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Abstract


In the past, polarizing filters were attached to cars’ halogen headlights to reduce glare for other vehicles. However, the filters absorbed a significant amount of light and made it difficult for drivers to see properly. Coupled with overheating issues and numerous technical and logistical limitations, polarized automotive lighting systems have not become widespread. In this research, we propose using a polarized LED lighting system to improve drivers’ visibility. Our results demonstrated an illuminance reduction of up to 97.5% when simultaneously using a polarized headlight filter and flip plate. Additionally, our system’s lower operating temperatures resulted in a lifespan increase of approximately 120 times compared to a conventional halogen lighting system.
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1. Introduction


One of the biggest problems that drivers face on the road is glare from other vehicles, which could temporarily blind and lead to dangerous accidents. According to Stanke et al. [1], most surveyed participants experienced traffic glare at least once a week or almost daily. Furthermore, 60% of respondents expressed the sources of the glare. Because of this dilemma, car manufacturers have come up with various solutions [2,3,4,5,6,7,8,9,10,11,12,13,14], including attaching polarizing filters to the headlight system, to reduce illuminance while maintaining adequate visibility. The use of polarized filters stems from the physics of how light interacts with polarized media; specifically, most of the approaching light will pass a filter if they are polarized in the same direction. In contrast, most of the incoming light will be blocked by a filter if their polarization angles are perpendicular [15]. In practice, when both vehicles are equipped with the same polarized system and travel in opposite directions, most of their emitted light will be blocked by each other due to the perpendicular polarization angles of one’s headlight and the other’s flip plate (attached to a regular sun blocker), therefore eliminating glare. Many companies have also utilized this special characteristic to make products such as polarized sunglasses and spectacles to eliminate sun glare [16,17,18].



In the past, some companies used polarized headlights to reduce glare for traffic vehicles, especially from 1968 to 1980 [19,20,21]. The earliest known discussion was in 1920 [16], which was followed by an implementation method by Edwin Land in 1938. Land’s method utilized a combination of polarized headlights and windscreen to reduce the glare from vehicles traveling in opposite directions [20,21,22]. This system has several benefits such as improved visibility and drivers’ safety margin [19,20,23]. However, later studies detected depolarization in laminated and toughened windscreens, two prevalent types of glass used in windshields, when using Land’s approach [24,25]. In most cases, the depolarization in the former is tolerable, with some exceptions for the latter. Additionally, it was determined that dust and grime buildup on windshields does not significantly affect the detection distance of incoming vehicles [20]. Nevertheless, additional studies on the impact of dust accumulation on both the windscreen and headlights are needed to ascertain the effectiveness of the polarized lighting system.



Recent approaches to reduce traffic lights’ glare have employed some novel approaches, such as using linearly polarized windshields in combination with Glan–Thompson prisms, half wave plates, on the headlights to reduce the light intensity from other vehicles by 50% while maintaining similar visibility [26]. Another method employs smart headlights to configure light distribution for optimal illumination with minimal glare [27]. However, we believe Land’s system can simply be improved with modern lighting and polarized film technology.



With advancements in lighting technology, today’s LEDs have a high luminescence efficiency (up to 150 lm/W) [28] and this will continue to increase in the future [29]. In this study, 25–30 W LEDs were used, but with the development of higher-efficiency diodes, the power required to attain the same efficiency will surely be reduced. Compared to halogen lamps with more than twice the power, LED lamps are much more energy efficient; therefore, the latter is expected to be more widespread in the future. In addition, LEDs have longer lifespans and almost similar light quality (color rendering index) compared to halogen lamps, customizable light colors, etc. [30]. Therefore, LED lights will likely become the standard lighting for cars in the future, such as the application of LEDs in street, office, and home lighting.



Currently, polarized film technology is highly developed, and films can be produced on a large scale and with good quality. However, the transmission coefficient (TC) limit is difficult to overcome. Optimal commercial films possess a TC of 0.45 compared to the ideal theoretical value of 0.50. Therefore, at least 55% of the incoming light energy is absorbed and converted into thermal energy, which makes applying polarized filters in halogen systems inefficient due to low transmittance-induced overheating.



