
section 120C 1s used instead of the main control circuit
section 120A, that a combination control circuit section
130C 1s used instead of the combination control circuit
section 130A and that the main control circuit section 120C
includes only the high-speed AD converter 124 and does not
have the multi-channel AD converter 125 capable of select-
ing input channels by the built-in multiplexer 1255 (see FIG.
2). Accordingly, the medium-speed analog input signal
ANM and the low-speed analog mput signal ANL are
iputted to a specific mput channel of the high-speed AD
converter 124 through an extended indirect multiplexer
145C 1n which 32 points mput channels can be selected by,
for example, 5-bit channel selection signal.

In FIG. 9, the onboard electronic control unit 100C 1s
mainly configured by the main control circuit section 120C
and the combination control circuit section 130C. The power
1s supplied to the onboard electronic control unit 100C from
the external power supply 101 1n the same manner as the
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case of FIG. 1. As opening/closing sensors and analog
sensors, plural direct opeming/closing sensors 102, the high-
speed analog sensor 103, plural medium-speed analog sen-
sors 104, plural low-speed analog sensors 105 and plural
indirect opening/closing sensors 106 are inputted, and as
plural electrical loads 189, the direct load 1084, the high-
speed load 1086 and the indirect load 109 are drive con-
trolled. The constant voltage power supply 111, the first
digital mput interface circuit 112, the high-speed analog
input nterface 113, the first analog mput interface circuit
114a, the second analog mnput interface circuit 115q, the
second digital input intertace circuit 116, the direct output
interface circuit 118a, the first indirect output interface
circuit 1185 and the second 1ndirect output interface circuit
119 1n the onboard electronic control unit 100C are config-
ured in the same manner as the case of FIG. 1. The difference
of treatment between the medium-speed analog sensor 104
and the low-speed analog sensor 105 i1s the difference of
which sensor 1s selected by the indirect selection register
145C at high frequency.

Next, actions and operations ol onboard electronic control

unit according to Embodiment 3 configured as shown in
FIG. 9 will be explained by focusing on different points from
those of FIG. 1.

First, 1n FIG. 9, when a not-shown power switch 1s closed,
the microprocessor CPU in the main control circuit section
120C starts operation, and the direct load 108a directly
controlled by the main control circuit section 120C, the
high-speed load 1085 and the indirect load 109 of low-speed
operations 1indirectly controlled through the combination
control circuit section 130C are drive-controlled 1 accor-
dance with operation states of the direct opening/closing
sensor 102 and the high-speed analog sensor 103 which are
directly mnputted into the main control circuit section 120C,
operation states of the medium-speed analog sensor 104, the
low-speed analog sensor 105 and the indirect opening/
closing sensor 106 indirectly inputted to the main control
circuit section 120C 1n association with the combination
control circuit section 130C and the contents of input/output
control programs stored in the program memory 121.
Accordingly, the medium-speed analog sensor 104 1s
directly mputted to the main control circuit section 120A 1n
FIG. 1, but 1t 1s indirectly inputted through the extended
indirect multiplexer 145C 1n the same manner as the low-
speed analog sensor 105 1n FIG. 9.

The transmission start istruction signal STD, the down-

link clock signal CLD, the first downlink data DND0 and the
second downlink data DND1 which are transmitted from the
main control circuit section 120C to the combination control
circuit section 130C, and the uplink communication data
UPD replied from the combination control circuit section
130C to the main control circuit section 120C are as
explained 1 FIG. 3 and FIG. 4. The relation between
question data generated by the combination control circuit
section 130C and answer data generated by the main control
circuit section 120C 1s also the same as that of FIG. 1.
Furthermore, the transmission/reception control operations
of the microprocessor CPU, the transmission operation of
the first PS converter 127 following the operations, and the
reception operation of the second SP converter 128 are as
explained 1 FIG. SC. The control operation of the logic
control circuit SCNT of the combination control circuit
section 130C, the reception operation of the first SP con-
verter 137 following the operation, and the reply operation
of the second PS converter 138 are as explained 1n FIG. 6B,

FIG. 6C.
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As apparent from the above explanation, the onboard
clectronic control umt 100C according to Embodiment 3 of
the present invention includes the main control circuit
section 120C as an integrated circuit device mainly config-
ured by the microprocessor and the combination control
circuit section 130C provided in the outside of the main
circuit control circuit section and performing communica-
tion of serial signals with each other, which work together.
The main control circuit section 120C 1s configured to
drive-control plural electronic loads 189 part of which 1is
directly connected to the main control circuit section 120C,
or remaining part or all thereof 1s indirectly connected to the
combination control circuit section 130C 1n accordance with
respective operation states of the direct input signals directly
connected to the main control circuit section not in associa-
tion with the combination control circuit section 130C and
indirect input signals associated with the combination con-
trol circuit section 130C. The downlink communication data
DND transmitted from the main control circuit section 120C
to the combination control circuit section 130C includes the
first downlink data DNDO0 with a fixed address and the
second downlink data DND1 with a vanable address as a
pair, which 1s periodically transmitted 1n series based on the
transmission start mstruction signal STD and the downlink
clock signal CLD generated by the main control circuit
section 120C. In the plural electrical loads 189, the high-
speed load 1085 which 1s necessary to be controlled at high
frequency receives the high-speed indirect drive control by
the first downlink data DNDO periodically transmitted every
time, and the indirect load 109 which 1s not necessary to be
controlled every time by the first downlink data DND0 and
1s controlled at low frequency receives the low-speed indi-
rect drive control by the second downlink data DNDI1 in
which the transmission target 1s changed by the designated
address even when transmitted every time,

in the case where there 1s room 1n the number of signals
of the first downlink data DNDO0 in comparison with the
number of loads of the high-speed load 1085, part or all of
the mdirect load 109 may be controlled by the first downlink
data DNDO.

Then, the main control circuit section 120C {further
includes the high-speed AD converter 124 to which the
high-speed analog sensor 103 outputting analog signals as
part of the direct input signals 1s connected,

the medium-speed analog sensor 104 and the low-speed
analog sensor 105 are connected to the high-speed AD
converter 124 through the extended indirect multiplexer
145C, and

the extended indirect multiplexer 145C selects one of the
plural analog 1nput channels by selection data transmitted to
the selection register 135 of the combination control circuit
section 130C by the downlink communication data DND.

The main control circuit section 120C performs drive
control of plural electrical loads 189 directly or indirectly
through the combination control circuit section 130C in
accordance with the on/oil states of plural opening/closing
sensors and signal voltage levels of plural analog sensors,

the combination control circuit section 130C 1s mainly
configured by the logic control circuit SCNT,

the opening/closing sensors include the direct opening/
closing sensor 102 directly inputted to the main control
circuit section 120C and the indirect opening/closing sensor
106 indirectly inputted to the main control circuit section
120C 1n association with the combination control circuit
section 130C, and

the analog sensors include the high-speed analog sensor
103 directly mputted to the main control circuit section
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120C, the low-speed analog sensor 105 indirectly inputted to
the main control circuit section 120C 1n association with the
combination control section 130C and the medium-speed
analog sensor 104 in which variation 1n signal voltage levels
1s gentler than the high-speed analog sensor 103 and varia-
tion 1n signal voltage levels i1s steeper than the low-speed
analog sensor 105, and

the medium-speed analog sensor 104 1s indirectly inputted
in association with the combination control circuit section
130C.

