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Introduction
Today’s road vehicles are required to operate at a very high standard to meet the demands of usability and conform to the stringent measures of emission requirements. To meet this demand most vehicles now operate with electronic fuel injection and ignition systems (Probst,1991. p1). The advantage of these systems is the ability to continuously meet the variable fuel requirements of the engine throughout different states of motion (Devlin, 2012 p.165), allowing peak performance and conformation to emission standards. 
The principal function of a fuel delivery system is to mix an adequate amount of fuel to the amount of air entering the system, determined by throttle load. Endeavouring to attain a stoichiometric ratio to achieve best fuel consumption, performance and exhaust emissions (Probst, 1991. p3).  
The fundamental operation of electronic fuel injection systems is to control the pulse width of the injectors, determined by the ECU after calculating all variable factors being monitored by vehicle sensors and referring to stored data of best air/fuel ratio for the given running conditions (Denton, 2000. p191). As well as a correct homogenous mixture, in order to achieve power the vehicle system must initiate combustion by an accurately timed spark, this in itself consists of various components that must be synchronised within engine operation in order to achieve accurate timing of a high voltage pulse delivered to the correct cylinder (Ribbens, 2003, p14).
As well as basic vehicle operating requirements, modern systems contain additional controls to aid in the procedure of a range of operational conditions. The efficiency and accuracy of these systems is determined by the precision communication of the various sensors located on the vehicle, delivered to the ECU by voltage signals motioning immediate operating conditions to be considered for optimum running, these input variables influence calculations within the computer algorithms that then trigger the systems actuators to a suitable response (Bosch, 2007,p.12).
This report will be exploring, testing and analysing engine electrical systems and the operation of sensors and actuators within LE3 Jetronic and Motronic engine systems. It will further analyse injector and ignition patterns and the corresponding signals from vehicle sensors through a range of running conditions to determine the principles and operation efficiency of these systems.
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As the stringency of emission standards and the development of performance became more essential, vehicle manufacturers turned to electronic ignition and fuel injection as method to gain the necessary control of engine operation to suit the required demands (Denton, 2000, p189). 
Fuel and air being the fundamental aspect of an internal combustion engines ability to make power is therefore of critical importance to the overall running and performance of the vehicle. As a vehicles operating conditions change, the homogenous fuel and air mixture must alter to provide the most optimum ratio for the given parameters (Probst, 1991, p3). This metered fuel mixture must also be synchronised with the ignition system, which principal function is to initiate combustion by igniting the mixture at precisely the right time (Bosch, 2000, p476). To accomplish the harmonising of these functions modern vehicle systems are equipped with a plethora of sensors monitoring both internal and external conditions. These variables are then communicated to the ECU which calculates a suitable response for the engine to function at its highest efficiency.
The fundamental elements of an injection control system work in an open loop system, receiving input data from the various sensors to determine an appropriate amount of fuel to achieve the required air/fuel mixture for the given conditions (Probst, 1991, p18). An inherent flaw within open loop systems is an inability to monitor the results of the desired variable, operating strictly on the information from the input data. A close loop system overcomes this, measuring the systems resultant data and using this as further input data to achieve accuracy in the subsequent variable (Doebelin, 1985, p9-10), within a fuelling application this is determined by the lambda sensor.
Pulsed injection systems meter the fuel delivered to the engine by electronically regulating the injectors open time (Probst, 1991, p23) the duration of which is subsequent to the input data received from an array of sensors monitoring significant engine operating data, which is then used to calculate signals for the injectors and other system actuators (Bosh, 2000, p465).
[bookmark: _GoBack]The ECU is a Processing unit that compares data from input signals, evaluates with stored memory data and triggers signals to the systems actuators to output a desired response (Bosch,2007.p.196) The ECU processes signals from the ignition, coolant NTC, throttle potentiometer, throttle switch , Lambda and other sensors (Bosh p470). Essential applications being the control of idle speed, hot and cold start enrichment, over run fuel cut off, snap acceleration and acceleration enrichment/deceleration weakening (Devlin, 2012, p165-166). 
