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A Data acquisition sensor was designed to measure different variables in a two-hour test drive. Sensors were selected to measure engine rpm, engine temperature, suspension travel, pitch roll and yaw, and road speed.
A circuit was designed to acquire data from the selected sensors and store it to an SD card via a PIC microcontroller. 
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In the automotive industry, when a prototype vehicle is constructed, testing is required to analyse performance. Sensors are installed throughout the vehicle, collecting a range of data which is then processed and stored for analysis. This report details the research carried out into these data collection systems, determining their electronic requirements. The report continues to explain the design process of a new data collection system, analysing data from several sensors throughout the car. Data is collected and processed using a PIC microcontroller, the program for this PIC is detailed in a flowchart along with a block diagram detailing the circuit's construction. A full circuit diagram and PCB layout is included for the circuit as well as build costs. A conclusion reflects on possible improvements.
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There are many data acquisition (DAQ) systems on the market, each designed to collect and process data in similar ways. For vehicular testing, external sensors are positioned in key areas throughout the vehicle. Data from these sensors then undergoes signal conditioning before being processed by a computer system, often a microcontroller. Once processed the data is stored to an external storage device for analysing [1]. A popular DAQ system is the SIRIUS R1DB made by DEWEsoft [2]. Another popular system is the Granite 10 produced by Cambell scientific [3] . An innovative system is produced by DEWETRON, where each aspect of the system is modular and so interchangeable [4] . This allows the user to select the digital and analogue inputs required, the power supply utilised and even the signal conditioning module. These systems are compared in table 1.  
A benefit of the DEWESoft DAQ is that it is an all-in-one instrument, this refers to its built in LED screen. This allows the user to process and analyse the data without the need of an additional device. Another benefit is the signal conditioning offered. This produces a reliable input from the sensors as only the desired signal is analysed [4]. The granite 10 offers onboard storage in the form of DDR3 SDRAM which is beneficial for streamed data. It also offers built in GPS used for network synchronization [3]. The DEWETRON is perhaps the most useful DAQ as it can be completely customised. The modular construction allows the user to configure a purpose built DAQ system making the product extremely versatile.
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Table 1- Comparison of portable data acquisition systems for automotive testing [2] [4, 3]
	DAQ
	INPUTS
	POWER SUPPLY
	FEATURES
	Signal conditioning 
	Benefits

	DEWEsoft SIRIUS® R1DB 
	Up to 16 analogue inputs
	2 x 72Wh Li-Ion cells
	SSD data logger
	High dynamic range 
	High-end signal conditioning 

	
	Up to 8 counter/encoder inputs
	
	 Multi-touch LED screen
	High signal to noise ratio
	

	
	Up to 24 digital inputs
	
	
	high speed synchronized angle and speed measurement 
	All in one instrument

	
	Up to 9 CAN bus ports
	
	
	Channel to channel and channel to ground isolation
	

	Cambell scientific - Granite 10
	Up to 8 counters
	9.6 to 32 Vdc input
	MicroSD storage
	Not specified
	Built in GPS

	
	
	
	 DDR3 SDRAM 2GB
	
	

	
	Up to 8 digital inputs
	
	GPS
	
	Onboard storage 

	
	
	
	
	
	
	

	DEWETRON
	User exchangeable input modules 
	User exchangeable input modules 
	Modular structure
	User exchangeable input modules 
	Completely customisable 
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To design a microcontroller based DAQ system the component selection is extremely important to ensure accurate data is produced. The first step in designing is to select the sensors required as this will determine the types of inputs necessary when choosing the microcontroller.
[bookmark: _Toc151661945]Engine RPM 
Engine RPM is a measurement of rotational speed, this can be measured in various ways. For this purpose, the measurement must be non-contact. For this type of measurement an optical encoder is commonly used which detects changes in light [5]. A reflective sticker can be used to trigger the sensor. The encoder counts every time the sticker is detected and therefore calculates the revolutions per minute. This solution however may not be practical in an automotive environment. Over a two-hour test drive the sticker could be corrupted by oil or dirt from the engine. This would result in inaccurate data. 
	Sensor
	Supply voltage 
	Output type 
	IP rating 
	Operating temperature 
	Cost 

	Honeywell LCZ260 Hall effect sensor 
	4.5-26 Vdc
	Digital (square wave)
	IP68
	-40 to 125°C 
	£120.38 

	Honeywell General Purpose Industrial VRS Magnetic Speed Sensor
	Passive
	Analogue
	N/A
	-40 to 107°C
	£163.25 

	Honeywell SNG-S series
	8-16v
	Digital 
	IP69K
	-40 to 140°C
	£68.04 

	Honeywell ZH10 series
	4-24v 
	Digital 
	IP67
	-40 to 100°C
	£148.04 


A magnetic speed sensor would overcome this problem. This type of sensor utilises the hall effect to detect rotation [6]. As the teeth of the fly wheel pass by the sensor, the internal magnetic field is altered, developing a voltage. This voltage can be processed to determine rotational speed [7]. Table 2 details a comparison of suitable magnetic speed sensors with data taken from datasheets.  
Table 2 - Magnetic speed sensor comparison [8] [9, 10, 11, 12]


