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3 Introduction

3.1 Proposed Design Problem
In the fall of 2006, the South Bend Police Department presented problems regarding the auxiliary electrical systems of their police vehicles to our design team. Over the past several years, SBPD has reported frequent battery deaths in their police cruisers.  Certain cars in the fleet were in need of battery replacement every six months or so, costing the department valuable resources and maintenance funds.  These cruisers have video equipment that is used in trial proceedings to ensure regularity of arrest procedures, and if the battery dies during normal operation of the cruiser, the tape of these proceedings can be erased, leading to potential disciplinary action against the officer in question.

There are a number of questions as to the cause of these failures.  Some have suspected that officers are responsible for the problem because of their failure to turn off certain auxiliary devices at proper times.  Others have suspected that the batteries themselves are overloaded, and that the cars need a backup power supply dedicated to these auxiliary devices.  The department reported that there was no regular pattern to battery death, whether by make of car or by the time of year the failure happened, that might lead the way to an obvious solution. 

3.2 System Requirements

To help the police department determine the cause of premature battery death in their fleet, and to potentially provide a means of alleviating that problem, we propose a system that:


(1) Senses the currents being drawn by the auxiliary electrical systems on 
the car, as well as other metrics relevant to evaluating the battery (battery 
voltage, battery current, alternator current).


(2) Records that information for use in diagnosing the problem later on.


(3) Helps to alleviate battery death by shutting down devices that appear 
to be drawing a significant amount of current when such demand is 
unwarranted, while providing control to officers to work around that 
control should circumstances demand it with a general system override 
and individual, physical overrides for each line in question.


(4) Contain these operations in a system that places minimal demands


on maintenance staff and officers in the field and provides feedback to the 
user on what it is doing at any particular moment.
The automotive environment places constraints on the design of the system that are not typically encountered in the setting of an undergraduate electronics lab.  The size of the designed system must be small enough to fit in a car without hindering the activity of police officers.  This would lead one the idea of a circuit board design, but this comes with the consideration that the board would have larger than normal amounts of current being pumped into it at any given moment because of the significant currents being drawn by some of these devices in normal operation, presenting additional challenges in the design of the board itself.  Operation at temperature extremes is also a concern, since devices used to sense current are somewhat temperature dependant and injudicious selection of certain components could lead failure under extreme heat or chill.  The system vibrations caused through normal driving activity are also worth considering in determining how the board should be mounted in the casing, and in choosing connectors to sensors underneath the hood that would determine currents leaving and entering the battery.

3.3 High Level Description
The system has four main subsystems: Sensing/AD Conversion, Device Switching, User Interface, Data Recording and Processing
Sensing
There are three sensing tasks that the system performs:


*Battery voltage.  There is a rough correlation between a battery’s open 
circuit voltage and the state of charge of the battery.  Because the circuitry 
needed to measure this is incredibly simple, while the potential benefits in 
terms 
of knowledge of system failure are substantial, taking this 
measurement seems like an obvious requirement for this sort of 
application.

  
*Alternator and battery current.  These measurements allow the system 
to determine whether the car is on or off, and could potentially be 
used 
to diagnose certain battery problems.  For example, if the car motor is 
running, the alternator current far exceeds the battery current.  If this is 
found not to be the case while the car is on, it may indicate a failed 
alternator or a faulty battery. 


*Currents from each of the six auxiliary ports.  This functionality allows us 
to track down the source of a potential parasitic current that might be 
draining the battery, and provides criteria for switching off a given device.  
For example, if a particular lead is drawing .6 A when the car has been off 
for fifteen minutes or so, and the system logic says it should be drawing 
no current whatsoever, the microcontroller can act by taking the device 
offline completely.

Switching

Based on the inputs from the various sensors, and other parameters like the time elapsed between measurements and whether or not the user has imposed override on the system, the system can cut load by switching off devices it deems unnecessary, using gate-driven MOSFET switches designed to handle very high currents.  The system also has external breaker switches that can work around the primary circuit, allowing the user to circumvent control for individual loads.

Data Recording and Processing
After enforcing control by choosing which loads need power cut from them, the microcontroller measures all of the system parameters: the device currents, the alternator and battery currents, the battery voltage, the on/off status of the switches on the board (this allows someone working with the information to differentiate between situations where the control has determined a lead should be turned off, but the external breaker circuit is allowing the device to remain on), and any faults in the system that may have been diagnosed (low battery state of charge, battery/alternator current mismatch, or both).  These are written to an EEPROM memory chip on the board using the I2C serial interface.  A technician can read this information using a laptop computer with a standard 9-pin serial port.
User Interface
Feedback is displayed to the user through a transflective, 20x2 LCD screen with backlight.  The user interacts with the system through four pushbuttons mounted to the casing.  The system allows the user to set the system time, view the current being drawn off of all loads at a given moment, set the overall “software” override, and interface a computer to the system for the purpose of “dumping” measurements into a spreadsheet.
3.4 Final Design Results

As of the time of this writing, we believe we have a design that will satisfy the system requirements stated earlier.  The design is sufficiently developed to the point that submitting it for a patent would be reasonable.  We have also built a prototype that demonstrates the functionality of many of our design’s features, including load switching, sensing currents off of individual loads, overriding individual loads using external switches, sensing the voltage being generated by the battery, and dumping measurements made by the microcontroller, all of which can be controlled via a four-button user interface panel.  However, due to time constraints and development delays, some aspects of the system have yet to be fully debugged and tested, including the ability to sense large currents being generated by the alternator and battery, and the long-term effectiveness of the control routine.  The current prototype is quite a long ways off from practical use in a conventional police car, and several design iterations might be necessary to get it into a form that would be convenient for installation into police cruisers.  There are also a number of improvements that could be made to the types of technologies chosen in certain areas, including the microcontroller and the type of connector used for serial interfacing.  These shortcomings, however, are not really failures of design as much as they are the foibles of a first attempt at any project of this level of complexity, and in a “second draft” of the design, we believe we understand how these difficulties would be smoothed out and fixed.  We believe we have made enough progress to show that the concept is feasible, and developed the idea thoroughly enough to give future designers a reasonable starting point for their work. 

4 Detailed Project Description

4.1 System Theory of Operation
The system spends most of its time “asleep.”  When it is asleep, it displays the current mode of operation of the system (armed or override), or any alerts about the battery, along with the time.  The system wakes from this “sleep” mode for two reasons:


(1) At regular time intervals set by an internal watchdog timer (WDT), the 
system checks to see if (a) enough time has elapsed between system 
checks to institute another system check, or (b) the car has been turned 
on or off since last time the system was checked.


(2) If the user has pressed the “enter” button to get into the user interface.

In the first case if either of these reasons for exerting control manifest themselves, the system enters a function, control_routine, which looks at all of the system parameters being measured, checks for any faults, and switches on or off the various loads depending on whether the car is on or off, the state of charge of the battery, the current being drawn from the device, and the amount of time the car has been on or off.  After doing this, it measures all system parameters—the currents off the devices, the battery and alternator currents, the battery voltage, the on/off status of the car and the individual auxiliary loads, the override status, and any faults—and writes them to an EEPROM memory chip on the board.  After updating some memory pointers, the system returns to the “sleep” mode, with the alert message and time updated.

