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The control of an engine should suppress the harmful



components in exhaust gases and operate the engine with a high efficiency. The assembly of the separate electronic control units provided for the controlled objects, e.g. the electronically controlled fuel injection



ELECTRONIC ENGINE CONTROL APPARATUS



Matter enclosed in heavy brackets [ ] appears in the original patent but forms no part of this reissue speci?ca tion; matter printed in italics indicates the additions made



apparatus and the electronically controlled ignition



by reissue.



timing apparatus, as described above, provides a poor interrelation among the control units so that a close



CROSS REFERENCE TO RELATED APPLICATIONS The present application relates to subject matter de



control of the overall control system is impossible. Moreover, such a composite control system must be accompanied by very complicated circuits. For exam ple, a circuit for detecting the irregular output of a



scribed in the co-pending applications listed below: U.S.



sensor is required such as an angular position sensor.



Ser. Nos.



951,509 Filed: Oct. 16, 1978 Shigeki Morinaga ct :11. now abandoned



SUMMARY OF THE INVENTION The object of this invention is to provide a control apparatus which is a combination of comparatively



952,275 Filed: Oct. 18, 1978



Masao Takato et al. now US. Pat. No. 4,280,189



952,276 Filed: Oct. 18, 1978 Hiroastu Tokuda et al



simple circuits and which is capable of controlling an



now U.S. Pat. No. 4,277,829



952,279 Filed: Oct. 18, 1978 Hiroastu Tokuda et al, 20



now US. Pat. No. 4,309,759 952,326 Filed: Oct. 18, 1978 Masumi Imai et al, now



engine. According to this invention, input information indica tive of the operating conditions of an engine is used and



processed through calculations, and plural registers are US. Pat. No. 4,310,889 provided to hold the respective processed contents and 952,531 Filed: Oct. 18, 1978 Masumi Imai et al, now to hold data representing the preset values constantly. US. Pat. No. 4,312,038 25 The common feature of the data held in these registers 952,532 Filed: Oct. 18, 1978 Hiroastu Tokuda et al, is that they are used as reference values for a compari now US. Pat. No. 4,274,141 son operation. Therefore, the registers mentioned above 952,533 Filed: Oct. 18, 1978 Masumi Imai et al, now are referred to hereafter as reference registers constitut US. Pat. No. 4,282,573 ing a reference register group and the data held in the 011,845 Filed: Feb. 13, 1979 Toshio Furuhashi et 81. reference registers is referred to as reference data. now US. Pat. No. 4,310,888 On the other hand, plural registers are provided to 059,029 Filed: July 19, 1979 Sanshiro Obara et al. now hold data representing the instantaneous conditions of US. Pat. No. 4,276,602 the engine and other mechanisms and these registers are 060,751 Filed: July 26, 1979 Toshio Furuhashi et al. referred to hereafter as instantaneous registers constitut now US. Pat. No. 4,296,722 35



ing an instantaneous register group. This invention comprises a reference register group, an instantaneous register group, comparison circuits, an incrementor, an incrementor controller, a comparison result holding circuit and a stage counter. According to FIELD OF THE INVENTION this invention with the combination of these circuit elements, the stage counter causes the respective stages This invention relates to an apparatus for controlling to be sequentially operated for processing in a predeter an internal combustion engine for use especially on an mined order. For the particular processing in each automobile. 45 stage, desired registers are successively selected from BACKGROUND OF THE INVENTION among the reference and instantaneous register groups



064,431 Filed: Aug. 7, 1979 Toshio Furuhashi, now US. Pat. No. 4,274,142 073,085 Filed: Sept. 6, 1979 Masumi lmai et al. now US. Pat. No. 4,408,279



With the continuing demand for automobiles as means of transportation, there have arisen several social problems. Among them are air pollution and the con



sumption of fossil fuels, especially petroleum. Some measures have been taken to reduce the amount of harmful substances in exhaust gas, but this has also caused a degradation of the overall efficiency of the



to send the reference data and the instantaneous data



from the selected registers to the associated comparison circuit. The result of the comparison, i.e. the output of 50 the comparison circuit, is held in a comparison result



holding circuit.