From the comparison table the Honeywell SNG-s series sensor is the most suitable option as it has the highest IP rating making it the most durable against water and dust. It also operates at a suitable supply voltage for the project as most vehicular electronics use a 12v supply [13]. The price point of the SNG-s series is also attractive as it is more affordable than similar sensors. The SNG-s sensor produces a digital output which makes it more compatible with a PIC microcontroller as an analogue to digital convertor is not required. 
The sensor functions by detecting the movement of ferrous material due to alterations in the internal magnet’s flux density. This type of sensor can be positioned at a revolving gear and will detect the difference in depth between the teeth of the gear. This produces a digital pulse, the frequency of which can be used to determine the RPM [14].  This can be mounted using jubilee clips or cable ties to detect the movement of the engine fly wheel, from this reading the engine RPM can be calculated using the MCU. 
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Vehicle road speed is another measurement of rotational speed and so can be measured using the same type of sensor. Using the same sensor as engine RPM simplifies the inputs of the design and lowers production cost. The Honeywell SNP-S sensor can be mounted to the brake calliper of the car targeting the spokes of the wheel. For non-ferrous wheels, a magnet can be mounted to the spoke to engage the sensor.
[bookmark: _Toc151661947]Engine temperature
Engine temperature must be measured using the engine coolant. The sensor must be reusable for different vehicles and so cannot contact the coolant directly. This means standard temperature probe cannot be utilised, temperature must be measured by the outside temperature of the coolant container. This can be achieved using a stick on RTD sensor or an infra-red temperature sensor. Table 3 compares several options.
	Sensor
	Supply voltage 
	Output type 
	IP Rating 
	Operating temperature 
	Measuring range
	Cost

	RTD patch sensor 
	Passive
	Analogue 
	N/A
	-50 to 150°C
	-50 to 150°C
	£61.62 

	Calex PC21MT-0
	6-28Vdc
	Analogue
	IP65
	0 to 70°C
	0 to 250°C
	£207 

	RS PRO V IR 
	5-28Vdc
	Analogue 
	IP65
	0 to 70°C
	0-1000°C
	£177.06 

	Optris CATCSLT15SFCB3K
	5-30Vdc
	Analogue/Digital
	IP63
	-20 to 80°C
	-50 to 1030°C
	£203.38 


Table 3 - Temperature sensor comparison [15] [16] [17] [18]
From table 3, the Calex PC21MT-0 sensor is the most suited temperature sensor. Although the RTD sensor would be a more affordable option, the sticky patch would not be reusable as required. The Calex and the RS Pro sensors offer similar parameters, however the Calex sensor is housed in stainless steel which proves far more durable than the plastic RS Pro. The Calex sensor operates at a suitable voltage, has a good IP rating, and measures the required temperature range.
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Suspension travel can be measured using a type of variable resistor. The output resistance is proportional to the extending and compression of the suspension arm. Table 4 compares several options.
	Sensor
	Supply voltage 
	Output type 
	IP Rating 
	Operating temperature 
	Cost

	RS PRO linear transducer 
	Not specified 
	Analogue
	Not listed 
	-40 to 105°C
	£134.165

	Gefran linear transducer 
	Max 60 V
	Analogue 
	IP65
	-30 to 100°C
	£239.23

	SP2 compact string pot 
	Max 30V
	Analogue 
	IP50
	-18° to 71°C
	£433.62


Table 4 - Comparison of suspension travel sensor [19] [20] [21]
From table 4, the Gerfran linear transducer is the most suited option as it has the best IP rating. This is advantageous as the sensor is installed to the underside of the car where water contamination could be problematic. Its piston style shape is beneficial for installation to the suspension in comparison to the string pot which may be harder to mount. 
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Pitch, roll and yaw can be measured using a digital gyroscope. The gyroscope can be installed directly to the PCB providing the casing is secured to a flat surface. Table 5 compares several digital gyroscopes.
	Sensor
	Supply voltage 
	Number of pins
	Output type 
	Scale range
	Communication
	Cost 

	ANALOG DEVICES ADXRS450BRGZ
	3.1-5.25V
	16
	Digital
	± 400°/s
	SPI
	£64.95

	TRONICS GYPRO3300
	5V
	N/A
	Digital
	±300°/s
	SPI
	£579,11

	LSM6DSV16BXTR
	1.7 - 3.6V
	14
	Digital 
	Programable
	SPI / I²C & MIPI I3C®
	£5.48


Table 5 - Comparison of gyroscopes for Pitch, roll and yaw [22] [23] [24]
From the table the most suited sensor is the LSM6DSV16BXTR, a digital gyro IC, as it has a programmable scale range, can communicate using I2C and is a more affordable price. 
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Having selected the sensors, the MCU can be selected based on the number of inputs utilised. Using the Microchip PIC selection tool, several suitable MCUs are presented [25]. Figure 1 compares the MCUs.
From figure 1, the most suitable MCU is the PIC18F26J53 as it offers 13 ADC inputs, 64KB flash memory with a low pin count of 28 [26]. From the sensor selection only five analogue, two digital and one I2c inputs are required. The PIC18F26J53 provides more than enough input pins for the project, allowing for further requirements. PIC18F26J53 is also recommended for automotive design [26].
[bookmark: _Toc151661951]
Connector selectionFigure 1 - PIC comparison [25]


As the system is to be used outdoors and in a high vibration environment, the connectors selected are important. Each sensor requires a connector with a locking mechanism. The Honeywell SNG-S sensor used for RPM and road speed has a built-in female AMP Superseal connector [9]. As this connector meets the requirements, having an IP rating of 67 and a locking mechanism, it makes sense to continue its use where applicable. A full connector kit including the pin terminals and socket terminals can be purchased [27]. In addition to this, a data cable is required, the datasheet specifies 0.30-0.50mm2 wire size [27]. RS produces a suitable 3 core data cable which includes screening and shielding, making it durable enough for automotive testing [28]. The sensor selected for suspension travel also has a three-core output so the same connector can be utilised again. For the temperature sensor, a two-pin connector is required, which is available from the same manufacturer [29].  For connection to the PCB, Molex kk 254 connectors are a suitable solution as they form a strong connection and can be soldered directly to the board [30]. This type of connector is commonly used in PCB design. Utilising the same connectors as much as possible keeps production costs low, as manufacturers offer discounts on larger orders.
[bookmark: _Toc151661952]Storage requirements
To calculate the required storage for a two-hour test drive, the frequency of sample must be allocated for each sensor. Table six details the requirements for each sensor, the max values, resolution, and frequency of sample is used to calculate the total number of bytes required.  For the two-hour test drive, 5.2MB of storage is required.   As SD cards are relatively cheap, a larger card can be used such as a 2GB SD card from RS  [31]. The max values are based on the range of an average car. The resolution refers to the smallest increment the sensor is required to record [32]. The sample frequency is unique for each sensor and changes based on predicted rate of change for each variable. 
As storage is so inexpensive, there is no need to align data efficiently in the SD card. Figure 2 details the colour coded data structure for each bit of sensor input in a byte. This can then be multiplied for the full sample rate.
Table 6 - Sample requirements