Therefore, we propose using efficient LEDs in combination with Land’s method to achieve improved lighting and thermals. We determine that the use of LEDs results in better visibility in poor lighting conditions using the high-beam mode as well as an increased life span for the headlights. Additionally, a polarizing flip plate, attached to the sun blocker in a car, enhances versatility as the driver could deploy the plate to remove glare when required. Furthermore, this approach is more cost-effective since the windscreen is not polarized. The use of polarized headlight systems for all cars is widely accepted as a valid solution to mitigate nighttime traffic accidents due to its simplicity and effectiveness. There have even been proposals for polarized headlights to be incorporated nationwide in Sweden in 1970 due to their apparent benefits over conventional systems [17]. In this study, various experiments were conducted to ascertain the effectiveness of our system in glare mitigation and lifespan enhancements of the polarizing filters.




2. Experimental Methods


To accomplish the research objectives in this article, we constructed a system such that the headlights of each vehicle are attached with polarizing filters, with polarization angles at 45° relative to the horizontal. Furthermore, our test vehicle is equipped with a polarizing flip plate, attached to the sun blocker, with the same polarization angle as the headlight filters’. This study was carried out using the halogen headlights of a Toyota Corolla Altis car with a length of 83 mm and diameter of 12 mm. Additionally, it is rated at 12 V, 60 W, with a luminous flux of 1700 lm and color temperature of 3200 K. Our LED bulbs have the same dimensions and are rated at 12 V, 25–30 W, with a luminous efficacy and color temperature of 120 lm/W and 6000 K, respectively. In particular, they are C6-25 W from Daylead (25 W), H6-BA20D from QLEE (28 W), and TS-LED-H4 from Tinsin. These lamps are commercially available and were found to be in line with their manufacturer’s stated specifications. Additionally, linear polarizing films (XP44-40) were acquired from Edmund Optics, with transmission coefficients of 0.44, and affixed onto PVA (polyvinyl alcohol) to create polarized filters for the flip plate and headlights. Illuminance and luminance measurements were completed using a Tenmars TM-201 light meter and a Konica Minolta LS-110 luminance meter, respectively. Both measurements were made at 2.5 m from the center of the headlights using a custom clamping apparatus to hold the equipment in place. Additionally, temperature measurements were performed using a KIMO TK62 digital thermometer. It should also be noted that this study focuses on the high-beam mode of the headlights as it is responsible for the majority of glare observed by other vehicles. Furthermore, regular drivers would experience less illuminance and luminance due to traveling in different lanes.




3. Results and Discussion


3.1. Experimental Results and Discussion


Figure 1 illustrates our adjustable polarizing flip plate and headlight filters. Figure 2 shows the LED headlights on the left, which presented significant glare, whereas the headlight on the right was attached with a set of polarizing filters and thus exhibited much less observable glare. Figure 3 presents the polarizing equipped headlights, observed with and without the polarizing flip plate, demonstrating a further reduction in glare when using the flip plate. From Figure 2 and Figure 3, we can see a drastic diminishing of glare. This is a satisfactory result, albeit qualitative.



To quantify the effectiveness of our polarized system, we sought to measure its illuminance and luminance in comparison to conventional headlights. Figure 4 includes the illuminance measurements from four different types of lamps: 25 W (LED), 28 W (LED), 30 W (LED), and 60 W (Halogen). The results of our experiments demonstrate that the polarized 30 W LED headlight could provide the same illuminance (approximately 32,000 lux) as the 60 W halogen bulb. This means that our polarized LED system could replace the standard 60 W halogen headlights while providing adequate illumination for the driver.



Figure 5 illustrates our illuminance measurements through two polarizing filters (the filters attached to both the headlights and flip plate). In all three cases of LEDs, the illuminance was reduced by approximately 97.5%, meaning that a driver using our proposed system only receives 2.5% of the illuminance from a car moving in the opposite direction. This reduction in illuminance corresponds with the near elimination of glare observed in Figure 3.