Then, while the main control circuit section 120C trans-
mits the downlink commumnication data DND 1n series to
plural registers provided in the combination control circuit
section 130C through the first PS converter 127 and the first
SP converter 137, the combination control circuit section
130C replies the uplink communication data UPD in series
to the main control circuit section 120C through the second
PS converter 138 and the second SP converter 128,

the first downlink data DNDO 1s a write-only command
transmitted every time to the high-speed output register 132
in a specific address area in the registers, which includes
on/oil data of plural bits to be the high-speed indirect drive
control signal DOB as transmission data,

the high-speed load 10856 which 1s part or all of the plural
clectrical loads 189 and which requires at least highly
accurate on/ofl control timing 1s indirectly driven at high
speed by the on/ofl data,

the second downlink data DND1 includes command data
and address data, writing on/ofl data of plural bits to be the
low-speed indirect drive control signal DOC to the low-
speed output register 133 designated by address data or
writing numeral data as control constants imtially set or
variably set with respect to the constant setting register 134
when the command data 1s a write instruction,

the indirect load 109 as part of the plural electrical loads
189 1s indirectly driven by the low-speed indirect drive
control signal DOC, and

the on/off signals by the indirect opening/closing sensor
106 are replied from the combination control circuit section
130C to the main control circuit section 120C by the uplink
communication data UPD.

As described above, according to claim 2 of the present
invention, the on/ofl signals of the opening/closing sensor as
part of indirect input signals are replied from the combina-
tion control circuit section to the main control circuit section
by the uplink communication data, and the analog signal
voltage by the indirect analog sensor as another part of the
indirect input signals 1s 1ndirectly inputted to the main
control circuit section in association with the combination
control circuit section, not depending on the uplink com-
munication data.

Accordingly, many opening/closing sensors not requiring
high-speed response are indirectly connected to the combi-
nation control circuit section, thereby reducing the number
of 1nput signals with respect to the main control circuit
section as well as largely suppressing the data amount of
uplink communication and shortening the necessary time of
uplink communication as 1t 1s not necessary to transmit
digital conversion values of all analog mput signals by
uplink communication data, and further, 1t 1s not necessary
to provide the multi-channel AD converter in the combina-
tion control circuit section.

The selection data transmitted to the selection register 135
provided 1n the combination control circuit section 130C 1s
for selecting a signal from plural medium-speed analog
input signals ANM inputted from the medium-speed analog
sensor 104 as the indirect mput signals by the extended
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indirect multiplexer 145C and inputting the signal to the
specific mput channel of the high-speed AD converter 124
provided 1n the main control circuit section 120C,

plural low-speed analog input signals ANL inputted from
the low-speed analog sensor 105 are inputted to the specific
input channel of the high-speed AD converter 124 through
the extended indirect multiplexer 1435C, and

the high-speed AD converter 124 includes respective AD
converters and buller memories so as to correspond to one
channel or plural input channels, which belongs to a type 1n
which mput selection instructions for the plural input chan-
nels are not necessary, and when there 1s the high-speed
analog sensor 103, the high-speed analog 1nput signals ANH
are mputted to respective input channels other than the
specific mput channel.

As described above, according to claim 4 of the present
invention, the main control circuit section includes the
high-speed AD converter to which high-speed analog signals
mputted from the high-speed analog sensor are inputted.
Indirect analog signals inputted from the medium-speed
analog sensor and indirect analog signals inputted from the
low-speed analog sensor are respectively selected by the
extended indirect multiplexer and taken by the main control
circuit section through the high-speed AD converter, and the
multiplexer selects analog input channel by the selection
data transmitted from the main control circuit section.

Accordingly, 1t 1s not necessary to transmit the digital
conversion values of the medium-speed analog input signals
and the low-speed analog 1nput signals by the uplink com-
munication data, therefore, the data amount 1n the uplink
communication 1s largely suppressed and the necessary time
for the uplink communication can be shortened, and further,
it 1s not necessary to provide the multi-channel AD converter
in the combination control circuit section, therefore, the
low-speed analog input signals can be taken into the main
control circuit section with a small size inexpensively. As the
low-speed analog input signal does not depend on the uplink
communication, the signals can be taken into the main
control circuit section with processing time equivalent to the
medium-speed analog iput signals 1n related art.

Plural analog signals inputted from the medium-speed
analog sensor and the low-speed analog sensor can be read
into the main control circuit section while performing chan-
nel selection by selection data, therefore, i1t 1s possible to
reduce the number of mmput/output terminals of the main
control circuit section and to reduce the size, which leads to
further improvement of the high-speed processing perfor-
mance.

As described above, the onboard electronic control unit
100C according to Embodiment 3 does not have the multi-
channel AD converter, therefore, the number of 1mput ter-
minals of the main control circuit section 120C 1s largely
reduced as compared with that of Embodiment 1, and the
g1st and features concerning claims 5 to 7, claims 9 to 12 are
as explained 1n Embodiment 1.

That 1s, according to claam 5 of the present invention,
input terminals of the low-speed analog sensor 105 and the
indirect opeming/closing sensor 106 are individual terminals
or common terminals and the on/off signals of the indirect
opening/closing sensor 106 are reported and replied to the
main control circuit section 120C by the uplink communi-
cation data UPD through the mput gate 139.

Accordingly, in the case where the number of low-speed
analog sensors 1s large and the number of indirect opening/
closing sensors 1s small, or in the inverse case, 1t 1s possible
to monitor the input by the small number of mput terminals
and respond to various specifications of peripheral mput
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without increasing the number of input terminals of the main
control circuit section. The same applies to later-described
Embodiment 4.

According to claim 6 of the present invention, part of the
on/ofl signals of the indirect opening/closing sensor 106 are
taken by the main control circuit section 120C as the
low-speed analog mput signals ANL, not depending on the
uplink communication data UPD, and the state of the on/ofl
signals can be determined by performing digital conversion
of the signals.

Therefore, even when the frequency of uplink communi-
cation of replying the on/ofl state of the indirect opening/
closing sensor 1s reduced, the on/off state of the indirect
opening/closing sensor which 1s desired to be monitored
urgently can be determined immediately by monitoring the
analog 1nput signal corresponding to the state.

The same applies to later-described Embodiment 4.

According to claim 7 of the present invention, the second
downlink data DNDI1 includes the register batch read
instruction and the uplink reply stop instruction or the
register address unit read instruction as command data.

Theretfore, batch reading of stored data in the combination
control circuit section 1s periodically performed by the
register batch read instruction in the normal state. When
specific stored data 1s desired to be urgently read from the
main control circuit section, the uplink reply 1s suspended
once, and the batch read instruction 1s generated again,
thereby reading the desired stored data promptly. As the
desired data can be obtained by transmitting the read instruc-
tion by designating an address of required data, it 1s desir-
able to perform the low-speed uplink communication even
when the time necessary for batch report reply of the entire
data becomes long, thereby reducing the burden 1n commu-
nication control.

The same applied to later-described Embodiment 4.

Furthermore, according to claim 9 of the present inven-
tion, the combination control circuit section 130C updates
the contents of question information with the prescribed
waiting time for an answer and compares answer data
obtained before the update with correct answer data corre-
sponding to the question data before the update to thereby
determine the presence of an abnormality in the main control
circuit section 120C as well as to determine abnormality 1n
communication when the update interval of question data 1s
too long.