Figure 2 - Data structure diagram
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As the design must be portable and reusable, a Lithium-ion battery pack is the most suitable option. Table 7 shows the voltage requirements for the chosen components.  
	Component 
	Voltage requirements 

	PIC18F26J53
	2-3.6V

	Honeywell SNGS-S series
	8-16v

	Calex PC21MT-0
	6-28Vdc

	Gefran linear transducer 
	Max 60 V

	LSM6DSV16BXTR
	1.7 - 3.6V


Table 7 - Voltage requirements for chosen components [26] [9] [16] [20] [24].







An 11.1V battery pack from Cellpack solutions offers 5200mAh, which would be suitable for powering all components for the two-hour duration [33]. To lower voltage consumption and deliver a constant supply, a voltage regulator can be used [34]. An L7809CV delivers a steady 9V which can be used to power all components [34]. The PIC and LSM6DSV16BXTR (gyro) require a voltage divider circuit to deliver 3.3V. Figure 3 shows the voltage divider circuit and equation [35]. Figure 3 - Voltage divider [35, p. 7]


Vout/Vin = R2/R1+R2 	(Let R2= 3.3KΩ)
3.3/9 = 3.3KΩ / R1 + 3.3KΩ
0.3667 * R1 + 3.3KΩ = 3.3KΩ 
R1= (3.3KΩ / 0.3667) – 3.3KΩ 
R1 = 5.7KΩ
[bookmark: _Toc151661954]Signal conditioning and overvoltage protection


The data from sensor inputs may include noise which requires filtering. Using a resistor and capacitor a passive low pass filter can be constructed allowing only the sample data to input the MCU [35, p. 50]. Figure 4 shows a standard passive low pass filter. Figure 4 - Passive low pass filter [38, p. 137]

The values for R and C can be calculated using the formula:
RC=1/(2πfc)
Where fc is the desired frequency cut off [35, p. 408]. RC can be calculated for each sensor using the sample frequency as the frequency cut off.
RPM:
Sample rate = 50Hz
Let R=10KΩ
10KΩ x C = 1 / (2π50Hz)
C=1/(2π*50*10KΩ)
=0.3183µF
=0.33µF closest standard value [36]
Engine temperature:
Sample rate = 1Hz
Let R=10KΩ
10KΩ x C = 1 / (2π1Hz)
C=1/(2π*1*10KΩ)
=15.915µF
=16µF closest standard value [36]


Suspension travel:
Sample rate = 100Hz
Let R=10KΩ
10KΩ x C = 1 / (2π100Hz)
C=1/(2π*100*10KΩ)
=0.159µF
=0.16µF closest standard value [36]
Road speed:
Sample rate = 20Hz
Let R=10KΩ
10KΩ x C = 1 / (2π20Hz)
C=1/(2π*20*10KΩ)
=0.795µF
=0.82µF closest standard value [36]
In addition to signal conditioning, over voltage protection is required to protect the MCU from voltage spikes. For this a Zener diode can be used as connected in figure 5 below. Once the voltage surpasses the rating of the Zener diode it allows current to flow to ground [35, p. 12]. 

Figure 5 - Over voltage protection using Zener diode. [35, p. 12]
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Figure 6 shows the power supply circuitry as designed in the previous section. The sensor supply is taken before the voltage divider circuit, which supplies the PIC and Gyro IC. Two capacitors are connected to the voltage regulator as recommended in the datasheet (See appendix 1) [34]. The input capacitor is reccomended as a bypass to ensure stable operation. The output capacitor improves transient response [34, p. 25].Figure 6 - Power supply circuitry


[image: A computer screen shot of a computer

Description automatically generated]Figure 7 shows the microcontroller circuit set up as recommended in the data sheet found in appendix 2. Decoupling capacitors are added to all VDD and VSS pins and the memory clear pin is set up with pull up resistors [26].
Figure 7 - Microcontroller circuitry [26]

Figure 8 shows the gyro IC which is connected as recommended in the data sheet in appendix 3 [24]. Decoupling capacitors are utilised on supply pins and pull up resistors are required on the data pins for I2C communication [24]. I2C is a serial interface communcating through two wires, either of which can be the master or slave [35, p. 1034].Figure 8 - Gyro IC circuitry


Figure 9 shows the circuitry for the RPM sensor as recommended in the data sheet in appendix 4. Signal conditioning is included as calculated and an overvoltage Zener diode rated 3.3V. The sensor is connected to a digital input of the MCU.