Concerning the stages, the instantaneous data held in each instantaneous register corresponding to a stage is rewritten according to the actually instantaneous condi internal combustion engine (hereinafter referred to sim ply as engine). For the purpose of preventing a degrada 55 tion of the engine or other mechanisms. The rewriting operation is controlled by the incrementor and the in tion of the operating efficiency of the engine and im crementor controller. proving measures against exhaust gases, an electronic Namely, the incrementor controller determines control apparatus has been employed which has an whether or not the data representing the angular posi improved precision in control. For example, there have been proposed an electronically controlled fuel injec 60 tion of a crank shaft (in this specification, the term “crank shaft” is applied to the rotary shaft of not only a tion apparatus and an electronically controlled ignition reciprocating engine but also a rotary engine) has in timing apparatus, and most recently an ignition appara. creased in accordance with a crank angular position tus controlled by a microprocessor. signal and a timing signal. The incrementor then in The conventional trend in such a control apparatus is toward the mere replacement of mechanical control by 65 creases the data by a certain unit in accordance with the an electric one and therefore the individual controlled



result of the determination. In this way, the data is re



objects must be provided with the associated electronic control units.



newed continuously and the renewed data is used for



actual comparison.
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With this constitution, complex control can be real



ized by a relatively simple circuit con?guration and the pulse signals received irregularly are detected after they have been synchronized, so that the pulse signals can be accurately detected and therefore the incrementor can



be operated with precision. The above and other objects, features and advantages of the present invention will be more clear from the



following description with reference to the accompany



ing drawings.



4 tle valve 20 is detected by detecting the valve position of the throttle valve 20 by a throttle valve position detector 24 and the signal QTH representing the valve position of the throttle valve 20 is supplied from the throttle valve position detector 24 to the control circuit 10. The throttle chamber 18 is provided with a bypass 42 for idling the engine and an idle adjust screw 44 for



adjusting the ?ow of air through the bypass 42. When the throttle valve 20 is completely closed, the engine is operated in the idling condition. The sucked air past the



BRIEF DESCRIPTION OF THE DRAWINGS air-?ow meter ?ows via the bypass 42 and drawn into FIG. 1 shows an arrangement plan of sensors and the combustion chamber 34. Accordingly, the flow of actuators in an embodiment of this invention; the air sucked in under the idling condition is changed FIG. 2 (A-G) is a diagram for explaining the opera 5 by adjusting the idle adjust screw 44. The energy cre tion of the circuits shown in FIG. 1; ated in the combustion chamber 34 is determined sub FIG. 3 shows the detail of the control circuit shown stantially depending on the flow rate of the air drawn in FIG. 1; through the bypass 42 so that the rotational speed of the FIG. 4 shows a partial detail of the input/output engine under the idling condition can be adjusted to be circuit shown in FIG. 3; 20 optimal by controlling the flow rate of air drawn into FIG. 5 (A-L) is a diagram for explaining the opera the combustion chamber by adjusting the idle adjust tion of the circuit shown in FIG. 4; screw 44. FIG. 6 shows the detail of the stage counter shown in The throttle chamber 18 is also provided with an FIG. 4; other bypass 46 and an air regulator 48. The air regula FIG. 7 shows in detail concrete examples of the refer 25 tor 48 controls the ?ow rate of the air through the ence and the instantaneous register groups shown in bypass 46 in accordance with the output signal NIDL of



FIG. 4;



the control circuit 10, so as to control the rotational



FIG. 8 shows in detail concrete examples of the ?rst and the second comparison output register groups 502



speed of the engine during the warming-up operation



and 504;



and to properly supply air into the combustion chamber 30 at a sudden change, especially a sudden closing, in the



" FIG. 9 shows in detail a synchronizing circuit:



valve position of the throttle valve 20. The air regulator FIG. 10 (A-I) is a diagram for explaining the opera 48 can also change the ?ow rate of air during the idling tion of the circuit shown in FIG. 9; operation. FIG. 11 shows in detail a concrete example of the Next, the fuel supply system will be described. Fuel incrementor 478 shown in FIG. 4; 35 stored in a fuel tank 50 is sucked out to a fuel damper 54 FIGS. 12A and 12B show in detail an incrementor



controller; FIG. 13 (A-E) shows the waveforms useful in ex



plaining the processing of the fuel injection signal;



by means of a fuel pump 52. The fuel damper 54 absorbs the pressure undulation of the fuel supplied from the fuel pump 52 so that fuel having a constant pressure can



be supplied through a fuel ?lter 56 to a fuel pressure



» FIG. 14 (A-F) shows the waveforms useful in ex 40 regulator 62. The fuel past the fuel pressure regulator 62



plaining the ignition timing control;