In the second case, the system enters a “user options” mode.  This functionality allows the user to set the system time, view how much current is being drawn by each device on the system, override the system, and enter a “terminal” mode that allows the data in the memory to be downloaded to a personal computer with a nine-pint serial connector.  When the user is done with the menu and exits it, or the menu “times out,” the system moves into control_routine to update the system control in light of changes that may have been dictated by the user, and returns back to the main menu.
 This operation is detailed in the high-level system flow diagram below.
4.2 System Block Diagram
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Figure 1: Overall system block diagram
4.3 Choice of Microcontroller
Our system uses a standard 40-pin microprocessor, the Microchip 18F4620, to provide a means of intelligent controlling the auxiliary loads in the police control, monitoring their activity, and recording relevant system information to provide feedback for the user.  Some of the features of this microcontroller that proved critical to the success of the project include:


*Flexibility in allotment of digital I/O pins the allowed the handling of six 
switches and a 4-pin wide LCD screen interface.


*A ten-bit A/D converter, with twelve available pins for converting analog 
voltages between 0 and 5 V into an integral value that can be manipulated 


in software to provide meaningful feedback to the user about what the 
sensors in the system are measuring.


*A wide variety of serial communication protocols, including EUSART (for 
serial port communication with a personal computer) and I\2C (allowing 
communication with a time chip and memory chip on the main board that 
stores measurements and time-stamps those values).


*A variety of sleep/idle modes, which allow the microprocessor to 
consume minimal power in most situations.


*A watchdog timer (WDT) feature that allows the microprocessor to “wake 
up” from sleep/idle via an internal interrupt.  Another of the 18F4620’s 
internal timers is used to “time out” the system if it is in the user 
menu 
for too long.

It is also worth mentioning that our system utilizes nearly all of the pins on the microprocessor, so its size seems to be appropriate for our application. 

There are some problems with this particular microcontroller that should be addressed.  First, the 18F4620 was the processor given to us on our test board for learning about microcontroller.  While it happens that many of the features of the 18F4620 mesh well with our application, the design process should have included a more in-depth look at other possible microcontrollers that may have served our system better.

One major advantage of another microcontroller would be the ability to allow programs to operate in parallel (one example of this would be the Lego Mindstorms “microcontroller” used in the Intro. to Engineering module).  Currently, the system’s primary control flow must be disrupted to get into the user interface, which disrupts the system’s timing of measurements.  The ideal situation would be to have control running underneath the surface of the microcontroller at all times, while another “main” function carrying the user interface operates independently.  This function would look to the main function to see what was happening, but not interfere with its activity as it does now.

4.4 Current and Voltage Sensing; Analog/Digital Conversion

Introduction

The seminal feature of our power management system is the ability to sense how much current is being drawn by the various auxiliary components of the police car, along with the voltage being produced by the car battery.  This functionality allows us to pinpoint which devices are responsible for discharging power, identify whether or not the car has been turned on or off, estimate the state of charge (SOC) of the car when possible, and provide criteria for cutting the power to certain devices in the car as circumstances warrant.  This section describes the hardware components and circuitry that enable the remote sensing of currents and voltage, and the software that translates the analog outputs of these sensors into meaningful values for the user.

Subsystem Block Diagram
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Description of Features
A. Sensors

The system uses three classes of sensors to measure the various parameters related to the police cruiser’s auxiliary power system.  The common thread between all of them is that they all output a voltage of somewhere between 0 and 5 V DC, which allows the A/D converter on the 18F4620 to turn the analog voltage into a representative integral value that can be interpreted by the microcontroller and transformed into meaningful, accurate readings for the use of control systems and user feedback.

*Battery Voltage Measurement.
Determining the state of charge of a lead-acid battery remotely is not a simple task; at present, there is a significant level of research devoted to answering this question, and a precise answer to this question is beyond the scope of this project.  One simple method for making this determination is measuring the open circuit voltage of the battery.  We can come close to this by measuring the battery voltage when the car is off.  This measurement is so basic to the fundamental goals of the project, and so simple to take, that ignoring it would seem to constitute a gross oversight. 

(For more on the correlation between voltage and SOC, please see: http://en.wikipedia.org/wiki/Car_battery#Terms_and_ratings).
The circuitry for sensing battery voltage is shown below:
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Figure 3: Circuit for detecting voltage (board schematic, “classroom” schematic”)

IC2 is a single-rail op-amp supplied by the 5V voltage regulator on the board (most of the IC’s on the board are powered by this device, which puts a hard limit on an approximately 12 V DC source, transforming it into a 5 V source suitable for microelectronic applications).  The battery voltage is passed through a simple voltage divider that lowers the voltage by a third.  Large resistors were chosen to reduce power dissipation, which is on the order of 5 mW ((12/30k)^2*30k = 4.8mW).  The op-amp serves as a buffer between the battery and the microcontroller, to prevent this potentially unstable source from blowing the op-amp.  This circuit can safely passes a battery voltage of 15 V to the microcontroller, which is more than a battery will reach except under extremely rare circumstances.

*Measurement of currents from devices.
There is a Hall effect current sensor, rated for 100 A, inserted in series with each of the six switching lines on the main board.  The schematic for this arrangement is highlighted below:
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Figure 4: Example of an in-line current sensor in the main board

The sensors have five connections—two large leads that go in series with the line being measured, and connections for power, ground, and Vout, the input to the microcontroller.  Vout has a quiescent, or zero current, value of approximately .6 V, although this is variable with temperature, and the manufacturer specifies a standard error of +/- 1% at normal temperatures.  This increases to almost 10 percent under certain environmental conditions.

In selecting these current sensors, compromises have to be made between measurement sensitivity, on the one hand, and the handling of large spikes in current.  In planning our product, we believed that we might occasionally deal with currents spiking above 50 A, the next size down in the Allegro line.  We wanted to avoid this failure possibility, and chose a higher rating to be safe.  The cost of this is half the sensitivity we might otherwise have.  However, our testing seems to confirm that these sensors have enough sensitivity to handle our present application.

*Remote Current Sensors
To sense the significantly larger currents coming out of the car battery and the car alternator, a current sensor specifically designed for heavy-duty applications, requiring a separate, smaller board, was chosen.  The design for that board is shown below:
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Figure 5: Remote current sensor schematic and photo

Like the Allegro current sensors, these sensors, made by LEM, work on the principle of the Hall effect.  They are rated for 200 A, again reflecting a compromise between measurement sensitivity and possible current spikes (these sensors will handle measurements of up to 600 A, far greater than the battery’s cold cranking amps rating of 440 A).  The sensors are mounted on small PCB boards, stored in a casing underneath the car’s hood, and are link back to the main board using plastic, snap-in Molex connectors.  These were chosen because of familiarity, ease of use, cost, and availability.

Unlike the Allegro sensors, which have a small quiescent state voltage, the LEM sensors “zero out” at 2.5 V.  This characteristic is, admittedly, not ideal for our application, because of the huge range of the current sensor and the relatively limited range of voltages we are allowed to operate under.  However, there seem to be real difficulty in finding sensors that met our many product criteria, including output voltage, current tolerances, size, and cost.  These sensors represent the best possible compromise under the current circumstances.  This compromise is acceptable because precision is not as critical a factor in these sensors as they are in the smaller, Allegro sensors.  For the most part, these sensors are used as a check to determine if the car is on or off, and to determine how active the car’s electrical system is, approximately, at measurement points.  While not ideal, the components are acceptable for the present stage in development.

