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57 ABSTRACT 

A real time, digital computer is used to calculate a 
pulse width, for example, for fuel injection systems. 
The computer uses data from environmental sensors, 
data stored internally in fixed memories and an in 
struction program stored internally in a further fixed 
memory to calculate the pulse width. In fuel injection 
systems, the pulse width determines the length of time 
a fuel injector is operative during each engine cycle. 

20 Claims, 3 Drawing Figures 
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FUEL INJECTION PULSE WIDTH COMPUTER 

BACKGROUND OF THE INVENTION 
l. Field of the Invention 

The present invention relates to control systems par 
ticularly associated with fuel injection systems. In par 
ticular, the invention relates to fuel injection systems 
including electronic controls for controlling a pulse 
width or time duration. It is known that use of fuel in 
jection systems instead of carburetors for engines with 
controlled ignition results in a certain number of ad 
vantages which are based on the greater possibilities for 
regulation and for adaptation to the particular type of 
engine. It is, thus, possible to lower the fuel consump 
tion, to increase the power, and above all to reduce the 
percentage of unburned matter in the exhaust gas, es 
pecially the hydrocarbons, oxides of nitrogen and car 
bon monoxide. This latter advantage is of great impor 
tance to alleviate air pollution problems. 
The use of conventional injection pumps and sys 

tems, known in the art, is generally quite expensive. 
Moreover, these conventional systems have tolerance 
problems and exhibit generally sluggish operation. 
Many fuel injection systems have been proposed. Typi 
cal examples of such systems are represented in U.S. 
Pat. Nos. 3,456,628 and No. 3,710,763 to J. Bassot et 
al, entitled High Speed Fuel Injection System, and U.S. 
Pat. No. 2,980,090 to R. W. Sutton, entitled Fuel Injec 
tion System. Systems disclosed in these patents demon 
strate some of the techniques known in the art. How 
ever, these systems still have shortcomings. Therefore, 
new and improved systems are required. The new sys 
tems use sophisticated electronic control systems, espe 
cially of the type adaptable to MOSFLSI techniques. 

SUMMARY OF THE INVENTION 
A special purpose, real-time digital computer is uti 

lized to calculate the width of the fuel injection pulse. 
With fuel injected under fixed pressure, the pulse width 
determines the amount of fuel which enters each en 
gine cylinder. The computer uses data from environ 
mental sensors, data stored internally in fixed memo 
ries, and an instruction program stored in an additional 
fixed memory to calculate the pulse width. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a fuel injection system 
which utilizes the instant invention. 
FIG. 2 is a block diagram of one embodiment of a 

pulse width computer used in conjunction with the sys 
tem shown in FG, 1. 

FIG. 3 is a block diagram of another embodiment of 
a pulse width computer used with the system shown in 
FIG. I. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, there is shown a block dia 
gram of the electronic control portion of fuel injection 
system. Many of the electronic components used in this 
system are known in the art. Specific detailed descrip 
tions of these components are, therefore, not presented 
herewith. Obviously, those skilled in the art will be able 
to choose the particular configuration of the individual 
components as a function of the remainder of the cir 
cuit, the type of construction, and so forth. 
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2 
Sensors 10 may represent one or more sensors such 

as thermisters, strain gages, potentiometers, etc. which 
are capable of detecting ambient or environmental 
conditions such as temperature, pressure, position, and 
the like. Sensors 10 are connected to analog to digital 
(A/D) converters 11. The analog signals produced by 
sensors 10 are converted by A/D converters 11 into 
digital signals. The digital signals from A/D converters 
11 are supplied to pulse width computer 12. The pulse 
width computer 12 represents the particular invention 
shown and described herein. The specific configuration 
of this computer is discussed in detail subsequently. 
Computer 12 supplies signals to pulse generator 16 as 
described hereinafter. 

