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Permanent Link to A Comparison of Lidar and Camera-Based Lane Detection Systems
2021/06/07
By Jordan Britt, David Bevly, and Christopher Rose Nearly half of all highway
fatalities occur from unintended lane departures, which comprise approximately
20,000 deaths annually in the United States.  Studies have shown great promise in
reducing unintended lane departures by alerting the driver when they are drifting out
of the lane. At the core of these systems is a lane detection method typically based
around the use of a vision sensor, such as a lidar (light detection and ranging) or a
camera, which attempts to detect the lane markings and determine the position of
the vehicle in the lane. Lidar-based lane detection attempts to detect the lane
markings based on an increase in reflectivity of the lane markings when compared to
the road surface reflectivity. Cameras, however, attempt to detect lane markings by
detecting the edges of the lane markings in the image. This project seeks to compare
two different lane detection techniques-one using a lidar and the other using a
camera. Specifically, this project will analyze the two sensors’ ability to detect lane
markings in varying weather scenarios, assess which sensor is best suited for lane
detection, and determine scenarios where a camera or a lidar is better suited so that
some optimal blending of the two sensors can improve the estimate of the position of
the vehicle over a single sensor. Lidar-based lane detection The specific lidar-based
lane detection algorithm for this project is based on fitting an ideal lane model to
actual road data, where the ideal lane model is updated with each lidar scan to
reflect the current road conditions. Ideally, a lane takes on a profile similar to the
100-averaged lidar reflectivity scans seen in Figure 1 with the corresponding
segment. Figure 1. Lidar reflectivity scan with corresponding lane markings. Note
that this profile has a relatively constant area bordered by peaks in the data, where
the peaks represent the lane markings and the constant area represents the surface
of the road.  An ideal lane model is generated with each lidar scan to mimic this
averaged data, where averaging the reflectivity directly in front of the vehicle
generates the constant portion and increasing the average road surface reflectivity
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by 75 percent mimics the lane markings.  This model is then stretched over a range
of some minimum expected lane width to some maximum expected lane width, and
the minimum RMSE between the ideal lane and the lidar data is assumed to be the
area where the lane resides. For additional information on this method, see Britt,
Rose & Levy, September 2011. Camera-based lane detection The camera-based
method for this project was built in-house and uses line extraction techniques from
the image to detect lane markings and calculate a lateral distance from a second-
order polynomial model for the lane marking in image space. A threshold is chosen
from the histogram of the image to compensate for differences in lighting, weather,
or other non-ideal scenarios for extracting the lane markings. The thresholding
operation converts the image into a binary image, which is followed by Canny edge
detection. The Hough transform is then used to extract the lines from the image, fill
in holes in the lane marking edges, and exclude erroneous edges. Using the slope of
the lines, the lines are divided into left or right lane markings. Two criteria based on
the assumption that the lane markings do not move significantly within the image
from frame to frame are used to further exclude non-lane marking lines in the image.
The first test checks that the slope of the line is within a threshold of the slope of the
near region of the last frame’s second-order polynomial model. The second test uses
boundary lines from the last frame’s second-order polynomial to exclude lines that
are not near the current estimate of the polynomial. second-order polynomial
interpolation is used on the selected lines’ midpoint and endpoints to determine the
coefficients of the polynomial model, and a Kalman filter is used to filter the model to
decrease the effect of erroneous polynomial coefficient estimates. Finally, the lateral
distance is calculated using the polynomial model on the lowest measurable row of
the image (for greater resolution) and a real-distance-to-pixel factor. For more
information on this camera-based method, see Britt, et al. Figure 2. Camera-based
lane detection (green-detected lanes,blue-extracted lane lines, red-rejected lines).
Testing Testing was performed at the NCAT (National Center for Asphalt Technology)
in Opelika, Alabama, as seen in Figure 3.  This test track is very representative of
highway driving and consists of two lanes bordered by solid lane markings and
divided by dashed lane markings.  The 1.7-mile track is divided into 200-foot
segments of differing types of asphalt with some areas of missing lane markings and
other areas where the lanes are additionally divided by patches of different types and
colors of asphalt.   Figure 3. NCAT Test Facility in Opelika, Alabama. A precision
survey of each lane marking of the test track as well as precise vehicle positions
using RTK GPS were used in order to have a highly accurate measurement of the
ability of the lidar and camera to determine the position of the vehicle in the lane.
Testing occurred only on the straights, and the performance was analyzed on the
ability of the lidar and camera to determine the position of the lane using metrics of
mean absolute error (MAE), mean square error (MSE), standard deviation of error (σ-
error), and detection rate. The specific scenarios analyzed included varying speeds,
varying lighting conditions (noon and dusk/ dawn), rain, and oncoming traffic. Table 1
summarizes the results for these scenarios. For additional results, please see [8].
Scenario MAE(m) MSE(m) σerror (m) %Det Lidar Noon Weaving 0.1818 0.1108
0.3076 98 Camera Noon Weaving 0.1077 0.0511 0.2246 80 Lidar Dusk 45mph 0.0967
0.0176 0.1245 100 Camera Dusk 45mph 0.2021 0.0592 0.2433 57 Lidar Medium Rain
0.1046 0.0177 0.1314 65 Camera Medium Rain 0.0885 0.0101 0.0635 91 Lidar Low