B. A/D Conversion



Figure 6: block diagram for A/D conversion
The 18F4620 microprocessor comes with a built-in, 10-bit A/D converter.  When the main control program or any of its subordinate functions wants a reading from a given A/D pin, it calls the function check_ad, which takes the address of the pin in question as an input.  It first attains a “raw” value of what was measured on the A/D pin, by converting the ten-bit result of the microcontroller’s A/D circuitry into a value from 0 to 5000, representing a range of 0 to 5.000 volts (because the thousandths place, in our experiments, tends to stretch the realistic accuracy of the A/D converter, it is always set to zero).  The microcontroller assigns this output to two registers, which must be combined into a single short integer by multiplying the top register value by 256 and adding it to the value in the bottom register.  Surprisingly, all sixteen bits of this omnibus variable come into play when transfering the A/D output to a 0 – 5000 integer; for example, we divide by 13,904 (the maximal output of the A/D converter divided by 5).  This was discovered in our experimentation with the A/D converter.  Initially, we wrote raw values to an LCD screen and compared those values to a voltmeter reading, using a voltage supply varying between 0 and 5 volts to provide a source, and the raw values always spread from 0 to 65470 (the value never quite reaches 216 – 1).  Some precision is lost at this step because integer math requires the use of multiple divisions to attain each desired place of the resulting output, and in general, the system tends to underestimate currents because of it.

Once the “raw” (0 – 5000) value has been obtained, the current being measured can be extrapolated from it if a current sensor is being used..  For the current sensor this involves three steps:


1. Subtraction of quiescent voltage, on 0-5000 scale.  In the case of the 
Allegro sensors, for example, this value would be 60.  Signed variables 
are used in this step to prevent non-sensical negative readings.


2. Scaling by some type of sensitivity factor to obtain the correct value.  
For example, with the Allegro sensors, an amp of current is represented 
by  60 mV of output voltages, so we divide the previous value by 60 to 
obtain the tens and ones place of the current reading, then divide the 
remainder of 
that number by 6 to obtain the tenths place.  These two 
values are separately stored.


3. If multiple places have been used (only for the Allegro sensors, they 
must be appropriately combined into one value through multiplication by 
an appropriate weight for each place, with smallest place recieving no 
weight, the next smallest being weighted by ten, etc. 

The battery voltage conversion is much simpler—the “raw” value is simply multiplied by three. 

These values are then be farmed out to a variety of functions where they are needed.  In the main program, measurements from the LEM sensor determine whether the car is on or off (by comparing alternator and battery currents).  In the control routine, current measurements are used to determine if a particular lead needs to be shut down.  The user interface and terminal dump program can reverse engineer these integer values into the “standard’ forms users are familiar with.

Testing
Before arrival of main board.  To test the conversion functions before using them with the actual sensors, we wrote functions that simply dumped the reading of an A/D pin (and later, the conversion routines to realistic values) to our test LCD screen, using a 5V variable source to simulate the output of all of the sensors in question.   We were able to use the criteria on the sensor data sheet to determine if the overall algorithms made sense with the properties of the devices at hand.   This experimentation confirmed the functionality of our software at handling the outputs of our sensors under “ideal” conditions.  We were also able to test our software with an Allegro sensor wired on a breadboard, and were able to confirm that they output voltages appropriate to the types of currents being drawn.  However, testing over a large range of currents was difficult to simulate because of the difficulty of attaining large currents in a controlled setting.  The need for boards to test the large, LEM current sensor prevented us from testing them until the arrival of the boards until very late in the semester, and similar difficulties in obtaining sizable currents would have made testing them problematic.  The simplicity of the voltage measuring circuit and the time constraints imposed on the design team meant that this circuit would only be tested once the main board arrived.

With arrival of main board.  The user interface’s ability to display A/D readings from the LCD screen allowed simplified verification of the current sensor operation on the main board.  Voltmeters and a Hall effect digital current sensor were used to confirm operation of the various sensors.  The battery voltage estimator had the highest degree of accuracy, being within +/- .05 V of actual values from the voltmeter.  The Allegro sensors were tested with a high-power halogen bulb, which normally draws about 4.3 A of current.  Our sensors underestimated this value slightly, with values ranging from 3.8-4.0 A or so at times, to 4.3 A at other times, with occasionally readings below 3.8 A.  Overestimation did not seem to be an issue, perhaps because the estimation scheme with integer math inevitably underestimates values.  A best guess at this time of the accuracy of the entire system seems to be around -.6 A from expected value normally.  Later, we installed a full version of our prototype into the car.  The load current sensors and the battery sensor demonstrated similar behavior in this environment, although currents seemed to fluctuate much more than they did with the halogen bulbs.  This may be due to the greater variation in power consumption on the loads in the car.  

As of this writing, we have not been able to fully debug the remote current sensors.  We were able to install the current sensors around the wires of our battery and alternator on the last day of classes, due to the time at which our boards were received.  They output a constant voltage that does not seem to vary with changing current, and the displayed value given by the A/D conversion routine is constant at 646 A.  An exact cause could not be determined, but it likely is some combination of the A/D conversion routine in the software not corresponding exactly to the output of the sensor and a flaw in how the sensor is connected back to the main board.  There is the possibility that the remote boards for the sensor are ill-designed, but lab tests showed that the sensors “zeroed out” at 2.5 V in the lab as they were supposed to, so this is not our primary suspicion. 

4.5 Switching Loads
Introduction
Given information about the state of the system derived from sensors, and a number of other factors, the system must be able to act on this information by shutting down the appropriate loads.  This section describes the circuitry that enables or disables loads, and how that activity is controlled by the flow of software.

Schematic Drawing
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Figure 7: Schematic of two switching lines on the main board.  1 = power and breaker switch terminal connectors, 2 = fuses, 3 = current sensor, 4 = 60 V N-Channel FET, 5 = Dual 24 V High-Side MOSFET Driver, 7 = terminal strips to load
Component-by-Component Description of Circuit Operation
1.  The battery supplies power to a line of terminal strips along the top of the board.  Two of these screw ports on each strip are electrical isolated from the other one to provide a mechanism for the system’s breaker systems to circumvent the system and allow power to flow to components.  This allows the system a means of working around a software failure or of turning on a given component in case of an emergency. 

2.  The fuse provides a break in the circuit in the case of a potentially hazardous current spike in the circuit.  They are standard-issue car fuses, and come in a variety of ratings depending on the particular load each switch is dealing with.