Distributor 13 is a standard distributor usually found 
in any automotive-type vehicle augmented with a sec 
ond set of points to establish a reference or identifi 
cation signal once each engine cycle. Actually, distrib 
utor 13 may represent any type of signal generating de 
vice the output signal of which is functionally related 
to engine shaft angle. This output signal represents the 
operation of the unit involved. For example, in this em 
bodiment, distributor 13 is arranged to supply pulses 
for each engine cycle (to establish a reference position) 
and for each individual cylinder cycle. For example, an 
8 cylinder engine will produce 8 individual distributor 
signals as well as one engine cycle signal, per engine cy 
cle. In other cases, it may be desirable or suitable to ob 
tain this type of signal from a crankshaft or other repre 
sentative location. 
The signals generated by distributor 13 are supplied 

to detectors 14 which may be any suitable type of de 
tector such as reed relays, magnetic sensors, logic 
gates, or the like. The detectors operate upon the signal 
supplied by distributor 13 to produce an output signal 
representative of the distributor operation and, thus, 
the timing arrangement of the device (i.e., engine oper 
ation). 

injection timing control 15 is connected to receive 
signals from detectors 14. Injection timing control 15 
operates upon these signals and produces control sig 
nals which further control and indicate the operation of 
the overall device. For example, control circuit 15 may 
ultimately control the firing of injector drivers and the 
like. The timing control signals are generated as a func 
tion of the device operation as described in greater de 
tail in the co-pending application of G. A. Watson, enti 
tled Timing Control Circuit fo Full Injection System 
bearing Ser. No. 354,296, filed on Apr. 25, 1973, and 
assigned to the common assignee. Signals from injec 
tion timing control 15 are supplied to pulse generator 
16 which also receives signals from pulse width com 
puter 12. 

Pulse generator 16 operates on the signals supplied 
by control circuit 15 and computer 12 to produce out 
put signals which are supplied to drivers 17. Drivers 17 
are conventional drivers which are used to control the 
operation of the actual fuel injectors or similar devices. 
Signals from drivers 17 are supplied to injectors 18 (or 
other utilization device) to control the operation 
thereof. 
Thus, it is seen that the signals applied to driver 17 

and utilization device 18 are functions of pulses sup 
plied by generator 16. Generator 16 supplies pulses 
which are a function of the actual speed of operation 
of the utilization devices as established by distributor 
13, detectors 14 and control circuitry 15. In addition, 
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the pulses are functions of other factors such as tem 
perature, pressure, and the like, which are detected by 
sensors 10 and converted by AfD converters 11 into 
digital signals which are operated upon by computer 
12. This overall system arrangement is relativly stan 
dard in the art and does not represent the invention per 
SC. 
Referring now to FIG. 2, there is shown a detailed 

block diagram of pulse width computer 12 shown in 
FIG. 1. Pulse width computer 12 includes a plurality of 
input sources 50-55. While six sources are shown, it is 
clear that any number thereof may be utilized in actual 
practice. 
Each of the sources supplies the digital signal associ 

ated with a specific type sensor or transducer. These 
digital signals are produced by AfD converters 11. For 
example, digital signals representative of engine tem 
perature, atmospheric pressure or the like may be pro 
duced. These signals are designated as signals S1, S1A 
through SNB. The digital signals represent various en 
vironmental conditions produced by sensors 10, man 
ual and/or calibration inputs. Sources 50–55 are con 
nected to supply the digital input signals to address se 
lect logic 56. - 
As will be described hereinafter, the input signals 

from sources 50-55 operate as address signals to data 
memory 57. Address logic circuit 56 receives suitable 
signals from program memory 61 to enable the trans 
mission of address select signals from sources 50-55 
through address select logic circuit 56 to memory 57. 
The program signals from program memory 61 also 
combine with the digital input signals to form a portion 
of the address for data memory 57. Program memory 
61, which includes the control program for the com 
puter system, receives input signals from program ad 
dress counter 62. Counter 62 periodically steps and op 
erates memory 61 in sequence. 
The output terminals of address select logic circuit 

56 are connected to data memory 57. In effect, signals 
from circuit 56 operate to select the specific memory 
cell or location in data memory 57. The output termi 
nals of data memory 57 are connected to some of the 
input terminals of accumulator 59. Other input termi 
nals of accumulator S9 are connected to receive con 
trol signals from program memory 61. Accumulator 59 
is interconnected with temporary storage 60 so that 
data stored in accumulator 59 may be selectively 
shifted to temporary storage 60 and returned in accor 
dance with instructions from program memory 61. 