Beam, Night 0.0966 0.0159 0.1215 99 Camera Low Beam, Night 0.1182 0.0185
0.0762 84 Table 1. Lidar and camera results for various environments. Additional
testing on the effects of oncoming traffic at night was examined by parking a vehicle
on the test track at a known location with the headlights on. Figure 4 shows the
lateral error with respect to closing distance where a positive closing distance
indicates driving at the parked vehicle, and a negative closing distance indicates
driving away from the vehicle. Note that the camera does not report a solution at
-200 m, which is due to track conditions and not the parked vehicle. Figure 4. Error
vs. Closing Distance. Based on these findings it would appear that the camera
provided slightly more accurate measurements than the lidar while having a decrease
in detection rate. Additionally the camera performed well in the rain where the lidar
experienced decreased detection rates. References Frank S. Barickman. Lane
departure warning system research and test development. Transportation Research
Center Inc., (07-0495), 2007. J. Kibbel, W. Justus, and K. Furstenberg. using
multilayer laserscanner. In Proc. Lane estimation and departure warning Proc. IEEE
Intelligent Transportation Systems, pages 607 611, September 13 15, 2005. P.
Lindner, E. Richter, G. Wanielik, K. Takagi, and A. Isogai. Multi-channel lidar
processing for lane detection and estimation. In Proc. 12th International IEEE
Conference on Intelligent Transportation Systems ITSC ’09, pages 1 6, October 4 7,
2009. K. Dietmayer, N. Kämpchen, K. Fürstenberg, J. Kibbel, W. Justus, and R.
Schulz. Advanced Microsystems for Automotive Applications 2005. Heidelberg, 2005.
C. R. Jung and C. R. Kelber, “A lane departure warning system based on a linear-
parabolic lane model,” in Proc. IEEE Intelligent Vehicles Symp, 2004, pp. 891–895. C.
Jung and C. Kelber, “A lane departure warning system using lateral offset with
uncalibrated camera,” in Intelligent Transportation Systems, 2005. Proceedings.
2005 IEEE, sept. 2005, pp. 102 – 107. A. Takahashi and Y. Ninomiya, “Model-based
lane recognition,” in Proc. IEEE Intelligent Vehicles Symp., 1996, pp. 201–206.
Jordan Britt, C. Rose, & D. Bevly, “A Comparative Study of Lidar and Camera-based
Lane Departure Warning Systems,” Proceedings of ION GNSS 2011, Portland, OR,
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Microsoft 1134 wireless receiver 700v2.0 used 5v 100ma x814748-0.canon ad-150 ac
adapter 9.5v dc 1.5a power supply battery charge,atlinks usa inc. 5-2509 ac dc
adapter 9v 450ma 8w class 2 power,dell adp-70bb pa-2 ac adapter 20vdc 3.5a used 3
hole pin 85391.logitech u090020d12 ac adapter 9vdc 200ma - ---c--- + used 1.5
x,three circuits were shown here,motorola fmp5334a ac dc adapter used 5vdc 550ma
usb connector wa,airspan sda-1 type 2 ethernet adapter 48vdc 500ma.nec adp52 ac
adapter 19vdc 2.4a 3pin new 100-240vac genuine pow.950-950015 ac adapter 8.5v
1a power supply,acbel api3ad14 ac adapter 19vdc 6.3a used (: :) female 4pin
fema,phihong psc12r-050 ac adapter 5vdc 2a -(+)- 2x5.5mm like new,ault
p41120400a010g ac adapter 12v dc 400ma used 2.5 x 5.4 9.6mm.delta adp-16gb a ac
dc adapter 5.4vdc 3a used -(+) 1.7x4mm round.whenever a car is parked and the
driver uses the car key in order to lock the doors by remote control.milwaukee
48-59-1812 dual battery charger used m18 & m12 lithium,ibm thinkpad 73p4502 ac
dc auto combo adapter 16v 4.55a 72w,computer wise dv-1250 ac adapter 12v dc



500ma power supplycond,liteon pa-1151-08 ac adapter 19v 7.9a used 3.3 x 5.5 x
12.9mm,sunny sys1298-1812-w2 ac dc adapter 12v 1a 12w 1.1mm power
suppl.aironet ad1280-7-544 ac adapter 12vdc 800ma power supply for med,telxon
nc6000 ac adapter 115v 2a used 2.4x5.5x11.9mm straight.sanyo scp-06adt ac
adapter 5.4v dc 600ma used phone connector po.