Both the Motronic and Jetronic system operate on simultaneous injection meaning all injectors pulse twice per 4 stroke cycle or 720 degrees, the quantity of fuel delivered dependent on pulse width and frequency (Probst 1991, p. 3-12). The two principal inputs for the electronic fuel injection system to determine basic flow rate are engine load, received from the air mass meter and the engine speed (Probst, 1991.p.3-6) of which a crankshaft sensor provides reference for.
The ignition systems principal function is to provide a spark inside the cylinder at the end of the compression stroke, to accomplish this the system must convert system voltage of 12V into approximately 8-20 kV (Denton, 2000, p162). To achieve this both the Motronic and LE3 system operate using a Kettering coil, the operation of which is essentially a high voltage transformer consisting of two windings, a primary and a secondary. The primary has less windings and uses thicker wire, the secondary consisting of vast windings and thinner wire to provide the required resistance and inductance characteristics (Bosch .p.481). With the ignition on, current is supplied to the primary circuit creating a magnetic field, when the system interrupts the current, the magnetic field collapses and the high voltage needed for inducing combustion is generated in the secondary windings which is then fed into the distributer and subsequently into the spark plug for the corresponding cylinder (Bosh,p.487). Traditionally the primary switching was achieved by breaker points, but this was superseded by control modules using electronic switches called pulse generators (Taylor, 2012, p.134). As well as being able to make and break the primary circuit the control module uses the pulse frequency to determine engine speed and uses this data to adjust the dwell period, the amount of time the primary circuit charges before switching (Taylor, 2012, p134).
Ignition timing occurs at the end of the dwell period and must be adjusted to suit the driving condition, for optimal performance ignition advance should accommodate maximum combustion to occur 10° after top dead centre (Denton, 2000, p162).  As there is a lag of approximately 2 milliseconds between ignition and complete combustion, the ignition spark must arc long enough to accommodate this. Due to this it is consequent that as engine speed increases ignition angle advances, the system endeavouring to obtain maximum performance whilst obliging to emission standards and avoiding engine knock (Bosch, 2000, p478).
 The LE3 and Motronic system both employ the use of vane type air flow sensors to measure air flow into the intake manifold controlled by the throttle valve (Probst, 1991.p.3-6). As intake air moves the vane, this in turn moves a potentiometer, a variable resistor that returns an output voltage signal to the ECU from a constantly supplied 5 volts proportional to that of the throttle valve opening, offering precision accuracy (Gibson, 2012, p74). Additionally, both systems are also equipped with throttle switches to indicate if the throttle is at idle, full load or part load determining basic reference for the ECU.  This system was superseded by mass air flow systems or hot wire systems which operates by supplying a constant electric current to heat a wire, as air flows over the wire it cools, this in turn lowers the resistance and increases the current, creating a voltage drop across the measuring resistor, this voltage signal relates to values in the ECU which can then determine the amount of fuel put into the system from pre-determined data (Gibson, 2012, p66). As change in temperature of the intake can cause alternative readings of the hot wire sensor, the system uses a compensating resistor wire adjacent to the hot wire.  This acts as a baseline for the hotwire which is programmed to stay 100 degrees above the temperature of the “cold” wire (Gibson, 2012, p66).
With engine speed and load recognised by the ECU from the above systems, the engine would be able to operate in ideal conditions, but as this is rarely the case further calculations must be made from further input variables to modify the pulse width to match the conditions. A fundamental sensor within this application is the engine temperature sensor or NTC ll (negative temperature coefficient), meaning that as the temperature rises the resistance falls (Probst,1991. P.3-16). The ECU supplies a fixed voltage to the sensor and dependent on the voltage signal returned, the system can determine engine temperature conditions and operate appropriately, such as adding to the basic injector pulse widths for a cold engine (Probst, 1991.p.3-16).  Additionally, another NTC provides the ECU with input data monitoring intake air temperature. As cold air is denser, more fuel is required to run the engine optimally. Once again contributing to variables influencing injector pulse width (Probst,1991, p3-16).