Theretfore, the determination of abnormality can be made
when a transmission permission of uplink communication 1s
not obtained or when the transmission of question data 1s
unusually delayed due to suspend processing in the uplink
communication.

The question data included 1n the uplink communication
data UPD 1s set to the same question with respect to uplink
communication of plural times, a next question 1s generated
alter a prescribed period of time passes even when answer
data can be obtained early, thereby eliminating the necessity
of generating answer data frequently in every downlink
communication by the main control circuit section, as a
result, the burden of high-speed control 1s reduced and
high-speed indirect drive control 1s realized.

The same applies to later-described Embodiment 4.

According to claim 10 of the present invention, the
command data of the second downlink data DND1 has the
invalid instruction, and address data and transmission data
attached to the address data included 1n the second downlink
data DND1 can be made invalid.

Accordingly, 1n the second downlink data DNDI1, 1t 1s

necessary to transmit many initial setting data sequentially
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and promptly at the time of starting operation, however,
answer data for periodical monitoring is regularly transmuit-

ted at overwhelmingly lower frequency as compared with
the first downlink data DNDO 1n the normal state or low-
speed indirect drive control signals with respect to indirect
loads which scarcely vary are transmitted, therefore, the
burden of high-speed control in the main control circuit
section 1s reduced by using the invalid mstruction command
in the normal state to thereby enable the high-speed indirect
drive control.

This applies to later-described Embodiment 4.

According to claam 11 of the present invention, the
present invention 1s applied to the onboard engine control
unit, and the transmission time of the downlink communi-
cation data 1s determined in association with the minimum
signal width of the crank angle sensor, and the transmission
period of the uplink communication data 1s determined in
association with the minimum time necessary for %2 rotation
of the engine.

Accordingly, the execution of fuel injection control or
ignition control through the serial communication does not
aflect the control accuracy, and the main control circuit
section 1s reduced 1n size and increased 1n speed by reducing,
the number of output terminals, thereby securing the control
accuracy and obtaining an mexpensive main control circuit
section.

The direct opening/closing sensor of the on/off signals
and respective analog sensor are inputted to the main control
circuit section without depending on uplink communication,
therefore, the communication speed required in the uplink
communication 1s suppressed and the burden of communi-
cation control 1s reduced.

The same applies to later-described Embodiment 4.

According to claim 12 of the present invention, the time
necessary for digital conversion per one input of the high-
speed AD converter 124 1s a value equal to or less than the
transmission time of downlink communication data DND of
one time, and the knock sensor 1s connected to the high-
speed AD converter 124 as the high-speed analog sensor
103.

Accordingly, the high-speed analog sensor can read out
the digital conversion value at any time even when the
channel designation 1s not performed by selection data. Even
in the medium-speed analog mput signal or the low-speed
analog input signal in which the channel selection 1s per-
formed, the digital conversion value of the analog nput
signals designated by the previous downlink communication
can be read out betfore the designated channel 1s changed 1n
the next downlink communication.

The same applies to later-described Embodiment 4.

Embodiment 4

A configuration in FIG. 10 showing the entire configura-
tion block diagram of an onboard electronic control unit
according to Embodiment 4 of the present invention will be
explained by focusing on different points from that of FIG.
9. In respective drawings, the same symbols denote the same
or corresponding sections. Principal different points between
FIG. 9 and FIG. 10 are that a main control circuit section
120D 1s used instead of the main control circuit section
120C, that a combination control circuit section 130D 1is
used instead of the combination control circuit section 130C
and that the combination control circuit section 130D 1is
changed to an auxiliary microprocessor SCPU from the
logic control circuit SCNT. Moreover, the abnormality data
register 134e 1s added to the combination control circuit
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section 130D, and when abnormality data 1s stored there, the
read request signal REQ 1s generated with respect to the
main control circuit section 120D by a dedicated line. In
FIG. 10, an indirect multiplexer 145D configured by a
post-stage multiplexer 1144 and a previous-stage multi-
plexer 1154 which are cascade-connected, instead of the
indirect multiplexer 145C in FIG. 9.

In FIG. 10, the onboard electronic control unit 100D 1s
mainly configured by the main control circuit section 120D
and the combination control circuit section 130D.

The power 1s supplied to the onboard electronic control
unit 100D from the external power supply 101 1n the same
manner as the case of FIG. 1, FIG. 7 and FIG. 9. As
opening/closing sensors and analog sensors, plural direct
opening/closing sensors 102, the high-speed analog sensor
103, plural medium-speed analog sensors 104, plural low-
speed analog sensors 105 and plural indirect opening/closing
sensors 106 are inputted, and as plural electrical loads 189,
the direct load 108a, the high-speed load 10856 and the
indirect load 109 are drive controlled. The constant voltage
power supply 111, the first digital input interface circuit 112,
the high-speed analog input interface 113, the first analog
input interface circuit 114a, the second analog mmput nter-
tace circuit 115a, the second digital mput interface circuit
116, the direct output interface circuit 118a, the first indirect
output interface circuit 1185 and the second indirect output
interface circuit 119 in the onboard electronic control unit
100D are configured 1n the same manner as the case of FIG.
1, FIG. 7 and FIG. 9.

However, the medium-speed analog input signal ANM 1s
inputted to the specific input channel of the high-speed AD
converter through the post-stage multiplexer 1144, and the
low-speed analog input signal ANL 1s connected to the
specific mput channel of the post-stage multiplexer 1144
through the previous-stage multiplexer 115d. The post-stage
multiplexer 1144 and the previous-stage multiplexer 1154
respectively select one of sixteen analog input signals by
4-bi1t channel selection signals b0 to b3 outputted from the
selection register 135. However, when a chip select signal b4
outputted from the selection register 135 1s a logic level “L”,
the channel selection signals b0 to b3 on the post-stage
multiplexer 1144 side are forcibly made to be the logic level
“L” through the selection circuit 117, and #0 channel 1s
designated as the specific input channel. When a configu-
ration specification of the selection channel 117 1s changed,
arbitrary channels of #0 to #15 can be designated as specific
input channels.

The 1nput/output disconnection/short-circuit abnormality
detection circuit 140 as one of additional components deter-
mines the presence of an abnormality 1n disconnection or
short-circuit in part or all input wiring of the opening/closing
sensors and the analog sensors or output wiring of plural
clectrical loads 189, storing the detected abnormality 1n a
first-1n first-out data table by linking an abnormality cat-
cgory code (whether disconnection or short-circuit and so
on) with an identification number of the sensor or the load
in which abnormality occurs as a pair. The data stored in the
data table 1s transferred to the abnormality data register 134¢
which 1s one area of the constant setting register 134 as
abnormality detection data ERR. When the abnormality
detection data ERR 1s stored in the abnormality data register
134e, the combination control circuit section 130D gener-
ates the read request signal REQ and transmits the signal to
the main control circuit section 120D through a dedicated
signal line, and the main control circuit section 120D
generates a read 1nstruction to obtain abnormality data by a
next uplink communication data UPD promptly. When the
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abnormality detection data written in the abnormality data
register 134e 1s read out and another abnormality detection
data ERR subsequently occurs, the abnormality detection
data ERR 1s updated and written in the abnormality detec-
tion register 134e, and the read request signal REQ 1s
generated again.

