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AN-1180 Air Quality Control System Using GreenPAK™

The aim of this application note is to design and develop an occupancy-based air quality control
system using the GreenPAK SLG46140V programmable mixed-signal ASIC. The system uses Sharp’s
GP2Y1010AUOF optical dust sensor to detect the presence of airborne particles and a PIR motion
sensor to detect occupancy of the space where the system is installed. A red LED is used to indicate
that the air in the room is contaminated while a green LED is used to indicate that the air in the
room is clean. This automation system helps to cut electricity consumption by activating an air
cleaning mechanism only when there are airborne particles and the space is occupied. The
occupancy-based air quality control system can be used in offices, homes, and other residential and
commercial environments.

Passive Infrared (PIR) Motion Sensor

A passive infrared (PIR) sensor is a small, low power, and easy-to-use sensor that is widely used in
gadgets and appliances to detect presence or humans or animals. Motion sensors are common in
residential, commercial, and industrial settings to detect if a space is occupied or not.

The PIR motion sensor is based on a pyroelectric sensor which detects levels of infrared radiated by
a body. The sensor has a Fresnel lens that condenses light to provide the sensor with a larger
detection area. The PIR sensor outputs a digital HIGH when a warm body such as a human or an
animal passes within it sensing area.

The sensor has three pins: one pin for power (VCC), one for output (OUT), and a ground pin
(GND). It can be supplied with a 3-5V DC input. For this project, a 5V input was applied to the VCC
pin of the sensor.

GND OQUT vCC

Figure 1. PIR motion sensor
GP2Y1010AUOF Optical Dust Sensor

The GP2Y1010AUOF is an optical dust sensing system that is capable of detecting a wide range of
airborne particles including fine dust and smoke particles. This sensor is commonly used in many
home and industrial appliances including air purifiers, air monitors, and air conditioners. It comes in
a compact package that measures 46.0 x 30.0 x 17.6 mm. In addition, the GP2Y1010AUOF is a
low current device that draws a maximum of 20mA.

To detect airborne particles, the GP2Y1010AUOF uses an infrared emitting diode and a
phototransistor. These two are arranged diagonally in such a way to allow the device to detect
reflected light of airborne particles. This compact sensor is capable of detecting fine airborne
particles such as those from cigarette smoke. The internal schematic of the GP2Y1010AUQF is as
shown in Figure 2.
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Figure 2. Internal schematic and terminal configuration of the GP2Y1010AUOF
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Figure 3. Output voltage versus dust density

The relationship between the out

put voltage of the GP2Y1010AUOF and the dust density is as
shown in Figure 4. This sensor outputs a voltage even when the dust density is 0 mg/m3. This
output at no dust conditions (0 mg/m3) is caused by stray light. Therefore, the output of the
GP2Y1010AUOF dust sensor (Vo) is a sum of output voltage when there is no dust (Voc) and output
voltage proportional to the amount of dust in the room (AV). Voc increases with an increase in the

amount of dust that is attached within the dust sensor.
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Figure 4a. Output pulse of the GP2Y1010AUOF dust sensor

To obtain accurate results, the input applied to the LED terminal should be as specified by the
manufacturer. Failing to provide the specified electro-optical conditions can considerably affect the
output. When the specified conditions cannot be met, the recommended conditions can be used.
recommended conditions while Figure 4a shows the expected
output pulse. According to the product datasheet, the specified output value is obtained at 0.28ms.

Table 1 shows the specified and

The specified output pulse is as shown in Figure 4b.
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Specified .o
Parameter condition Recommended condition
Pulse cycle (1) T0 ms T0E£1 ms
Pulse width Pw 0.32 ms 0.32+0.02 ms

Table 1. Specified and recommended output pulse conditions
Description of the GreenPAK design

We used a GreenPAK SLG46140V to implement the occupancy-based air quality control system. Pin
10 was configured as an analog input/output while Pin 3 was configured as a digital input. The analog
output from the dust sensor was fed to the SLG46140V through the analog input Pin 10. The digital
output from the motion sensor was fed to the GreenPAK IC through digital input Pin 3. Pin 9, Pin 12,
Pin 13, and Pin 14 were configured as digital outputs. The digital output from Pin 9 was used to
drive the LED of the dust sensor. Pin 12 was connected to a Green LED that turned on when the
concentration of dust particles in the room is below the reference value. Pin 13 was connected to a
Red LED that turned on when the concentration of dust particles in the room went above the
reference value. The output from Pin 14 was used to drive the air purification system (a dc fan was
used for this project).