In addition, two memories containing special func 
tion table 58 and antilog table 64 are also connected to 
receive signals from accumulator 59. Special function 
table 58 also returns signals to accumulator 59. Tables 
58 and 64 are also under control of program memory 
61 although interconnection thereto is omitted for clar 
ity. Other terminals of accumulator 59 are connected 
to input terminals of shift register 63. Other input ter 
minals of shift register 63 are connected to output ter 
minals of antilg table 64. Moreover, program memory 
61 is connected to supply a control signal to shift regis 
ter 63. The output terminal of shift register 63 is con 
nected to a utilization device for example pulse genera 
tor 16 shown in FIG. I. The pulse width signal (PW) is 
produced at the output terminal of shift register 63. 

Referring now concurrently to FIGS. 1 and 2, it will 
be seen that a special-purpose, real-time, digital com 
puter can be used in an automotive fuel injection sys 
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tem. The system is shown in FIG. 1 while one embodi 
ment of the computer is shown in FIG. 2. With this sys 
tem, injection of fuel into an internal combustion en 
gine or the like is controlled in order to provide envi 
ronmental advantages. If fuel is injected into the engine 
under fixed pressure, the duration of the injection pulse 
determines the amount of fuel which enters each en 
gine cylinder. The duration of the injection pulse of 
fuel) is determined as a function of the length of the 
pulse width signal (PW) produced by the computer 
since the injector is controlled by the signal. For exam 
ple, electromagnetic injectors of known variety may be 
rendered operative in response to such a signal. So long 
as the signal is applied, the injector is in a prescribed 
status and may, for example, permit fuel to be injected 
into the engine. 
The fuel injection system operates to detect environ 

mental conditions by means of sensors 10 located 
throughout the vehicle. Sensors 10 produce analog sig 
nals. The environmental signals from sensors 10 are 
converted from analog to digital signals. The digital sig 
nals are supplied to pulse width computer 12 which de 
termines the width of the pulse to be supplied to the in 
dividual injectors as a function of the environmental 
signals detected by sensors 10. Basically, the digital 
computer includes a memory which has stored therein 
empirically determined data representative of the envi 
ronmental conditions detected by sensors 10. As a re 
sult, pulse width computer 12 produces a pulse which 
is supplied to pulse generator 16 (along with the timing 
control signals from control circuit 15). Pulse genera 
tor 16 supplies the signal to injector driver 17 which, 
in effect, operates injectors 18 to permit (or prohibit) 
the fuel injection into the engine. The fuel injection is, 
clearly, a direct function of the characteristics of pulse 
supplied by pulse width computer 12. 
The signals produced by sensors 10 are, as noted su 

pra, generally analog signals. A/D converter 11 con 
verts the analog signals to digital signals. The digital sig 
nals are supplied via sources 50 through 55 (see FIG. 
2). These digital signals are supplied to address select 
logic circuit 56 on a continuous basis. Thus, the current 
status or condition detected by the various sensors is 
available at all times for immediate up-date of informa 
tion for the computer. 
The pulse width computer is under overall control of 

program memory 61. This memory may comprise a 
suitably arranged memory which has an instruction 
program stored therein. Typically, program memory 61 
may be a fixed memory such as a diode array or MOS 
FET ROM. Program address counter 62 is any suitable 
free running counter of appropriate frequency as deter 
mined by the operating rate of the computer. Counter 
62 may include any suitable oscillator such as a crystal 
control oscillator or the like and may include one or 
more countdown circuits as required. Program address 
counter 62 continually supplies periodic signals to pro 
gram memory 61. The signals from counter 62 are ef 
fective to sequentially step program memory 61 
through the stored instruction program. This operation 
causes the operation of computer 12 to be sequentially 
controlled. The specific steps or program instructions 
(discussed in more detail infra) are carried out in re 
sponse to the driving signals from counter 62. 

