
FIL-100 OPTICAL FILAMENT SENSOR
The FIL-100 optical filament sensor is designed to detect the presence or absence of plastic filament in an FDM (Fused Deposition Modeling) 3D printer.
Unlike typical filament sensors that utilize a microswitch or the like to physically contact the filament for detection, the FIL-100 uses a unique combination of LED (Light Emitting Diode) technologies to both sense the filament, and visually display the results.
Previous attempts to use LED’s as filament sensors have generally been unsuccessful, as they typically use an infra-red emitter as the optical source, and a silicon phototransistor as the detector. The detector is a broad band device, and the majority of FDM filaments are infrared transparent, even though they may appear completely opaque to the human eye.
The FIL-100 uses a side emitting yellow LED as the optical emitter driven at about 5.0 mA (milliAmp), with the majority of its spectral output centered at 590 nm (nanometer). Rather than a broad band phototransistor, the FIL-100 uses a side emitting red LED in photovoltaic mode as the optical detector. Used as a photovoltaic sensor in this fashion, the red LED has a response peak almost exactly centered on the emission peak of the yellow emitter.
The result of this design is an emitter-detector couple that is not broad band, is capable of detecting any filament, is practically immune to external noise, and is very inexpensive to implement. Even transparent filaments are easily detected, as the filament acts as a collimating lens and focusses the emitter output to an energy density well above the programmed threshold window. Opaque and translucent filaments block the optical path, and the photovoltaic output drops below the programmed threshold window.
Because the FIL-100 is purely optical it has no moving parts, and does not interfere with the filament path in any way. There is no physical wear mechanism, and the FIL-100 has a calculated lifetime measured in decades.
The entire sensor is fabricated on a standard 1.5mm (millimeter) thick 2 ounce copper FR-4 printed circuit board measuring 21.5mm by 13mm. Two C17300 alloy Beryllium Copper guide tubes 5.5mm in length constrain the filament. The guide tubes are ballize polished on their interior surfaces for low drag and wear, and age hardened for wear resistance.
The sensor receives a power supply input of +5.5-35 VDC (Volts Direct Current ) at J1, which is dropped to nominally +5 VDC by a low drop-out L5150 linear regulator in a SOT-223 package. The regulator input and output are generously bypassed by ceramic capacitors C1, C2, and C3, which are rated for 35 volts. No electrolytic capacitors are used for ESR (Equivalent Series Resistance), longevity and temperature tolerance reasons. If a local +5 VDC supply is available, the regulator may be bypassed by shorting the jumper pads adjacent to the regulator. In that case, the input tolerance is +5 +/-0.5 VDC. The total current requirement of the FIL-100 is 15 mA, so that the regulator is dissipating 0.3 watts maximum with a 25 volt supply. The regulator is ground and thermally coupled by the use of generous through vias to both sides of the double-sided printed circuit board, so that the FIL-100 is capable of continuous operation in free air at an ambient temperature of 85C. For optical stability reasons, the LED’s are the thermally limiting components. Over the range of -20C to +85C, the signal to noise ratio of the FIL-100 filament detector is well in excess of 6 dBV (decibel Volt).
The microprocessor is a Picaxe 08M2, in an 8 pin Small Outline Integrated Circuit (SOIC) package, based on the Microchip 12F1840. 
The Picaxe 08M2 is initialized to run at an internal clock rate of 32 MHz (MegaHertz). The 10 bit ADC (Analog to Digital Converter) of the Picaxe uses the internal 1.024 volt buffer amplifier output and circuit ground as references, giving a sensitivity of 1.0 millivolt per count, with the ADC input disconnected from its digital
functions; i.e., it is an input only. The Picaxe receives conditioned ADC input from the photovoltaic red LED, and provides an output to a high efficiency green LED, current limited to about 2.0 mA via a series 1K ohm resistor. This is strictly to provide visual indication of power supply operation and presence of the printer filament.