The properties of the input and output pins are as shown in the following figures:

PIN 10 PIN 3 PIN 9

1/0 selection: Analog inputfoutpu’ = I/0 selection: Digital input = I/0 selection: Digital cutput =

Input mode: Input mode: Input mode:

DE=0 Analog inputjoutpu’ DE=0 Digital in without Sc OE=0 Mone
Output mode: . ) ” ) Output mode: Output mode:
OE=1 Analog input/foutpu OE=1 Mone DE=1 1x push pull -
Resistor: Pull down - Resistor: Pull down = Resistor: Floating
Resistor value: | 100K - Resistor value: | 100K = Resistor value:  Floating
Resek: Mone Resek: Mone Reset: Mone
Bypass: Mone Bypass: Mone Bypass: Mone
Edge detect Edge detect Edge detect
= Mone i Mone —=A Mone
Figure 5. Pin 10 properties Figure 6. Pin 3 properties Figure 7. Pin 9 properties

The three internal clock sources of the oscillator block (OSC) were used to provide clock signals to
counters and delays. The RC oscillator was used to provide clock signal to the 8-bit CNT1/DLY1 that
was configured as a counter. The Ring oscillator was used to provide clock signal to the 8-bit
CNT3/DLY3/FSM1 that was configured as a delay. Lastly, the LF oscillator was used to provide clock
signal to the 14-bit CNTO/DLY0O and CNT2/DLY2/FSMO that were configured as delays. The settings
of the three internal clock sources are as shown in the following figures:
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Figure 8. Low frequency (LF) OSC Figure 9. RC OSC properties Figure 10. Ring OSC properties

properties

Three Counters/Delays were configured as delays and one as a counter. The 14-bit counters
CNTO/DLYO and CNT2/DLY2/FSMO0O were both configured as 60 second falling edge delays. The 8-bit
CNT3/DLY3 was set to delay mode to provide a delay time of 100us. The 8-bit CNT1/DLY1 was set
to counter mode with an output period of 9.6ms. This counter was used to provide the pulse

specified by the dust sensor’s manufacturer.

shown in the following figures:

The properties of the four counters/delays are as

WS Ctrli14-bit CNTO/DLY0 8-bit CNT1/DLY1 4-bit LUT1/14-bit CNT2/DLY 2/F SMO 3-bit LUT7/8-bit CNT3/DLY3/F SM1
Type: CNT/DLY - Mode: Counter - Type: CNT/DLY - Type: CNT/DLY -
Mode: Delay - Iy - 14 - Mode: Delay = Mode: Delay =
3 -
Counter data: 5536 e et (Range: 1-255) Counter data: 6536 = Counter data: 170 =
Range: 1-16333) ?t';?:; I|;-er 9.6 ms Formula (Range: 1-16383) (Range: 1-255)
Deloy o ; Delay time ¢ nnggs  pormu  Delay time mul
y time 60.0069s  Formula - (typical): : Formis rypical): 100.404us  Formula
(typical): : S Edge select: Falling - 2 pical):
Edge select: Falling - Counter value Reset (counter valL ~ ErloebelecE fzling s Edge select: Rising -
Counter value controk Countervalue . Countervalve
e Reset (counter val. DFF bypass o controk u v controk: eset (counter valu
enable: : FSM data sync . - FSM data sync -
EEZI?I‘QPBSS e o - with SPI clocke | D5l with SPI clogle | D5able -
nnections -
Connections Connections Connections
FSM data: Mone
FSM data: MNone FSM data: Counter data - FSM data: Counter data A
Clock: LF 0SC CLK > @rs= QLK - Clock: LF 0SC CLK 4 Clock: RingOSCCK
Clock source:  LF OSC Freq. /16 Clock source:  RCOSCFreq. /4/4 Clock source:  LF OSC Freq. /16 Clock source:  Ring OSC Freq. /16
Clock Clock 1.5625 kH ock 108.938 H Clock
frequency: 108,938 Hz frequency: : = frequency: z T 170313 MHz
. . Figure 13. Figure 14.
Figure 11. CNTO/DLYO Figure 12. CNT1/DLY1
. . CNT2/DLY2/FSMO CNT3/DLY3/FSM1
properties properties . .
properties properties

The analog output of the dust sensor was fed to the SLG46140V programmable mixed-signal
through digital input Pin 10. This pin was connected to a comparator (A CMPO).

ASIC
The comparator

halfed the input signal by applying a gain of 0.5 before comparing it with a reference voltage. A
reference voltage of 800 mV was used. From the dust sensor’s product datasheet, 1600 mV
corresponds to approximately 0.15 mg/m3. The properties of the comparator are as shown
in Figure 15.
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ACMPO

Hysteresis: Disable -

Low bandwidth: | Disable =

Input 100uA

i -
current source: Btshie

IN+ gain: x0.5 S
Connections

IN+ source: PIN 10 -

IN- source: 800 mV 7

Information
Typical ACMP thresholds

VIH [mV) V_IL (mV)
1600 1600

Figure 15. A CMPO properties

Other components that were used include four LUTs and VDD (PIN 1). The GreenPAK design of the
occupancy-based air quality control system is as shown in Figure 16.

Inverter

Figure 16. GreenPAK design of the occupancy-based air quality control system

The occupancy-based air quality control system controls the air cleaning mechanism and provides
the air quality state of the space where it is installed. The Green LED indicates that the number of
airborne particles in the room is below the set value while the Red LED indicates that the number of
airborne particles is above the set value. The system activates the air purifier only when the space
is occupied and the number of airborne particles is above the reference value. By activating the air
purifier only when the two conditions are met, the system helps to save energy and cut electricity
bill.