3.  The current sensor is explained at length in the “sensing” section of the documentation.

4, 5, 6.  These components form the heart of the switching system.  The 50-V, 75 A N-channel enhancement mode MOSFET acts as a switch, and was chosen due to its ability to handle large currents, compact size, and relatively low cost compared to other solutions.  The current rating was chosen for reasons similar to our choice of current sensors, because of concerns about voltage spikes at startup causing component to fail.
A FET can be used as a switch by manipulating the voltage between the gate and the source.  By driving the gate voltage higher relative to the drain, the channel of the FET opens and behaves more or less like a diode, as can be seen from the plot below:
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Figure 8: relationship between Vgate and Idrain (roughly equal to Isource in saturation mode in the FETs used for this application (taken from the Fairchild NDP7050 data sheet)

To manipulate this relationship using a microcontroller, we utilize a high-side MOSFET driver (5).  This is a dual driver, with two pins handling each FET (two pins provide reference voltages to ground and 12 V, and the “drain sense” pins, which provide fault protection if their voltage differs significantly from the source voltage, are connected to the source for this application).   When a 5V input is applied to one of the “IN” pins of the FET driver, the corresponding “G+” is driven well above 12 V—voltages of 24 V are the maximum possible, but values like 18 or 19 are more realistic.  G1 goes directly to the gate, and to the source through a 12 V Zener diode (6) that prevents the source voltage from reaching a value higher than 12 V.  This creates the difference between gate and source needed to ensure full enhancement, turning the circuit into the equivalent of a short and ensuring power is delivered to the circuit.

When “IN” is equal to zero, the gate and source voltage remain more or less equal, the device stays in active mode, and the circuit appears to be “open,” switching off the load.

7.  Terminal strips connecting load to the device, completing the circuit.  Terminal strips were chosen due to the ease of connecting the leads typically found in a car to them.

Software Description
The high-level design flowchart, provided earlier, gives a good general outline of how the software for this switching routine in software works.

Six pins of the microcontroller are dedicated to operating the six switching circuits found on the main board using the digital I/O feature to activate or deactivate the FET driver.  This configuration, along with the expected currents drawn by the attached devices, can be found in the current measurements summary found in the Appendix.  The program acts on the following criteria:


1. Prioritization.  Certain devices take precedence over others in terms of 
what the control scheme decides to turn off when it is shedding load.  For 
example, the on-board camera is never deactivated, while devices like the 
flood lights on the light-bar are easily expendable.


2. Car on/off.  If the car is on and the alternator current exceeds the 
battery current, all system components are allowed to run.  If the reverse 
is true, the system will cut some load to help ease the strain on the 
system, while retaining the most vital system functions, and warn the user 
of potential pitfalls.


3. Current being drawn by loads. The program takes a minimally invasive 
approach to turning devices off.  If a device is not drawing current, there is 
no reason to instigate our system to switch it off.  In one case—the 
light 

bar floods, which also connects the printer and computer port—a certain 
level of current is allowed as long as it is below 8 A, so those 
systems would only be shut down if the floods had been left on.  These 
parameters could easily be adjusted if it was found they did not effectively 
control power consumption.


4. Timing of control.  The system reevaluates its control of the system at 
regular time intervals, depending on whether the car is on or off, and on 
how long it has been so constituted.  To conserve power and provide a 

“resting point” for the system so it does not perform more measurements 
than would really be useful, the system rests in an “idle” mode most of the 
time.  The microprocessor awakens from this mode at regular intervals to 
make sure a major state change, like the car turning off or on, has not 
occurred.  These time intervals are defined by a watchdog timer (WDT), 
which wakes the system from idle mode every minute or so and allows it 
to check if a regular time interval has elapsed, or if the car has turned 
off/on.   When a car is switched off or on, control is evaluated immediately 
upon wakeup, and again fifteen minutes or so after that (assuming the 
user menu is not accessed).  The wait cycle then becomes longer if the 
car stays on or off for a significant period of time—thirty minutes while on, 
sixty minutes while off.  The system also reassesses control after the user 
menu is accessed.  The timer is reset every time control is asserted, even 
after user interrupts.


5. Override.  In the user interface, an officer may specify that he does 
not want control to be enforced on the auxiliary systems.  In this case, all 
devices are turned on, regardless of fault status.

We have chosen variables in this version of the routine that make sense from our experience working with the car’s various auxiliary devices, including tests of the various currents being drawn by the system.  However, the testing interval needed to determine that the variables selected will appropriately control and prevent battery deep discharge is significantly longer than the time frame for our project.

Testing
Before arrival of main board.  To test the software, we developed a program, dubbed serial_exp.c, that executed all the necessary program flow tasks (time tracking and sleep mode manipulation with the watchdog timer, synchronization with various subsystems like the user interface, memory, time chip, etc. on a simplified scale (fewer A/D inputs, fewer switches controlled, etc.) that ran on our own test board.  This program gave us a great deal of confidence in our ability to design and debug a program flow that would effectively assert control over a system based on a variety of system inputs, with varying delay times between measurements and a variety of interrupts potentially causing the system to leave idle mode and reevaluate its control prioritization. 

The circuitry of our switching subsystem changed dramatically over the course of the semester as we became more aware of the nature of the problems we would be encountering.  Initially, we had planned to use an optoisolator in place of the FET driver currently being used.  We tested this circuit in lab during our board design process and were successful in switching a small motor on and off with it, but eventually realized that the optoisolator would be inadequate for the significantly larger loads we would be switching in the car.  As a result, a last-minute change was made to the present circuit design, and we were unable to test it until the arrival and soldering of our actual boards.  

With arrival of main board.  To test the switching of loads on the final board before installation, an additional function was added to the user interface, allowing individual loads to be toggled on and off.  We used this function to successfully turn on and off the halogen bulbs used to test the current sensors, and to turn on and off all of the auxiliary devices in the car with the full version of the board installed in the car.  This confirmed that the settings in our program appropriately configure the microcontroller to control the car’s loads.

Because the remote current sensors were non-functioning as of this writing, we were unable to fully test the control routine algorithm to see if it works as we have planned.  What we do know from the testing we’ve done is that the control routine effectively analyzes the system for faults (it has returned a low SOC warning when the battery we were using to drive the test board was nearing deep discharge) and that we are capable of instituting a software override to turn on all devices, which means the load switching routine should work as soon as all of the current sensors are attached.  Our experience with serial_exp.c has given us confidence that the control routine will work properly once all of the current sensors are attached, or would work quickly with some minor debugging to fix small errors in the parameters used to switch off loads.  Moreover, lengthier tests on the order of a few weeks would be needed to show that the control routine effectively prevents the battery from dying.  

4.6 Data Recording and Processing

Introduction

One of the major advantages of using a microprocessor to monitor a system is the ability to record data for analysis purposes in the future.  Such a feature is of fundamental importance to customers trying to determine the cause of battery death, and in product development to ascertain the effectiveness of the system over a long period of time.  To provide these features, this product uses an on-board I2C EEPROM memory chip that stores the results of current and voltage readings by the A/D converter, along with important information about the state of the car and system and relevant warnings about battery levels and potential alternator failure.  These readings are time-stamped using a real-time chip that also talks to the microcontroller using the I2C protocol. This data can then be read into any laptop with a nine-pin serial connector, through the microcontroller’s on-board EUSART support.  The data being dumped to the serial port can be read using the HyperTerminal feature on Windows-based PCs, and turned into a comma-separated value, or .csv, file.  Common spreadsheet programs like Microsoft Excel can display these files in a neatly formatted way, greatly simplifying data analysis. 

