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            Abstract
          
        

        
          Wearable devices come in a variety of shapes and sizes in numerous fields in numerous fields and are available in various forms. They can be integrated into clothing, gloves, hats, glasses, and bags and used in healthcare, the medical field, and machine interfaces. These devices keep track individuals’ biological and behavioral data to help with health communication and are often used for injury prevention. Those with hearing loss or impaired vision find it more difficult to recognize an approaching person or object; these sensing devices are particularly useful for such individuals, as they assist them with injury prevention by alerting them to the presence of people or objects in their immediate vicinity. Despite these obvious preventive benefits to developing Internet of Things based devices for the disabled, the development of these devices has been sluggish thus far. In particular, when compared with people without disabilities, people with hearing impairment have a much higher probability of averting danger when they are able to notice it in advance. However, research and development remain severely underfunded. In this study, we incorporated a wearable detection system, which uses an infrared proximity sensor, into a backpack. This system helps its users recognize when someone is approaching from behind through visual and tactile notification, even if they have difficulty hearing or seeing the objects in their surroundings. Furthermore, this backpack could help prevent accidents for all users, particularly those with visual or hearing impairments.
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      1. Introduction
      Wearable devices find applications in diverse fields and are available in various forms like clothing, gloves, hats, glasses, and bags. They are used in health care applications, medical purposes, and also as safety and protection (Awolusi et al., 2018; Cho et al., 2008; Haghi et al., 2017; Lee & Lee, 2020). They allow the monitoring of individual biological and behavioral data for health communication (Song et al., 2020). Various sensors are often used to detect environmental conditions, which include temperature, sound, light, and surrounding objects, and to prevent physical injuries in day-to-day life (Sim et al., 2019; Sohn et al., 2017). Park et al. (2019) introduced a vehicle indoor environment detection system with a camera and a passive infrared (PIR) sensor to prevent accidents in school vehicles for children (Park et al., 2019). Ko (2017) introduced a smart safety hat with sound and light sensors for elderly pedestrians.

      Research has also been conducted to perform tasks such as real-time translation and alert management, based on wearable technology for people with hearing difficulties (Alkhalifa & Al-Razgan, 2018). This technology is not commercially available yet, and it may not be widely affordable. Furthermore, wearable terminal devices that can detect surrounding sounds in real time and convert them into visual and tactile data have been developed. Such devices are aimed at informing deaf people of the type and direction of sounds to help them cope with potentially dangerous situations (Jeon et al., 2019; Park et al., 2006). However, a sound detection system could not be sufficient to cope with all the risky scenarios that one may have to face. For instance, people with hearing loss have greater difficulty recognizing someone approaching and can feel vulnerable in crowded areas. Moreover, an inconsistent approach can cause dangerous incidents, such as bumping into someone. Additionally, they are a high-risk group for accidents on the street because of their slow risk recognition and reaction. It is thus crucial to detect approaching objects and alarm the users in advance. Developing devices that function with alarm systems, such as assistive devices, is therefore required. Various types of sensing technologies to prevent injuries to physically weak people while functioning as alarm systems to protect people with physical, visual, or hearing impairments need to be developed.

      In this study, we developed backpack-based wearable detection system based on an infrared (IR) proximity sensor. A vibration motor alerts users when the proximity sensor detects an approaching person or an object within a certain distance range. In addition, the system provides a warning message to the approaching person via LED lights and warns them to be aware of their proximity to the user. This backpack system helps users recognize people or objects approaching from behind through visual and tactile notifications, even if the user has difficulty in hearing or seeing the surrounding objects. Furthermore, this device can play an important role in preventing accidents among general users and people with impairments.

