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Abstract: The rear-end collision of trains is a disaster for people, and the solutions for avoiding this rear-end collision are important and need improvement in intelligence and security. In this paper, an intelligent system for avoiding the rear-end collision was designed with the Laser-based distance measure, the ARM9 chip and the immune computation. The laser-based distance measure provided accurate data, and the ARM9 chip processed the data quickly to make an alert when the distance between the current train and the front train was smaller than the threshold. Besides, the immune computation of this system provided the security functions such as the self backup, the software fault detection and the software system repairing. So this system can guide the divers to keep the safe distance and automatically start the braking device in an emergency to avoid the rear-end collision.
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1. Introduction
Rear-end accidents are of a large proportion in all the traffic accidents, and these accidences become a big safety problem. For example, the sum of the rear-end accidents on the highway is about 33.4% of all the accidents in China [1], while that proportion is 22.4% in USA. On July 23rd 2011, the train D301 and the train D3115 made a rear-end accident, in which 39 persons died and 192 persons were hurt. This rear-end accident of high-speed trains sounded the alarm to people, so it is very necessary and important to investigate a real-time reliable adaptive secure system for avoiding the rear-end collision of trains. This system against the rear-end collision can make an alarm to help the driver to control the train in the normal state when the train is in the danger of possible rear-end collision with other train. If it is necessary, the automatic braking device is started to avoid this rear-end collision.
2. Structure of ARM9-based intelligent immune system for avoiding rear-end collision
This ARM9-based intelligent immune system is comprised of four modules, as shown in Fig. 1.
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Fig. 1 Structure of ARM9-based intelligent immune system for avoiding rear-end collision
(1) Laser-based distance measuring module
The laser-based distance measuring module is built on the laser radar, which is a radar system with high accuracy, large range and short reaction time [2]. At present, this laser radar has two categories, i.e. non-imaging laser radar and imaging laser radar. This non-imaging laser radar is based on the propagation time of the laser beam to determine the distance, as similar as the electromagnetic radar. That imaging laser radar is based the three-dimensional information of the target in the field of view, and this information can be fetched through the laser beam to scan the entire field of view and recognize the risk of the rear-end collision.
(2) ARM9 core
The ARM9 processor is a 32-bit RISC chip, which has high performance and low power consumption. This ARM9-based system utilized arithmetic logic and shifting process unit in one data processing instruction. This system can optimize the program cycle processing according to the automatic increasing/decreasing. The IP core of ARM technology was used in some wireless devices with Bluetooth technology, digital audio players, digital boxes and mass storage devices (such as miniature flash memory card and readable/writable CD-ROM).
This intelligent immune system utilized the laser radar and the ARM9 chip to avoid the rear-end collision of trains. First, the laser radar was used to detect the distance between the current train and the moving target. Then the real-time distance data were acquired from the laser radar and processed to make an alarm at the early time before the rear-end collision.
(3) Immune computation module
The immune computation module built a backup system of this intelligent immune system for avoiding the rear-end collision, and the immune algorithms were used to detect the software faults in this system. If this system is damaged due to the software faults, the immune computation module can repair the damaged components of this system.
(4) Signal generator

The signal generator was installed at both the front and the back of the preceding train, and this module sent the basic information (such as speed, acceleration and so on) of the current train.
(5) Signal receiver

The signal receiver was installed at both the front and the back of the preceding train, and this module received the signals from the other train. Then the signal receiver transmitted these signals to the ARM9 core to calculate the distance according to the safety threshold.

(6) LED/LCD module
The 32 -bit microprocessor ARM9 was used to display the real-time distance between the current train and the neighboring train on the LCD. The LED module and LCD module were utilized to alarm the driver about the dangerous state of the train.