Subsystem Block Diagrams
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Description of Features
The basis of the memory system is the I2C serial interface, that allows the 18F4620 to talk to the time chip and the memory.  I2C is one of the two technologies for local serial interfacing between integrated circuits supported by the 18F4620.  The other possible technology is SPI.  By choosing I2C, we are able to perform all of the same actions with one fewer pin and without a significant uptick in complexity, a savings which is crucial to fitting the system on a single microcontroller.

The microcontroller talks to two IC chips using I2C—a conventional real-time chip (DS1337), and a 512K serial EEPROM chip (24FC512).  The time chip provides a system clock for the user interface, but more importantly, it provides a time stamp for all of the recorded measurements taken by the microcontroller.  The 512K memory allows 65,536 byte-length writes, in 256 groups of 256 bytes.  Assuming a typical write sequence of 22 bytes, and allowing fourteen bytes in each group to remain blank for the sake of programming conveniences, this permits  the collection of ((65,536 – (14 * 256)) / 15) = 2,816 separate data points.  Assuming a generous estimate of 50 data measurements per day in normal operation, this allows for just over 56 days of data collection without overwriting older values, a more than sufficient time frame for system testing and analysis. 

The main program has four variables that coordinate where the memory is read from and written to.  The variables address_high_start and address_low_start mark the last register read from, or 0x00 when the program is initialized.  The variables address_high_inc and address_low_inc are incremented as the program progresses, denoting where the next write should begin.

The settings and protocol for interaction with I2C peripheral devices is the most involved part of the memory storage process.  The process is explained in detail in the documentation for the 18F4620, and the relevant auxiliary devices, but for simplicity, a high-level description of the process will be given here.  

The diagram below provides a simple description of the I2C writing process, which is implemented in the mem_write_byte function:







The microcontroller, which is designated the “master” of the transmission between the “slave” I2C chip, begins the process by sending a “start” command, along with a byte that specifies the device to be written to and what is being done (most I2C devices may be written to or read from), which the “slave” acknowledges before continuing.  This may need to be repeated several times if the memory chip is in the process of writing something; the code accounts for this with a while loop at the beginning of the write function.  When the slave ackowledges the initialization, the two-byte location of the write address is written, followed by the data byte.  Finally, a stop command is sent to disconnect from the I2C and continue normal operation of the control program.  A similar process is employed when the time chip is set to the appropriate time, whether by the user or as the program is initialized.  The write function returns the lower half of the memory address incremented by one, to update the pointer.  

The writes to memory take place in the functions i2c_time and i2c_data.  These functions pass the incrementing memory variables, and return updated values of those variables that indicate where the next write to memory should occur. i2c_data obtains the data to be written by reading directly from the A/D converter, and the functions associated with processing that information.  i2c_time reads its data from the time chip, which is also connected by the I2C protocol.  The reading process is detailed below:

i2c_time acquires a time-stamp for the write to memory by reading the month, day, minute and hour from the I2C time chip, each of which requires a single byte to store.  







Before a value can be read from the time chip, the address we desire to begin reading from must be written to it (a similar process happens when reading from the memory chip, with the difference that a high and a low address is written).  After this, the transmission is stopped and then started again, and a new initialization bit, set for a read, is sent.  The microcontroller and the I2C essentially reverse roles at this point from the typical coordination seen in the writing setup, with the memory or time chip sending the pertinent byte, and the microcontroller acknowledging its receipt of these bytes.  When the microcontroller has read the correct amount of bytes, it sends a “not acknowledge” signal back to the slave device, and transmission terminates.

In the flow of the main program, data measurements are taken after the program has passed through the control_routine.  A time stamp is obtained by reading from the real-time chip, and updated current and voltages values are obtained by taking new readings from the A/D converter.   The conversion schemes for the smaller, Allegro current sensors and the battery step-down circuit requires two bytes to accurately transcribe the value, because the need to accurately represent fractional voltages and currents requires larger integers.  For example, if we wish to represent a current like 30.3 A, the integer needed to represent it is 303, and the highest value any byte can take is 256.  In addition, two bytes indicating the on/off status of all the switches, the on/off status of the car, whether or not override has been imposed, and indicators of system error are also written to the memory.  By taking readings whenever the system enters the control routine, we are able to ensure a reasonably even collection of points, while ensuring that snapshots are taken at critical junctures in the system (for example, immediately after the car is turned on or off, or after the user has overridden the system).

The user can retrieve this information through the nine-pin serial port attached to the board, using any Windows-based laptop with a matching connector through the HyperTerminal program.  The two devices are able to talk to this other because of the on-board EUSART support on the microcontroller, which supports serial-port transmission to a personal computer.  This is, admittedly, a less-than-ideal approach, especially if the product is later to be moved into commercial applications, due to the dwindling availability of nine-pin serial ports on laptop computers and the difficulty of using HyperTerminal for non-advanced users.  In the future, it will likely be necessary to move this application over to a USB interface, with a more user-friendly management program.  However, the difficulty of such a programming task is somewhat beyond the scope of the present project in terms of complexity, because of the training of the design team (no group member has a sophisticated enough background in software engineering to design a production-quality software package) and because spending too much time on user-interface issues would have detracted from more seminal aspects of the product design.  In the interim, the current software package is a workable substitute, with the advantage that it is relatively simple to implement with familiar technologies. 

We use the EUSART module on the microcontroller in asynchronous mode, which allows full duplex communication between the user on the computer and the microcontroller.  A Maxim 3323EE serial driver chip serves as an interface between the microcontroller’s EUSART routine and the computer’s serial port.   It’s routine for writing to the computer’s serial port, and for reading from it, has some similarities to the protocol for I2C detailed earlier.  The primary function for writing to the terminal from the microcontroller is putc, which works in the following manner:






As long as the correct settings have been provided in the initialization routine, writing to the serial port via EUSART is a relatively simple task.  So long as the transmission register txreg is empty, we simply need to assign to that variable the byte in question.  The EUSART clocks out the byte one bit at a time, according to a clock speed synchronization that is predefined in the settings.


When a receive is initialized by the slave device, it clocks out the byte it desires to send one bit at a time, just as the microcontroller clocks out the data to display on the terminal bit by bit.  The received byte is stored in the rcreg, and then assigned to the appropriate variable in the terminal program.  To give the user feedback about what has been entered, putc is then run to display what the user has entered back on the computer screen.

In this program, the user can choose whether to dump only the most recent measurements (which may or may not have filled the memory chip), or to read the entire memory regardless of capacity filled.  This feature allows technicians to recover data from the device in the case of a power failure.  The formatting and display to the HyperTerminal is dictated by a class of serial writing functions that were developed in the first semester of the design sequence, run by the microcontroller.  These functions allow the microcontroller to manipulate the memory values as they are read off in order to present the information in a user-friendly fashion.  This algorithm takes into account the way the main control program currents and voltages based on the input from various sensors.

All the entries in the data are comma separated, with each set of data points being separated by a carriage return.  By appropriately configuring the HyperTerminal, the values printed to it can be “read” into a comma-separated value, or .csv, file.  This type of data can be read into common spreadsheet programs in a neatly formatted way, allowing for simplified analysis in a widely recognized application format.   In our user notes, we have included instructions to perform this transfer for users of Microsoft Excel, the most common spreadsheet program.  Excel includes a “Data Import Wizard” which handles most of the difficult formatting work for the user automatically, leaving the user with only a few minor, cosmetic tweaks to the spreadsheet itself to make it presentable for further analysis.