initially, in response to a signal from counter 62, pro 
gram memory 61 applies a signal to address select logic 
56. This signal may be a multibit signal and is a function 
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of the particular instruction to be carried out by the 
computer. This instruction (signal) is stored in a mem 
ory location which is addressed by counter 62. The sig 
nal from program memory 61 is, in effect, an address 
ing or enabling signal which is supplied to logic circuit 
56. When the appropriate signal is supplied by program 
memory 61, the signal from any one of sources 50 
through 55 (i.e., the digital source signal S1-SNB) is in 
dividually transferred through to address select logic 
56. The source signal and the instruction signal from 
memory 61 are combined to form a new address signal 
for application to data memory 57. Data memory 57 
may also be fixed memory such as a read only memory 
(ROM) into which information has been read and 
stored. Data memory 57 will operate, to a large extent, 
as a look-up table. 
With the application of the address signal from ad 

dress select logic 56 (under control of program mem 
ory 61), to data memory 57, the information stored at 
the addressed location is transferred to accumulator 
59. This information is also transferred in accordance 
with standard logic operation and may require an in 
struction from program memory 61. Clearly, program 
memory 61 is continually stepped through the instruc 
tion sequence by counter 62 until each and every 
source 50 through 55 has been activated or addressed 
and the information in the appropriate locations of data 
memory 57 is addressed and utilized. 
Regardless of the particular source which is accessed 

and which data memory location is addressed, the in 
formation stored in data memory 57 (in the form of 10 
bit binary signal for example) is transferred to and op 
erated upon by accumulator 59. This transfer is, of 
course, under control of program memory 61. 

In a preferred embodiment accumulator 59 may 
comprise input selection logic circuitry, an adder and 
a storage register. The input selection logic is under 
control of gating signals from program memory 61. The 
gating signals are dependent upon the instruction being 
executed and serve to gate information from either 
temporary storage 60, data memory 57 or special func 
tion table 58 into inputs to the adder. Additional gating 
signals from program memory 61 gate the storage regis 
ter of the accumulator (or zero) into the adder. The 
contents of the adder are then gated into the storage 
register of accumulator 59. The resulting operation is 
typical of accumulating registers with selective multiple 
data inputs wherein the contents of the accumulating 
register is replaced with the sum of the contents of the 
accumulating register (or zero) and the selected input 
data. 
Temporary storage register 60 is an alterable mem 

ory, storage register for partially computed informa 
tion. Data from accumulator 59 can be gated into tem 
porary storage register 60 under control of gating sig 
nals from program memory 61. When the instruction 
program stored in program memory 61 determines that 
the information stored in temporary storage register 60 
can be further utilized in the pulse width computation, 
storage register 60 is gated back into the accumulator 
59. 

In typical operation, as the program address counter 
62 advances, the program memory 61 issues a se 
quence of gating signals as a function of the instruction 
program stored therein. These gating signals enable the 
data from sequentially selected sources to be used to 
address (in conjunction with the source selection sig 
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6 
nals) the data memory 57. In effect, the source selec 
tion signals are also used to select a particular table 
(portion of memory) stored in data memory 57 and the 
data from the source is used to address a particular data 
point stored in the selected table. 
The data used from data memory 57 is accumulated 

in accumulator 59. The accumulation of data from data 
memory is only one type of instruction, however, and 
other instructions cause partial accumulations of data 
to be stored in temporary storage while additional par 
tial accumulations are developed. 