3. Safety distance model of train for avoiding rear-end collision
Based on the speeds of the two trains, in order to avoid the rear-end collision accident of the two trains, the detected distance (
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) between the two train must be greater than the minimum safe distance (
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) [3]. 
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 is used to represent the distance between the two trains that move in the same direction on the same track. The minimum safe distance (
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) is an appropriate distance to ensure the largest railway capacity and no rear-end accident.
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Here, 
[image: image8.wmf]S

 is the actual distance between the two trains, 
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 is the safe distance of the current train to the neighboring train, 
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 is the speed of the current train, 
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 is the speed of the neighboring train, 
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 is the coordination time of the brake system, 
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 is the reaction time threshold of the driver to avoid the rear-end collision with the neighboring train, 
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 is the deceleration rate of the current train, 
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 is the deceleration rate of the neighboring train.
When the neighboring train is static (
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), the safe distance between the current train and the stationary train should be:
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Here, 
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 is the safe distance between the current train and the stationary train, 
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 is the reaction time threshold of the driver to avoid the rear-end collision with the other train.
Based on the above information, the ARM9 processor can calculate 
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, this processor will determine potentially hazardous situation and issue a warning to the driver. If the situation is urgent, the processor will automatically reduce the throttle opening and automatically shift down or start the braking system. In addition, the system had to resist against some disturbances due to the high frequency, so the low-pass filter was used to remove the high-frequency parts against the disturbances in the system.
4. Example and results
At both the head and rear of the train, the signal generating device and the signal receiving device were installed. The distance data was measured by the laser radar directly [4-6] and used by the ARM9 core in the calculation of the model. Based on the received signals and the distance data, the ARM9 core can calculate the theoretical safe distance between the two trains, and get a state result comparing with the actual distance. If the state is in danger, the alarm lamp flashes, with the real-time distance information shown on the LED. If the actual distance is greater than the safe distance, the green signal light is on, with the speed of the neighboring train displaying on the LED, in order to help the driver to keep a safe speed. Otherwise, the red signal light is on, the alarm ring to alert the driver to deal with this abnormal state. If the situation is urgent, the automatic braking system will stop the train automatically to avoid the accident. The calculation example has the following results, shown in Table 1.
Table 1 Calculation example and results of the system avoiding the rear-end collision
Td=1.5s, Tf1=1s, Tf2=0.5

	V1(m/s)
	V2(m/s)
	a1(m/s2)
	a2(m/s2)
	S(s)
	Sm/Ss(s)
	Action

	25
	25
	5.8
	6
	50
	64
	Automatic braking

Red signal light is on

	25
	30
	5.8
	6
	50
	41
	Automatic braking

Red signal light is on

	25
	25
	5.8
	5.5
	50
	60
	Automatic braking

Red signal light is on

	28
	30
	5.8
	4
	50
	25
	Normal display
Green signal light is on

	20
	25
	5.8
	5
	50
	22
	Normal display
Green signal light is on

	28
	20
	5.8
	3
	50
	70
	Automatic downshift
Red signal light is on

	22
	25
	5.8
	4
	50
	18
	Normal display
Green signal light is on

	25
	22
	5.8
	3
	50
	36
	Normal display
Green signal light is on

	25
	0
	5.8
	0
	100
	103
	Automatic braking

Red signal light is on


From the above data, the braking acceleration of the vehicle is generally about 0.6G. In this case, the ARM9 core can finish the appropriate measures quickly and accurately, analyzing of the detected data. When the detected train is in a danger of rear-end collision, the current train should start the automatic braking system. With these examples, we can see that this system can make an accurate judgment of the current environment, take the appropriate measures timely and effectively, and do some helpful work for avoiding the rear-end collision accidents.
5. Conclusion
This system is a highly automated system, which can do some automatic real-time processing in a dynamic environment. It can quickly collect and monitor the basic data of the train, including the speed, distance to the other train and so on. After the data processing, judgment and identification of the ARM core, this system will determine the state of the train is safe, timely remind the driver to pay attention to the dynamic environment condition, and display some data and alarms. In this way, this system enables the driver to adjust the speed of the current train and its distance to the other train, keeping the trains always in a safe range.
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