    

    

  
    
      2. Proximity Sensor
      Proximity sensors can detect objects or people without physical contact and are widely utilized in industrial applications and consumer devices for object detection, positioning, and security. Numerous proximity sensors, such as ultrasonic, infrared, and capacitive, are commercially available and designed for specific applications and conditions. Ultrasonic sensors emit a 40 kHz of sonic wave and determine the distance by measuring the signal return time after being reflected from an object. They are not affected by the object color, transparency, and external environmental conditions (Taghipour, 2017). Several studies have been conducted on the use of ultrasonic sensors as detection systems for visual- and hearing-impaired individuals (Choi et al., 2016; Ko & Kim, 2020). Similar to ultrasonic sensors, IR sensors detect the distance of an object by measuring the angle of the returning beam of infrared light after the object reflects it. Unlike ultrasound proximity sensors, IR sensors can measure the distance to soft objects. Nevertheless, the measurement accuracy remains low under certain conditions, for example, poor lighting or the presence of transparent obstacles such as windows (Ercan & Mohammed, 2020). In the case of PIR sensors, they can detect moving objects by constantly capturing IR rays, their detection range is larger than that of IR sensors. Despite the limitation in detecting angles, they have been used in diverse wearable sensing devices owing to their substantially low cost and small size (Kratz & Rohs, 2009; McIntosh et al., 2017). There are various types of IR proximity sensors with detectable distance ranges. In this study, a sharp IR sensor (GP2Y0A02YK0F) was used as the proximity sensor, and we evaluated the changes in the electrical signal at different distances. The usable range of the sensor is 20−150 cm, and when the object is within 45 cm, an array of LEDs and two vibration motors are activated in the alarm system. We have chosen 45 cm as the proximal distance, because, at this distance, people tend to feel that the person or object is in close proximity.

    

    

  
    
      3. Experimental section
      Table 1 lists the specifications of the electric components used to develop the smart backpack detection system. We mounted each device on the backpack. The IR proximity sensor is the input interface and light-emitting diodes (LEDs) and vibration motors are the output interfaces. The Lilypad Arduino controller is advantageous to use in e-textiles and wearable projects, as it can be sewn to fabric and connected with sensors, actuators, and power sources with a conductive thread. To program the Lilypad Arduino mainboard in our system, we used Arduino IDE(Integrated Development Environment) Software and connected LEDs and vibration motors for e-textile electronics on the backpack.

      
        Table 1. 
				
        

        
          Material specifications
        
        

      

      
        
          
            	No
            	Components
            	Specifications
          

        
        
          	(1)
          	Vibration motor
          	Lilypad Vibe Board DEV-11008, diameter: 20 mm, 75 mA
        

        
          	(2)
          	IR Proximity Sensor
          	Sharp - GP2Y0A02YK0F, Usable range: 20−150 cm, 4.5–5.5 V, 30 mA
        

        
          	(3)
          	LED
          	Lilypad LED DEV-10044, dimension: 5 mm × 11 mm
        

        
          	(4)
          	Controller
          	Lilypad Arduino 328 Mainboard, 3.3 V
        

        
          	(5)
          	Boost Module
          	Lilypad LiPower Boost Module, 5 V
        

        
          	(6)
          	Power
          	AAA Battery 1.5 V
        

        
          	(7)
          	Conductive yarn
          	Stainless steel, diameter: 0.12 mm, 27 Ω/m
        

        
          	(8)
          	Backpack
          	JANSPORT Half Print Bag
        

      

      

      Fig. 1 illustrates the operating procedure of the smart backpack detection system. When the proximity sensor detects people within 45 cm, the output devices of the vibration motors and an array of LEDs are activated. This detection system alerts the wearer through vibration motors attached to the bag strap. Simultaneously, the system provides a warning message for approaching people to be aware of their proximity to the wearer via the LEDs. The battery capacity of three batteries connected in series is 1,200 mA at 4.5 V, and the total current consumption of the LEDs and motors is 0.543 A. The operating time of the system would be 2.2 h when all the devices of the LED and vibration motor are on continuously. The actual running time would be longer as the LEDs and vibration motors are on intermittently while detecting an obstacle.