Ultimately, after accumulator 59 has achieved a cer 
tain information status and program memory 61 
reaches a particular instructio instruction the stored 
program, information from accumulator 59 is supplied 
to special function table 58. Table 58 may be an addi 
tional fixed memory such as a ROM (or even a portion 
of memory 57). The signals from accumulator 59 will 
operate as an address signal relative to table 58. Conse 
quently, information stored in table 58 at the memory 
location addressed will be transferred (under control of 
program memory 61) into accumulator 59 and operate 
as new information stored therein. 
The information stored in accumulator 59 may be 

5 considered to be comprised of the integer () and the 
fraction (F) portions of a log signal. The fraction por 
tion (F) of the information in accumulator 59 is sup 
plied to antilog table 64 for operation thereby. The in 
teger portion (I) of the information stored in accumula 
tor 59 is supplied directly to register 63. In essence, the 
signal from the memory location in antilog table 64 ad 
dressed by signal (F) is stored in register 63. The inte 
ger signal portion (I) is then applied to shift register 63 
to shift the information therein the appropriate number 
of places represented by the integer portion of the sig 
nal stored in accumulator 59. This operation is, of 
course, under control of program memory 61. When 
this operation is completed, the pulse width signal 
(PW) represents the pulse width of the signal to be sup 
plied to the fuel injection devices. 
To better understand the operation of the pulse width 

computer shown in FIG. 2, an example of the operation 
thereof is presented herewith. It will be assumed that 
the computer is utilized to generate the signal PW. The 
algorithm for the circuit and the engine may be defined 
as follows: 

(EO. 1) PW = PWs (1 -- Es KsKs) (1 + Esks Ks) 
. . . (1 + EsAKsya Ksys) 

where 
PW is the final pulse width; 
PWs is the basic or initial pulse width determined by 

the basic environmental sensor SB; 
Es is the enrichment factor determined by the data 

from the environmental sensor Si, and 
Ks and Ksia are factors by which enrichment Es is 

to be multiplied which factors are determined by data 
from environmental sensors SiA SiB, respectively. 

It must be understood, of course, that the foregoing 
equation or algorithm used for calculating pulse width 
is representative only. Any of the respective terms can 
vary. Moreover, any of the respective constants may be 
set equal to one or zero wherein the individual terms 
drop out or are modified to form relative to other 
tes. 

In a relatively simple operation, if a single term is 
used, Equation 1 reduces to 
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(EO.2) 
PW PW (1 -- Esi Ks. Ksah) 

If the following values are ascribed to the remaining 
balance of the term, 
N = 1; Esi = 20 percent; K = 90 percent; K = 75 

percent 
the calculation is as follows: 

PW = PW (1 + (0.20)(0.90)(0.75) 
PW = PW (1 + 0.135) 
PW = PW (1.135) 

Thus, the final pulse width (PW) will be enriched 13.5 
percent over the basic pulse width (PWS). 
The equations noted above employ the basic form A 

= QRS. Recognizing that this equation may be rewrit 
ten as 
(EQ.3) 

Log A F logiQ - logaR + logS 
O aS 

(EO.4) 
A F BlogA = logg' = (logiQ + log R + logS) 

it becomes reasonable to arrange to computer to oper 
ate on logarithms. Logarithms are used so that the vari 
ous multiplication functions represented by the several 
equations can be performed using addition. 
The computer (see FIG. 2) uses the digital data from 

environmental sensors 10 (see FIG. 1) which represent 
air temperature, manifold pressure and the like as ad 
dresses to fixed memory 57 which stores data repre 
senting the basic pulse width (PWs), enrichment (E), 
and scale factors (K) in the form of binary numbers. 
These numbers are read out of the memory and pro 
cessed in the arithmetic section of the computer in an 
order determined by the instruction program also 
stored in program memory 61. Since the data repre 
senting the signals is stored as logarithms, the computer 
can use these numbers to calculate the pulse width in 
accordance with the instruction program described 
hereinafter. 
Referring to Equation 1 supra, program address 