Both systems use a lambda sensor, making up the closed loop system. This allows the monitoring of exhaust gasses from the vehicle that is then returned as an input to the ECU to allow alteration of the fuel/air ratio. A lambda of 1.00 represents a stochiometric mixture, for fuel this is a ratio of 14.7:1 and is endeavoured by the system. If the ratio falls below or above this ratio creating a richer or leaner mixture this is fed back to the ECU and altered as necessary (Halderman, Linder, 2009 p.296).
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In order to gain further understanding of the electronic injector and ignition systems a practical assessment is undertaken of both the Motronic and LE3 Jetronic system.
Before commencing, health and safety elements to consider are;
The removal of conductive jewellery, lab coats and steel toe boots worn throughout the session and the exhaust extraction system to be implemented when necessary along with opening of external doors to ensure ventilation. Before engines are cranked the group must be made aware by a signal such as saying “engine cranking” to ensure all members are aware and working safely.  
To collect data to be analysed. A multimeter and oscilloscope are used. A multimeter allows for precision testing of components and has a plethora of functions to accommodate different testing scenarios (Denton, 2000. p28). The functions used in the system testing were simple volt and resistance measurements of the ECU and component sensors. To maximise efficiency, it is ensured the testing is made in a logical sequence, starting at the power source and working through the circuit using a reliable piece of equipment (Devlin, 2012 p170). As digital systems switch too quickly to be recognised by a handheld multimeter, to diagnose effectively an oscilloscope must be used (Devlin, 2012, p170). An oscilloscope allows for the real time visual representations of voltage switching and current charging, allowing visualization of the ignition process and output signals to be monitored and analysed. (autoditex,2016). 
Both systems are tested as follows;
Using a multimeter voltage readings are taken of all ECU pins, once whilst the ignition is off and then again when turned on. earth connections are tested by reversing probe positions to get a reading for the quality of the earth.
All results are then tabulated.
Following ECU pin testing, system components are then resistance tested against book values. 
The following components were tested for the Motronic system;
-Throttle potentiometer
-Injectors
-Air flow sensor
-NTC2
-NTC1
-Idle speed control 
-lead resistance
-primary and secondary resistance
The following components were tested for the Jetronic system;
-Throttle switch
-Injectors
-Auxilary air valve
-NTC2
-lead resistance
-Primary and secondary resistance
Following these tests both systems were then observed throughout different states of engine temperature and running conditions and the effect this would have on the system, principally looking at injector pulse widths, NTC 2 voltage and resistance readings. Within the Motronic system additional references to the rotary idle valve, emission control valve and lambda output are also monitored. 
Engine temperature, injector pulse widths and rotary idle valve keying ratios are all monitored by use of an oscilloscope whilst NTC2 resistance and voltage is read by multimeter values.
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Through practical measurements and data sheets, it is deduced that injector pulse widths and frequency vary throughout different operating conditions. The following was found;
As the system is switched on the injectors receive voltage. Using a start control system, the ECU increases pulse width in response to the input data from the engine temperature sensors activated when the system is turned to start. The ECU also has a recovery time aspect which defines the duration of time before fuel can be delivered to prevent flooding in repeated attempts at starting (Probst, 1991, p3-18).
A cold engine cranking requires further parameters still as fuel is harder to vaporise and often condenses on cylinder walls (Probst, 1991, p2-11). When a cold state is recognised by the NTC2, the ECU flags this and pulse width is increased to enrichen the air fuel mixture, additional air is also needed as the throttle is closed, an auxiliary air valve remedies this allowing air to bypass the throttle valve and feed the engine, monitored by the air flow sensor (Bosh, 2000, p468).
The Motronic, being a newer system has a rotary idle valve which can be observed as percentage open due to the monitoring of keying ratios, allowing bypass air to be observed. In unity with the above statement, readings determined a 46% opening of the rotary idle valve at 20° as opposed to the 42% achieved at 70°C. 