Figure 9 - RPM sensor input circuit

Figure 10 shows the temperature sensor input with the calculated signal conditioning and over voltage protection diode. The sensor is connected to an analogue input of the MCU.Figure 10 - Temperature sensor input 



Figures 11 and 12 show the suspension sensor input with the calculated signal conditioning and over voltage protection diode. The sensors are connected to analogue inputs of the MCU.Figure 11 - Suspension sensor input circuit


Figure 12 - Suspension sensors continued

Figure 13 shows the circuitry for the RPM sensor as recommended in the data sheet in appendix 4. With the calculated signal conditioning and over voltage protection added. The sensor is connected to a digital input of the MCU.
Figure 13 - Road speed sensor input circuit


Figure 14 shows the connection of the USB and SD card connectors to the PIC. The SD card is connected using its recommended interface, utilising pull up resistors to VDD on all data pins [37]. The SD is connected to the PIC using SPI as specified in the data sheet [26]. SPI is a master and slave communication protocol and so the SD card is connected to corresponding SPI slave pins of the MCU [35, p. 1032] [26, pp. 142,14] [37]. The USB is connected as recommended in the PIC datasheet, with added over voltage protection diodes on the data pins [26, pp. 14,15].
Figure 14 - USB and SD card connection.

Figure 15 shows the full circuit schematic. 
Figure 15 - Full circuit schematic diagram
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The circuit operation can be displayed in a block diagram, as seen in figure 16. 

Figure 16 - Circuit block diagram

[bookmark: _Toc151661957]Operation flow chart 
The operation of the program can be visualised using flowcharts. Figure 17 shows what happens when the device is switched on. If the usb is connected it will go into data upload mode, otherwise it will start data acquisition.Figure 17 - Device initialisation flowchart

Figure 18 shows the flowcharts for data acquisition mode for each sensor. The timer is set to the sample frequency selected for each sensor. After 2 hours the program ends.Figure 18 - Data acquisition flowcharts
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The schematic diagram can be routed onto PCB as seen below in figure 19. The green outline represents the PCB and the red box represetns the area for copper pour. The copper pour layer connects all ground connections. Connections are routed on different layers to avoid crossing. The connectors are placed on the left had side of the board for easy access to the side of the enclosure. The power supply connector is located in the opposite side for easy access to the battery pack . The SD card is mounted in an accessable location.Figure 19 - PCB design



Figures 20-23 show each layer’s connections, figure 24 shows the copper pour and figure 25 shows a 3D rendering of the PCB. 

Figure 20 - Top layer connections
Figure 21 - Mid layer connections
Figure 22 - Bottom layer connection


Figure 23 - 3D render.
Figure 24 - Copper pour
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The designed PCB measures 119mm x 104.14mm and the battery pack measures 56.5mm x 37mm x 70mm. Thus, resulting in a required internal measurement of 119mm x 160.64 x 37 mm. The enclosure must allow easy access to the board as the SD card is to be removed periodically. For this reason, a removable lid is required. The enclosure displayed in figure 25 is a suitable solution [38] [39]. Its large enough to fit the components, with enough room for connectors. It has a suitable IP rating of 65 and a latching lid for easy access. It’s plastic casing allows holes to be drilled for the sensor connectors wherever required.

Figure 25 - Chosen enclosure [39]
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The Gerber files from the PCB design allowed for a quotation to be generated for manufacturing of the PCB, as seen in figure 26. The rest of the build costs can be found in table 8.
Figure 26 - PCB quotation [54]

	Component list
	Quantity
	Price Each
	Price

	PIC18F26J53
	1
	£5.04
	£5.04 [40]

	Honeywell SNGS-S series
	2
	£68.04
	£136.08 [41]

	Calex PC21MT-0
	1
	£207.00
	£207.00 [42]

	Gefran linear transducer 
	4
	£239.23
	£956.92 [43]

	LSM6DSV16BXTR
	1
	£5.48
	£5.48 [44]

	Voltage regulator
	1
	£0.62
	£0.62 [45]

	Li Ion battery pack 11.1V
	1
	£75.23
	£75.23 [33]

	SD card
	1
	£7.33
	£7.33 [46]

	SD card connector
	1
	£6.06
	£6.06 [47]

	Molex Kk female 3 pin wire to board
	6
	£1.93
	£11.58 [48]

	Molex Kk male 3 pin 
	6
	£0.29
	£1.72 [49]

	Molex Kk female 2 pin
	2
	£1.87
	£3.74 [50]

	Molex Kk male 2 pin 
	2
	£0.24
	£0.47 [51]

	Amp Superseal 1.5 282087 connector kit
	6
	£1.50
	£9.00 [27]

	Superseal Male & Female Connector 2-Way 1PR connector kit
	1
	£1.83
	£1.83 [29]

	Battery charger
	1
	£57.60
	£57.60 [52]

	On/Off switch 
	1
	£8.56
	£8.56 [53]

	Data cable 
	100m
	£129.00
	£129.00 [28]

	passive components 
	N/A
	£30.00
	£30.00

	PCB board
	1
	£23.22
	£23.22 [54]

	Enclosure
	1
	£43.66
	£43.66 [39]

	
	
	Total cost
	£1,690.14


Table 8 - Build costs
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Improvements on the design could include a more advanced control panel, featuring LED indicators and buttons to start or stop the test drive. A better battery design could also be implemented allowing the battery to be charged via USB. Currently an off switch is to be connected to the battery pack, this would be better placed on a user interface. 
Compared to the systems analysed at the start of the report, the designed system could benefit from having modular components like the Dewetron, or an LED display screen like the Dewesoft [4] [2].
Conclusion 
In this project a data acquisition system was designed for use in an automotive testing. Multiple sensors were compared to determine the most suited for such a harsh environment. A power supply was designed to supply the sensors and ICs with their required voltages respectively. Signal conditioning was utilized to ensure clean; noise free data was recorded from the sensors. Overvoltage protection was implemented to protect delicate components from high voltage spikes.
The designs operation was outlined with the use of operational flowcharts and circuit block diagrams. The circuit schematic was designed and used to produce a prototype PCB for the system.
Overall, the completed design would be capable of recording data from various parts of a vehicle during a two-hour test drive, as required.
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[bookmark: _Toc151661962]Appendix 1 – Voltage regulator data sheet
Figure 27 - voltage regulator, recommended circuit [34].