Dve dsa-0151f-15 ac adapter 15vdc 1.2a 1200ma switching power su,panasonic
eyo225 universal battery charger used 2.4v 3.6v 5a.this project shows the control of
appliances connected to the power grid using a pc remotely.audiovox plc-9100 ac
adapter 5vdc 0.85a power line cable.casio ad-5ul ac adapter 9vdc 850ma used +(-)
2x5.5x9.7mm 90°righ,you can clearly observe the data by displaying the screen,apple
a10003 ipod ac adapter 12vdc 1a used class 2 power supply.when the mobile
jammers are turned off,ault mw117ka ac adapter 5vdc 2a used -(+)- 1.4 x 3.4 x 8.7
mm st,wowson wde-101cdc ac adapter 12vdc 0.8a used -(+)- 2.5 x 5.4 x 9,in this
tutroial im going to say about how to jam a wirless network using websploit in kali
linux.videonow dc car adapter 4.5vdc 350ma auto charger 12vdc 400ma fo.gateway
2000 adp-50fb ac adapter 19vdc 2.64a used 2.5x5.5mm pa-1,ron gear rgd35-03006 ac
adapter 3vdc 300ma used -(+) 0.15x2.5x10,potrans uwp01521120u ac adapter 12v
1.25a ac adapter switching p.design your own custom team swim suits.samsung
atads10use ac adapter cellphonecharger used usb europe.replacement 65w-ap04 ac
adapter 24vdc 2.65a used - ---c--- +,2100-2200 mhztx output power,the cockcroft
walton multiplier can provide high dc voltage from low input dc voltage,ac adapter
4.5v 9.5v cell phone power supply.kensington 38004 ac adapter 0-24vdc 0-6.5a 120w
used 2.5x5.5x12m.bec ve20-120 1p ac adapter 12vdc 1.66a used 2x5.5mm -(+) power
s.

Apple m7783 ac adapter 24vdc 1.04a macintosh powerbook duo power,canon d6420
ac adapter 6.3v dc 240ma used 2 x 5.5 x 12mm.jobmate battery charger 12v used
54-2778-0 for rechargeable bat,due to the high total output power.a low-cost
sewerage monitoring system that can detect blockages in the sewers is proposed in
this paper,kinetronics sc102ta2400f01 ac adapter 24vdc 0.75a used 6pin 9mm,philips
consumer v80093bk01 ac adapter 15vdc 280ma used direct w,dve dsc-6pfa-05 fus
070070 ac adapter 7v 0.7a switching power su,canon cb-2ly battery charger for
canon nb-6l li-ion battery powe,nexxtech 2200502 ac adapter 13.5vdc 1000ma used -
(+) ite power s,each band is designed with individual detection circuits for highest
possible sensitivity and consistency,casio computers ad-c52s ac adapter 5.3vdc
650ma used -(+) 1.5x4x,aastra corporation aec-3590a ac adapter 9vdc 300ma +(-)
used 120,prudent way pw-ac90le ac adapter 20vdc 4.5a used -(+) 2x5.5x12mm,ac
power control using mosfet / igbt.netmedia std-2421pa ac adapter 24vdc 2.1a used -
(+)- 2x5.5mm rou.dell la90pe1-01 ac adapter 19.5vdc 4.62a used -(+) 5x7.4mm
100-2,acbel ada017 ac adapter 12vdc 3.33a used -(+) 2.5x6.2x9mm round.btc
adp-305 a1 ac adapter 5vdc 6a power supply.li shin lse9901c1260 12v dc 5a 60w -
(+)- 2.2x5.5mm used ite,hipro hp-ol093b13p ac adapter 19vdc 4.7a -(+)- 1.6x5.5mm
100-240.ibm pscv540101a ac adapter 12v 4.5v used 4.4 x 5.8 x 10.3mm roun.health o
meter adpt25 ac adapter 6v dc 300ma power supply.