When a downlink communication abnormality 1s detected
by referring to checksum data 1n the second downlink data

DND1 shown i FIG. 3(D) and comparing the data with

check sum data in the received data to determine the
presence of an abnormality in the downlink communication,
an abnormality code number and address data 1n the second
downlink data DND1 are written 1n the abnormality data
register 134e as a pair, 1n addition to the abnormality of the
input/output disconnection/short-circuit. In the case where a
dedicated read instruction responding to the read request
signal REQ 1s added or the register unit read instruction 1s
used as the dedicated instruction responding to the read
request signal REQ as command data shown 1n FIG. 3(D),
the address data 1s not necessary in the second downlink data
DND1, and the contents of the abnormality data register
134e¢ 1s read out automatically.

Next, actions and operations of onboard electronic control
unit according to Embodiment 4 configured as shown in
FIG. 10 will be explained by focusing on different points
from those of FIG. 9.

First, in FIG. 10, when a not-shown power switch 1s
closed, the microprocessor CPU 1n the main control circuit
section 120D starts operation, and the direct load 108a
directly controlled by the main control circuit section 120D,
the high-speed load 1086 and the indirect load 109 of
low-speed operations indirectly controlled through the com-
bination control circuit section 130D are drive-controlled in
accordance with operation states of the direct opening/
closing sensor 102 and the high-speed analog sensor 103
which are directly inputted into the main control circuit
section 120D, operation states of the medium-speed analog
sensor 104, the low-speed analog sensor 103 and the indirect
opening/closing sensor 106 indirectly inputted to the main
control circuit section 120D 1n association with the combi-
nation control circuit section 130D and the contents of
input/output control programs stored in the program
memory 121.

Although the medium-speed analog sensor 104 and the
low-speed analog sensor 105 are indirectly nputted to the
main control circuit section 120C through the indirect mul-
tiplexer 145C 1n FIG. 9, whereas 1n FIG. 10, these sensors
are 1ndirectly mputted to the main control circuit section
120D by the cascade-connected post-stage multiplexer 1144
and the previous-stage multiplexer 1154 which shares the
burden. The transmission start instruction signal STD, the
downlink clock signal CLD, the first downlink data DND
and the second downlink data DND1 which are transmaitted
from the main control circuit section 120D to the combina-
tion control circuit section 130D, and the uplink communi-
cation data UPD replied from the combination control
circuit section 130D to the main control circuit section 120D
are as explained in FIG. 3 and FIG. 4. The relation between
question data generated by the combination control circuit
section 130D and answer data generated by the main control
circuit section 120D 1s also the same as that of FIG. 1 and
FIG. 9. Furthermore, the transmission/reception control
operations ol the microprocessor CPU and the control
operations ol the auxiliary microprocessor SCPU in the
combination control circuit section 130D are as explained 1n

FIG. 8A and FIG. 8B.
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In the case of Embodiment 2 and Embodiment 4 1n which
the combination control circuit section includes the auxiliary
microprocessor SCPU, the low-speed analog sensors 105
include, for example, a fuel remaining amount detection
sensor of a fuel tank and a fuel pressure sensor in the tank,
and the detection of fuel transpiration can be easily con-
trolled by monitoring the fuel pressure in the tank while the
engine 1s stopped. In this case, the auxiliary microprocessor
SCPU can be utilized as a soak timer with low power
consumption.

As apparent from the above explanation, the onboard
clectronic control unit 100D according to Embodiment 4 of
the present invention includes the main control circuit
section 120D as an integrated circuit device mainly config-
ured by the microprocessor and the combination control
circuit section 130D provided in the outside of the main
circuit control circuit section and performing communica-
tion of serial signals with each other, which work together.
The main control circuit section 120D 1s configured to
drive-control plural electronic loads 189 part of which 1s
directly connected to the main control circuit section 120D
or remaining part or all thereof 1s indirectly connected to the
combination control circuit section 130D 1n accordance with
respective operation states of the direct input signals directly
connected to the main control circuit section not 1n associa-
tion with the combination control circuit section 130D and
indirect 1nput signals associated with the combination con-
trol circuit section 130D. The downlink communication data
DND transmitted from the main control circuit section 120D
to the combination control circuit section 130D includes the

first downlink data DNDO0 with a fixed address and the
second downlink data DND1 with a variable address as a
pair, which 1s periodically transmitted 1n series based on the
transmission start mstruction signal STD and the downlink
clock signal CLD generated by the main control circuit
section 120D. In the plural electrical loads 189, the high-
speed load 1085 which 1s necessary to be controlled at high
frequency receives the high-speed indirect drive control by
the first downlink data DNDJO periodically transmitted every
time, and the indirect load 109 which 1s not necessary to be
controlled every time by the first downlink data DNDO and
1s controlled at low frequency receives the low-speed 1ndi-
rect drive control by the second downlink data DNDI1 in
which the transmission target 1s changed by the designated
address even when transmitted every time,

in the case where there 1s room 1n the number of signals
of the first downlink data DNDO0 in comparison with the
number of loads of the high-speed load 1085, part or all of
the indirect load 109 may be controlled by the first downlink
data DNDO.

Then, the main control circuit section 120D further
includes the high-speed AD converter 124 to which the
high-speed analog sensor 103 outputting analog signals as
part of the direct input signals 1s connected,

the medium-speed analog sensor 104 and the low-speed
analog sensor 105 are connected to the high-speed AD
converter 124 through the extended indirect multiplexer
145D, and

the extended indirect multiplexer 145D selects one of the
plural analog 1nput channels by selection data transmitted to
the selection register 135 of the combination control circuit
section 130D by the downlink communication data DND.

The main control circuit section 120D performs drive
control of plural electrical loads 189 directly or indirectly
through the combination control circuit section 130D in
accordance with the on/ofl states of plural opening/closing
sensors and signal voltage levels of plural analog sensors,

10

15

20

25

30

35

40

45

50

55

60

65

38

the combination control circuit section 130D i1s mainly
configured by the auxiliary microprocessor SCPU,

the opening/closing sensors include the direct opening/
closing sensor 102 directly inputted to the main control
circuit section 120D and the indirect opening/closing sensor
106 indirectly inputted to the main control circuit section
120D 1n association with the combination control circuit
section 130D, and

the analog sensors include the high-speed analog sensor
103 directly mputted to the main control circuit section
120D, the low-speed analog sensor 105 indirectly inputted
to the main control circuit section 120D 1n association with
the combination control section 130D and the medium-
speed analog sensor 104 1n which variation 1n signal voltage
levels of the sensor output signals i1s gentler than the
high-speed analog sensor 103 and vanation in signal voltage
levels of the sensor output signals 1s steeper than the
low-speed analog sensor 105, and

the medium-speed analog sensor 104 1s indirectly inputted
in association with the combination control circuit section
130D.

Then, while the main control circuit section 120D trans-
mits the downlink communication data DND 1n series to
plural registers provided 1n the combination control circuit
section 130D through the first PS converter 127 and the first
SP converter 137, the combination control circuit section
130D replies the uplink communication data UPD in series
to the main control circuit section 120D through the second
PS converter 138 and the second SP converter 128,

the first downlink data DNDO 1s a write-only command
transmitted every time to the high-speed output register 132
in a specilic address area 1n the registers, which includes
on/oil data of plural bits to be the high-speed indirect drive
control signal DOB as transmission data,

the high-speed load 1085 which 1s part or all of the plural
clectrical loads 189 and which requires at least highly
accurate on/ofl control timing 1s indirectly driven at high
speed by the on/ofl data,

the second downlink data DND1 includes command data
and address data, writing on/off data of plural bits to be the
low-speed 1indirect drive control signal DOC to the low-
speed output register 133 designated by address data or
writing numeral data as control constants 1nitially set or
variably set with respect to the constant setting register 134
when the command data 1s a write instruction,

the indirect load 109 as part of the plural electrical loads
189 1s indirectly driven by the low-speed indirect drnive
control signal DOC, and

the on/ofl signals by the indirect opeming/closing sensor
106 are replied from the combination control circuit section
130D to the main control circuit section 120D by the uplink
communication data UPD.