[bookmark: _Toc151661963]Appendix 2 – Microcontroller data sheetFigure 28 - Micro controller recommended circuit [26]



[bookmark: _Toc151661964]Appendix 3 – Gyro IC data sheetFigure 29 - Gyro IC recommended connections [24, p. 42]



[bookmark: _Toc151661965]Appendix 4 – SNG-SPSC-001 data sheetFigure 30 - SNG-SPSC-001 recommended circuitry [9]



[bookmark: _Toc151661966]Appendix 5 – Enclosure data sheet

Figure 31 - Enclosure datasheet [38]

[bookmark: _Toc151661967]Appendix 6 – Suspension sensor data sheet

Figure 32 - Suspension travel sensor datasheet 1/2 [20]


Figure 33 - Suspension travel data sheet 2/2 [20]

[bookmark: _Toc151661968]Appendix 7 – temperature sensor data sheet
Figure 34 - Temperature sensor data sheet 1/2 [16]

 

Figure 35 - Temperature sensor datasheet 2/2 [16]
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original signal, v;, may be approximated by

vi = Viisin(wt) + Viasin(2or) +V (6.1)
3, - . . are the amplitudes of the consecutively higher frequency components or
harmonics of the original signal.

These higher frequency components may represent fluctuations (or, in many cases, electrical
noise) that we may wish to attenuate to prevent aliasing (appearance of high-frequency
components in the analogue signal as low-frequency aliases of these components) and generally
to present a clean signal to the DAQ em. The filter in Figure 6.1 produces an output, v,,
which has the same set of components (in terms of the respective frequencies) as the original
signal, v;, but at reduced amplitud

Vo = Vo1 sin(wt) + Voo sin(2or) + Vozsin(3wr) + -+ -+ (6

whereV,, Vods oot
V2.V 3, ... . are smaller than their counterparts in the input signal, V; 1V,
instance, depending on the values of R and C in the filter shown in Figure 6.
close to V1, say 98% of this value, but V,, > may be about 70% of V
for this is that the given low-pass filter attenuates each signal according to its frequency; the

are the amplitudes of the sinusoidal components in v,.. In general, V, ;,

V,,.1 may be very
and so forth. The reason

higher the frequency, the larger the attenuation (hence the smaller the amplitude of the given
component in the output signal). The precise amount of attenuation can be found from the
so-called frequency response graph of the filer (commonly referred to as its Bode plot) as, for
instance, depicted in Figure 6.2.

gure 6.1
Passive low-pass filter.
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Bode plot of low-pass filter.

The specific equation for the filter from the application of Kirchoff
node (assuming an open circuit or no load at the output) is given by

urrent law at the output

(6.3)
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Insights

In this signal conditioning project, multiple pre-established circuits are utilised to achieve the
required results. These circuits feature operational amplifiers in different configurations,
allowing them to carry out different functions. The main circuit used is a low pass filter. There
are two main categories of low pass filters, passive and active [1]. Passive filters consist of
simple RC circuits, they can be used to remove noise from a signal (see figure 1). As these
circuits are simply resistors and capacitors, they load the circuit drawing current from the
signal. When carrying out signal conditioning this may corrupt the input signal becoming
unusable. Active filters solve this problem by utilising operational amplifiers which only draw
minimal current from the signal being powered by their own supply [2]. A combination of the
RC circuits and the Op-amp is used to form a filter. Different configurations of resistors and
capacitors allow the filter to operate in different ways. The filter used in this project uses a
Sallen-key architecture (see figure 2), also known as a voltage-controlled voltage-source
(VCVS) filter [1] [3] [4]. These filtering circuits are often used in industry where signals are
corrupted due to mains supply cables being run adjacent to measuring instruments. The
mains supply’s frequency of 50Hz causes signal ‘noise’ which must be filtered out. Noise can
also occur due to mechanical disruption such as vibration [2, p. 51] .

R1
Vi—Wy

Figure 1 - Sallen-Key Low pass filter [4]

When designing a filtering circuit there are lots of options to consider, such as whether a low
pass or high pass filter is required. Low pass filters cut off high frequencies, allowing low
frequencies to ‘pass’. High pass filters carry out the opposite function, passing only high
frequencies [5]. Once this specification is considered the next design choice would be the
required frequency response for the circuit. Standard frequency responses are Butterworth,
Bessel and Chebychev (see figure 3). Each response has different applications, offering
distinct benefits.
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original signal, v;, may be approximated by

vi = Viisin(wt) + Viasin(2or) +V (6.1)
3, - . . are the amplitudes of the consecutively higher frequency components or
harmonics of the original signal.

These higher frequency components may represent fluctuations (or, in many cases, electrical
noise) that we may wish to attenuate to prevent aliasing (appearance of high-frequency
components in the analogue signal as low-frequency aliases of these components) and generally
to present a clean signal to the DAQ em. The filter in Figure 6.1 produces an output, v,,
which has the same set of components (in terms of the respective frequencies) as the original
signal, v;, but at reduced amplitud