      
        
        

        Fig. 1. 
				
        

        
          Operating procedure of the smart backpack detection system.
        
        

        

      

      
        
        

        Fig. 2. 
				
        

        
          Flowchart for the signal processing.
        
        

        

      

    

    

  
    
      4. Results and Discussion
      
        4.1. IR Proximity Sensors
        We investigated two types of IR proximity sensors, sensor A (GP2Y0A21YK0F, SHARP) and sensor B (GP2Y0A02YK0F, SHARP), which have different usable ranges. Figure 3(a) shows the detection range measurement setup for evaluating the sensor. The black lines in Fig. 3(b) and (c) are the raw signals of each sensor A and B containing noise, which could be coming from the power supply, control circuits, or cables. To remove unwanted noise, we applied two filter functions in the Arduino IDE software's source code. The filter functions of an exponential smoothing filter (Oppenheim & Schafer, 1975; Martinsen, 2017) and a moving average filter (Smith, 1997) are shown in Equations (1) and (2), respectively.
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          Fig. 3. 
				
          

          
            (a) Schematic diagram of a process of IR sensor experiment, (b) electrical signal with the sensor A (GP2Y0A21YK0F), and (c) electrical signal with the sensor B (GP2Y0A02YK0F).
          
          

          

        

        where yn is the output response of the filter at time n. xn is the new input value at time n. yn-1 is the previous output value of the filter. ω is a smoothing factor in the range (0,1). The smoothing level depends on the smoothing factor ω. When the factor was high at 0.9, the level of smoothing was low, and vice versa.
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        where x[ ] is the input data, y[ ] is the output data, and M is the number of points used in the moving average (Smith, 1997).

        In Fig. 3(b), the continuous sharp noise in the signal response of sensor A was reduced using an exponential smoothing filter and further improved with a combination of the two filters— exponential smoothing filter and moving average filter. For sensor B (Fig. 3(c)), there was sharp periodical noise in the response, and the combination of the same two filters removed all noise. To achieve a highly smooth signal, the weighting factor applied to the exponential smoothing filter was 0.1.

        Fig. 4 shows the change in electric signal with the increase in the distance for sensors A and B. As shown in Fig. 4(a), the usable range of sensor A was approximately measured from 10 to 30 cm, with high sensitivity at close range, but low sensitivity at far range. On the other hand, the usable range of sensor B was wider than that of sensor A, from 15 to 60 (Fig. 4(b)). To obtain the detection distance in centimeters experimentally, we extracted the useable range data and plotted the detection range versus the reciprocal output voltage. Then, we can fit the first-order fitting line of the blue line shown in Fig. 4(c) and (d) for the calculation of the target distance. In our development of the wearable detection system, sensor B is more applicable due to its wide detection range.

        
          
          

          Fig. 4. 
				
          

          
            Change of output voltage in accordance with the range for (a) sensor A and (b) sensor B, and distance calculated according to the output voltage for (c) sensor A and (d) sensor B.
          
          

          

        

      

      
        4.2. Electronic circuit design and coding
        Fig. 5(a) shows the circuit diagram with the input and output devices and power source. Fig. 5(b) indicates the circuit schematics design. we connected the proximity sensor to an analog input pin, A2, and two vibration motors to an output pin 7, and the array of 18 LEDs to an output pin 2. Furthermore, we used a boost module for compatibility between the main board and the 6 V batteries. Through the proximity sensor, the distance data was taken as an analog value and transmitted to the Arduino board, and an array of LEDs and two vibration motors were switched on when someone approached the user carrying the smart backpack within 45 cm range.

        
          
          

          Fig. 5. 
				
          

          
            The smart backpack system: (a) circuit diagram, (b) schematic design.
          