The dust sensor is used to detect the number of airborne particles in the air while the motion
sensor is used to detect the occupancy state of the room. The analog comparator (A CMPO)
compares the input with the reference value and outputs a HIGH when the value is exceeded.
Otherwise, it outputs a LOW. When the comparator outputs a HIGH, it provides a HIGH to Pin 13.
This turns on the Red LED. If the comparator outputs a LOW, the inverter (2-L3) provides a HIGH to
Pin 12 and this turns on the Green LED. The 100us rising edge delay provided by CNT3/DLY3/FSM1
and the 9.6ms falling edge delay provided by CNT1/DLY1 limit the amount of time that the analog
comparator (A CMPO) is powered. The two delays help to reduce the amount of power consumed
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by the comparator. The 60s falling edge delay provided by the CNTO/DLYO provides a HIGH to the
IN1 of the AND gate and Pin 13 (Red LED) for 60 seconds. The 2-bit LUT1 ensures that the two
LEDs are not on at the same time.

The 9.6ms falling edge counter CNT1/DLY1 and the inverter (2-L2) provide Pin19 with a LOW for
0.32ms and a HIGH for 9.6ms. This pulse is used to drive the dust sensor and ensures that Pin 10
is HIGH for 0.32ms and LOW for 9.6ms as specified in the manufacturer’'s datasheet. The motion
sensor outputs a HIGH when it detects movement within its detection range. The 60s falling edge
delay provides the AND gate with a HIGH for 60 seconds after a falling edge is detected. The AND
gate provides a HIGH to Pin 14 when its two inputs are HIGH. This is an indicator that the space is
occupied and the number of airborne contaminants is above the reference value.

The design was tested under different conditions to verify that it was working as expected. With low
concentration of airborne particles and no motion, Pin 12 (Green LED) was HIGH. With low
concentration of airborne particles and motion within the sensor’'s detection range, Pin 12 was
HIGH. When a source of smoke was placed near the sensor and no motion within the sensors
detection range, Pin 13 (Red LED) was HIGH. With a source of smoke near the dust sensor and
motion within the sensors detection range, the Pin 13 (Red LED) was HIGH as well as Pin 14 (Fan).

Figure 17. GreenPAK Designer emulation

Description of the Schematic diagram

The schematic diagram of the system is as shown in Figure 17. The SLG46140V, the dust sensor,
and the motion sensor were supplied with a 5V DC input. The air cleaning mechanism (a 12V DC
fan) was supplied with a 12V DC input. The GP2Y1010AUOF was connected as shown in the
schematic diagram. The values of the resistor R1 and capacitor C1 are specified in the dust sensor’s
datasheet. The pins of the dust sensor were connected as specified in Figure 2. Its output was
connected to Pin 10 of the SLG46140V while the output of the motion sensor was connected
to Pin 3.
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Figure 17. Schematic diagram

The Green and Red LEDs were connected to Pin 12 and Pin 13 of the SLG46140V respectively. Each
LED was connected to ground through a 330 ohm resistor. The 5V output provided by the
SLG46140V is not enough for a 12V DC fan. A logic-level MOSFET (IRL540) was used to switch the
fan on and off from the 5V provided by the GreenPAK IC. The IRL540 is an N-channel MOSFET that
offers fast switching and low thermal resistance. The 1N4001 diode was used to eliminate flyback
across the DC fan when current is suddenly interrupted.

Applications of the occupancy-based air control system

Air cleaning systems are widely used in residential, commercial, and industrial environments to
remove airborne particles from the air. These air purification systems can consume a lot of
electricity if they are allowed to run continuously. The occupancy-based air quality control system
monitors presence of humans or animals and air quality and activates the air purifier only when the
space is occupied and the concentration of airborne particles is above the set value. The system
can be used in residential, commercial, and industrial environments to minimize energy wastage.

Extension of the occupancy-based air quality control system

There are many possible extensions that can be done to improve the functionality and performance
of this occupancy-based air quality control system. To start with, a fan was used instead of an air
purifier. As compared to a fan, an air purifier captures the airborne particles to ensure that the air
is clean. Better results can be achieved if an air purifier is used.

The current design does not provide the exact picture of the air quality of the space where the
system is installed. Some commercial air quality sensing systems display the concentration of the
airborne particles. This design lacks this essential feature and it can be improved by using multiple
comparators and adding an LCD or LED display.

Considering that most commercial air quality monitoring systems are not designed to detect
presence of humans or animals in the space where they are installed, improvements on this design
can make it an unrivalled option. In addition, the SLG46140V is smaller than microcontrollers. This
means that this occupancy-based air quality control system is smaller than a microcontroller-based
product with same functionality.

Conclusion

In this application note, the SLG46140V programmable mixed-signal ASIC was used to build a basic
occupancy-based air quality control system. The GreenPAK IC was used to control the sensors, the
air quality indicators, and the air purification system. Using the development hardware and the
GreenPAK Designer, an air quality control system with more features can be realized.
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