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Introduction
Vehicle Acquisition Systems play a very important role in the safety of vehicle driving and the comfort of passengers, especially the perception of engine speed and engine temperature. The primary requirement of this measurement system is stability, accuracy and speed, which requires high-performance sensors and good system design to achieve.
In this report, I showed the Vehicle Acquisition Systems I designed. The entire system uses a 12V rechargeable lithium battery for power supply. It uses a PIC16F1459 microcontroller as a control chip, which can control the speed of the car engine, the temperature of the transmitter, the speed of the engine and the pitch angle. Measure the roll angle, etc., and transmit the information to the customer via USB.

































1.Sensor Selection
1.1. RPM 
Generally, engine speed is determined by measuring the speed of the crankshaft, which is usually measured by a signal disk mounted on the crankshaft. The following picture shows the signal plate and speed sensor installed on the crankshaft of Nissan HR16 engine:
[image: ]
Figure 1 The crankshaft of Nissan HR16 engine
[image: ]

Figure 2 Signal disk in engine
[image: ]
Figure 3 Crankshaft position sensor
Measurement methods are generally divided into three kinds:
1. Electromagnetic pulse type; 
2. Hall effect; 
3. Photoelectric type; 
The principle of measuring speed of electromagnetic pulse sensor is: when the signal disk rotates, the disk tooth cuts the magnetic field formed by the magnetic core of the sensor, producing magnetic sensation phenomenon, causing the coil of the sensor to produce alternating voltage and output pulse signal. The frequency of the pulse signal is proportional to the speed of the signal disk, and the engine speed can be obtained by calculating the frequency of the pulse signal and the number of teeth of the signal disk.
The principle of hall type sensor measuring speed is: when the Hall element is placed in the magnetic field, the current perpendicular to the magnetic field is passed into the two sides of the Hall element (such as the upper and lower sides), and a Hall voltage will be generated on the other side (left and right sides). When the signal rotates, the impeller of the signal disk will cut off the magnetic field, hall voltage will disappear, and the sensor will output rectangular pulse signals. Each turn of the signal disk, the number of sensor output signal is equal to the number of notch (or blade) on the signal disk.
The principle of photoelectric sensors is that when the photosensitive components are exposed to light, the working characteristics will change. A light transmitting hole is processed on the signal disk, and a light-emitting diode and a photosensitive component are installed before and after the signal disk. With the rotation of the signal disk, when the light emitted by the light-emitting diode is blocked by the signal disk, the photosensitive component output low voltage; When the light from the LIGHT-emitting diode shines through the light transmitting hole to the photosensitive element, the photosensitive element outputs high voltage. Through this change, the sensor can output rectangular wave, rotating speed can be measured by the frequency of the square wave to. From this change, the sensor can output the rectangular wave, the speed can be measured by measuring the frequency of the square wave.
	Here we choose hall sensor to detect engine crankshaft speed, mainly for the following reasons: 
1. Compared with electromagnetic sensor, Hall sensor outputs square wave signal, which is convenient for CPU processing. There is no need to deal with sinusoidal wave on the circuit board. 
2. The photoelectric sensor in the engine may be affected by the oil.
  Here we choose Bosch 0261210165 crankshaft position sensor to detect engine speed. The sensor has three wires connected to the external circuit, namely ground, 5V and signal. The power line provides the sensor with 5V DC voltage, and the signal line outputs the square wave with a duty cycle of 50%. The connection diagram is as follows:
[image: ] [image: ]
Bosch 0261210165                             connection diagram