Vo = Vo1 sin(wt) + Voo sin(2or) + Vozsin(3wr) + -+ -+ (6

whereV,, Vods oot
V2.V 3, ... . are smaller than their counterparts in the input signal, V; 1V,
instance, depending on the values of R and C in the filter shown in Figure 6.
close to V1, say 98% of this value, but V,, > may be about 70% of V
for this is that the given low-pass filter attenuates each signal according to its frequency; the

are the amplitudes of the sinusoidal components in v,.. In general, V, ;,

V,,.1 may be very
and so forth. The reason

higher the frequency, the larger the attenuation (hence the smaller the amplitude of the given
component in the output signal). The precise amount of attenuation can be found from the
so-called frequency response graph of the filer (commonly referred to as its Bode plot) as, for
instance, depicted in Figure 6.2.
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In this signal conditioning project, multiple pre-established circuits are utilised to achieve the
required results. These circuits feature operational amplifiers in different configurations,
allowing them to carry out different functions. The main circuit used is a low pass filter. There
are two main categories of low pass filters, passive and active [1]. Passive filters consist of
simple RC circuits, they can be used to remove noise from a signal (see figure 1). As these
circuits are simply resistors and capacitors, they load the circuit drawing current from the
signal. When carrying out signal conditioning this may corrupt the input signal becoming
unusable. Active filters solve this problem by utilising operational amplifiers which only draw
minimal current from the signal being powered by their own supply [2]. A combination of the
RC circuits and the Op-amp is used to form a filter. Different configurations of resistors and
capacitors allow the filter to operate in different ways. The filter used in this project uses a
Sallen-key architecture (see figure 2), also known as a voltage-controlled voltage-source
(VCVS) filter [1] [3] [4]. These filtering circuits are often used in industry where signals are
corrupted due to mains supply cables being run adjacent to measuring instruments. The
mains supply’s frequency of 50Hz causes signal ‘noise’ which must be filtered out. Noise can
also occur due to mechanical disruption such as vibration [2, p. 51] .
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Figure 1 - Sallen-Key Low pass filter [4]

When designing a filtering circuit there are lots of options to consider, such as whether a low
pass or high pass filter is required. Low pass filters cut off high frequencies, allowing low
frequencies to ‘pass’. High pass filters carry out the opposite function, passing only high
frequencies [5]. Once this specification is considered the next design choice would be the
required frequency response for the circuit. Standard frequency responses are Butterworth,
Bessel and Chebychev (see figure 3). Each response has different applications, offering
distinct benefits.
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Positive voltage regulator ICs

Maximum ratings

3

Maximum ratings

Table 1. Absolute maximum ratings

Symbol Parameter Value Unit
forVo=5t0 18V 35
Vi DC input voltage v
for Vo=20, 24 V 40

lo Output current Internally limited

Pp Power dissipation Internally limited
Tste Storage temperature range -65 to 150 °C
T o for L78xxC, L78xxAC Oto 125 c

erating junction temperature ran °
oP perating pe 9 [for L7exxaB 4010125
Note: Absolute maximum ratings are those values beyond which damage to the device may occur.
Functional operation under these condition is not implied.
Table 2. Thermal data
Symbol Parameter D?*PAK DPAK TO-220 TO-220FP Unit
Rinyc | Thermal resistance junction-case 3 8 5 5 °C/wW
Rihga | Thermal resistance junction-ambient 62.5 100 50 60 °C/wW
Figure 4. Application circuits
Vio L78 o Vo
C, =0.33uF —_— —— Co=0.1pF
£ cs25220
"I DoclD2143 Rev 32 7/58
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PIC18F47J53

2.0 GUIDELINES FOR GETTING
STARTED WITH PIC18FJ
MICROCONTROLLERS

21 Basic Connection Requirements

Getting started with the PIC18F47J53 fa of 8-bit
microcontrollers requires attention to a imal set of
device pin connections before proceeding with
development.

The following pins must always be connected:

+ All' VDD and Vss pins
(see Section 2.2 “Power Supply Pins”)

« All AVDD and AVss pins, regardless of whether or
not the analog device features are used
(see Section 2.2 “Power Supply Pins”)

+ MCLR pin
(see Section 2.3 “Master Clear (MCLR) Pin”)

+ VCAP/VDDCORE pins (see Section 2.4 “Voltage
Regulator Pins (VCAP/VDDCORE)”)

These pins must also be connected if they are being

used in the end application:

* PGC/PGD pins used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes
(see Section 2.5 “ICSP Pins”)

+ OSCl and OSCO pins when an external oscillator
source is used
(see Section 2.6 “External Oscillator Pins”)

Additionally, the following pins may be required:

* VREF+/VREF- pins are used when external voltage
reference for analog modules is implemented

Note:  On 44-pin QFN packages, the AVDbD and
Avss pins must always be connected,
regardless of whether any of the analog
modules are being used. On other pack-
age types, the AVDD and AVss pins are
internally connected to the VDD/VSS pins.

The minimum mandatory connections are shown in
Figure 2-1.

FIGURE 2-1: RECOMMENDED
MINIMUM CONNECTIONS
c20)
Voo
" ERFR
R2 I
MCLR |
VCAPIVDDCORE |——¢
ct =
I PIC18FXXJXX Ter
Ves Voo -
ol Lo
R W S [V D
: 2

B

Key (all values are recommendations):

C1 through C6: 0.1 F, 20V ceramic

C7: 10 i, 6.3V or greater, tantalum or ceramic
R1:10kQ

R2: 1000 to 4700

Note 1: See Section 2.4 “Voltage Regulator Pins
(VCAP/IVDDCORE)” for explanation of
VCAPIVDDCORE connections.

2: The example shown is for a PIC18F device
with five VDD/VSs and AVDD/AVSS pairs.
Other devices may have more or less pairs;
adjust the number of decoupling capacitors
appropriately.

© 2009-2016 Microchip Technology Inc.

DS30009964C-page 27
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© 2009-2016 Microchip Technology Inc.
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"_I LSM6DSV16BX

Application hints

7 Application hints

71 LSM6DSV16BX electrical connections in mode 1

In this specific example, Qvar is not used.

Figure 27. LSM6DSV16BX electrical connections in mode 1

MO i
o
GNDorVdd_Io , SDO/SAQ, o m WCLK g'gf_w;
TDMout INT2 , GNDorvdd
] ToP [J—"Es
BCK | viEwW [ -AHziQvaR2 LSM6DSV16BX
INT1 vdd
«—[4] ——|vaa
GND or Vdd_IO
s [] ct
QI E TmOnF
3
g 5 GND
H
C2_L vamo

1. Leave pin electrically unconnected and soldered to PCB.

The device core is supplied through the Vdd line. Power supply decoupling capacitors (C1, C2 = 100 nF ceramic)
should be placed as near as possible to the supply pin of the device (common design practice).