As described above, according to claim 2 of the present
invention, the on/off signals of the opening/closing sensor as
part of indirect input signals are replied from the combina-
tion control circuit section to the main control circuit section
by the uplink communication data, and the analog signal
voltage by the indirect analog sensor as another part of the
indirect input signals 1s indirectly mputted to the main
control circuit section 1n association with the combination
control circuit section, not depending on the uplink com-
munication data.

Accordingly, many opening/closing sensors not requiring
high-speed response are indirectly connected to the combi-
nation control circuit section, thereby reducing the number
of 1nput signals with respect to the main control circuit
section as well as largely suppressing the data amount of
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uplink communication and shortening the necessary time of
uplink communication as 1t 1s not necessary to transmit
digital conversion values of all analog mput signals by
uplink communication data, and further, 1t 1s not necessary
to provide the multi-channel AD converter 1in the combina-
tion control circuit section.

The selection data transmitted to the selection register 135
provided 1n the combination control circuit section 130D 1s
for selecting a signal from plural medium-speed analog
input signals ANM inputted from the medium-speed analog
sensor 104 as the indirect mput signals by the post-stage
multiplexer 1144 to be part of the extended indirect multi-
plexer 145D and mputting the signal into the specific input
channel of the high-speed AD converter 124 provided 1n the
main control circuit section 120D,

plural low-speed analog 1input signals ANL mnputted from
the low-speed analog sensor 105 are mputted to the specific
input channel of the high-speed AD converter 124 wvia
prescribed channels of the previous-stage multiplexer 1154
and the post-stage multiplexer 114d to be part of the
extended indirect multiplexer 145D, and

the high-speed AD converter 124 includes respective AD
converters and bufler memories so as to correspond to one
channel or plural input channels, which belongs to a type 1n
which 1nput selection instructions for the plural input chan-
nels are not necessary, and when there i1s the high-speed
analog sensor 103, the high-speed analog 1nput signals ANH
are mputted to respective input channels other than the
specific input channel.

As described above, according to claim 4 of the present
invention, the main control circuit section includes the
high-speed AD converter to which high-speed analog signals
mputted from the high-speed analog sensor are inputted.
Indirect analog signals imputted from the medium-speed
analog sensor and indirect analog signals inputted from the
low-speed analog sensor are respectively selected by the
extended indirect multiplexer and taken by the main control
circuit section through the high-speed AD converter, and the
multiplexer selects analog iput channels by the selection
data transmitted from the main control circuit section.

Accordingly, 1t 1s not necessary to transmit the digital
conversion values of the medium-speed analog mput signals
and the low-speed analog mput signals by the uplink com-
munication data, therefore, the data amount 1n the uplink
communication 1s largely suppressed and the necessary time
tor the uplink communication can be shortened, and further,
it 1s not necessary to provide the multi-channel AD converter
in the combination control circuit section, theretfore, the
low-speed analog input signals can be taken into the main
control circuit section with a small size inexpensively. As the
low-speed analog input signal does not depend on the uplink
communication, the signals can be taken into the main
control circuit section with processing time equivalent to the
medium-speed analog input signals 1n related art.

Plural analog signals mputted from the medium-speed
analog sensor and the low-speed analog sensor can be read
into the main control circuit section while performing chan-
nel selection by selection data, therefore, it 1s possible to
reduce the number of mmput/output terminals of the main
control circuit section and to reduce the size, which leads to
turther improvement of the high-speed processing perfor-
mance.

The command data included 1n the second downlink data
DND1 further includes at least one of the register batch read
instruction, the uplink reply stop instruction and the register
address unit read 1nstruction,
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the register batch read instruction 1s a read nstruction for
reporting and replying the stored contents of plural registers
provided in the combination control circuit section 130D at
a time 1n the prescribed order, not depending on the address
data,

the register address unit read nstruction 1s a read instruc-
tion for reporting and replying the stored contents of the
resister of the designated address provided in the combina-
tion control circuit section 130D based on the address data
attached to the command data, and when the register address
unit read instruction 1s generated 1n the uplink communica-
tion period in which batch reading 1s performed by the
register batch read instruction, the uplink reply 1s suspended
and the register address unit read 1nstruction 1s executed and
started after the data which has been already replied 1s made
valid 1n the main control circuit section 120D, and

the uplink reply stop instruction i1s an instruction for
suspending the uplink reply and making the data which has

been already replied valid in the main control circuit section
120D.

As described above, according to claim 7 of the present
invention, the second downlink data includes the register
batch read instruction and the uplink reply stop instruction
or the register address unit read instruction as command
data.

Therefore, batch reading of stored data 1n the combination
control circuit section 1s periodically performed by the
register batch read instruction in the normal state. When
specific stored data 1s desired to be urgently read from the
main control circuit section side, the uplink reply 1s sus-
pended once, and the batch read instruction 1s generated
again, thereby reading the desired stored data promptly. As
the desired data can be obtained by transmitting the read
instruction by designating an address of required data, it 1s
desirable to perform the low-speed uplink communication
even when the time necessary for batch report reply of the
entire data becomes long, thereby reducing the burden 1n
communication control in the same manner as Embodiments
1 to 3.

The constant setting register 134 provided in the combi-
nation control circuit section 130D further includes the
abnormality data register 134e,

the abnormality data register 134e stores abnormality data
when an abnormality in disconnection/short-circuit occurs
in part of mput/output wiring, or when an abnormality
occurs in downlink communication determined based on
code imspection data added to the second downlink data
DNDI1,

the communication control circuit section 130D generates
the read request signal REQ by the dedicated line with
respect to the main control circuit section 120D when the
abnormality data 1s stored in the abnormality data register
134¢, and

the main control circuit section 120D generates the reg-
ister batch read instruction or the register address unit read
instruction by receiving the read request signal REQ).

As described above, according to claim 8 of the present
invention, the combination control circuit section includes
the abnormality data register, generating the read request
signal to the main control circuit section when detecting the
abnormality, and replying abnormality generation data by
the read instruction from the main control circuit section.

Accordingly, the abnormality generation data can be
reported and replied to the main control circuit section
promptly, not depending on the read instruction generated at
cach prescribed period, thereby widening normal intervals
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of read 1nstructions and reducing the burden of control 1n the
main control circuit unit in the same manner as Embodiment

2.

In the present invention, respective embodiments may be
suitably deformed and omitted within a scope of the imven-
tion, and respective embodiments may be combined with
cach other according to need.

In particular, in the case where the combination control
circuit section has the auxiliary microprocessor SCPU as 1n
Embodiments 2 and 4, the hardware configuration of the
input/output disconnection/short-circuit abnormality detec-
tion circuit 140 1s simplified, and the abnormality detection
data ERR can be easily generated by control programs of the
auxiliary microprocessor SCPU. Even when the combina-
tion control circuit section does not have the auxiliary
microprocessor SCPU as in Embodiments 1 and 3 and
includes the logic control circuit SCNT, an input/output
disconnection/short-circuit abnormality detection circuit
suitable to the unit 1s configured to thereby generate the
abnormality detection mformation ERR.