Testing
With the test board.  In the context of the serial_exp.c program, a sample data recording and terminal interfacing program was written.  This wrote a time stamp, a current, and a voltage to the terminal screen, comma-separated by column with a new line for each row, and included appropriate mechanisms to stop the terminal from reading entries when an end point was reached. The listing for these smaller subsystems is included in the appendix, and for the most part, the system in the final product is simply an extension of this, with different schemes for writing data to the microcontroller and a different method of processing that information.

With the actual board.  On the “test” version of our final board, which included two FETs switching loads and no remote sensors, a final version of the terminal writing program was used to test the circuitry related to the I2C and the EUSART serial interface.  Initially, the board was unable to communicate with the personal computers in the learning center.  This was because the capacitors installed in the board were not appropriately boosting the voltage supplied to their corresponding pins, which allows signals to be transmitted over the line.  The capacitors were replaced and the terminal interface functioned as normal.  After debugging the final terminal program, a “read all” command was run, to see if it would stop at the appropriate time after the read was finished.  This operation was successful.  Also, these measurements were dumped into a .txt file using the transmission option within HyperTerminal.  This was converted into a .csv file and imported into Excel, which displayed the information in neatly formatted columns.  When these registers contained a data read, all the data matched the format and precision used in the control program.  A sample page of this output is attached to the report appendix.  (Note—values mostly composed of 6’s and 5’s indicate empty registers; this is expected.  The entries indicating that a signal is “off” while driving some current is due to the limited number of sensors on the test board, which lead to floating pins and currents manipulating what the microcontroller was reading.  An attempt was made to pull the readings off of the memory chip on our full test board after installing and testing it by taking the memory chip off of that board and plugging it into our original test boards, but the dump did not work right away, and it was determined due to the constraints of time to forgo this test.  This is a regrettable shortcoming, but the dump that was executed should be enough to show that successful transcription of all measurements the system has taken is possible with our present design).
4.7 LCD Character Display Menu Interface


System Description
We use a 20x2, transflective LCD screen with backlight.  The size balances the ability to display meaningful information to the user with the price of the device.  At sizes exceeding 20x2, the degree of resolution with reasonably priced devices becomes insufficient.  A screen smaller than 20x2 adds a high level of complexity for both designers and users, while the cost benefit derived is negligible.  Transflective screens display better in a wide variety of conditions than either transmissive or reflective LCD screens, making them ideal for use in our application.  The backlight makes the system visible at night.  An on/off switch for the backlight was planned in the initial design, but left off of the first iteration of our board design.  As is, the LED backlight draws a tenth of an amp, and is not a significant drain on the battery.  The screen is connected to the board using a ribbon cable and a sixteen-pin PCB connector, which ensures a stable yet easily modifiable connection that could easily be mounted to a box. 

The display menu is driven by an interrupt controlled by a momentary push button that is mounted on the outside of the device.  This button is used sole for the purpose of interrupting the main program and entering into the menu program. Three other momentary push buttons are also used for the purpose of navigating the menu in the LCD.  They are connected to the board using Molex connectors, similar to the ones used for the remote current sensors.  This was a better application for the Molex connectors due to the relatively short distance between the buttons and the termination of the connection.  

The buttons are referred to as UP, DOWN, and SET. The UP and DOWN buttons are primarily used to scroll through options in the menu. The SET button is used as an ENTER button. It is used to set the time, confirm choices, and exit from programs. The priority of options given by the menu are as follows: 

1) Override (On/Off)
2) Measurements
3) Set Clock
4) Terminal Diagnostic
5) Exit Menu 

Once the main program has been interrupted, an instruction to use the up and down buttons to scroll through the options is displayed on the LCD. Only one option is displayed at a time. Pressing the set button runs the corresponding program. While in the menu program or any of its subfunctions, no other operations will be performed. For this reason timer0 is a timer interrupt used to limit the time spent inside of the menu and most of its subfunctions. This timer is reset each time UP, DOWN, or SET is pressed. The only subfunction that does not implement the timer is Terminal Diagnostic since interrupts during transmission would be undesirable. 

The following page contains a flow chart that explains how the menu function operates.
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1) Override displays whether the override option has been enabled or disabled. Enabling override will completely disable the program. UP and DOWN will toggle between the options and the set button confirms the choice and exits. This function will time out after a certain amount of time of being idle.
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2) Measurements uses the A/D pins to check the six current loads, alternator current, battery current, and battery voltage. The up and down buttons are used to scroll through the options. The set button is used to exit. This function will time out after a certain amount of time of being idle.


Options that are available include:

Camera

GPS

2-Way Radio

Interceptor/Siren

Flood Lights on Light Bar/ Computer/ Printer

Power Port
Alternator Current

Battery Current

Battery Voltage




[image: image10]


3) Set Clock is used to adjust the time. The user will be prompted for the Month, Date, Hour, Minute, and the clock display mode. The clock display mode can either be set to 12 Hour time or 24 Hour time. UP and DOWN are used to scroll through valid parameters and the SET button is used to set the value. This function will time out after a certain amount of time of being idle.



4) Terminal Diagnostic is used to initiate a serial computer terminal interface through RS-232. The UP, DOWN, and SET buttons will have no effect on this. The timer0 interrupt that is used to stop other idle menu subfunctions has not been implemented due to transmission of information. It can be reasonably assumed that no monitoring of the car is being down when a terminal dump is being performed. Once the terminal program finishes running, the program will return to the menu automatically. Since this subfunction is so intricately complex, more detail is included elsewhere.
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Exit Menu terminates the menu program and returns to the main program.
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Testing
Before arrival of main board.  The user interface was developed and tested separately from the main program flow (which consists of the A/D conversion, control, and data recording aspects of the system), using the same test board as was used for the other subfunctions, which includes a connection for a 14-pin LCD.  The settings for this screen and the one used in the final design are identical, with the exception of two extra pins on our model that control the LED backlight, and a change in the pins that control read/write operations in the screen’s character driver, so we were able to develop the screen almost exactly as we planned to implement it on the main board.  A breadboard with a 5V source was used to wire  some small momentary buttons so the interrupts as they would be used in practice.  The code for this part of the development process is included in the appendix.

With the arrival of the board.  To construct the “final” version of the software for our system, the “main” program and the “user interface” program were simply folded together into one omnibus program.  Some minor modifications in syntax were needed to bridge the programs together so the two parts of the software would work seamlessly with one another.  Because of the great similarities between the settings for the test board and the main board, it did not take very long to get the user interface software working with the new board and LCD screen.  The only problems initially were related to the board, which was missing a needed power connection to the jumper pins where the LCD screen was to be connected.   The functionality of the user interface program allowed us to confirm (or deny) the operation and accuracy of all of the current sensors, test the circuit’s ability to switch loads on and off, and dump measurements taken by the system from the serial EEPROM chip into a personal computer.