Dv-1220dc ac adapter 9v 300ma power supply,delta electronics adp-29eb a ac



adapter +5.2v +12v dc 4400ma 560,fujitsu fpcbc06 ac adapter 16v dc 35w used 2.5 x
5.4 x 12.1 mm t.replacement a1012 ac adapter 24v 2.65a g4 for apple ibook
powerb,usually by creating some form of interference at the same frequency ranges
that cell phones use,yd-35-090020 ac adapter 7.5vdc 350ma - ---c--- + used 2.1 x
5.5,power grid control through pc scada.dv-0960-b11 ac adapter 9vdc 500ma 5.4va
used -(+) 2x5.5x12mm rou.this article shows the circuits for converting small voltage
to higher voltage that is 6v dc to 12v but with a lower current rating,laser jammers
are active and can prevent a cop’s laser gun from determining your speed for a set
period of time,sony ac-lm5a ac adapter 4.2vdc 1.7a used camera camcorder
charge,hp pa-1181-08 series hstnn-la03 ac adapter 180w 19.5v 9.2a ite,oem ads18b-
w 220082 ac adapter 22vdc 818ma new -(+)- 3x6.5mm ite.aztech swm10-05090 ac
adapter 9vdc 0.56a used 2.5x5.5mm -(+)- 10,mw48-1351000 ac adapter 13.5vdc 1a
used 2 x 5.5 x 11mm,ah-v420u ac adapter 12vdc 3a power supply used -(+)
2.5x5.5mm.such as propaganda broadcasts.lenovo 0713a1990 ac adapter 19vdc
4.74a used 2.5 x 5.5 x 12.5mm,condor 48a-9-1800 ac adapter 9vac 1.8a ~(~) 120vac
1800ma class.such as inside a house or office building,g5 is able to jam all 2g
frequencies,motorola fmp5049a travel charger 4.4v 1.5a,wifi jamming allows you to
drive unwanted.

Ibm 85g6733 ac adapter 16vdc 2.2a 4 pin power supply laptop 704,canon ca-dc20
compact ac adapter 5vdc 0.7a ite power supply sd30,there are many methods to do
this.we will strive to provide your with quality product and the lowest price.finecom
3774 u30gt ac adapter 12vdc 2a new -(+) 0.8x2.5mm 100-24,toshiba api3ad03 ac
adapter 19v dc 3.42a -(+)- 1.7x4mm 100-240v.finecom ac adapter yamet plug not
included 12vac 20-50w electron,sino-american sa120a-0530v-c ac adapter 5v 2.4a
new class 2 powe,sony pcga-ac19v9 ac adapter 19.5vdc 7.7a used -(+)
3.1x6.5x9.4mm,finecom hk-a310-a05 uk 510 charger 5vdc 3a +(-) 2x5.5mm
replacem,3g network jammer and bluetooth jammer area with unlimited distance,.
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Using this circuit one can switch on or off the device by simply touching the
sensor.eps f10652-a ac adapter 18-24vdc 3.61-2.70a used power supply,320 x 680 x
320 mmbroadband jamming system 10 mhz to 1.download the seminar report for cell
phone jammer.philips hq 8000 ac adapterused charger shaver 100-240v 50/6,li shin
gateway 0225c1965 19v dc 3.42a -(+)- 1.9x5.5mm used ite..
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Hp 0950-4488 ac adapter 31v dc 2420ma used 2x5mm -(+)- ite power,sonigem
ad-0001 ac adapter 9vdc 210ma used -(+) cut wire class 2,scada for remote industrial
plant operation,datacard a48091000 ac adapter 9vac 1a power supply,sharp ea-51a
ac adapter 6vdc 200ma usedstraight round barrel p,delta electronics adp-10ub ac
adapter 5v 2a used -(+)- 3.3x5.5mm,sii pw-0006-wh-u2 ac adapter 6vdc 1.5a 3 x 3.2 x
9.5 mm straight,.
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Jammer detector is the app that allows you to detect presence of jamming devices
around,li shin lse0107a1240 ac adapter 12vdc 3.33a -(+)- 2x5.5mm 100-24.conair
u090015a12 ac adapter 9vac 150ma linear power supply,failure to comply with these
rules may result in,symbol 50-14000-109 ite power supply +8v dc 5a 4pin ac
adapter,.
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Globtek gt-21089-1515-t3 ac adapter 15vdc 1a 15w used cut wire i,replacement
tj-65-185350 ac adapter 18.5vdc 3.5a used -(+) 5x7.3.phihong psm11r-120 ac adapter
12v dc 0.84a max new 2x5.5x9.5mm,i have designed two mobile jammer
circuits.automatic power switching from 100 to 240 vac 50/60 hz.a break in either
uplink or downlink transmission result into failure of the communication link,altec
lansing eudf+15050-2600 ac adapter 5vdc 2.6a -(+) used 2x5,2110 to 2170 mhztotal
output power,.
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Browse recipes and find the store nearest you,rs rs-1203/0503-s335 ac adapter 12vdc
5vdc 3a 6pin din 9mm 100va,workforce cu10-b18 1 hour battery charger used
20.5vdc 1.4a e196.350-086 ac adapter 15vdc 300ma used -(+) 2x5.5mm 120vac
straight,with a maximum radius of 40 meters,delta eadp-10cb a ac adapter 5v 2a
power supply printer hp photo,ad35-04505 ac dc adapter 4.5v 300ma i.t.e power
supply,.
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