1.2. Engine Temperature
Engine temperature generally refers to the temperature of the engine coolant. The normal temperature range is 80-105 degrees Celsius. NTC temperature sensors are designed to convert temperature into a voltage output using a simple 3-wire, low current operating circuit. 2D company's SA-NTCXYY_5V-000 NTC temperature sensor can meet our needs, its temperature measurement range is 0-150 degrees Celsius, other specific details can be found in the data sheet.
[image: ]
The relationship between the output voltage and temperature of the sensor is shown as follows. In order to accurately measure the temperature, we need to use the table file provided by 2D, and in order to correct the nonlinearity, we need to use the correction formula for correction.
[image: ]
[image: ]
This sensor is very suitable for our design, because it only uses three pins, only one wire is responsible for signal output, that is to say, it will only occupy one AD sampling pin of our MCU. Since its output voltage range is between 1 and 5 volts, we don't even need to amplify the signal.
1.3. Front and rear suspension travel
Suspension system refers to the general term for all the parts connecting the wheel and the car, usually including shock absorbers, spring parts, and various connecting rods. To detect the travel of the suspension system, a displacement sensor is needed. Since the travel of the front and rear suspension systems needs to be detected at the same time, two displacement sensors are needed. These two sensors are installed on the chassis of the car and continuously measure the distance between the chassis and the front and rear wheel axles. We can take the reading when the vehicle is stationary on flat ground as the zero point. When driving, we can subtract the zero point (offset) from the distance data read to get the travel of the front and rear suspension at this time. On the 2D website, we can find the SA-Dist05b-000 displacement sensor, which uses the principle of laser distance measurement, with a measurement range of 50-500mm, which can meet the suspension travel range of most cars.
[image: ]
SA-Dist05b-000 displacement sensor
The sensor is connected to the external circuit through four wires: power line (12-28v), ground wire, analog signal output line (0.5-5.5v) and teaching input line (usually not connected). The sensor also outputs analog signal, and the output voltage amplitude has a linear relationship with the distance in a certain range.
[image: ]
In order to obtain more accurate distance information, the data needs to be calibrated. The following table shows how to calibrate this series of sensors. The last column of the table is the sensor we selected.
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1.4. Pitch, roll and yaw: MPU6050
The MPU-60X0 is the world’s first integrated 6-axis MotionTracking device that combines a 3-axis gyroscope, 3-axis accelerometer, and a Digital Motion Processor™ (DMP) all in a small 4x4x0.9mm package. With its dedicated I2C sensor bus, it directly accepts inputs from an external 3-axis compass to provide a complete 9-axis MotionFusion™ output. The MPU-60X0 MotionTracking device, with its 6-axis integration, on-board MotionFusion™, and run-time calibration firmware, enables manufacturers to eliminate the costly and complex selection, qualification, and system level integration of discrete devices, guaranteeing optimal motion performance for consumers. The MPU-60X0 is also designed to interface with multiple noninertial digital sensors, such as pressure sensors, on its auxiliary I 2C port. The MPU-60X0 is footprint compatible with the MPU-30X0 family. The MPU-60X0 features three 16-bit analog-to-digital converters (ADCs) for digitizing the gyroscope outputs and three 16-bit ADCs for digitizing the accelerometer outputs. For precision tracking of both fast and slow motions, the parts feature a user-programmable gyroscope full-scale range of ±250, ±500, ±1000, and ±2000°/sec (dps) and a user-programmable accelerometer full-scale range of ±2g, ±4g, ±8g, and ±16g.
[image: ] 
QFN Package

[image: ]
Typical Operating Circuit
The sensor communicates via a I 2C bus. I 2C is a two-wire interface comprised of the signals serial data (SDA) and serial clock (SCL). In general, the lines are open-drain and bi-directional. In a generalized I2C interface implementation, attached devices can be a master or a slave. The master device puts the slave address on the bus, and the slave device with the matching address acknowledges the master. The MPU-60X0 always operates as a slave device when communicating to the system processor, which thus acts as the master. SDA and SCL lines typically need pull-up resistors to VDD. The maximum bus speed is 400 kHz.