          

          

        

        Fig. 6 illustrates the Arduino IDE (Integrated Development Environment) software's source code for the programming system. In part (1), we set the variables 'sensorValue' and 'filteredValue' for the calculation; we set the initial value for the filter weight and assigned the in-out and output device pin numbers to the variables. Part (2) notifies the beginning of serial communication and then assigns each pin number to the output or input. In part (3), we applied two filter functions to the initial output data to remove the noise. Part (4) is the trendline equation for converting an output voltage into a detection range. The converted range (cm) was assigned to be stored in the ‘distance’ variable. Part (5) is a conditional statement of the detection range. The system was designed so that if the distance of the approaching people was within 45 cm, then an array of LEDs and vibration motors would be turned on else, they will remain turned off.

        
          
          

          Fig. 6. 
				
          

          
            System programming.
          
          

          

        

      

      
        4.3. Smart Backpack System Design
        Fig. 7 shows a schematic of the smart backpack detection system. The proximity sensor (GP2Y0A02YK0F) (2) was placed in the pocket of the backpack (8), as shown in Fig. 7(a). We attached a digitally printed warning message (3) to the upper part of the backpack as an additional outer layer. On the inner layer, the array of LEDs (7) was stitched with conductive yarn and aligned with the holes on the warning sign on the outer layer, as shown in Fig. 7(b). The main circuit system, which includes the microcontroller board (4), boost module (5), and batteries (6), was placed inside the backpack. The connecting wire and the circuit system are secured in the fabric tape and covering. The two vibration motors were attached to the inner part of the right backpack strap for close contact with the wearer (Fig. 7(c)). Figure 7(d) shows the prototype of the smart backpack system, which integrates the input and output devices with the circuit.

        
          
          

          Fig. 7. 
				
          

          
            Schematic illustrations: (a) front view, (b) inner parts, (c) vibration motors, and (d) prototype of the smart backpack system.
          
          

          

        

        Fig. 8(a) shows the warning message design used for the system. We digitally printed (GTX-422, Brother, Nagoya, Japan) the message on the canvas fabric. It has 18 holes on a red circle of 1 mm in diameter at 1 cm intervals for the LEDs’ array, which was made using a laser cutter (STORM 6040, Bugwang GTC, Korea) (Fig. 8(b)). The fabric with the printed warning message was used as the outer layer of the backpack. Figure 8(c) shows the warning sign of the assembly with outer and inner layers when switched on. The advantages of printing on fabric are washability, durability, and interconnectivity with fabric-based products. In addition, it could contribute to providing a customized design.

        
          
          

          Fig. 8. 
				
          

          
            Illustration for the alarm system: (a) illustration for alarm, (b) after laser cutting, (c) when LEDs are operational.
          
          

          

        

        We demonstrated a smart backpack system, as shown in Fig. 9. When someone approaches the wearer within 45 cm range, two vibration motors and an array of LEDs are turned on to warn both the user and approaching people.

        
          
          

          Fig. 9. 
				
          

          
            Photograph of operated smart backpack system with a person within 45 cm range.
          
          

          

        

      

    

    

  
    
      5. Conclusion
      This study discusses the development of a backpack-based wearable detection system that can provide a warning using vibration motors and LEDs. To improve the detection accuracy, we applied a combination of the two filters— the exponential smoothing filter and the moving average filter. Experimentally, we obtained the calculation formula of the detection distance. This detection system would help the wearer recognize people or objects approaching from behind through visual and tactile notifications. In future work, we would evaluate the preferences, experiences, and expectations of users with disabilities to improve the user requirements of accessibility and usability of the system. Moreover, the electronics, including the main board and LEDs, are integrated into the inner layer of the backpack. Therefore, technically, the current design is impossible to wash. Therefore, we must consider a detachable modular design for electronics for easy maintenance. If this backpack is commercialized, we expect that it could contribute to the safety of general users and those with hearing loss and/or visual impairments. This could also help prevent pedestrian accidents. Therefore, it is worth proceeding with additional studies to develop a more effective detection system for the future.
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