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Forward Vehicle Detection Algorithm Using Column Detection and
Bird's-Eye View Mapping Based on Stereo Vision

Chung-Hee Lee" - Young-Chul Lim"™ - Soon Kwon™ - Jonghwan Kim™

ABSTRACT

In this paper, we propose a forward vehicle detection algorithm using column detection and bird's-eye view mapping based on stereo
vision, The algorithm can detect forward vehicles robustly in real complex traffic situations. The algorithm consists of the three steps,
namely road feature-based column detection, bird's-eye view mapping-based obstacle segmentation, obstacle area remerging and vehicle
verificaton. First, we extract a road feature using maximum frequent values in v-disparity map. And we perform a column detection
using the road feature as a new criterion. The road feature is more appropriate criterion than the median value because it is not affected
by a road traffic situation, for example the changing of obstacle size or the number of obstacles. But there are still multiple obstacles in
the obsacle areas, Thus, we perform a bird's-eve view mapping-based obstacle segmentation to divide obstacle accurately, We can
segmeni obstacle easily because a bird's-eve view mapping can represent the position of obstacle on planar plane using depth map and
camera nformation. Additionally, we perform obstacle area remerging processing because a segmented obstacle area may be same obstacle.
Finally, we verify the obstacles whether those are vehicles or not using a depth map and gray image. We conduct experiments to prove
the vehizle detection performance by applying our algorithm to real complex traffic situations,

Keywords : Stereo Vision, Vehicle Detection, Column Detection, Bird's-eye View Mapping, Obstacle Segmentation
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//V-disparity 434

1. Let D(i, j) be the disparity value of row i, column j in
disparity map D

2. Let V(p, q) be the v-disparity value of row p, column
q in v-disparity map V

3. repeat

4. VDG, j), D++

5. until all row i and column j in D

//V~disparity ]38}

6. Let V_row(p, q), V_col(p, @), V_int(p, q) be the value of
row p, column q in row max. V_row, column max. V_col,
and intersection V_int, respectively.

7. repeat

8. if Vip, @) is max. in the row p then

9. V_row(p, q) = 255

10. if Vip, g) is max. in the column q then

11.  V_collp, q) = 255

12. until all row p and column g in V

13. repeat

14.  if V_row(p, q) and V_cel(p, q) equal to 255 then

15. V_int(p, @) = 255

16. until all row p and column q in V_row, V_col

//EE 53 AH F2

17. repeat

18. if V_intlp, q) is zero value then

19. V_int(p, q) = (V_int(p-1, g-1)+V_int(p+1, q+1))/2

20. until all row p and column g in V_int
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1. Let STATE be the state of current value, that is
OBSTACLE(1) or NOT_OBSTACLE(0).

2, Let LENGTH be the successive rows whose values are
higher than the road feature, that is obstacle height.

3. Let O(, j) be the disparity value of row i, column j in
obstacle map O

4. repeat

5. if STATE is NOT_OBSTACLE()) then

6. if DU, j) is equal to D(i-1, j-1) then

7

8

LENGTH++
else LENGTH = 0
9. if LENGTH is greater than min. length then
10. state is OBSTACLE(1)
1. 0OfG, j) = DG, j)
12, if STATE is OBSTACLE(1) then
13. if DG, j) is less than V_int(i, j) then
14. state is NOT_OBSTACLE(0)
15. until all row i and column j in D
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camera parameters
9. INDEX_MATRIX(, j) = (X<<B)|Z
10. until all row i and column j in O
11. repeat //segmentation matrix 44

AT

12. repeat
13. ROW_MATRIX(j) = B, j)
(a)v-A|RHY (b)3t & H|I (c)Eo)2H| H= 14, until all column j in row i in B
= 15. linear interpolation in ROW_MATRIX
(28 6) HohEH 2E M= 16. detect histogram valley points in ROW_MATRIX
17. SEG_MATRIX(i, k++) = valley points and row value
W, (% 2& FohEA o) Hrk ol P Folol = il ALy BB

19. repeat /AN 2 ¥
Qobg £2 QANAE Zaal FAEAE 2F @ 4 S

20.  index = INDEX_MATRIX(, j)
At ol =2 §Ad 2AE =2 §F AR 4 o€ 7 2l.  repeat
Hlog pE zZ =9 Z=3)sto 2 7155} 22, valley start point = SEG_MATRIX(r, 0)
- e 93 valley end point = SEG_MATRIX(r, 1)
24, row_value = SEG_MATRIX(r, 2)
25 =ZT WEo|etk ol X 22 2. repeat
(18 e 275 9a 7|uke] Ao B Ry@d 52 26, seg_matrix_index = (v<<8)|row_value
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E9 duelEe dehdch A gAdA A3 Bl % v i e
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d AH3) there] FjEAZ EAY F Aot WA HE 0. until ﬁm} in SEG_MATRIX
_ o = = u-_E__tr'L o A un dall TOW I 1n obls
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7b 9ok WA HAEE AelEA dit s} JRE o] &

sto] 27 YRS et 2gEE ol B9 HAH (O3l 7) =z iy JjE ZofSH 22| 52 Y YD2E
9l YAE sy HFPFoEN FJEAES 4A He
i AERE A4 golgAel 94 X, ¥, Zi= ofdst 2o,
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2y
l ) it H o i H L Sani (v—vy)bcost + absind — dh
Y= 3
d
b{a cosf — (v—1v,)sinb}
a d
27t wg7)e Aoj A e dudF =WEE T i e
L. Let B(i, j) be the value of row i, column j in bird eve's
view madping map B e ;Eg :;as f ...............................
2. X, Y, Z is the obstacle position in the real 3D coordinate -
3. INDEX_MATRIX(i, j) be the value of row i, column j in
INDEX_MATRIX for inverse bird eye's view mapping - "™
4. Let ROW_MATRIX()) be the ith value of row matrix for I — A | zan
clustering: obstacles by row in bird eye's view mapping Na
map B soboc sobog:11oznir I—;::::::::::
5. Let SEC_MATRIX(i, j) be the value of row i, column j d X
in SEG_MATRIX which contains histogram valley points .7 P
detected in the ROW_MATRIX —
6. Let S(i, j) be the value of row i, column j in segmented

map S
7. repeat (/2= A4
8 caleulate X, Y, Z, namely B(, j) using O(, j) and (02! ) ZojeH e M=
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