Simultaneously, a separate Picaxe pin is switched to an active low output state, i.e., current sinking. This is equivalent to a closed microswitch, and signifies the presence of filament. When no filament is present, the green LED is turned off, and a red LED is illuminated at about 3.0 mA. Simultaneously, the output pin is switched to a high impedance input state, i.e., an open collector. This is to replicate the action of a normally closed mechanical switch, in which the input to the associated printer microprocessor filament detection pin is pulled up to the logic supply voltage via a nominal 4.7K ohm pull-up resistor on the printer controller board. The Picaxe pulls the printer controller microprocessor input low, and allows it to go high via the pull-up when actuated (switch open, or high impedance upon loss of filament). Note that this Picaxe pin will function with any standard logic level input, from 1.8 to 5 volts, as it functions only as a FET (Field Effect Transistor) closed switch to common ground when low. The output pin can safely sink up to 25mA, although pull-up resistor limiting to less than 8 mA (625 ohm minimum pull-up to +5VDC) will ensure both standard TTL (Transistor-Transistor-Logic) and Schmitt trigger logic levels. Note also that attempting to switch external voltages greater than the +5V supply of the Picaxe may “phantom drive” the entire Picaxe through the output pin, and is not permitted.
In short, if filament is not present to interrupt the optical path, the ADC output will be outside of the programmed threshold window, and the microprocessor will turn off the green LED, illuminate the red LED, and allow the J2 output to go to a high impedance state. This allows the printer controller board to pull the filament detection port high via its pull-up resistor, signaling a loss of filament situation. Filament can enter the FIL-100 from either direction. An active pull-down, passive pull-up design ensures that the printer controller will recognize faults such as broken signal wires or poor connections.
A piezoelectric Mallory Sonalert audio alarm is also provided on the serial output . A normally open pair of jumper pads is located adjacent to the Sonalert for audio operation. For audio alarming, the jumper pads must be shorted together, and the Picaxe firmware must be modified to output an audio tone. Note that this will provide a 5 volt peak actively driven signal on the J2 output to the printer control board. It is imperative that the user ascertain that the printer filament detection pin can withstand  this signal.
The Picaxe 08M2 microprocessor is available from Revolution Education in the United Kingdom, and was chosen due to the excellent support available from them, and prior experience with their products in commercial applications. Although it costs a few pennies more than the base Microchip 12F1840, it includes on-chip bootstrap firmware, and can be easily re-programmed with a simple three wire serial interface from any USB (Universal Serial Bus) port for users who may wish to modify the operating code. An extensive development environment is available at no charge from Revolution Education, and the programming hardware consists of a simple USB adapter cable (AXE-027), available at very little cost. 
The required serial interface circuit is built into the FIL-100 printed circuit board, along with the three Pogo pin through-hole contact pads labeled G, I, and O (Ground, Input, and Output) for the programming interface, so that no programming connector is required on the board itself. 
The power input and signal output connectors, J1 and J2 respectively, are surface mounted Molex 1.25mm Micro-Lock Plus or PicoBlade units. The surface mount footprint is suitable for either type of male pin header. Mating connectors and pre-crimped leads are commonly available. The Micro-Lock Plus is preferred as it incorporates a physical latching mechanism, rather than relying primarily on friction between the male header and the female housing.
The total mass of the assembled FIL-100 is 3.5 grams, not including the associated wiring harnesses for power input and signal output.
Enhanced firmware is also provided that makes multiple averaged ADC readings. This allows the FIL-100 to not only detect whether the filament is present, but whether it is moving, i.e., a plugged nozzle or jammed extruder.
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                                                        PICAXE BASIC CODE



01	#REM
02	FIL-100 optical filament sensor using yellow emitter and red detector LED's.   	
03	Output acts like normally closed microswitch, actively pulled low when not     
04	actuated, and tri-stated when actuated to allow printer microprocessor to pull 
05	output high via pull-up resistor on controller board.			          					