4.8 Physical Enclosure

To implement the system, we chose to use a printed circuit board that would be screw-mounted into a moderately-sized aluminum enclosure.  The circuit board was the simplest method available for integrating the “intelligent” parts of the system (microcontroller, memory and time chips, serial interfacing) with the circuitry needed to switch loads.  Screw mounting the board to the enclosure helps to reduce the effect of vibrations on the circuit.  As of this writing, we had yet to fit all of our circuitry in the box, although we seem to be close to this point.  At this stage in development, the size of the circuit board makes its installation in the average police cruiser prohibitive.  In a production model, more compact components that are higher priced would be used to reduce the size of the total system.  Also, a future model might split the switching circuits away from the “intelligent” part of the system, leaving only a small system in the car that the user would be able to work with.

5 System Integration Testing

5.1 Description of Testing


The various subsystems were tested for integrated functionality. Sensing and A/D conversion were tested together by using the LCD user interface to display measurements. Various loads were switched on and off and measurements were taken by the A/D pins and readings were displayed by the LCD user interface. These values were compared to values given by a separate current meter. The values given by the current meter were reasonably close to those given by the device. Switching was achieved through an added option in the user interface meant for demonstration purposes only. This demonstration option switched loads through the microcontroller output pins and the corresponding MOSFETs. This option demonstrates how it is possible to switch loads through software programmed in the microcontroller with the designed hardware setup. Each high current load was tested, reaching nearly 20 amperes at its maximum.  Remote sensing was tested successfully outside of the vehicle, but at the time of press of this writing, mechanical problems with interfacing delayed a proper testing procedure for high current loads achievable only within the car.  The memory and terminal interface were tested with the sensing system and simulated loads. Values for current and voltage readings were stored in memory and through the terminal interface, they were exported to an excel datasheet. The datasheet created by excel was used to confirm sensing and A/D conversion values and were compared to the expected values that were generated. The terminal program was accessed through the LCD user interface as it is expected to be in the final product. This demonstrates the capability of storing and loading memory and running the terminal program through the user interface. Override was enabled both through hardware and software. The software override bypasses the entire system. The LCD user interface was used to set software override. The hardware override was an individual override for each designated load. Each individual switch was tested for its load. This demonstrated that other loads could continue to be controlled after other loads bypassed the system.

5.2 Test Satisfaction of Design Requirements

Integrated subsystem testing demonstrated that the overall system meets design requirements which were to be able to monitor load currents, store a record of data that is retrievable for diagnostics, intelligently switch loads on and off through a software algorithm based on current and voltage measurements, and provide an override capability. Clearly, these problems have been reduced to the first evolution of hardware design. The ability to monitor, store, and export data accurately has been accomplished with the integrated system. Based on the data collected, the software algorithm is capable of achieving control of the system, but for emergency purposes the system can be disengaged. The current design provides many of the tools necessary to create a more advanced system. While the current control algorithm is sufficient further improvements can be made. With data collection for diagnostics and monitoring already built into the system, future evolutions of the software can be modified to have a more intelligent and adaptive control algorithm without any changes to the hardware.
6 Users Manual / Installation Manual

6.1 Installation Manual—SEE SEPARATE ATTACHMENT ON WIKI
6.2 Setup / User / Proper Function Manual

Four buttons control the LCD Menu User Interface.
They are MENU, UP, DOWN, and SET.  

To enter the menu, press the MENU button. 

After some idle time, the menu or function will time out and return to the main program. Functions include the following:

1) Override (On/Off)
2) Measurements
3) Set Clock
4) Terminal Diagnostic
5) Exit Menu 

To scroll through the options, use UP and DOWN. Once an option is settled upon, press SET.


OVERRIDE
Enabling override will disable the device through software.

Press UP/DOWN to toggle between enabling and disabling override.
Press SET when complete.

After some idle time this option will time out and return to the main menu.



MEASUREMENTS

Measurements provides measurements for six loads and readings for battery voltage, battery current, and alternator current.

Press UP/DOWN to scroll through the different loads and measurements.

Press SET to exit.

After some idle time this option will exit to the main menu.


SET CLOCK 

A series of values will need to be set to set the clock. They will come in the following order.

MONTH

DAY

HOUR
MINUTE
12/24 HOUR DISPLAY

Press UP/DOWN to change the value and SET to confirm that value. 


After some idle time this option will exit to the main menu. No changes will be made.



TERMINAL DIAGNOSTGIC

Note:  At the present time, the terminal program does not allow a timeout.

REQUIREMENTS:

*PC Laptop (Windows) with 9-pin serial port

*9-pin serial connector (between computer and board).

The following instructions detail how to pull information from our system onto a personal computer.  Note: do not enter the “Terminal” portion of the user interface menu until steps 1-9 have been completed.
(1) Connect 9-pin serial connector from the primary board to one of 9-pin serial ports on the back of the computer.

(2) Verify the name of your serial port by going to Start > Settings > Control Panel > Performance and Maintenance > System.  Click the hardware tab, and select “Device Manager.”  Expand the “Ports” option in the menu that appears.  The serial port should be labeled “COM1” or “COM2.”  Presently, there is no way to discern from the software’s point of view whether the correct port has been given; users should make a note of which port on their computer is which when beginning to use the system in order to prevent hanging the system.

(3)  Open the HyperTerminal communications protocol by going to Start > Accessories > Communications > HyperTerminal.

(4)  When asked for “Location Information,” hit “Cancel,” then “Yes” to the warning that follows, then OK.  In the “Connection Description” box, enter a name for your connection settings, choose an icon (any icon is fine), and press “OK.”

(5) The “Location Information” screen will come up again.  Hit “Cancel,” “Yes,” and “OK” as before.

(6)  In the “Connect To” window, select the correct port and press “OK.”

(7)  In the “Port settings” window that appears, choose the following settings:


*Bits per second: 57600


*Data bits: 8


*Parity: None


*Stop Bits: 1


*Flow Control: None 

Press “OK” 

(8) Go back to the Desktop.  Right click on the desktop and select New > Text Document.  Name the document.

(9) Return to HyperTerminal.  Select Transfer > Capture Text.  Use Browse to select the file you created from the desktop.  If asked whether you want the file replaced, click OK.

(10)  Initialize the terminal program from the user interface.  The instructions by the program are very simple.  You will want the total read if the circuit has lost power at some point, or if you are simply curious as to what is in the memory.  This takes a few minutes to run completely—ignore the mess on the screen, which is supposed to be there.  The minimal read works fine if none of this is true.

(11)  Once the read is complete, the text file on the desktop to make sure the data has been dumped into it.  If this has been successful, one may exit HyperTerminal.  It is perhaps a good idea to save the settings for future reference.

(12)  Open a new sheet in Microsoft Excel.  Go to Data > Import External Data > Import Data. And select the file you just created.

(13)  In the “Step 1” window, choose the “Delimited” button.  Scroll down on the text screen at the bottom of the window until you find the line beginning with “Month/Date”.  Choose to start the import at this line, and hit “Next”.

(14) In the “Step 2” window, deselect “Tab” as a delimiter and select “Comma.”  Select “Next.”

(15) In the “Step 3” window, simply select “Finish.”  The file is now ready for further manipulation in the easy-to-use Excel interface. 

EXIT


Exit will terminate the menu when SET is pressed.