1.5. Vehicle speed (MPH): SD-VOP02-000,2D
Although we have been able to obtain the speed of the crankshaft of the car engine, because of the gearbox, the same engine speed will correspond to different vehicle speeds. In order to obtain accurate vehicle speed information, we also need to install vehicle speed sensors on the wheels. The following figure is the installation diagram of the wheel speed sensor.
[image: ]
In this design, I choose the photoelectric speed sensor of 2D company to detect the wheel speed. Because the tire size of the vehicle is known, the driving speed of the vehicle can be calculated.
[image: ]
If an object is placed within the working range of the sensor, the evaluation electronic switches the output. The sensor detects objects with a minimal size of 4 mm within a range of 30-120 mm. The sensor is equipped with an LED to indicate the switching signal respective the status of the contamination warning. The sensing range is almost entirely independent of the shape and the color of the object which is detected, because the background suppression can be electronically adjusted.
 The sensor has four pins, of which only three are used, two are power pins and one is signal output pin. This sensor also outputs a square wave signal. What we have to do is to detect the frequency of the square wave.







































2.Microcontroller selection
2.1Memory sizing
Before choosing the model of single chip microcomputer, we need to calculate all the peripheral functions and memory space we need. In the non-volatile data storage memory, our program and global variables are mainly stored. Considering that the data collected by the sensor needs to be read out by the user through the USB interface, all sensor data are saved as global variables.
	Item/unit
	Data type
	Size

	Speed/RPM
	Unsigned char
	1 byte

	Speed/MPH
	Unsigned char
	1 byte

	Temperature/℃
	Float 
	4 bytes

	Pitch/°
	Float
	4 bytes

	Roll/°
	Float
	4 bytes

	Yaw/°
	Float
	4 bytes

	Program Space
	
	2K bytes reserve


Total program flash memory ≈ 2KB
2.2 Pin count 
	ITEM
	
	Pin count needed

	Temperature sensor
	
	1

	RPM sensor
	
	1

	MPH sensor
	
	1

	MPU6050
	
	4

	USB
	
	2

	Power and download pins
	
	10


Therefore, we must use at least 20 pin MCU.
2.3 Peipherals and communication interface
Our system requires some basic peripheral functions such as serial communication and timers. The following table summarizes the peripherals and communication interfaces required for this project.
	Peripherals
	Communication interface

	TIMER
	I2

	ADC
	USB

	
	USART


Through the PIC 8-bit microcontroller family map, we can find the microcontroller model that meets our needs: PIC16(L)F1459
[image: ]

[image: ]

This is a 8-Bit Flash USB Microcontroller with XLP Technology. It has 8192 bytes of flash program storage space, 1024 bytes of ram, 17 available I/O pins, 9 10-bit ADCs and a USB communication interface.







3.Connector selection
Because this system is to be applied to the car, it is necessary to choose professional car connectors as far as possible to ensure the reliability and sealing of the connection when the car is running.
1.Connector for RPM sensor: FEP1J0 973 723G(wire to wire)
 [image: ] [image: ]
2. Engine temperature sensor:2D Standard Connector
3. Front and rear suspension travel sensor：Mirco-one wire to board header，Molex.
For the front and rear suspension travel sensors we selected, the merchant does not provide special connectors. Here, we choose the mirco one wire to board header of Molex company. This company has a long standing reputation in the production of connectors.
[image: ]
4. speed sensor connector: Binder 719 4PM
[image: ]









4.Enclosure design (casing selection)
For the sake of vehicle reliability, the case must be strong enough to withstand vibration while the car is in motion. At the same time, the case should not be too heavy for portability. Engineering plastics are more suitable materials because they are strong, light and cheap. The interface of each sensor, power interface, and fixed structure must be left on the case. When designing the case, we must consider the sealability, because the car sometimes wades through the water, and it will be very bad if the water enters at this time. The case I designed is as follows:
[image: ]

After the above design, the system has been able to basically complete the required tasks, but there is still room for improvement in this system.
1. The energy of the current system is powered by a 12V lithium battery, and the battery needs to be replaced regularly. In order to work for a longer time, I think the car battery can be used to power the system. This requires the addition of a power conversion part to the original design.
2.The system's sensors and the main control board are connected by cables, which increase a certain weight and increase the difficulty of wiring. If the main control board is placed near the middle of the car chassis, it will take a long time. Wires can be used to connect the sensors on the engine. If wireless communication is used, this problem can be solved, but at the same time it will also bring new problems. The wireless connection method is often not as reliable as the wire connection method, and it is not important once. For sensors, you can use this method.