The NTC2 drops resistance as the temperature rises (Probst,1991, p3-16) this ensures a higher voltage and acts as the voltage signal. From testing this can be confirmed as both the Motronic and LE3 system displayed highest resistance and thus voltage at an engine temperature of 20°C. This is met through ECU calculations with a larger injector pulse width Seen as 3.6 milliseconds in the Motronic system and 4.3 milliseconds within the Jetronic.  However as both systems are synchronised, all injectors pulse twice per 4 stroke cycle or 720 degrees, doubling the pulse width for each cycle completed.
For part throttle acceleration both systems employ the method of air vane overswing. As the throttle is opened quickly the air vane overswings and the system compensates with additional pulse duration until the air vane stabilises once more giving clear readings (Probst, 1991 p3-20). 
During wide open throttle acceleration both systems use a throttle switch to signal enrichment. This essentially reverts the system back to open loop and takes only the engine speed as an input, enrichening the mixture from preprogramed tests appropriate to that of the demand (Probst, 1991 p3-20-3-36). The Motronic system accompanies this with throttle position for further accuracy. Additionally, as engine speed increases the frequency of pulses will increase also.
When the system detects deceleration from input variables such as engine speed, closed throttle and engine temperature (Probst, 1991, p. -39), the ECU diminishes pulse widths to zero and retards the ignition timing. This helps to reduce emissions and improve engine braking (Hatch, 2019, p409), as engine speed reduces to idle speed regular injection pulses will commence. The Motronic system also gradually advances ignition timing smoothing out the transition (Probst, 1991, p3-38).
Idle speed is another condition that must be met with unique ECU response. Derived from both temperature and engine speed input, idle speed is controlled from intake air quantity (Probst, 1991 p2-12) and will adjust to the conditions, such as a cold engine at idle requiring a slightly higher idle speed to overcome engine friction (Probst,1991 p2-12). In later systems including the Motronic, idle speed control is set electronically by use of a electronically controlled throttle bypass valve, allowing a small amount of air to enter the intake when the ECU recognises that the throttle position is closed and the engine speed falls below a minimum value (Ribbens, 2003, p256). A common method for idle speed control is a stepper motor which moves in increments when activated by pulses allowing for precise position of the bypass valve and thus idle control (Ribbens, 1991.p.255). Whilst at idle the minor variations have larger implications such as Frictional loads varying with temperature and electric draws such as lights, charging systems and air conditioning varying electrical load.  An electronic fuel injection system compensates for this as well, lengthening pulse width to satisfy the requirements (Probst,1991, p2-13).
To illustrate the functioning of the injectors and ignition system, the following scope patterns are generated;
[image: ] [image: ]
Figure 1. Wave pattern from the primary coil output. Motronic system left, Jetronic right.
To generate the high voltage needed to induce combustion the primary circuit is switched on and off, by opening and closing a switch. The process begins at system voltage (#1), when the switch is closed (#2), known as the dwell period, the current builds creating a magnetic field between the primary and secondary. At the end of the dwell period, the switch opens punctuating the current and collapsing the magnetic field, this causes a voltage surge in the secondary windings (#3). The length of the spark arcing can be seen at #4 followed by coil oscillations (#5) caused by the resonant circuit created between coil and capacitor (Ribbens, 2003, p17).
[image: ] 
Figure 2. Motronic system, rotary idle valve signal.
The ECU switches to idle when engine speed falls below dictated values, throttle position is indicated at zero and the vehicle is stationary (Ribbens, 2003, p255). Figure 2 represents the signal from a single winding type actuator, the wave signal which alternates between off and on represents the opening and closing of the shutter allowing bypass air into the system.  The on off ratio will determine open time and in doing so, idle speed (Denton, 2000, p103). As the engine is at operating temperature, the on time, depicted by “A” is shorter than the off time “B”, this is also verified by Table 5, as the idle valve is at 42% open at 70° C. 
[image: ] [image: ]
Figure 3. Supply from ignition (top) and earth return (bottom). Motronic system (left), Jetronic (right).
