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The patterns

The four scanning patterns include the traditional movement of LEDs from left to right and from right to left which is repeated to simulate scanning across a field in front of the LEDs. Pattern 2 begins with two LEDs in the centre LEDs which then spread (light up) to the left and right and contract back to the centre. Patterns 3 and 4 are similar, with pattern 3 moving from the centre to the outside and then back to centre again. Pattern 4 starts from the outside LEDs and moves to the centre and then back the outside again. Chaser sequences include a right to left movement and a left to right movement. The strobe patterns can be at a regular or random flashing rate. For brake light use, there are two patterns. The first lights all LEDs initially for a minimum of about 18 seconds (depending on the speed setting) and then the LEDs randomly switch off until they are all out. Alternatively, you can just have all LEDs lit while ever the brake is applied.  The KnightRider PC board measures 210 x 72mm. All 32 LEDs mount horizontally along one edge of the PC board. There are two trimpots, one to adjust the LED scanning rate and the other to adjust display brightness. A pushbutton selects the display pattern while a LED next to the switch flashes once or more to indicate the pattern that has been selected. 

Circuit description

Apart from the 33 LEDs, the KnightRider uses relatively few components and is based around IC1, a PIC16F84 microcontroller. This provides all the LED patterns.  The PIC16F84 has 18 pins, 13 of which can be used as inputs or outputs. For our circuit we are using 12 as outputs to drive the LEDs and one as an input and an output to monitor the pattern select switch and drive the pattern LED. Fig.1 shows the circuit details.

Multiplexed rows and columns

While the 32 LEDs are physically arrayed along one side of the PC board, they are actually connected as a matrix of four columns and eight rows, as shown in Fig.1. The eight rows are driven directly from IC1 (RB0-RB7) while the four columns are driven by four transistors, Q1-Q4. These transistors are switched by the RA0, RA1, RA2 and RA3 outputs of IC1.  When the RA0 output (pin 17) is pulled low by IC1, transistor Q1 is switched on and applies power to the anodes of LEDs 1-8. A low output on any of the RB outputs will drive the LED connected to it via its series 150Ωresistor. For example, if RB0 goes low, LED1 will light.  The RA0 line is kept low for a short time before this goes high to switch off Q1. Thus LEDs1-8 are switched off. The RA3 line (pin 2) is then brought low to drive Q2 and the anodes of LEDs 9-16. Now any low RB outputs will then light up LEDs 9-16. Similarly, RA2 (pin 1) is brought low to drive Q3 and LEDs 17 to 24 and then RA1 (pin 18) is pulled low to drive Q4 and LEDs 25-32.  This cycle repeats endlessly with each column of eight LEDs being lit at a very fast rate so that the LEDs appear to be continuously lit rather than only being on for some of the time. This system of driving the LEDs is called "multiplexing". Its big advantage is that it saves power and drastically reduces the number of connections required. If the LEDs were not multi-plexed we would need 33 separate lines (32 actives and one common) whereas with multiplexing we can drive the 32 LEDs using only 12 lines connected in the matrix.

Brightness control

Overall LED brightness is controlled with trimpot VR2. This varies the voltage at pin 3 of IC2 from 5V down to about 2.4V when the wiper is at its lowest point. Op amp IC2 operates as a unity gain buffer amplifier, with transistor Q5 providing extra current drive capability. f the emitter of Q5 is at 5V, the LEDs will be driven at maximum brightness. Typical LED current will be (5V - 1.8V)/150Ω, or 21mA. This is the pulse current, not average current. The pattern select switch S1 connects to RA4 of IC1. This pin is normally held at 5V via the 10kΩ pullup resistor. When S1 is pressed, LED33 lights and RA4 is pulled low. This is recognised by IC1 as a switch closure and the next pattern in the sequence of 12 is selected. When the switch is released, IC1 flashes LED33 to indicate the pattern selected. For example, pattern 2 is indicated by two flashes. Note that the RA4 pin is an open drain output when configured as an output. This allows RA4 to drive LED33 when pin 3 is low. When RA4 is set high, the open drain connection means that it becomes a high impedance output which is pulled high via the 10kΩ resistor. In this condition, IC1 can monitor RA4; if it is pulled low, that indicates that the switch is closed. 
No crystal required

