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Filtering-Based Method and Hardware Architecture for Drivable Area
Detection in Road Environment Including Vegetation
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ABSTRACT

Drivable area detection, one of the main functions of advanced driver assistance systems, means detecting an area where a vehicle
can safely drive. The drivable area detection is closely related to the safety of the driver and it requires high accuracy with real-time
operation. To satisfy these conditions, V-disparity-based method is widely used to detect a drivable area by calculating the road disparity
value in each row of an image. However, the V-disparity-based method can falsely detect a non-road area as a road when the disparity
value is not accurate or the disparity value of the object is equal to the disparity value of the road. In a road environment including
vegetation, such as a highway and a country road, the vegetation area may be falsely detected as the drivable area because the disparity
characteristics of the vegetation are similar to those of the road. Therefore, this paper proposes a drivable area detection method and
hardware architecture with a high accuracy in road environments including vegetation areas by reducing the number of false detections
caused by V-disparity characteristic. When 289 images provided by KITTI road dataset are used to evaluate the road detection performance
of the proposed method, it shows an accuracy of 90.12% and a recall of 97.96%. In addition, when the proposed hardware architecture
is implemented on the FPGA platform, it uses 8925 slice registers and 7066 slice LUTs.
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Fig. 1. Raster Scan and Inverse Raster Scan Method
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Fig. 3. Process of the VSDF Calculation; (A) Left RGB Image,
(B) Disparity Map, (C) VSDF Result Image
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Fig. 4. Process of the Vegetation Detection and Merge; (A)
Left RGB Image, (B) Converted HSV Image, (C) Vegetation
Detection, (D) Merged Image, (E) Refined Result of Merged
Image by Median Filter
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Fig. 5. Process of Road Boundary Coordinates Detection; (A)
Refined Result of Merged Image by Median Filter, (B) Result
of the Proposed Road Boundary Coordinates Detection Method,
(C) Result of the Proposed Drivable Area Detection Method
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Recall (%)
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Image Number

Fig. 9. Recall of the Proposed Method with 289 Images

Accuracy (%)
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Image Number

Fig. 10. Accuracy of the Proposed Method with 289 Images

Table 2. Comparison of Detection Performance using 289 Images
between the Conventional Method and the Proposed Method

Method Accuracy (%) Recall (%)
Conventional [7] 85.66 98.19
Proposed 90.12 97.96

Table 3. Comparison of Detection Performance using 95 Images
between the Conventional Methods and the Proposed Method

Method Accuracy (%) Recall (%)
Lee. et al [7] 87.90 98.10
Kim. et al [8] 93.08 -

Proposed 95.15 97.05

wA 3 E7Ns 990 ot e 4E I5vt E93E Ho
Fo}. E3h Atete B2 s =88] tH JFEx
7} 2.07 %p =] 2AE 357 FA5HES HojEr
weha], Abohs B AfFLo] tha TSR, Fg
=7F S B e 2A FLEJCER ARk W
T PHEG 22 59 7bs 99 HE A5 A=t
Ajtol= WY 9 7hs 99 HE A= Fig. 117
2t} Fig. 11A= 25 A& &YoHA ¢l VSDF #nt
< &85t 9 7t 9L A& AHE HolF1, Fig.
11B= 25 A&S 3%t Ajtet= WY 9 7t 99
A% AWE HojZth Fig. 11914 & 4 50|, 2% A&
dAto] EgheE 79, VSDF W7 8319 e fHo}; 25
o] X3tH L& oA FY 7Hs 4G HE ol Hold

A& I =+ At



(A) (B)
Fig. 11. Results of the Proposed Method; (A) Proposed Method
without Vegetation Removal, (B) Proposed Method
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Table 4. Comparison of Hardware Resource Usage between
the Conventional Method and the Proposed Method

Conventional [7] Proposed
Utilization | Available | Utilization | Available
Slice 10180 8925
Registers 0.42 %) 2443200 0.37 %) 2443200
. 14173 7066
Slice LUTs 1.16 %) 1221600 0.58 %) 1221600
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