FIG. 15 (A-C) shows the waveforms useful in ex



is sent by pressure to a fuel injector 66 through a fuel pipe 60 and the output INJ of the control circuit 10 causes the fuel injector 66 to be actuated to inject the fuel into the intake manifold 26.



plaining the processing by EGR or NIDL; and FIG. 16 (A—D) shows the signal waveform useful in explaining the detection of the rotational speed RPM of 45 The quantity of the fuel injected by the fuel injector engine or the speed VSP of vehicle. 66 is determined by the period during which the fuel injector 66 is opened and by the difference between the DETAILED DESCRIPTION pressure of the fuel supplied to the injector and the The present invention will now be described by way of one embodiment with the aid of attached drawings. FIG. 1 shows the main structure of an electronic engine control apparatus. Air sucked in through an air cleaner 12 is passed through an air-?ow meter 14 to measure the



pressure in the intake manifold 26 into which the pres



surized fuel is injected. It is however preferable that the quantity of the injected fuel should depend only on the period for which the injector is opened and which is determined by the signal supplied from the control ?ow rate thereof and the air-?ow-meter 14 delivers an circuit 10. Accordingly, the pressure of the fuel sup output QA indicating the ?ow rate of air to a control 55 plied by the fuel pressure regulator 62 to the fuel injec circuit 10. A temperature sensor 16 is provided in the



tor 66 is controlled in such a manner that the difference



air-flow meter 14 so as to detect the temperature of the



between the pressure of the fuel supplied to the fuel injector 66 and the pressure in the intake manifold 26 is



sucked air and the output TA of the sensor 16, indicat



ing the temperature of the sucked air, is also supplied to



always kept constant during any driving condition. The



the control circuit 10. The air ?owing through the air-?ow meter 14 is fur ther passed through a throttle chamber 18, an intake manifold 26 and a suction or intake valve 32 to the



pressure in the intake manifold 26 is applied to the fuel



pressure regulator 62 through a pressure conducting pipe 64. When the pressure of the fuel in the fuel pipe 60 exceeds the pressure upon the regulator 62 by a prede~ termined level, the fuel pipe 60 communicates with a



combustion chamber 34 of an engine 30. The quantity of air drawn into the combustion chamber 34 is controlled 65 fuel return pipe 58 so that the excessive fuel correspond~ by changing the aperture of a throttle valve 20 provided ing to the excessive pressure is returned through the in the throttle chamber 18 and interlocked with an ac fuel return pipe 58 to the fuel tank 50. Thus, the differ celerator pedal 22. The aperture or opening of the throt ence between the pressure of the fuel in the fuel pipe 60



5



Re. 32,140



6



and the pressure in the intake manifold 26 is kept always



the stored electromagnetic energy is released as a high



constant.



voltage to the ignition plug 36.



The fuel tank 50 is also provided with a pipe 68 con nected to a canister 70 provided for the suction of va



The engine 30 is provided with a temperature sensor 96 for detecting the temperature of the water 94 as coolant in the water jacket and the temperature sensor 96 delivers to the control circuit 10 a signal TW corre



porized fuel or fuel gas. When the engine is operating, air is sucked in through an open air inlet 74 to send the fuel gas into the intake manifold 26 and therefore into the engine 30 via a pipe 72. In the case of a stopped



engine, the fuel gas is exhausted through active carbon ?lled in the canister 70. As described above, the fuel is injected by the fuel



injector 66, the suction valve 32 is opened in synchro



sponding to the temperature of the water 94. The engine 30 is further provided with an angular position sensor 98



for detecting the angular position of the rotary shaft of the engine and the sensor 98 generates a reference signal