Figure 6 shows our illuminance measurements after the light passed through only the headlight’s polarizing filter. We measured a luminance reduction of approximately 56%, which is consistent with our illuminance findings for light passing through one polarizing filter in Figure 4.



Figure 7 is our luminance measurements after light passed through both the polarized headlight filter and the flip plate. The results depict a net luminance reduction of about 97.5%, which is consistent with the values recorded for the illuminance of light passing through two polarizing filters in Figure 5.



Figure 8 shows the temperature measurements of the polarizing filters in the halogen and LED lighting systems. According to this figure, it is apparent that the filter’s temperature in the halogen system increased by nearly 30 °C, whereas the LED filter only experienced a 5 °C increase over the same period. Because of lower temperatures, the polarizing filters in the LED lighting system will have a significantly higher operating lifespan. To approximate the lifespan improvements of our LED system, we utilized Arrhenius’ equation [31]:


  k = k  T  = A  e  −    E a    R T        








where k is the rate of degradation, A is the frequency factor, Ea is the activation energy, R is the gas constant, and T is the saturation temperature of the filter.



In our experiment, the polarizing filters are made of PVA, with an activation energy of 185 kJ/mol [32]. The gas constant (R) is 8.31446 J⋅K−1⋅mol−1. Additionally, the saturation temperatures after 30 min in the two cases are    T H     = 58 °C (331 K, halogen system) and    T  L      = 36 °C (309 K, LED system), as shown in Figure 8.



From the above equation, the degradation ratio of the halogen and LED headlight filters were calculated as follows:


  A F =   A  e    −  E a    R  T H        A  e    −  E a    R  T L        =  e    −  E a   R     1   T H    −  1   T L        =  e  −    E a   R       T L  −  T H     T H   T L           








where AF is the degradation ratio of the halogen and LED headlight systems, A is the frequency factor, Ea is the activation energy, R is the gas constant, and    T H     and    T L    are the saturation temperatures of the halogen and LED filters, respectively.



The degradation ratio is calculated to be approximately 120, meaning that the polarizing filter attached to the LED headlight system will have a lifespan roughly 120 times higher than that of the halogen system.




3.2. Feasibility of Implementation


While promising, we realize that other avenues of this system need further discussion before adoption. In particular, glare reduction could lead to drivers failing to recognize incoming vehicles due to their familiarity with conventional lighting systems. Furthermore, we did not investigate the impact of dust and grime accumulation on headlights and windscreens, which could potentially reduce the brightness of incoming light, thereby abating the perception of nearby vehicles. The latter issue is especially important since dust, grime, and other pollutants tend to accumulate on headlights and windshields in polluted or heavily trafficked areas, which could pose a safety hazard for cars using this lighting system.



Regarding the accumulation of dust, grime, and other particulates, it was discovered that detection distances were reduced due to their build-up on the windshield [23]. However, despite depolarization due to light striking the particulates, the degradation of detection distance was found to be less in the polarized system than in regular headlights. Nevertheless, regular cleaning of the windshield and headlamps are recommended for optimal performance.



As discussed by Land, the use of polarized headlights increases a driver’s visibility of pedestrians [20]. Furthermore, according to a study by Hemion [23], the use of polarized headlights also increases the detection distances compared to the traditional system. It should be noted that the headlights used by Land and Hemion were halogen lamps. In this study, we determined that unpolarized LED headlights have a lighting distance of 155 m and 115 m when polarized. The halogen system’s lighting distance was similar at 110 m. It is also worth mentioning that these measurements are taken from headlights in high-beam mode. Additionally, we believe that our polarized system’s low-beam performance is akin to that of the halogen system, judging from their similar high-beam lighting distances. Regardless, further study into beam configurations is needed to quantify their impact on illumination distances. Since our modern polarized LED system possesses superior illuminance, a lower power rating, and comparable high-beam illumination distances to halogen lamps, this combination makes them well-suited for automotive lighting.