The functionality of the device and the measured acceleration/angular rate data is selectable and accessible
through the SPI/I?C/MIPI 13C® interface.

The functions, the threshold and the timing of the two interrupt pins for each sensor can be completely
programmed by the user through the SPI/I2C/MIPI 13C® interface.

DS13771 - Rev 2 page 42/148
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DS13771 - Rev 2 page 42/148
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SNGS-S SERIES
FIGURE 2. SCHEMATIC DIAGRAMS AND OUTPUT SPECIFICATIONS
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PZ34

GEFRAN RECTILINEAR DISPLACEMENT TRANSDUCER

WITH CYLINDRICAL CASE
Principal characteristics
« The 3/4” cylindrical housing, plus the option of all faste-
ning systems (brackets, joints or flange), makes the
PZ34 series highly versatile for a wide range of applica-
tions.
V4 + The optimized mechanical structure makes the product
- & suitable for developing various special executions (con-
- = tact Gefran customer service for details).
> > T > - Installation is simplified by the lack of electrical signal
P g ! \ 1] variation at output outside theoretical electrical stroke.
A~ o * + Ideal for wood and glass working and finishing machines
and for car test benches.
TECHNICAL DATA MECHANICAL DIMENSIONS
Useful electrical stroke 25/50/75/100/125/150/175/200/ PZ34-S
(C.EU.) 250/300
Resolution infinite
Protection P60
Independent linearity
(within C.E.U.) see table L
Displacement speed 2
Displacement force X T
>25x10°m strokes,or 100x10° i
Life operations, whichever is less
(within C.E.U)
Vibrati 5...2000Hz, Amax =0,75 mm [
ibrations
amax. =209
Shock 50g, 1ims.
Tolerance on resistance £20% Pz34-A
Recommended cursor cur-
rent <0,1uA
Maximum cursor current 10mA =) 547
Max. applicable voltage see table 5 o5

Electrical isolation

>100MQ at 500V=, 1bar, 2s

<100 pA at 500V~, 50Hz, 2s,

Dielectric strength o
Dissipation at 40°C
(OW at 120°C) see table
Actual Temperature Cosffi-
cient of the output voltage | < 1-5PPM"C
Working temperature ~30..+100°C
Storage temperature -50..+120°C

) “Anodised aluminium
Case material Ay

Control rod material

Stainless steel
AISI 303

Fixing

Brackets, selfaligning ball-joints |
or flange

Important:

|1
—cEu
CET.

i
J» 3521

.

all the data reported in the catalogue linearity, lifetime, tempera-
ture coefficient are valid for a sensor utiization as a ratiometric
device with a max current across the cursor Ic < 0.1 pA.
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MECHANICAL / ELECTRICAL DATA

MODEL 25 | 50 | 75 | 100 | 125 | 150 | 175 | 200 | 250 | 300
Useful electrical stroke (C.E.U.) +1/-0 mm | 25 | 50 | 75 | 100 | 125 | 150 | 175 | 200 | 250 | 300
Theoretical electrical stroke (C.E.T.) =1 mm CEU.+1

Resistance (CE.T) kQ | 1 2 3 4 5 6 7 8 [ 10 | 12
Independent linearity (within C.E.U.) +% | 02 | 01 | 01 | 01 | 005 | 005 | 005 | 0,05 | 0,05 | 005
Dissipation at 40°C (OW at 120°C) W |08 | 16 | 26 3

Maximum applicable voltage V|20 |40 60

Mechanical stroke (C.M.) mm CEU.+5

Case length (A)

mod. PZ34-S | mm | 835 | 108,5 | 133,5 | 158,5 | 183,5 | 208,5

233,5 | 258,5 | 308,5 | 358,5

mod. PZ34-A | mm | 110 | 135 | 160 | 185 | 210 | 235

260 | 285 | 335 | 385

mod. PZ34-F | mm | 835 | 108,5 | 133,5 | 158,5 | 1835 | 208,5

233,5 | 258,5 | 308,5 | 358,5

Recom. distance between brackets (B)

mm | 47 | 72 | 97 | 122 | 147 | 172

197 | 222 | 272 | 322

Min. distance between ball-joints

mm | 163 | 188 | 213 | 238 | 263 | 288

313 | 338 | 388 | 438

r— C.E.U. —==

r—— CET —

CM, ——==|

mod. PZ34 - S [ 90 105 130 160 175 190 205 215 245 275
Weight mod. PZ34 - A 9 110 125 150 180 195 210 225 235 260 285
mod. PZ34 - F 9 100 115 140 170 185 200 215 225 255 280
ELECTRICAL CONNECTIONS
Cable output
blue INSTALLATION INSTRUCTIONS
O yellow . indi i i
— vel Respect the indicated electrical connections (DO NOT use

the transducer as a variable resistance)

H———O brown

+ When calibrating the transducer,

be careful to set the stroke

s0 that the output does not drop below 1% o rise beyond

99% of the supply voltage.
Connection side

ORDER CODE

Displacement transducer

Mounting by brackets

Mounting by selfaligning
ball-joints

Mounting by flange

Ex..PZ34-F -125

(1 CGle)elx]e]felllx]

[ Color of plastic heads (green | 0 |

Cable length 1 mt [
Cable length 2 mt 2
Cable length 3 mt 3

Other lengths on request

No certificate attached o

Linearity curve to be attached | L

Displacement transducer model PZ34, mounting by flange, useful electrical stroke (C.E.U.) 125mm.