06	6/24/22 by Ripley Quinby III / Ack Emma LLC								    
07	#ENDREM
08	
09	
10	#PICAXE 08M2
11	#NO_DATA
12	#NO_END
13	
14	symbol DET=C.1					;photodetector ADC pin
15	symbol OUT=C.2					;open collector output and audio drive			
16	symbol LED=C.4					;LED drive pin
17	symbol VAL=w0						;ADC reading 
18	symbol OPAQUE=300					;sensitivity 0-1023 
19	symbol TRANS=500
20	
21	INIT:
22	setfreq M32						;clock 32MHz
23	pullup %01000					;apply pull-up to unused pin 4(C.3)
24	adcsetup=%00010					;make C.1 ADC input
25	adcconfig %011					;use internal reference and circuit ground
26	fvrsetup FVR4096					;step references per Microchip errata sheet
27	fvrsetup FVR2048				
28	fvrsetup FVR1024					;use internal 1.024 volt reference
29	
30	MAIN:
31		readadc10 DET,VAL				;measure photovoltaic value
32		VAL=VAL*8					;expand ADC
33		if VAL>=OPAQUE AND VAL<=TRANS then	;if filament is not present then
34			input OUT				;allow output to be pulled high and
35			low LED					;turn on red LED
36		else 						;if filament is present then
37			low OUT				;pull output low and
38			high LED				;turn on green LED
39		endif
40			sertxd (#VAL,13,10)			;report photovoltaic response, FOR TUNING ONLY
41	goto MAIN
	







PICAXE BASIC CODE – MOTION DETECT
01	#REM
02	FIL-100 optical filament sensor using yellow emitter and red detector LED's.   	
03	Output acts like normally closed microswitch, actively pulled low when not     
04	actuated, and tri-stated when actuated to allow printer microprocessor to pull 
05	output high via pull-up resistor on controller board. Two averaged detector 
06	readings allow determination of filament motion, in addition to presence or absence.
07	6/24/22 by Ripley Quinby III / Ack Emma LLC								    
08	#ENDREM
09	
10	#PICAXE 08M2
11	#NO_DATA
12	#NO_END
13	
14	symbol DET=C.1						;photodetector ADC pin
15	symbol OUT=C.2						;open collector output and audio drive			
16	symbol LED=C.4						;LED drive pin
17	symbol VAL=w0							;1st ADC reading 
18	symbol MOVE=w1						;2nd ADC reading
19	symbol AVG=w2						;averaging placeholder
20	symbol CHK=w3						;display toggle on boot
21	symbol OPAQUE=300						;sensitivity 0-1023 
22	symbol TRANS=500
23	
24	INIT:
25	setfreq M32							;clock 32MHz
26	pullup %01000						;apply pull-up to unused pin 4(C.3)
27	adcsetup=%00010						;make C.1 ADC input
28	adcconfig %011						;use internal reference and circuit ground
29	fvrsetup FVR4096						;step references per Microchip errata sheet
30	fvrsetup FVR2048				
31	fvrsetup FVR1024						;use internal 1.024 volt reference
32	low OUT							;pull output active low
33	
34	CHECK:								;exercise display at boot
35		for CHK=0 to 15
36			high LED
37				pause 1000
38			low LED
39				pause 1000
40		next CHK
41	
42	MAIN:
43		gosub PHOTO						;read and average photovoltaic diode
44		;sertxd (#VAL,"  ", #MOVE,13,10)			;photovoltaic response, FOR TUNING ONLY
45		if VAL>=OPAQUE AND VAL<=TRANS then		;if filament is not present then
46			input OUT					;allow output to be pulled high and
47			low LED						;turn on red LED
48		elseif VAL<>MOVE then					;if filament is moving then
49			low out						;pull output low and
50			toggle led					;alternate red and green LED
51		else 
52		if VAL<OPAQUE OR VAL>TRANS AND VAL=MOVE then	;if filament is present then
53			low OUT					;pull output low and
54			high LED					;turn on green LED 
55		endif	
56		endif
57	goto main



58	
59	PHOTO:
60		for b8=0 to 63
61			readadc10 DET,VAL				;measure photovoltaic diode
62			VAL=VAL*8					;increase bit count
63			AVG=AVG+VAL/2				;average
64		next b8
65		VAL=AVG
66		for b8=0 to 63						;repeat for second photovoltaic measurement
67			readadc10 DET,MOVE
68			MOVE=MOVE*8
69			AVG=AVG+MOVE/2
70		next b8
71		MOVE=AVG
72	return
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