The ECU controls ignition pulses by collapsing the primary circuit by sending it to ground at the end of the dwell period, thus causing a spike in the secondary windings needed for inducing combustion (Bosch, 2000, p487). Figure 3 Illustrates the relationship of voltage supply to the secondary windings whilst the ECU controls the pulse widths by closing and opening the switch to earth.
 Point “A” demonstrates a voltage drop in the supply whilst the earth gains fractional voltage seen at point “C” as the switch is opened.  Point “B” where the switch closes, returns the supply to system voltage whilst in unison, point “D” returns to ground. The same pattern can be seen within the Jetronic system; however, the increased frequency depicts the system is under more demand due to increased engine speed and/or load.
[image: ]
Figure 4. Motronic system signal from air flow sensor (top) and throttle position sensor (bottom).
Both sensors (in figure 4) are variable resistors, the use of which is employed due to lack of sensitivity allowing larger changes in position. The throttle potentiometer (bottom), depicts the output from a received 5-volt supply. This return voltage indicates change of throttle position, which the ECU uses to trigger enrichment and cut off during acceleration and over run respectively (Denton, 2000, p93). The voltage output from the air flow sensor (top) will be proportional to the flap movement within the air vane, a spring countering the force on the flap ensures movement is proportional to air entering the system (Denton,2000. p94). As both signal waves follow the same pattern it illustrates the immediate relationship between throttle position and system air intake. 
[image: ]
Figure 5. Motronic system injector patterns.
Figure 5 displays the pulse widths and frequency of both injector banks. As the pulses are infrequent it would depict that the system is in its pre start-up phase with the ignition on but not cranking, the large gap between pulses being the recovery period implemented as not to flood the system.
[image: ]
Figure 6. Points of reference of injector pulse.
Within pulsed injection the metering of fuel is dependent on the opening time of the injectors, opened by an electrical signal from the ECU and closed by a spring. When current is sent through, electromagnetic force lifts the solenoid and fuel is delivered, the injectors are electrically hot the entire time the system is turned on and is grounded within the ECU (Probst, 1991.p.3-10). Starting at system voltage (#1), the ECU then closes the switch (#2) the duration of which represents injection on time (#3), as the switch opens there is a spike caused by back EMF (#4). The voltage begins to drop spiking a little as the injector closes (#5) before returning to system voltage (#6).
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Figure 7. Injector patterns whilst accelerating. Motronic (left), Jetronic (right)
Figure 7 displays injector pulses on both systems in an accelerating state, as the system recognises an accelerating condition from the throttle position sensor and throttle switch, the system responds by increasing pulse frequency and duration, allowing the system to operate at greater torque required for the demand. During this instance lambda input is ignored (Ribbens, 2003, p255). 
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Figure 8. De acceleration Injector patterns. Motronic (left), Jetronic (right).
When high engine speed and small load are recognised through sensor input, such as a decrease in throttle angle or switch closure, the ECU decreases pulse width, as seen in figure 8, and operates in a lean ratio until switching the injectors off, aiding with the reduction of emissions (Ribbens,2003, p254). 

[image: ]
Figure 9. Speed reference for fuel, Jetronic system.
As fuel pressure stays constant within the system, the metering of fuel is dependent upon the time the ECU supplies voltage to open the injector. This pulse time is indicated by the grounding element of the signal.  The pulse period in degrees of crankshaft rotation is one segment, of both the supplied and grounded voltage. For this purpose, it can be read as a ratio of off and on time (Probst, 1991, p3-10).
[image: ]
Figure 10. Lambda sensor, Motronic system.
Figure 10 depicts the output signal from the lambda sensor. The sensor returns a voltage signal based on the value of exhaust gas and air, the voltage deployed is dependent on the oxygen in the exhaust gas and atmospheric oxygen. A rich mixture is detected by low oxygen concentration and a lean mixture indicated by high oxygen. Within a warm system, output voltage is approximately 1V for rich and 0.1V for lean (Ribbens, 2003, p221-222). The data in figure 10 illustrates voltage change as the mixture passes through stoichiometry.