PR in synchronism with the rotation of the engine, e.g. every 120’ of the rotation, and an angular position sig



nism with the motion of a piston 75, and a mixture gas nal each time the engine rotates through a constant, of air and fuel is sucked into the combustion chamber predetermined angle (e.g. 0.5’). The reference signal PR 34. The mixture gas is compressed and ?red by the and the angular position signal PC are both supplied to spark generated by an ignition plug 36 so that the en the control circuit 10. ergy created through the combustion of the mixture gas In the system shown in FIG. 1, the air-flow meter 14 is converted to mechanical energy. may be replaced by a negative pressure sensor. Such a The exhaust gas produced as a result of the combus negative pressure sensor 100 is depicted by dashed line tion of the mixture gas is discharged into the open air 20 and the negative pressure sensor 100 will supply to the control circuit 10 a voltage VD corresponding to the through an exhaust valve (not shown), an exhaust pipe 76, a catalytic converter 82 and a muffler 86. The ex negative pressure in the intake manifold 26. A semicon haust pipe 76 is provided with an exhaust gas recycle ductor negative pressure sensor is practically used as pipe 78 (hereafter referred to as an EGR pipe), through such a negative pressure sensor 100. One side of the which a part of the exhaust gas is fed into the intake 25 silicon chip of the semiconductor is acted on by the manifold 26, that is, the part of the exhaust gas is circu boost pressure of the intake manifold while the atmo lated to the suction side of the engine. The quantity of spheric or a constant pressure is exerted on the other the circulated exhaust gas is determined depending on side of the chip. The constant pressure may be vacuum the aperture of the valve of an exhaust gas recycle appa as the case may be. With this construction, a voltage ratus 28. The aperture is controlled by the output EGR 30 VD corresponding to the pressure in the intake mani of the control circuit 10 and the valve position of the fold is generated, which is to be supplied to the control circuit 10. apparatus 28 is converted to an electric signal QE to be supplied as an input to the control circuit 10. FIG. 2 illustrates the relationships between the ?ring A l» sensor 80 is provided in the exhaust pipe 78 to timing and the crank angular position and between the detect the fuel-air mixture ratio of the mixture gas fuel injection timing and the crank angular position, sucked into the combustion chamber 34. An oxygen where a six-cylinder engine is used. In FIG. 2, diagram sensor (Ogsensor) is usually used as the A sensor 80 and A represents the crank angular position and indicates detects the concentration of oxygen contained in the that a reference signal PR is delivered by the angular exhaust gas so as to generate a voltage V}, correspond position sensor 98 every 120° of the crank angle. The ing to the concentration of the oxygen contained in the reference signal PR is therefore supplied to the control exhaust gas. The output V), of the A sensor 80 is supplied circuit 10 at 0’, 120', 240’, 360', 480’, 600', 720’ etc. of to the control circuit 10. The catalytic converter 82 is the angular position of the crank shaft. provided with a temperature sensor 84 for detecting the ‘Diagrams B, C, D, E, F and G correspond respec temperature of the exhaust gas in the converter 82 and tively to the 1st cylinder, the 5th cylinder, the 3rd cylin the output TB of the sensor 84 corresponding to the 45 der, the 6th cylinder, the 2nd cylinder and the 4th cylin temperature of the exhaust gas in the converter 84 is der. J 1J6 designate respectively the periods for which supplied to the control circuit 10. the suction valves of the corresponding cylinders are The control circuit 10 has a negative power source open. The periods are shifted by 120' of crank angle terminal 88 and a positive power source terminal 90. from one another. The beginning and the durations of The control circuit 10 supplies the signal IGN, for caus 50 the periods at which the suction valve is open are gener ing the ignition plug 36 to spark, to the primary winding ally as shown in FIG. 2 through somewhat different of an ignition coil 40. As a result, a high voltage is depending upon the type of engine used. induced in the secondary winding of the ignition coil 40 ArAg indicates the periods for which the valve of and supplied through a distributor 38 to the ignition the fuel injector 66 is open, i.e. fuel injection periods. plug 36 so that the plug 36 ?res to cause the combustion 55 The lengths JD of the periods Al-As can be considered of the mixture gas in the combustion chamber 34. The to be the quantities of fuel injected at a time by the fuel



mechanism of the ?ring of the ignition plug 36 will be



injectors 66. The injectors 66, provided for the respec



further detailed. The ignition coil 40 has a positive



tive cylinders, are connected in parallel with the drive



power source terminal 92 and the control circuit 10 also circuit in the control circuit 10. Accordingly, the signal has a power transistor for controlling the primary cur 60 INJ from the control circuit 10 opens the valves of the



rent through the primary winding of the ignition coil 40. The series circuit of the primary winding of the ignition coil 40 and the power transistor is connected