ACCESSORIES

Mounting brackets for PZ34-S (2 pieces included in the confection)

Code

STA075

GEFRAN spa reserves the right to make any kind of design or functional modification at any moment without prior notice

GEFRAN

GEFRAN spa

via Sebina, 74

25050 PROVAGLIO D'ISEO (BS) - ITALIA
tel. 0309888.1 - fax. 0309839063

Internet: http://www.gefran.com

DTS_PZ34_03-2019_ENG
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PyroCouple

General Purpose Infrared Temperature Sensor with Analogue Output

+ Temperature ranges from -20°C to 500°C

+ Two-wire 4-20 mA output or four-wire voltage/
thermocouple output

+ Choice of precision optics for large or small targets
+ Fast response with high stability

+ Stainless steel housing, sealed to IP65

+ Quickand easy installation

+ Wide range of accessories

+ Fixed emissivity 0.95 for measuring non-reflective
non-metals, and painted surfaces (including
painted or coated metals)

* Conforms to industrial EMC standards

The PyroCouple is a simple infrared temperature sensor with a choice of analogue
outputs. No complicated setup is required - just connect a temperature indicator and
power supply, and instantly start taking measurements.

SPECIFICATIONS

Itis suitable for non-contact temperature measurement on most non-reflective Output Choice of 4-20 mA,
non-metal surfaces, such as paper, thick plastics, asphalt, painted surfaces, food, J or KThermocouple, mv
rubber and organic materials, among many others. (See "Model Numbers’)
Temperature Range LT=-2010+100°C
MT =010 250 °C
HT=0to 500 °C
QANES Accuracy 1% of reading or +1°C,
whichever s greater
Repeatability +0.5% of reading or
Distance:Sensor o object(nches) Distance:Sensor o abjec (inches) +0.5°C, whichever is
7 greater
ge Emissivity Setting. Fixed at 0.95
) Response Time 240 ms (90% response)
Spectral Range 8t014pm
‘g o Supply Voltage (at 6VDCt028VDC
& sensor)
Distance: Sensor to object (mm) ‘Distance: Sersor to cbject fmm) Max. Loop Impedance 900 Q (4-20 mA output)
21 models 151 models Output Impedance 56 Q (voltage/thermocouple
output)
Max. Current Draw 20mA
Distance: Sensor to object (nches) Distance: Sensor t objec inches)
2 F 57 £ [ 55 73]
ge .. 3 |
los N & on| . Construction Stainless Steel
b Ig Dimensions 18 mm diameter x 103 mm
e ke B[ long
‘.;E 3 Thread Mounting M16x 1 mm pitch
&=l 100 0]
Cable Le 1m (longer lengths available
Distance:Sensor tocbject(mm) Distance:Sensor 0 abject (mm) a to n(rd:vg) “

301 models CF models TGRS g
T e E
‘measured spot size. Environmental (IP) Rating | 1P65
Diagrams show the diameter of the measured target spot versus the :"‘:“" 23"1;""'0 0°Cto70°C
distance from the sensing head (90% energy). [emper3turelRangs]

Ambient (Operating) 95% max. non-condensing
Humidity

CALEX

ELECTRONICS LIMITED
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DIMENSIONS (mm)
018

Mounting nut
(included)

Thread: M16x 1 mm

P " — v

im “ 12 “__‘ L_ L|5.‘
Standard length
Longer cable available
G0 mmax) 10 1 )
J
CONNECTIONS
Two-wire (option 0) Four-wire (options 1 to 4)
DisplaylCotroller Dispay/Controller
BEE S T
oA Target V7 Thermocoupe = Target
Temperature Temperature
" DiplayiConoler
!
i I—IES '
L 05|
o 1 |
| a2mA-sensor 4
| emperatire.
L _Tempert o
MODEL NUMBERS ACCESSORIES
Optional
——
Example Model Numbers:
PC 151 MT|-| 0 | W |-|3M PC151MT-0, PC301HT-4W)-5M
L 0
Cable Length
(blank)  Standard 1 metre cable length
nM Extended cable, length n metres (30 m max)
User may extend cable further Laser sighting tool LSTS Dual laser sighting
) bracket, adjustable
Cooling DLSBAS or fixed DLSBFS
(blank)  Sensor without cooling
w Alrfwater cooled jacket with air purge collar
Output option
0 2wre  420mA
A 4wire  0-50mV (target temperature)

21

L— Series

PC PyroCouple

4-20mA (sensor temperature)

-3 4wire | Thermocouple (target temperature)
4-20mA (sensor temperature)
-4 4wire  KThermocouple (target temperature)

4-20mA (sensor temperature)
. Model PC151HT-4 has a type K thermocouple output
representing target temperatures of 0°C to S00°C plus a 4-20
mA output proportional to internal sensor temperature. For
simplicity, the sensor temperature range is always set the
same as the target temperature range

Temperature range
LT -20°Ct0+100°C
MT  0°C10250°C
HT  0°Ct0500°C

L Field of view

2:1 divergent optics

151 15:1 divergent optics
301 301 divergent optics
CF Close-focus optics

(focal spot size 5 mm at 100 mm distance)

Simple infrared temperature sensor for general purpose
applications. Fixed emissivity 0.95, choice of analogue outputs

Fixed mounting bracket
FBS

Adjustable mounting
bracket ABS

ke

Air or water cooled jacket
with air purge collar W)
(factory-fitted - see Model
Numbers)

Air purge collar for 2:1
optics APSW

or for all other optics
(shown above) APSN

Calex Electronics Limited
PO Box 2, Leighton Buzzard, Bedfordshire, England LU7 4AZ

Tel: +44(0) 1525373178 |

mail@calex.couk | www.calexco.uk

Issue F - Mar 2020

Specifications subject to change without notice
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