Various terms used 1n the present invention will be cleared
by citing a case where the onboard electronic control unit 1s
an engine control unit as an example.

First, the onboard electronic control unit 1s mainly con-
figured by the main control circuit unit and the combination
control circuit section, input signals from various types of
input sensors are connected to the onboard electronic control
unit and the unit generates control signals with respect to
plural electronic loads.

The main control circuit section 1s an integrated circuit
device mainly imncluding the microprocessor and the program
memory working together with the microprocessor.

The communication control circuit section 1s serial con-
nected to the main control circuit section, the downlink
signal 1s transmitted from the main control circuit section to
the combination control circuit section, and the uplink signal
1s replied from the combination control circuit section to the
main control circuit section.

The object of the present mmvention 1s to reduce the
number of mmput/output terminals in the integrated circuit
device and 1s not to reduce the number of input/output
terminals in the entire onboard electronic control circuit
unit.

As the mput sensors, the direct mput sensors nputted to
the main control circuit section not in association with the
combination control circuit section and the indirect mput
sensors 1nputted to the main control circuit section in
association with the combination control circuit section.

The mmput sensors include opening/closing sensors per-
forming on/ofl operations and analog sensors generating
analog signals, and signals generated by the input sensors
may be referred to as iput signals.

The direct opening/closing sensor 102 performs opening/
closing operations in synchronization with engine rotation
such as a crank angle sensor or a vehicle speed sensor of an
engine, supplying direct mput signals DIH to the main
control circuit section not in association with the combina-
tion control circuit section.

The indirect opening/closing sensor 106 performs open-
ing/closing operations mainly by manual operation not 1n
synchronization with the engine rotation speed or the vehicle
speed such as a gear shift sensor of a transmission or an air
conditioner operation switch, generating indirect input sig-
nals DIL which are transmitted to the main control circuit
section by the uplink signal from the combination control
circuit section.
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As the high-speed analog sensor 103, for example, a
knock sensor measuring engine sound can be cited, which
requires high-speed response whereby wavelorm observa-
tion of plural times per one rotation 1s necessary even during
high-speed rotation of the engine, and the high-speed analog
input signals ANH generated by the high-speed analog
sensor 103 are converted into digital signals by the high-
speed AD converters 124 provided 1n the mtegrated circuit
device to be taken into the microprocessor CPU.

The high-speed AD converter includes AD conversion
circuits and bufler memories corresponding to plural mput
channels, and the microprocessor can acquire a digital
conversion value of a desired 1mput channel only by desig-
nating a readout buller memory at any time even when the
input channel 1s not designated.

The low-speed analog sensor 105 1s, for example, a water
temperature sensor ol an engine cooling water or an intake
air temperature sensor, and plural indirect input signals DIL
generated by the low-speed analog sensor 105 are selected
by the indirect multiplexers 11556/145C/145D provided in
the outside of the integrated circuit device, and any one of
indirect mput signal DIL 1s mputted into the specific mput
channel of the high-speed AD converter 124 or the multi-
channel AD converter 125 provided 1n the integrated circuit
device.

The indirect multiplexers 11556/145C/145D select the
indirect mput signal DIL by the channel selection signal
CSL generated by the combination control circuit section,
therefore, the signals inputted to the microprocessor as
described above are mput signals associated with the com-
bination control circuit section.

The multi-channel AD converter 125 1s a successive
conversion type AD converter in which the input channel 1s
selected by the built-in multiplexer 1255, including one AD
conversion circuit and one buller memory with respect to
cach of plural mput channels. When the input channel 1s
designated by the microprocessor, AD conversion of the
designated channel 1s performed and the result 1s stored 1n
one buller memory, then, readout 1s performed by the
MmICroprocessor.

As the designation of the input channel by the built-in
multiplexer 12556 and the readout of the digital conversion
value are directly executed by the main control circuit
section, not depending on the combination control circuit
section, the analog mnput signals putted to the multi-
channel AD converter 125 not through the indirect multi-
plexers 113556/145C/145D are classified into direct input
signals.

The medium-speed analog sensor 104 relates to control of
an engine rotation speed such as an acceleration position
sensor or a throttle position sensor. The medium-speed
analog signals ANM generated by the medium-speed analog
sensor 104 are constantly monitored by the microprocessor,
and when the main control circuit section has the multi-
channel AD converter 125, the signals are inputted to
respective input channels of the multi-channel AD converter
125 as direct analog input signals (in the case of Embodi-
ments 1, 2).

However, the main control circuit section does not include
the multi-channel AD converter 125 and includes only the
high-speed AD converter 124, the medium-speed analog
signal ANM 1s mputted to the specific mput channel of the
high-speed AD converter 124 through the extended indirect
multiplexer 145C/145D, and selection of plural medium-
speed analog signals ANM are performed by the combina-
tion control circuit section and dealt with as indirect analog
input signals (Embodiments 3, 4).
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In the case where the medium-speed 1nput signals ANM
are dealt with as indirect input signals selected by the
extended mdirect multiplexers 145C/145D 1n the same man-
ner as the low-speed analog mput signals ANL, while any
one of, for example, seven medium-speed analog input
signals ANM 1s sequentially selected, and subsequently, any
one of, for example, eight low-speed analog mput signals
ANL 1s selected and the same selection operations are
repeated, the selection of the low-speed analog input signals
ANL 1s sequentially changed, as a result, the medium-speed
analog put signals ANM are selected eight times 1n the
cight selection operations, and the low-speed analog 1nput
signal ANL 1s selected once, thereby changing the frequency
of taking the input signals according to output of the channel
selection signal CSL.

It 1s defined that the medium-speed analog signals input
ANM are read out at higher frequency than the low-speed
analog 1nput signals ANL while the engine 1s normally
operated, however, at the time of starting the engine, the
monitoring of the vehicle state precedes, and the actual
operation 1s started after confirming whether there 1s no
abnormality, for example, 1n the temperature of cooling
water.

As variation in the temperature of cooling water 1s
gradual, 1t 1s not necessary to monitor the variation at high
frequency during the operation, however, at the time of
starting, high-speed monitoring can be performed so that the
reading of various monitoring data can be completed before
the engine 1s started.

The high-speed load 1085 i1s, for example, a solenoid
valve for fuel imjection or an ignition coil in the plural
clectrical loads 189 controlled by the microprocessor. It 1s
required to perform intermittent operations plural times in
cach rotation of the engine with the accuracy of intermittent
timing in units of one degree of a rotation angle. The load 1s
driven by the high-speed indirect drive control signal DOB
that 1s every time transmitted by the first down link data
DNDO.

That 1s, the speed 1n synchromization with the engine
rotation 1s regarded as “high speed”, and “indirect” 1s named
as the signals are through the combination control circuit
section, therefore, “high-speed load” 1s a term which should
be named as an “indirect high-speed driven electrical load”
but brietly expressed.

The indirect loads 109 are auxiliary machines such as an
clectromagnetic clutch for an air conditioner, an o1l pump
and a relay for a load power supply, which are not driven at
high speed in synchronization with engine rotation, and are
driven by the low-speed indirect drive control signal DOC
which 1s selectively transmitted by the second downlink data
DNDI1.