counter 62 initiates operation by supplying a signal to 
program memory 61 which enables a particular portion 
of address select logic circuit 56. In particular, the sig 
nal from program memory 61 selects or enables logic 
circuit 56 wherein the digital binary signal S1 from 
source 50 is selected. Signal S1 (along with a portion 
of the instruction signal from program memory 61) is 
used as the memory address signal and is applied to 
data memory 57. In accordance with an additional sig 
nal from program memory 61, the data stored at mem 
ory location S1 is selected and information represent 
ing Es is transferred to and stored in accumulator 59. 
Depending upon the operation of accumulator 59, the 
information stored therein may be transferred to tem 
porary storage 60 under control of program memory 
61. Conversely, and in the usual practice, the informa 
tion loga Es may remain in accumulator 59 and pro 
gram memory 61 is stepped to select or enable logic 
circuit 56 to operate upon signal S2 from source 51. 
Signal S2 (and the instruction signal) operate as an ad 
dress signal and addresses data memory 57. The signal 
information stored in memory address S2 is then trans 
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8 
ferred to accumulator 59 under control of program 
memory 61. Thus, the signal loghi Ks2 is stored in accumulator 
59. 

As suggested supra, if accumulator 59 includes an 
adder circuit the signals logBE and logKs are imme 
diately added together. This type operation continues 
until the signal stored in accumulator 59 represents the 
Sum of the logarithms of signals Esi, Ks, and Ks. 
This summed signal is used as the address signal for 
special function table 58. As noted, table 58 may repre 
sent a separate fixed memory or a data memory 57. 
Clearly, this particular concept is a function of me 
chanics only and is determined by the size of the mem 
ory utilized in the circuit. 
However, this address signal (i.e., the sum of the 

logs) addresses table 58 and produces an output signal 
which represents the log(1+(B1)') where M is the 
table address. This signal represents the total function 
or term 1 + E (as shown in equation 1). This signal is 
represented as log (X) and is transmitted to accumu 
lator 59 under control of program memory 61. The sig 
nal is further transferred into temporary storage 60 in 
accordance with an instruction from program memory 
6. 
Continuing on with the same mode of operation, 

each of the other individual terms in equation 1 is cal 
culated. In addition, each term is added to the number 
previously stored in temporary storage 60. The new 
number is then placed in temporary storage 60 and rep 
resents the new sum. 

Ultimately, by continuing with the same process, 
under the control of program memory 61, the total en 
richment factor (TE) is accumulated. This factor is 
represented as: 
(EO. 5) 
logy,TE - logb2 (1 Es KsKsib)(1 + Esks. Ksar). 

. . (1 - EAKs AKsxb)) 
Now, the address from the basic environmental sen 

sor SB is obtained under control of program memory 
61 and the information representative of term PWs is 
obtained from data memory 57. This signal is added to 
the other signals (TE) and stored in accumulator 59. 
The total of this summation (L) is the log of the com 
puter pulse width and may be represented as follows: 

(EO. 6) 
L = I -- F 

where the signal is now represented by integer (I) and 
fraction (F) parts. The fraction signal (F) is used as the 
address for antilog table 64. The signal F functions as 
the address signal for table 64. Under control of pro 
gram memory 61, the information, i.e., binary number, 
stored at the address in table 64 is transferred to regis 
ter 63. In addition, the integer signal (I) from accumu 
lator 59 is subsequently applied to register 63. Under 
control of program memory 61, register 63 operates to 
shift the data stored therein from table 64, 1 places to 
the left. This operation has the effect of establishing 
both the integer and fraction portions of the signal in 
accumulator 59 in register 63. Once the signal from 
table 64 has been shifted I places to the left, the result 
ing number or signal in shift register 63 represents the 
number PW. This number is used to determine the in 
crement of time that an injector is operative. 
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In the foregoing discussion the pulse width computer 
as shown in FIG. 2, would require a large data memory. 
That is, the memory would require memory locations 
for each source 50 through 55 times the number of 
points or locations on the curve representing each of 5 
these functions. For example, in the event that there 
are 16 sources (one basic source, five actual parame 
ters and two modifiers for each parameter) as well as 
256 points on each characteristic curve, the memory 
would require 4,096 storage areas. In the event that 10 
each storage location is represented by a 10 bit digit, 
over 48,000 bit storage elements would be required. 
Conversely, if the interpolation computer system em 

bodiment shown in FIG. 3 is utilized, the same 16 
source signals and 17 parameter points on the charac- 15 
teristic curve would require only 272 storage areas 
(2,720 bits). 