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Figure 11. Engine speed sensor signal. Motronic (left), Jetronic (right).
The crankshaft signal is generated by changes occurring in magnetic flux intensity caused by a variable reluctance sensor. The sensor operates by a steel disc with a cut away segment passing through the poles of a magnet, as the metal passes, a lower reluctance path is created, this gives a higher magnetic field and in contrast the cut away portion creates higher reluctance and lower intensity (Gibson, 2012, p67). The signal depicted in figure 11 (left) illustrates engine position with reference to the missing tooth causing the oscillation punctuation, and speed, depicted by frequency as the EMF is proportional to rate of change of the magnetic flux (Gibson, 2012, p68). Within the Jetronic system (right) speed signal, no interruption is seen as TDC is referenced by a set screw on the flywheel that passes a magnetic sensor, signalling one crankshaft revolution (Probst, 1991 p3-32).
[image: ]
Figure 12. Secondary wave pattern, Jetronic system.
The secondary voltage begins at system voltage (#1) it then increases (#2) until spark is initiated the moment the primary is circuit collapses (#3). The voltage required to sustain a spark drops until the endeavoured value is achieved and is then maintained until the energy is unable to sustain the process (#4). Following this a small voltage spike is seen before diminishing and oscillating several times as the remaining energy dissipates (#5) (Taylor, 2012, p138).
[image: ]
Figure 13. Spark advance signal and primary waveform, Jetronic system.
Systems such as the LE3 use centrifugal weights to advance the timing as engine speed increases. As less dwell time is available for coil charging at increased speeds this must be accommodated by an advanced spark for sufficient burn time (Probst, 1991 p3-28). Ignition timing is dependent upon input from either mechanical or electrical values to determine the best ignition point, occurring at the end of the primary dwell period ensuring the coil is charged (Denton, 2000, p163). As speed increases centrifugal force pushes spring loaded weights outwards advancing the trigger and pickup coils to turn off sooner inducing spark (constructionmanuals, 2020), figure 13 illustrates the spark advance signal with relation to the primary coil.
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Table 1. Resistance values found against book data (Ω).  Table 2. Static testing of voltage values(V).           
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Table 3. lead resistance values (Ω).                                            Table 4. coil resistance values (Ω).
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Table 5. temperature (°C), NTC2 resistance(Ω), NTC2 voltage(V), injector pulse width (m/s), rotary idle valve (%), Lambda and NTC1(V).
[image: ]

[bookmark: _Toc37079006][image: ]
Figure 14. Motronic system, NTC2 resistance (Ω) against engine temperature (°C).
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Table 6. Ignition ECU, static testing (V).                                Table 7. Fuel ECU, static testing (V).                            
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Table 8. Resistance values found against book data (Ω).     Table 9. Amplifier values (V).  
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Table 10. Temperature (°C), NTC2 resistance (Ω),NTC2 voltage (V) and injector pulse width (m/s).                    
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Figure 15. NTC2 resistance (Ω) against engine temperature (°C).
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The initial voltage readings taken from both ECU`s allowed data sets to be tabulated to gain an understanding of system operation. By determining pin function and voltages it makes clear the functioning of the system and allows for any anomalies to become known.
 The 12V readings whilst engine is off on the Motoronic system will be the system memory which allows the map data to store changes upon driving style, this is not present on the Jetronic system. 
 The 5V voltages are input signals supplied to sensors of which a return signal is obtained, by a resistance change giving alternate voltage readings back to the ECU for different conditions.
By identifying earths, the quality can be tested by reversing probe polarity and taking a reading determining if the earth is functioning efficiently.
Resistance values taken against book data serves to identify if components are out of specifications due to wear. The data collected identified that the auxiliary air valve on the Jetronic system had a higher value of resistance than specification parameters, this could therefore give false readings back to the ECU that will make for poor running at idle.