That 1s, the “indirect load™ 1s a brief expression of a term
which should be named as an “indirect low-speed driven
clectrical load”.

The direct load 108a 1s, for example, an opening motor
controlling the intake valve opening position, which 1s an
example of the electrical load which may be directly con-
trolled by the microprocessor not through the combination
control circuit section.

The microprocessor requires high-speed response as the
direct drive control signal DOA 1s generated by performing
negative feedback control so as to obtain a target valve
opening position by comparing a designated value of the
valve opening position by the acceleration position sensor
with a detected value of the valve opening position by the
throttle position sensor. In the case where the negative
teedback control 1s performed by hardware provided 1n the
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outside of the main control circuit section, the microproces-
sor can perform control so that a pulse width modulation
signal in proportion to the target value of the valve opening
posit 1on 1s transmitted by the first downlink data DNDJO,
therefore, the opening motor 1s classified into the “high-

speed load” 1n this case.

REFERENCE SIGNS LIST

100A to 100C onboard electronic control unit

102 opeming/closing sensor (direct opening/closing sensor)

103 analog sensor (high-speed analog sensor)

104 analog sensor (medium-speed analog sensor)

105 analog sensor (low-speed analog sensor)

106 opening/closing sensor (indirect opening/closing sen-
SOr)

108a direct load

1085 high-speed load

109 1ndirect load

114d post-stage multiplexer

11556 indirect multiplexer

115d previous-stage multiplexer

120A to 120C main control circuit section

124 high-speed AD converter

125 multi-channel AD converter

12556 built-in multiplexer

127 first PS converter

128 second SP converter

130A to 130C combination control circuit section

131 correct answer data register

132 high-speed output register

133 low-speed output register

134 constant setting register

134¢ abnormality data register

135 selection register

136a question register

1366 answer register

137 first SP converter

138 second PS converter

139 mnput gate

145C, 145D ndirect multiplexer

189 electrical load

ANH high-speed analog 1mnput signal

ANL low-speed analog input signal

ANM medium-speed 1mnput signal

CLD downlink clock signal

CPU microprocessor

DND downlink communication data
DNDO first downlink data

DND1 second downlink data

DOA direct drive control signal

DOB high-speed indirect drive control signal
DOC low-speed indirect drive control signal
REQ read request signal

SCNT logic control circuit

SCPU auxiliary microprocessor

STD transmission start instruction signal
UPD uplink communication data

The mvention claimed is:

1. An onboard electronic circuit unit comprising:

a main control circuit section comprising a miCroproces-
sor; and

a combination control circuit section that i1s provided
separately from the main circuit control circuit section,
controls a plurality of first electrical loads that 1is
directly connected to the main control circuit section,
and controls a plurality of second electrical loads that
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1s indirectly connected to the combination control cir-
cuit section in accordance with respective operation
states of direct input signals and indirect input signals,
the direct mput being provided to the main control
circuit section without control of the combination cir-
cuit section, the indirect input signals being provided to
the main control circuit section under the control of the
combination control circuit section, wherein:

a downlink communication data transmitted from the
main control circuit section to the combination control
circuit section includes a first downlink data with a
fixed address and a second downlink data with a
variable address,

a pair of the first downlink data and the second downlink
data 1s periodically transmitted based on a transmission
start 1nstruction signal and a downlink clock signal
generated by the main control circuit section,

among the plurality of second electrical loads, a prede-
termined high-speed load periodically receives a high-
speed indirect drive control signal including the first
downlink data, so that the predetermined high-speed
load 1s to be controlled at a predetermined high fre-
quency,

among the plurality of first electrical loads, an indirect
load receives a low-speed indirect drive control signal
including the second downlink data, so that the indirect
load 1s to be controlled at a predetermined low fre-
quency,

a transmission target of the second downlink data 1s
changeable by a designated address every time the
second downlink data 1s transmitted,

in response to determining that signals of the first down-
link data are available based on comparison between a
number of the signals of the first downlink data and a
number of loads of the high-speed load, the indirect
load 1s controlled by the first downlink data,

the main control circuit section further includes a high-
speed analog-to-digital (AD) converter to which a
high-speed analog sensor outputting the direct input
signals 1s connected and a multi-channel AD converter
to which a medium-speed analog sensor 1s connected,

the onboard electronic circuit unit further comprises:

a low-speed analog sensor that outputs the indirect
input signals and 1s connected to the multi-channel
AD converter or the high-speed AD converter
through an indirect multiplexer; and

a medium-speed analog sensor and a low-speed analog
sensor that are connected to the high-speed AD
converter through an extended indirect multiplexer,
and

the indirect multiplexer or the extended indirect multi-
plexer selects one of a plurality of analog mput chan-
nels based on selection data transmitted from a selec-
tion register 1n the combination control circuit section.

2. The onboard electronic circuit unit according to claim

1, wherein

the main control circuit section performs drive control of
the plurality of first electrical loads and the second
clectrical loads directly or indirectly through the com-
bination control circuit section in accordance with
on/ofl states of a plurality of opening/closing sensors
and signal voltage levels of a plurality of analog
SeNsors,

the combination control circuit section comprises a logic
control circuit or an auxiliary microprocessor,

the plurality of opening/closing sensors mnclude a direct
opening/closing sensor that directly communicates
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with the main control circuit section and an indirect
opening/closing sensor that indirectly communicates
with the main control circuit section 1n association with
the combination control circuit section,
the plurality of analog sensors include the high-speed
analog sensor that directly communicates with the main
control circuit section, the low-speed analog sensor that
indirectly communicates with the main control circuit
section 1n association with the combination control
section and the medium-speed analog sensor,
variation in signal voltage levels of the medium-speed
analog sensor 1s less than variation in signal voltage
levels of the high-speed analog sensor and greater than
variation 1n signal voltage levels of the low-speed
analog sensor,
the medium-speed analog sensor directly communicates
with the main control circuit section or indirectly
communicates with the main control section 1n asso-
ciation with the combination control circuit section,
while the main control circuit section transmits the down-
link communication data i1n series to a plurality of
registers provided in the combination control circuit
section through a first parallel-to-serial (PS) converter
and a first serial-to-parallel (SP) converter, the combi-
nation control circuit section transmits uplink commu-
nication data in series to the main control circuit section
through a second PS converter and a second SP con-
verter,
the first downlink data 1s a write-only command trans-
mitted to a high-speed output register in a specific
address area 1n the plurality of registers,
the specific address area 1n the plurality of registers
includes on/ofl data of plural bits to be carried 1n a
high-speed indirect drive control signal,
the predetermined high-speed load 1s indirectly driven by
the on/ofl data at a speed higher than a predetermined
speed value,
the second downlink data includes
command data,
address data, and
writing on/oil data,
the writing on/ofl data includes
a low-speed mdirect drive control signal DOC to a
low-speed output register designated by the address
data, or
numeral data as control constants to be set 1n a constant
setting register, 1n response to the command data
being a write 1struction,
the indirect load 1s indirectly driven by the low-speed
indirect drive control signal, and
a response to on/ofl signals which are outputted by the
indirect opeming/closing sensor 1s transmitted from the
combination control circuit section to the main control
circuit section by the uplink communication data.
3. The onboard electronic circuit unit according to claim