Most PIC circuits use a crystal for the internal oscillator but this circuit does not require precision timing. For these situations, the PIC can be set up as a relaxation oscillator (similar to the 555) whereby a capacitor connected to pin 16 is charged from the positive supply (+5V) via a resistance and then discharged via an internal transistor.  In this case we connected a 15pF capacitor to pin 16, charged from +5V via trimpot VR1 and a 4.7kΩ resistor. The classic sawtooth waveform of the oscillator can be seen in the top trace of Scope 1. Interestingly, the waveform at pin 15, OSC OUT, is not the same as at pin 16. Instead it is a square wave at one quarter the frequency. Frequency of operation can be varied from about 4MHz when VR1 is set to minimum resistance, down to about 500kHz when VR1 is at maximum resistance.  Transistor Q6 and its associated resistors provide a reset for IC1 when the supply is below a certain voltage. This ensures correct start up for IC1 when power is applied. The circuit can be powered from a 12V battery, DC power supply or DC plugpack. Diode D1 gives reverse polarity protection while the 10Ω resistor and zener diode ZD1 provide transient protection.  The 12V supply is filtered with a 100μF capacitor before being applied to REG1, a 5V regulator. Its output is decoupled with a 10μF capacitor to ensure stability.

Software 

The software required to provide the various LED display patterns was written to minimise the number of instruction codes. This is because there are only 1024 bytes of memory and we would quickly run out of space if we were to list each individual LED and its state during a pattern sequence. This normal approach involves using a lookup table. Instead of using a lookup table, the software makes note of the fact that much of the sequence is repetitive and only a short list of LED switching operations is required. This list is used in various ways to generate the required pattern.  The efficiency of this approach is evident by the fact that we managed to include some 12 distinct patterns into the software with some space left over. In contrast, if we had used a lookup table it would have only allowed one or maybe two patterns at the most. The full software listing for the KnightRider is called knight.asm; it (and the .hex file) is available from our website -www.siliconchip.com.au
Construction

The KnightRider is constructed on a PC board coded 08105021 and measuring 210 x 72mm. Begin construction by checking the PC board for shorted tracks or any breaks in the copper pattern. Check the pattern against the published artwork to verify that it is correct. Repair any defects on the PC board before starting assembly. Fig.2 shows the component overlay for the PC board. First, install all the links on the PC board. Then install the resistors, using the colour codes shown in the parts list as a guide to selecting the values. You can also check each value with a digital multimeter to be sure that you have the correct resistor for each position. The diodes can be installed next, taking care not to confuse zener diode ZD1 with standard diode D1. IC1 is mounted using a socket while IC2 can be soldered directly into the PC board. The 3-terminal regulator is mounted horizontally, so carefully bend the regulator leads before inserting them into the relevant holes on the PC board. It is mounted onto a small heatsink and secured with an M3 screw and nut. When installing the five transistors, make sure that the BC338 is placed in the Q5 position. Next, install the capacitors. The codes of low value types are listed in the parts list. The electrolytic capacitors will have their values marked in mF; be sure to orient them correctly.  Switch S1 should be installed with the 'flat' side oriented as shown Fig.2. Insert LED 33 with the anode (longer lead) placed toward the VR1 side of the PC board. Trimpots VR1 and VR2 and the PC-mount terminal block can then be soldered into place. Finally, the 32 LEDs can be installed along the edge of the board. They are placed with the anode leads (longer lead) to the left.  You can preform all the LED leads by cutting a length of cardboard 10mm wide. Place the LED across this with the anode to the left and bend the leads downward. This will allow the LEDs to be inserted into the PC board with sufficient clearance for the LED body to just protrude over the front edge of the PC board. Check your work carefully for correct orientation of the capacitors, for the correct transistors in each place and the correct orientation of IC2 and the socket for IC1. Do not install IC1 yet.

Testing

Now apply power to the +12V and 0V supply terminals and measure the voltage between the metal tab of REG1 and pin 14 of the IC1 socket. This should be +5V. If this is correct, disconnect power and insert IC1, making sure it is oriented correctly.  Apply power again and check that the LEDs start to light up and produce a chasing pattern. The initial pattern is the KnightRider chaser (Pattern 1) with the LEDs moving from left to right and from right to left. Check that you can adjust the speed with trimpot VR1 and vary brightness with VR2. You can test for the other patterns by pressing the pattern switch. Each time you press the pattern switch, LED33 will flash the required number of times and then the selected pattern sequence will start to run. You may need to adjust the speed trimpot (VR1) so that you can easily count the number of flashes from LED33. 