The Motronic system has several components out of service specifications, such as; the air flow sensor which reads 16Ω above parameters, the throttle potentiometer measured on 1 and 3 is 550Ω out of specification value, and idle speed control is 6.9Ω out.
 Most importantly as an integral input to the ECU, the NTC2 is displaying lower resistance values than specification as engine temperature rises. The operation of the NTC2 can be seen in figures 14 and 15, as displayed, as the engine temperature rises the NTC2 resistance drops and the return voltage is lowered, decreasing injector pulse width, increasing marginally on both systems only when further loads are put on the engine such as the fan switching on at 70 degrees in the Motronic system and the thermo switch opening on both systems at approximately 70 degrees flushing the system with cold water.
Many of the operational sensors function by returning a signal to the ECU determining a component state as an input for conditions that will then define the systems actuators to run within pre-determined parameters for the given condition. If components begin to wear and resistance values change from specification values, return signals will be incorrect for the condition monitored and can cause the engine to run badly and in severe cases cease altogether. 
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The fundamental aspects of both the Motronic and LE3 system equate to the same objective, to produce a well-timed spark to the correct cylinder at the right time for the right condition whilst simultaneously monitoring and controlling fuel pulses needed for effective running of the engine in the condition demanded. 
Both systems use a plethora of sensors to gain condition input of which the ECU then calculates and triggers actuators to achieve the desired response. The overall goal within these systems is to achieve full adaptive control, allowing the engine to run as cleanly and efficiently as possible through a range of driving conditions. The Motronic system being the later developed system has certain adjustments and extra features to gain further control of the adaptive system. One of these features is the adaptive circuitry, which allows engine control to be based on individual driving conditions and the manner it is driven. The system adapts to what is best for the driver and engine to develop basic data for memory maps (Probst, 1991, p3-33). Another feature is the rotary idle valve, which under ECU control, determines idle speed by controlling air bypass (Denton.p.103) The Motronic system also trumps the Jetronic LE3 system by incorporating a throttle potentiometer as well as a throttle switch into the system, gaining precision accuracy in input data.
The LE3 systems main function that leaves it somewhat antiquated besides the Motronic is the mechanical ignition timing advance control, which operates by use of centrifugal weights advancing the timing as engine speed increases (Probst, 1991, p3-28). The Motronic system superseded this mechanical arrangement by the ECU processing inputs and adjusting timing based on map data (Probst,1991, p3-10).
 As well as these additions one of the most notable differences on the Motronic is the incorporated ignition and fuel ECU, hence the name mono. By controlling both systems in one unit this allows fuel delivery and spark timing to become more efficient, improving drivability and power (e30zone, 2020). 
As systems have continued to improve, inadequacies within both systems become apparent, such as the lack of knock sensors on both systems,  the advantage of which allows ignition angle to be advanced beyond the safety distance maintained on systems without knock control and by doing so improving engine compression and fuel consumption (Bosch.p.496). Another improvement on later systems is the implementation of sequential injectors which allows each injector to operate independently, the advantage of the design allows a quicker response to driving conditions as more or less fuel can be injected when the next intake valve opens as opposed to simultaneous injection systems which must complete a full revolution before altering the fuel air ratio, this rapid adaption makes the system run more economically which is crucial as emission standards become more stringent (carsdirect,2012). Furthermore, an advancement to both systems would be the use of a coil-on-plug ignition system. The operation of which uses individual ignition coils for each cylinder. The advantages of such a system would be the removal of high-tension cables which can become damaged and cause problems, this also reduces the resistance between the plug and coil allowing for less energy to induce sparking. Individual coils also allow for more recharge time between the administration of high voltage needed to induce spark as each coil has to fire only once every other crankshaft revolution as opposed to twice every revolution as is applicable within a 4-cylinder engine (autotap,2012). 
Overall the principles of both systems endeavour to maintain full adaptive control allowing for comfortable, clean and predictable driving within any condition. With technological advancement the fundamental aspects remain the same, however allowing further precision, accuracy, speed and control to be obtained.
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