If the interpolation approach is utilized, scaler 65 is 
connected between data memory 57 and accumulator 
59. In addition, address storage register 66 is connected 20 
between address select logic circuit 56, data memory 
57 and scaler 65. In this circuit, operation is similar to 
the circuit shown in FIG. 2 except that the most signifi 
cant portion (MSP) and the least significant portion 
(LSP) of the address information are handled sepa- 25 
rately. For example, the MSP of the data information 
representing an address signal from logic circuit 56 is 
applied indirectly to data memory 57 via address regis 
ter 66 to cause the transfer of information therefrom 
into scaler 65. The remaining portion of address infor- 30 
mation from logic circuit 56 is applied (via address reg 
ister 66) to scaler 65. In addition, the address signal 
from address select logic 56 is supplied to and stored 
in storage register 66. In some cases, register 66 may 
operate upon the address signal to increment the MSP 35 
portion of the address and provide a one's complement 
of the LSP portion. These interconnections permit lin 
ear interpolation to be performed on two adjacent 
memory locations in data memory 57 with two adjacent 
and related instructions in program memory 61. Thus, 
information from the prescribed memory location in 
data memory 57 is applied to accumulator 59 via scaler 
65. The program memory 61 is then operative to incre 
ment storage register 66 by one count whereby the next 
data storage area in data memory 57 is addressed and 4. 
accessed. This information in this storage area is then 
supplied to accumulator 59 via scaler 65. The effect of 
this operation is that the information stored in two ad 
jacent memory locations in data memory 57 is caled 
and summed whereby an intermediate information sig 
nal is supplied to accumulator 59 representing an inter 
polated value between the two adjacent locations. 
Clearly, a smaller memory may be utilized since the 
same information is used more frequently and interme 
diate values are calculated. This operation avoids hav 
ing to store all of the intermediate values in separate 
memory locations. 

If the data path represented by dashed line 64A be 
tween accumulator 59 and table 64 is provided, the 
output signals from antilog table 64 may be entered di 
rectly into the accumulator. In addition, if the data path 
represented by dashed line 57A is used, accumulator 
59 can be used to directly address data memory 57. 
With these interconnections, the special computer can 
be programmed by inserting appropriate instructions to 
program memory 61 to handle extremely complex 
arithmetic expressions for pulse width. 
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O 
Thus, there has been shown and described a special 

purpose digital computer which has a special utilization 
in fuel injection systems. The computer can add, multi 
ply, divide and generate special functions. This type of 
computer, while discussed in terms of a fuel injection 
system application, may find utilization in a number of 
special purpose computer applications. 
The embodiments shown herein are illustrative only. 

Those skilled in the art may develop systems which uti 
lize these general concepts. Such systems are intended 
to be included in this description. Moreover, the spe 
cific implementation of the various types of circuitry 
are not included herein. For the most part, these types 
of circuitry are conventional and those skilled in the art 
would be able to provide detailed circuits and alterna 
tives therefor. 
Thus, what is claimed is: 
1. In combination, 
a plurality of source means, 
control means, 
logic means connected to receive signals from said 
source means and said control means, 

data memory means connected to receive signals 
from said logic means and to supply information 
from memory locations addressed by said signals 
from said logic means, 

accumulator means connected to receive the infor 
mation from said memory locations and to operate 
thereon to produce sum signals, 

output memory means connected to said accumula 
tor means to receive and operate upon only a first 
portion of said sum signals and to supply an output 
memory signal as a function of the portion of said 
sum signals supplied to said output memory means, 
and 

output register means connected to receive said out 
put memory signal and a second portion of said 
sum signals from said accumulator means to selec 
tively alter the output memory signal previously 
stored in said output register means. 

2. The combination recited in claim 1 including 
storage means connected to said accumulator means 

for storing current information from said accumu 
lator means during the insertion of new informa 
tion therein and for subsequently retiring of said 
current information to said accumulator means for 
combination with the new information stored 
therein. 