5. Circuit schematic diagram
[image: ]
[image: ]


6.Software structure
For the software system, the main task is to continuously read the sensor information, perform simple filtering or other processing, and then store it in global variables, wait for the USB to send a communication request, and then send the data out, so only an unlimited number is needed. The cycle can be completed, and the USB insertion uses interrupt detection, so the entire system structure is a front and back structure.
[image: ]
For the software system, the main task is to continuously read the sensor information, perform simple filtering or other processing, and then store it in global variables, wait for the USB to send a communication request, and the






7.Cost
	Items
	cost

	RPM sensor
	10￡

	Temperature sensor
	3.66￡

	MPH sensor 
	5￡

	PIC16F459
	3￡

	Passive component
	10￡

	Connector
	8￡

	PCB （2 layers）
	10￡

	Casing
	5￡


The cost price of the entire system is 54.66￡（hardware only）.



After the above design, the system has been able to basically complete the required tasks, but there is still room for improvement in this system.
1. The energy of the current system is powered by a 12V lithium battery, and the battery needs to be replaced regularly. In order to work for a longer time, I think the car battery can be used to power the system. This requires the addition of a power conversion part to the original design.





8.Suggest Improvements
After the above design, the system has been able to basically complete the required tasks, but there is still room for improvement in this system.
1. The energy of the current system is powered by a 12V lithium battery, and the battery needs to be replaced regularly. In order to work for a longer time, I think the car battery can be used to power the system. This requires the addition of a power conversion part to the original design.
2.The system's sensors and the main control board are connected by cables, which increase a certain weight and increase the difficulty of wiring. If the main control board is placed near the middle of the car chassis, it will take a long time. Wires can be used to connect the sensors on the engine. If wireless communication is used, this problem can be solved, but at the same time it will also bring new problems. The wireless connection method is often not as reliable as the wire connection method, and it is not important once. For sensors, you can use this method.
3. At present, the main thing this system can do is to send the data to the user via USB after the data is collected. Except for some simple filtering and judgment, the MCU itself does not perform more processing on the signal. If you add a wireless communication module, you can do more interesting things, for example: cooperate with the mobile phone app, after sending the data to the mobile phone, the app further processes it and displays it to the user graphically, so that the user can always understand Measure driving conditions.
  4. The cost of the current system is still relatively high, and the volume is relatively large, by optimizing the design, the volume and weight of the system can be further reduced.



3. At present, the main thing this system can do is to send the data to the user via USB after the data is collected. Except for some simple filtering and judgment, the MCU itself does not perform more processing on the signal. If you add a wireless communication module, you can do more interesting things, for example: cooperate with the mobile phone app, after sending the data to the mobile phone, the app further processes it and displays it to the user graphically, so that the user can always understand Measure driving conditions.
  4. The cost of the current system is still relatively high, and the volume is relatively large, by optimizing the design, the volume and weight of the system can be further reduced.
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FIGURE 3: 20-PIN PDIP, SOIC, SSOP DIAGRAM FOR PIC16(L)F1459

PDIP, SOIC, SSOP

voo 1\ 201 vss

RAS 2 19[] RAO/D+/ICSPDAT(
RA4[]3 18[] RA1/D-/ICSPCLK(™

MCLR/VPPIRA3[[4 @ 17[1VusBava

RC5[]5 & 16[]RCOICSPDAT
RCaj6 15[ RC1/ICSPCLK
RC3[7 & 14[1RC2

RC6[]8 & 13[]RBA

RC7[9 121 RBS5

RB7[10  11[]RB6

Note 1: LVP support for PIC18(L)F1XK50 legacy designs.
2: See Table 3 for location of all peripheral functions.
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Connector layout
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