6.3 Troubleshooting Guide

Loads are not able to operate
One of the following might cause the problem: nonfunctional MOSFETs, current sensors (both remote and individual load), and fuses.


1. Check to see if the device itself is turned on.


2. Check to make sure that component has not been individually 
overridden by one of the external breaker switches; the light on the switch 
should be red if it is.  


3.  Turn on software override in the user menu to see if this activates the 
load.  If it does, this may indicate a problem in the control routine, and the 
system designers would appreciate it if you report the problem quickly so 
the software can be appropriately adjusted.

User Interface screen not operating properly 
If the LCD screen of the user interface is dark, lighted without text, or lighted with scrambled text, open the box and press the “reset” button on the board.  If this fails, an improvised connection that powers the LCD screen has likely failed, and the system must be taken back to the system designers.
7 Conclusions
The past forty or so pages summarize over eight months of intense work. There are three logical questions to ask:

*What have we accomplished?

*What can we improve upon?

*What have we learned?

What have we accomplished?  We have developed a prototype design for a system that can help the South Bend Police Department solve their problems with premature battery death.  It does this in a variety of ways:


*Measuring system parameters and recording those measurements for 
later analysis.  A possible use of the system is to override control and 
simply observe the behavior of the electrical systems over a long period of 
time.


*Observing the current being drawn by a given device in real time

*Control loads intelligently using a microprocessor.


*Providing an easy-to-use control panel for switching all of the auxiliary 
loads in the car, making it easier for officers to remember to disable these 
systems as circumstances warrant.

Despite the shortcomings in implementation due to time constraints, we feel confident that the fundamental principles of the design are sound, and that getting the system to the point where it would be marketable is simply a matter of time and elbow grease, not confusion over fundamental principles.  We are considering pursuing a patent for our design because of our confidence in its ability to serve as an effective solution.

What can we improve on?  Predictably, the first attempt at developing a system of this level of complexity will have a variety of shortcomings.  Some of the shortcomings in our integration and testing because of time constraints have been detailed earlier in this report, including:


*Choice of microcontroller to include a system with parallel processing, 
and support for Universal Serial Bus (USB) technologies to align our 
product with the most common peripheral interfacing technology in the 
world.


*Smaller components and a reduced overall board size to make 
integration with an actual police cruiser more feasible.


*New remote current sensors that allow more resolution, and improved 
A/D routines for all current sensors to improve their accuracy.


*Integration with the rest of the car’s electrical systems, like headlights,


turning the system into a complete solution for all of the car’s electrical 
systems.  This would have potential application to all types of vehicles.

What have we learned?  First and foremost, that design isn’t easy, especially when working in an environment with as many uncontrolled parameters as a police car.  Of course, along the way, we learned a lot about 40-bit microcontrollers, current sensors, terminal strips, gate-driven FET switches, and I2C, but more importantly, we learned what goes into a solid engineering design—the questions you have to ask, the tools at our disposal, and the confidence to start answering our own questions and solving our own problems.  We’ve augmented our problem-solving skills immensely, and will be better equipped to deal with challenges given to us in whatever field we pursue in the future, whether technically-related or not.  We also learned the importance of being a good team player to the successful completion of any project, and the importance of planning and organization to achieving goals.  We think we speak for all design students when we say that this class taught us more about engineering, and definitely more about ourselves and about life, than any class we’ve taken at Notre Dame.

Postscript

“Shoot for the moon—if you miss, at least you’ll end up in the stars.”

--Unknown

Write integer values to memory; convert values to common form during terminal dump





Write values to LED screen when called for, converting integer values to common form. 





Use integer current values to control system, determine SOC of battery





Microcontroller A/D pins read analog voltages, convert to integer value that represent the value being measured (i.e., 432 = 43.2 A for Allegro sensors, 1242 = 12.42 V for battery; 57 = 57 A for LEM sensors.





Voltage divider with buffering op-amp drawing from battery connection on board.





BATTERY VOLTAGE





LEM Current Sensors, looped around relevant cables.





LARGE CURRENTS (Battery, Alternator)





Small Allegro Current Sensors, in line with switching circuit





LOADS (L1, L2, L3, R1, R2, R3)





Figure 2: Block diagram for current sensing systems
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Allegro: convert to three-digit integer, 0 – 999, representing current (ie, 235 = 23.5 A)





Convert to integer 0 – 5000 (represents 0 – 5.000 volts)





Input from Current / Voltage Sensor





LEM: convert to integer, 0-200, representing current (i.e., 23 = 23 A).





Figure 5: Software flowchart for A/D conversion





Batt: multiply by three to get integer form of value (i.e., 12123 = 12.12 V; thousandths dropped.
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Update low memory address after each byte is written; check in main after writes are completed if high address must change, and whether memory is full.





A/D Conv.
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Sensors x9 in i2c_data(…)





Real-Time Chip


(DS1337)








01/01, 12:00





0x0000 - month


0x0001 - day


0x0002 -  hour


0x0003 -  minute


0x0004:9 - L1:3


0x000A:F - R1:3


0x0010: alt_cur


0x0011: bat_cur


0x0012: volt_top_half


0x0013: volt_lower_half


0x0014: state, on/off, over


0x0015: alerts





Updated Current/Voltage Readings





Request From i2c_time(…)





Fault passed from control_routine(…)





Soc, car_on, over from main()





Write to 512K EEPROM (24FC512)





Figure 9: Writing to memory.  The i2c_time (read mode) and i2c_data functions in the “control” loop of the main program handle most of these operations.





“Memory full” flag, initial and present memory locations passed from main.





User selects “term menu” option





User Interrupt, B1 (push-button)





Initializes program in HyperTerminal, assuming correct settings have been given by the user and serial port is connected





User Menu





Exit command is entered before dump





Return to main, don’t alter memory pointers.





Dump command is entered





Dumps memory contents into comma separated list (new line separates each reading); “memory full” flag determines whether a portion or all of the memory is dumped.  User may also choose to read all to recover data after a power failure.





Return to main, reset memory pointers so “beginning” point of memory is reestablished.





Dump occurs, user exits menu.





Figure 10: Dump from the memory to HyperTerminal, from the push-button user interface menu.  These are contained in the dump_mem(…) and term_menu(…) commands, which rest inside the omnibus user interface function.
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Figure 11: I2C writing to memory chip.  
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Figure 12: I2C reading from time chip.  
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EUSART writes to terminal, one bit/cycle. If >1 byte, next byte is shifted in when TXIF is flagged again.





Write byte to TXREG


txreg = value;





Wait for TXIF flag (signal reg. empty)





Figure 13: EUSART transmission state diagram





Figure 14: EUSART reception state diagram
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EUSART transmits bits to microcontroller at a rate of 1 bit/clock cycle
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Figure 15:  Main menu of user interface











Figure 15:  Main menu of user interface



































Figure 17:  Clock setting menu








Figure 17:  Measurements Menu








Figure 16:  Override Menu








Figure 15:  Main menu of user interface
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Terminal Program will run, at end of operation, return to Main Menu.











Terminal Program will run, at end of operation, return to Main Menu.








Run Terminal Diagnostic Option from Menu Options





Terminal Program will run, at end of operation, return to Main Menu.
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