Another glaring issue of this system is that its benefits might only be realized once it has been widely adopted. In our previous and most promising research [17,21,24], it is apparent that this system will only work if both vehicles are equipped with polarized headlights and windshields or flip plates. This fact also brings up the issue of glare reduction when multiple vehicles are present. For example, a third vehicle approaching from behind will shine its headlights through the back of a car, potentially blinding the driver due to the reflection in their mirrors. Further study is needed to determine whether the windows and mirrors need to be polarized as well.



Despite some challenges and uncertainty, we believe that the widespread adoption of this system is prudent. As discussed by Hemion [19], the benefits of reducing accidents vastly outweigh the cost of installing polarized filters in cars. We also believe that further studies into the use of modern LEDs in Land’s polarized lighting system would remove all doubt in its capabilities. Therefore, additional research is needed for the incorporation of our automotive lighting system.





4. Conclusions


We have successfully constructed a new polarized lighting system that almost entirely removes glare while providing adequate visibility by using polarizing filters. Our experimental results demonstrated that a combination of polarized headlight filters and flip plate blocks up to 97.5% of the total incoming light, leading to a near elimination of observed glare. Additionally, the polarized LEDs demonstrated comparable lighting to conventional headlights both in terms of brightness and illumination distance. The LED headlight filters also have a theoretical lifespan 120 times greater than the halogen headlight system due to lower operating temperatures. Further research into the effects of particulate accumulation on both headlights and windscreens and the interaction of conventional and polarized lighting systems are needed to determine the viability of our system for mass adoption.







Author Contributions


D.A.T. devised and carried out the experiments and analyses. T.H.B. assembled all relevant data and wrote the original manuscript and secured funding. N.P.T.N. assembled the data, constructed figures, and made corrections to the manuscript with input from all authors. M.N.P. supervised the project and made further adjustments to the final manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


The authors acknowledge financial support from the Vietnam Academy of Science and Technology (VAST) under project number CT0000.08/21-22.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data that support the findings of this study are available from the corresponding authors, T.H.B. and D.A.T., upon reasonable request.




Acknowledgments


The authors acknowledge the Institute of Material Science (IMS)—Vietnam Academy of Science and Technology (VAST) for the opportunity and scientific instruments provided for this research.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Viktorová, L.; Mičková, K.; Stanke, L. Czech Drivers’ Glare Perception Survey. Sustainability 2022, 14, 8922. [Google Scholar] [CrossRef] [Scilit]

	



Bozorg, S.; Tetri, E.; Kosonen, I. The Effect of Dimmed Road Lighting and Car Headlights on Visibility in Varying Road Surface Conditions. LEUKOS 2018, 14, 259–273. [Google Scholar] [CrossRef] [Scilit]

	



Li, N.; Zhao, Y.; Pan, Q.; Kong, S.G.; Chan, J.C.W. Full-Time Monocular Road Detection Using Zero-Distribution Prior of Angle of Polarization. In Computer Vision—ECCV 2020; Lecture Notes in Computer Science; Vedaldi, A., Bischof, H., Brox, T., Frahm, J.M., Eds.; Springer: Cham, Switzerland, 2020; Volume 12370. [Google Scholar]

	



Muscarella, L.A.; Cordaro, A.; Krause, G.; Pal, D.; Grimaldi, G.; Antony, L.S.D.; Langhorst, D.; Callies, A.; Bläsi, B.; Höhn, O.; et al. Nanopatterning of Perovskite Thin Films for Enhanced and Directional Light Emission. ACS Appl. Mater. Interfaces 2022, 14, 38067–38076. [Google Scholar] [CrossRef] [Scilit]

	



Wen, C.-C.; Chen, C.-H.; Lee, H.-Y.; Chang, S.-H.; Fang, Y.C. A Study of Optical Design of Automotive Lighting System with Laser Source. J. Internet Technol. 2020, 21, 2039–2044. [Google Scholar]

	