fuel injectors 66 simultaneously so that all the fuel injec tors 66 simultaneously inject fuel. Now, the ?rst cylin



is conducting, electromagnetic energy is stored in the



timing with the reference signal INTIS generated at 360° of crank angle. As a result, fuel is injected in by the



der will be taken as an example for description. The between the positive power source terminal 92 of the output signal INJ from the control circuit 10 is applied ignition coil 40 and the negative power source terminal 65 to the fuel injectors 66 provided respectively in the 88 of the control circuit 10. When the power transistor manifold or inlet ports of the respective cylinders in



ignition coil 40 and when the power transistor is cut off,
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injector 66 for the length JD of time calculated by the control circuit 10, as shown as A; in FIG. 2. However,



since the suction valve of the lst cylinder is closed, the injected fuel at A; is not sucked into the lst cylinder, but kept stagnant near the inlet port of the lst cylinder. In response to the next reference signal INTIS generated at 720° of crank angle, the control circuit 10 again sends a signal to the respective fuel injectors 66 to perform the fuel injections as shown at A3 in FIG. 2. Simultaneously almost with the fuel injections, the suction valve of the lst cylinder is opened to cause the fuel injected at A2 and the fuel injected at A3 to be sucked into the combus tion chamber of the lst cylinder. The other cylinders will be also subjected to similar series of operations. For example, in case of the 5th cylinder corresponding to the diagram C, the fuel injected at A; and A3 is sucked in at the period J5 for which the suction valve of the 5th cylinder is opened. In case of the 3rd cylinder corre sponding to the diagram D, a part of the fuel injected at A2, the fuel injected at A3 and a part of the fuel injected at A4 are sucked in together while the suction valve is open for the period 13. The part of the fuel injected at A; plus the part of the fuel injected at A4equals a quan tity of fuel injected by a fuel injector at a single actua tion. Therefore, also during the suction step of the 3rd 25



cylinder, the quanity of fuel equal to the total quantities supplied through double actuations of the fuel injector will be sucked in. Also, in case of the 6th, 2nd or 4th . cylinder as shown in the diagram E, F or G, the double



quantity of fuel is sucked in during a single step of suc tion. As apparent from the above description, the quan



_.tity of fuel determined by the fuel injection signal INJ from the control circuit 10 is equal to half the quantity of fuel to be sucked into the combustion chamber. Namely, the necessary quantity of fuel corresponding to the quantity of air sucked into the combustion chamber 34 will be supplied through the double actuations of the



fuel injector 66. Throughout the diagrams A to G in FIG. 2, G|—G6 indicate the ignition times associated respectively with



output circuit 126, a pulse input circuit 128 and a dis crete input/output circuit 130.



The multiplexer 122 receives plural analog signals, selects one of the analog signals in accordance with the instruction from the CPU, and sends the selected signal to the A/D converter 124. The analog signal inputs applied through ?lters 132 to 144 to the multiplexer 122 are the outputs of the various sensors shown in FIG. 1;



the analog signal TW from the sensor 96 representing the temperature of the cooling water in the water jacket of the engine, the analog signal TA from the sensor 16 representing the temperature of the sucked air, the ana log signal TE from the sensor 84 representing the tem perature of the exhaust gas, the analog signal QTI-I from the throttle aperture detector 24 representing the aper ture of the throttle valve 20, the analog signal QE from the exhaust recycle apparatus 28 representing the aper ture of the valve of the apparatus 28, the analog signal V), from the A sensor 80 representing the air-excess rate



of the sucked mixture of fuel and air, and the analog signal QA from the air-flow meter 14 representing the ?ow rate of air. The output V80 of the A sensor 80 above is supplied through an ampli?er with a ?lter circuit to



the multiplexer 122. The analog signal VPA from an atmospheric pressure sensor 146 representing the atmospheric pressure is also supplied to the multiplexer 122. The voltage VB is ap plied from the positive power source terminal 90 to a series circuit of resistors 150, 152 and 154 through a resistor 160. The series circuit of the resistors 150, 152 and 154 is shunted with a Zener diode 148 to keep the voltage across it constant. To the multiplexer 122 are