3. The combination recited in claim 1 including 
function memory means connected to said accumula 

tor means and said control means whereby the in 
formation in said accumulator means operates as 
an address signal for said function memory means, 

said function memory means connected to supply in 
formation at the memory location addressed by 
said address signal to said accumulator means. 

4. The combination recited in claim 1 wherein said 
control means includes 
program memory means, and 
program address counter means, 
said program address counter means comprises a free 
running counter which is connected to supply sig 
nals to said program memory means in order to 
step said program memory means through the in 
struction program stored therein to control the 
functions of the entire combination. 
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5. The combination recited in claim 1 wherein each 
of said memory means includes a plurality of memory 
locations, each of said memory means is a read only 
memory which has specific information stored at each 
memory location. 

6. The combination recited in claim 1 including 
scaler means connected between said data memory 
means and said accumulator means to operate 
upon and modify the information from said mem 
ory locations before transfer to said accumulator 
means, and 

address means connected between said logic means 
and said accumulator means to operate upon the 
signals from said logic means to change the mem 
ory location in said data memory means addressed 
by the signals from said address means. 

7. The combination recited in claim 1 wherein said 
signals and said information are arranged in digital 
form. 

8. The combination recited in claim 1 wherein said 
accumulator means is connected to supply address sig 
nals to said data memory means. 

9. The combination recited in claim 1 wherein said 
output memory means is connected to supply informa 
tion signals to said accumulator means. 

10. The combination recited in claim 6 wherein said 
address means includes means for operating upon the 
signals from said logic means by incrementing a portion 
thereof and providing a one's complement of another 
portion thereof. 

11. The combination recited in claim 1 wherein out 
put memory means stores information in logarithmic 
form. 

12. The combination recited in claim 11 wherein said 
output memory means stores information in an antilog 
form. 

13. The combination recited in claim 3 wherein said 
output register means is connected to receive signals 
from said output memory means and store the signals 
so received, 

said output register means further connected to said 
accumulator means to receive signals from said 
function memory means which alter the signals 
previously stored in said output register means. 

14. The combination recited in claim 1 wherein said 
logic means includes means for combining the signals 
received from said source means and the signals re 
ceived from said control means to produce address sig 
nals for selecting the memory locations in said data 

12 
memory means which will supply information. 

15. The combination recited in claim 1 which pro 
duces output signals from said output register means in 
accordance with the algorithm 

5 PW = PW (1 + EK) 
where 
PW is the final pulse width of the output signal, 
PWs is a base pulse width determined by first source 
SB, 

Es, is the enrichment factor determined by the re 
spective source Si, and 

Ks are constants related to source Si. 
16. The combination recited in claim 1 wherein said 

sources include transducers for producing signals rep 
5 resentative of environmental conditions. 

17. The combination recited in claim 1 including uti 
lization means connected to said output register means. 

O 

18. The combination recited in claim 4 wherein said 
20 program memory means includes a plurality of memory 

locations, 
each of said memory locations has an instruction of 
said instruction program stored therein, 

each instruction is in the form of a multibit digital sig 
nal, 

said program memory means connected to supply 
each instruction to said logic means in accordance 
with the operation of said program address counter 
means, 

each instruction enables a selected portion of said 
logic means whereby selected signals from said 
source means are transferred to said data memory 
means as address signals. 

19. The combination recited in claim 1 wherein said 
35 accumulator means includes means for cumulatively 

storing information supplied thereto whereby the infor 
mation stored in said accumulator means represents 
the instantaneous total of all information supplied 
thereto. 
20. The combination recited in claim 19 wherein the 

information stored in said accumulator means repre 
sents an address in a portion of said data memory 
means, 

said accumulator means and said portion of said data 

25 

3) 
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45 memory means interconnected so that the informa 
tion stored at the appropriate address in said por 
tion of said data memory means is transferred to 
said accumulator means when addressed. 

5) 
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