Hwang, A.D.; Tuccar-Burak, M.; Peli, E. Comparison of Pedestrian Detection With and Without Yellow-Lens Glasses During Simulated Night Driving With and Without Headlight Glare. JAMA Ophthalmol. 2019, 137, 1147–1153. [Google Scholar] [CrossRef] [Scilit]

	



Fang, Y.-C.; Tzeng, Y.-F.; Wen, C.-C.; Chen, C.-H.; Lee, H.-Y.; Chang, S.-H.; Su, Y.-L. A Study of High-Efficiency Laser Headlight Design Using Gradient-Index Lens and Liquid Lens. Appl. Sci. 2020, 10, 7331. [Google Scholar] [CrossRef] [Scilit]

	



Mraz, K.; Bartuli, E.; Kroulikova, T.; Astrouski, I.; Resl, O.; Vancura, J.; Kudelova, T. Case study of liquid cooling of automotive headlights with hollow fiber heat exchanger. Case Stud. Therm. Eng. 2021, 28, 101689. [Google Scholar] [CrossRef] [Scilit]

	



Mandal, G.; Bhattacharya, D.; De, P. Real-time automotive night-vision system for drivers to inhibit headlight glare of the oncoming vehicles and enhance road visibility. J Real Time Image Proc. 2021, 18, 2193–2209. [Google Scholar] [CrossRef] [Scilit]

	



Hu, J.; Guo, Y.; Wang, R.; Ma, S.; Yu, A. Study on the Influence of Opposing Glare from Vehicle High-Beam Headlights Based on Drivers’ Visual Requirements. Int. J. Environ. Res. Public Health 2022, 19, 2766. [Google Scholar] [CrossRef] [Scilit]

	



Babu, N.; Nakkeeran, T.; Prasanna, V.; Prabha, D.R. Auto Adjusting Brightness of Headlights using LDR and Ultrasonic sensor to prevent night glare. Turk. J. Comput. Math. Educ. 2021, 12, 1020–1026. [Google Scholar]

	



Gil, P.A.; De Santos-Berbel, C.; Castro, M. Driver glare exposure with different vehicle front lighting systems. J. Saf. Res. 2021, 76, 228–237. [Google Scholar]

	



Jadhav, A.S.; Joshi, V.; Pawar, R.V. Automatic Headlight Intensity Control using Light Dependent Resistor. J. Phys. Conf. Ser. 2022, 2325, 012001. [Google Scholar] [CrossRef] [Scilit]

	



Huard, S. Polarization of Light; Wiley-VCH: Weinheim, German, 1997; ISBN 0-471-96536-7. [Google Scholar]

	



Cherubini, E.; Zanghelini, G.M.; Piemonte, D.; Muller, N.B.; Dias, R.; Kabe, Y.H.O.; Soto, J. Environmental sustainability for highways operation: Comparative analysis of plastic and steel screen anti-glare systems. J. Clean. Prod. 2019, 240, 118152. [Google Scholar] [CrossRef] [Scilit]

	



Frost, R.H. Polarizing Viewing Visors for Vehicles. U.S. Patent US2856810A, 21 October 1958. [Google Scholar]

	



Johansson, G.; Rumar, K. A New Polarized Headlight System. Light. Res. Technol. 1970, 2, 28–32. [Google Scholar] [CrossRef] [Scilit]

	



Handtmann, D.; Kerner, K.; Zehender, E. Polarized-Light Headlight. U.S. Patent 3808422A, 30 April 1974. [Google Scholar]

	



Hemion, R.H. A Preliminary Cost-Benefit Study of Headlight Glare Reduction; Southwest Research Institute: San Antonio, TX, USA, 1969. [Google Scholar]

	



Land, E.H. The Use of Polarized Headlights for Safe Night Driving; National Academy of Sciences: Washington, DC, USA, 1968. [Google Scholar]

	



Land, E.H. The Polarized Headlight System. In Highway Research Board; Division of Engineering and Industrial Research, National Research Council: Washington, DC, USA, 1948. [Google Scholar]

	