applied the voltages VH and VL at the junction points 156 and 158 respectively between the resistors 150 and 152 and between the resistors 152 and 154. The CPU 114, the RAM 116, the ROM 118 and the input/output circuit 120 are interconnected respec tively by a data bus 162, an address bus 164 and a con



trol bus 166. A clock signal E is supplied from the CPU 40 to the RAM, ROM and input/output circuit 120 and the data transfer takes place through the data bus 162 in the lst to 6th cylinders. When the power transistor timing with the clock signal E. provided in the control circuit 10 is cut off, the primary The multiplexer 122 of the input/output circuit 120 current of the ignition coil 40 is interrupted so that a receives as its analog inputs the cooling water tempera high voltage is induced across the secondary winding. 45 ture TW, the temperature TA of the sucked air, the The induction of the high voltage takes place in timing temperature TB of the exhaust gas, the throttle valve



with the ignition epochs G1, G5, G3, G6, G2 and G4. The induced high voltage is distributed to the spark plugs provided in the respective cylinders by means of a distributor 38. Accordingly, the spark plugs of the lst, 5th, 3rd, 6th, 2nd and 4th cylinders ?re successively in



aperture QTH, the quantity QE of recycle exhaust gas,



voltage VB for the control circuit 10. The power source



log/digital converter 124 and the output of the con



voltage VB is adjusted to a constant voltage PVCC of, for example, 5 volts by a constant voltage circuit 112. This constant voltage PVCC is applied to a central



verter 124, Le, the digital-converted value, is held in the associated register. The stored value is coupled, if



the output V30 of the A sensor, the atmospheric pressure VPA, the quantity QA of the sucked air and the refer 50 ence voltages VH and VL. The quantity QA of the sucked air may be replaced by the negative pressure this order to inflame the combustible mixture of fuel and VD in the intake manifold. The CPU 114 speci?es the air. address of each of these analog inputs through the ad FIG. 3 shows an example of the detail of the control dress bus 164 in accordance with the instruction pro circuit 10 shown in FIG. 1. The positive power source gram stored in the ROM 118 and the analog input hav terminal 90 of the control circuit 10 is connected with ing a speci?ed address is taken in. The analog input the positive electrode 110 of a battery to provide a taken in is sent through the multiplexer 122 to the ana



processor unit (hereinafter referred to as CPU), a ran dom access memory (hereafter referred to as RAM) and



desired, to the CPU 114 or RAM 116 in response to the instruction sent from the CPU 114 through the control bus 166.



a read-only memory (hereafter referred to as ROM). The pulse input circuit 128 receives as inputs a refer The output PCVV of the constant voltage circuit 112 is 65 ence pulse signal PR and an angular position signal PC supplied also to an input/output circuit 120. both in the form of a pulse train from the angular posi The input/output circuit 120 includes therein a multi tion sensor 98 through a ?lter 168. A pulse train of plexer 122, an analog-digital converter 124, a pulse pulses PS having a repetition frequency corresponding
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taneous register group 472 and the output register group 474, the operations of the incrementor 478 and the comparator 480, and the operations of setting the output of the comparator 480 in the ?rst and second comparison output register groups 502 and 504 are all processed within a predetermined period of time. Other various processing operations are performed in a time



to the speed of the vehicle is supplied from a vehicle speed sensor 170 to the pulse input circuit 128 through a ?lter 172. The signals processed by the CPU 114 are held in the pulse output circuit 126. The output of the pulse output circuit 126 is sent to a power amplifying circuit 186 and the fuel injector 66 is controlled by the



output signal of the power amplifying circuit 186. Power amplifying circuits 188, 194 and 198 respec tively control the primary current of the ignition coil 40, the aperture of the exhaust recycle apparatus 28 and



sequential manner or in a time-division manner in accor



dance with the order of the stages instructed by a stage counter 572. In each stage, one of the registers consti



tuting the reference register group 470, one of the regis the aperture of the air regulator 48 in accordance with ters of the instantaneous register group 472, one of the the output pulses of the pulse output circuit 126. The registers of the ?rst comparison result register group discrete input/output circuit 130 receives signals from a 502, one of the registers of the second comparison result switch 174 for detecting the completely closed state of the throttle valve 20, from a starter switch 176, and I5 register group 504 and, if necessary, one of the registers of the output register groups 474 are selected. The in from a gear switch 178 indicating that the transmission



gear is in the top position, respectively through ?lters 180, 182 and 184 and holds the signals. The discrete



crementor 478 and the comparator 480 are used in com mon.