2, wherein

based on the selection data, the selection register selects
a signal from a plurality of low-speed analog input
signals mputted from the low-speed analog sensor by
the indirect multiplexer and nputs the signal into a
specific input channel of the multi-channel AD con-

verter or the high-speed AD converter provided in the
main control circuit section,

the multi-channel AD converter 1s a successive conver-
sion type converter including a built-in multiplexer to
operate as a selection switching circuit of plural mnput
channels, and medium-speed analog 1nput signals are
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inputted to respective input channels of the multi- 7. The onboard electronic circuit unit according to claim
channel AD converter or the high-speed AD converter 2, wherein

the command data 1included 1n the second downlink data
further includes at least one of a register batch read
instruction, an uplink reply stop instruction and an
register address unit read instruction,

the register batch read instruction 1s a read struction for
retrieving contents from the plurality of registers 1n a
prescribed order, without referring to the address data,

the register address unit read nstruction 1s a read instruc-
tion for retrieving the contents from a register of the
plurality of registers, the register having a designated
address indicated 1n the address data,

in response to the register address unit read 1nstruction
being generated 1n an uplink communication period 1n
which batch reading 1s performed by the register batch
read instruction, an uplink reply 1s suspended and the
register address unit read instruction 1s executed and
started after data which has been already retrieved 1s
made valid 1in the main control circuit section, and

the uplink reply stop instruction i1s an instruction for
suspending the uplink reply and making the data which
has been already retrieved valid 1n the main control
circuit section.

8. The onboard electronic circuit unit according to claim

other than the specific input channel,

the high-speed AD converter includes AD converters and
buffer memories, wherein the AD converters and buller 5
memories are associated with one channel or a plurality
of input channels respectively, and

the high-speed analog 1nput signals are inputted from the
high-speed analog sensor to respective mput channels
of the multi-channel AD converter or the high-speed 10
AD converter other than the specific input channel.

4. The onboard electronic circuit umt according to claim

2, wherein

based on the selection data, the selection register selects
a signal from a plurality of medium-speed analog input 15
signals inputted from the medium-speed analog sensor
as the indirect mput signals by the extended indirect
multiplexer or a post-stage multiplexer, and mputs the
signal into a specific mput channel of the high-speed
AD converter provided in the main control circuit 20
section,

plural low-speed analog mput signals inputted from the
low-speed analog sensor are inputted to a specific input
channel of the high-speed AD converter through the
extended indirect multiplexer, or mputted to the spe- 25
cific mput channel of the high-speed AD converter via
prescribed channels of a previous-stage multiplexer 7.
and the post-stage multiplexer, and

the high-speed AD converter includes AD converters and
bufler memories so as to correspond to one channel or 30
plural input channels, and

the high-speed analog 1nput signals are inputted from the
high-speed analog sensor to respective mput channels

of the multi-channel AD converter or the high-speed " v in downlink oo d o
AD converter other than the specific input channel. 35 abnormality in downlink communication determine

5. The onboard electronic circuit unit according to claim based on code mspection data added to the second
0) downlink data occurs,

the communication control circuit section generates a read
request signal by a dedicated line with respect to the
main control circuit section in response to the abnor-
mality data being stored 1n the abnormality data regis-
ter, and

the main control circuit section generates the register
batch read instruction or the register address unit read
istruction by receiving the read request signal.

9. The onboard electronic circuit unit according to claim

wherein the constant setting register provided in the
combination control circuit section further includes an
abnormality data register, and the abnormality data
register stores abnormality data in response to an
abnormality 1n disconnection or short-circuit occurring
in part of input/output wiring, or in response to an

wherein the combination control circuit section further
includes an input gate to which the on/ofl signals
inputted from the indirect opening/closing sensor are 40
inputted,

the uplink communication data further includes the on/off
signals of the indirect opening/closing sensor obtained
from the input gate,

input terminals of the low-speed analog sensor and input 45
terminals of the indirect opeming/closing sensor are
individually provided, or at least part of the input 7,
terminals of the low-speed analog sensor and the input
terminals of the indirect opeming/closing sensor are

wherein the combination control circuit section includes a
question register for storing plural question data for

common terminals. 50 periodically monitoring an operation state of the main
6. The onboard electronic circuit unit according to claim control circuit section, an answer register for storing
5, wherein answer data from the main control circuit section with

respect to the question register, and a correct answer
data register storing answer data corresponding to
respective question data,

the uplink communication data includes the question data,
and the downlink communication data includes the
answer data generated by the main control circuit
section so as to correspond to the question data,

in the question data, one of plural types of question data

any one of the on/ofl signals from the indirect opening/
closing sensor and low-speed analog inputs from the
low-speed analog sensor 1s transmitted to the common 55
terminals,

the microprocessor monitors digital conversion values
with respect to output signal voltages of analog input
channels to which the on/off signals are inputted,

determines that an on/ofl signal of the on/ofl signals 60

indicates an on-state 1n response to a corresponding
digital conversion value of the digital conversion val-
ues being greater than or equal to a second threshold
which 1s higher than a first threshold, and determines
that the on/off signal indicates an ofl-state 1n response
to the corresponding digital conversion value being less
than or equal to the first threshold.

65

stored 1n the question register 1s selected and adopted,
and the question data 1s common question data with
respect to the uplink communication data,

the combination control circuit section compares the

answer data stored 1n the answer register with contents
of the correct answer data register corresponding to
current contents of the question register before chang-
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ing contents of plural question data to thereby deter-
mine presence of an abnormality 1n control by the main
control circuit section, and

in the question data, question contents are updated and
changed after a prescribed waiting time for the answer
data, and determination of abnormality in communica-
tion 1s made by the combination control circuit section
in response to an elapsed time from a previous update

and change to a present update and change exceeding
a prescribed time.

10. The onboard electronic circuit unit according to claim

2,

wherein the command in the second downlink data further
includes an invalid instruction, and 1n response to the
command data being the invalid instruction, the address
data 1n the second downlink data and data in associa-
tion with the address data are 1gnored in the combina-
tion control circuit section.

11. The onboard electronic circuit unit according to claim

2, wherein

the plurality of first electrical loads further include a direct
load which 1s directly driven by a direct drive control
signal generated by the main control circuit section,

the direct load 1s a motor that controls a throttle valve
opening position,

the main control circuit section performs a negative
feedback control of the motor 1n accordance with
output signals of an acceleration position sensor and a
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throttle position sensor which correspond to the
medium-speed analog sensors,

the predetermined high-speed load 1s an electromagnetic
coil for driving an solenoid valve for fuel injection or
an 1gnition coil 1 a multi-cylinder onboard engine,

the predetermined high-speed load performs drive and
stop control on a crank shait, in accordance with a
crank angle sensor corresponding to the direct opening/
closing sensor, so that an angle error of the crank shatt
1s within a range of 1 degree or less,

the indirect load 1s a motor for a pump, an electromagnetic
clutch, auxiliary machines including the solenoid
valve, a heater for exhaust gas, or an electromagnetic
relay for a load power supply, and

a transmission period of the downlink communication
data 1s 2 usec to 5 usec, and

a reply period of the uplink communication data 1s 2 usec
to > usec.

12. The onboard electronic circuit unit according to claim

20 11, wherein

the high-speed analog sensor 1s a knock sensor for mea-
suring vibration sound of an engine, and

a digital conversion time required for the high-speed AD
converter or the multi-channel AD converter to convert
a single analog input signal to a digital output signal 1s
less than or equal to a single transmission time of the
downlink communication data.
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