Martin, G. Polarized Light Enters the World of Everyday Life; AIP Publishing, American Institute of Physics AIP: College Park, MD, USA, 1970. [Google Scholar]

	



Hemion, R.H. The Effect of Headlight Glare on Vehicle Control and Detection of Highway Vision Targets; Hemion, R.H., Ed.; Southwest Research Institute: San Antonio, TX, USA, 1968. [Google Scholar]

	



Yerrell, J.S. Vehicle headlight. Light. Res. Technol. 1976, 8, 69–79. [Google Scholar] [CrossRef] [Scilit]

	



Rumar, K.; Forsgren, J.-B.; Thorell, M.; Johansson, G. Polarized Headlight Systems: The Effect of Laminated and Toughened Windscreens on Visibility Distance. Light. Res. Technol. 1971, 3, 158–161. [Google Scholar] [CrossRef] [Scilit]

	



Fu, X.J.; Di, C. Application of Linearly Polarized Light in Automobile Lighting System. Adv. Mater. Res. 2014, 912–914, 948–951. [Google Scholar] [CrossRef] [Scilit]

	



Xu, B.; Ji, Y.; Liu, K.; Li, J. Piezoelectric MEMS Mirror with Lissajous Scanning for Automobile Adaptive Laser Headlights. Micromachines 2022, 13, 996. [Google Scholar] [CrossRef] [Scilit]

	



Asim, O.; Eren, G.O.; Sadeghi, S.; Melikov, R.; Han, M.; Karatum, O.; Ozer, M.S.; Jalali, H.B.; Dogru-Yuksel, I.B.; Yilgor, I.; et al. High-Performance White Light-Emitting Diodes over 150 LM/W Using near-Unity-Emitting Quantum Dots in a Liquid Matrix. ACS Photonics 2022, 9, 1304–1314. [Google Scholar] [CrossRef] [Scilit]

	



Kang, C.; Prodanov, M.F.; Gao, Y.; Mallem, K.; Yuan, Z.; Vashchenko, V.V.; Srivastava, A.K. Quantum-Rod on-Chip Leds for Display Backlights with Efficacy of 149 LM W−1: A Step toward 200 LM W−1. Adv. Mater. 2021, 33, 2104685. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Siddha, P.; Speck, J.S.; DenBaars, S.P.; Nakamura, S. Prospects for LED Lighting. Nat. Photonics 2009, 3, 180–182. [Google Scholar] [CrossRef] [Scilit]

	



Plota, A.; Masek, A. Lifetime prediction methods for degradable polymeric materials—A short review. Materials 2020, 13, 4507. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Riyajan, S.; Chaiponban, S.; Phuphewkeaw, N.; Yai, H. Activation energy and thermal behaviors of thermoplastic elastomer based on natural rubber and poly (vinyl alcohol). KGK Kautsch. Gummi Kunstst. 2009, 62, 452–457. [Google Scholar]








[image: Applsci 13 04240 g001] 





Figure 1. The polarizing flip plate (top) and headlight filters (bottom) used in our experiment. 
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Figure 2. Pictures of LED headlights with (right) and without (left) polarizing filters. 
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Figure 3. Pictures of polarizing filter-equipped LED headlights, observed with (right) and without (left) the polarizing flip plate. 
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Figure 4. Illuminance measurements of LED (25 W, 28 W, and 30 W) and halogen headlights (60 W). 
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Figure 5. Illuminance measurements of LED headlights with different powers (25 W, 28 W, and 30 W). Polarized measurements are taken after light passed through both the polarized headlights’ filter and flip plate. 
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Figure 6. Luminance measurements of LED headlights with different powers (25 W, 28 W, and 30 W). Polarized luminance measurements were taken after light passed through only the headlights’ polarizing filter. 
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Figure 7. Luminance measurements of LED headlights with different powers (25 W, 28 W, and 30 W) after the light passed through both the polarizing filter and polarizing flip plate. 
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Figure 8. Temperature measurements of the polarizing filters in the halogen and LED lighting systems after 30 min. 
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