FIG. 5 shows diagrams useful in explaining the opera input/output circuit 130 also receives and holds the processed signals from the central processor unit CPU 20 tion of the circuit in FIG. 4. The clock signal E, shown in the diagram A, is supplied from the CPU 114 to the 114. The discrete input/output circuit 130 treats the input/output circuit 120. Two clock signals ¢1 and 4:2, signals the content of each of which can be represented as shown in the diagram B and C, having no overlap with a single bit. In response to the signal from the with each other are derived from the clock signal E by central processor unit CPU 114, the discrete input/out put circuit 130 sends signals respectively to the power 25 means of a pulse generating circuit 574. The circuit shown in FIG. 4 is operated by these clock signals (b1 amplifying circuits 196, 200, 202 and 204 so that the exhaust recycle apparatus 28 is closed to stop the recy and ¢2. The diagram D in FIG. 5 depicts a stage signal which cle of exhaust gas, the fuel pump is controlled, the ab is switched over during the rising transient of the clock normal temperature of the catalyzer is indicated by a lamp 208 and the overheat condition of the engine is 30 signal d2. The processing in each stage is performed in synchronism with the clock signal (P2. In FIG. 5, displayed by a lamp 210. “THROUGH” indicates that the latch circuit and the FIG. 4 shows in detail a concrete example of the register circuits are in their enabled conditions and that pulse output circuit 126. A register group 470 comprises the outputs of these circuits depend on the inputs reference registers which serve to hold the data pro cessed by the CPU 114 and the data representing the 35 thereto. Also, “LATCH” means that these circuits hold certain data and that the outputs therefrom are indepen predetermined ?xed values. These pieces of data are dent of the inputs thereto. transferred from the CPU 114 to the reference register The stage signal shown in the diagram D serves to group 470 through the data bus 162. Each of the regis read data out of the reference register group 470 and the ters is speci?ed through the address bus 164 to receive instantaneous register group 472, that is, to read out the and hold the associated data. contents of certain selected registers of the groups. The A register group 472 comprises instantaneous regis diagrams E and F represent the operations of the refer ters which serve to hold the instantaneous states of the ence and instantaneous register groups 470 and 472, engine and the associated mechanisms. The instanta respectively. These operations are performed in syn neous register group 472, a latch circuit 476 and an incrementor 478 form a counter.



An output register group 474 comprises, for example, a register 430 for holding the rotational speed of the engine and a register 432 for holding the vehicle speed. The registers 430 and 432 hold the values by taking in the contents of the instantaneous registers when certain conditions are satis?ed. Each register of the output register group 474 is selected by the signal sent from the



45



chronism with the clock signal (b1. The diagram G indicates the operation of the latch circuit 476. The latch circuit 476 is in the THROUGH



state when the clock signal 4:2 is at high level, serving to take in the content of a particular register selected



from among the instantaneous register group 472. When the clock signal 412 is at low level, on the other hand, the latch circuit 476 is in the LATCH state. Thus, the



latch circuit 476 serves to hold the content of the spe CPU 114 through an address bus and the content of the ci?c register of the instantaneous register group se selected register is sent to the CPU 114 through the data 55 lected in accordance with the stage assumed then. The bus 162. data held in the latch circuit 476 is increased or not on A comparator 480 receives, for comparison, at its the basis of external conditions by means of the incre input terminals 482 and 484 the reference data from mentor 478 operated out of timing with the clock signal. selected registers of the reference register group and the The incrementor 478 performs the following func instantaneous data from selected registers of the instan taneous register group. The result of the comparison by 60 tions in response to the signal from the incrementor controller 490. The ?rst function is the function of in the comparator 480 is delivered at its output terminal crementing, to increase by unity the value of the input 486. The output delivered at the output terminal 486 is data. The second is the function of non-incrementing, to set in the selected registers of a ?rst comparison output pass the input without any change. The third is the register group 502 serving as a comparison result hold ing circuit, and then set in the corresponding registers 65 function of resetting, to change the entire input into data representing the value 0 (zero). of a second comparison output register group 504. As seen from the flow of data through the instanta The operations of accessing, i.e. reading out of or neous register group 472, one register of the group 472 writing in, the reference register group 470, the instan
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