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Vehicle velocity estimation based on camera
calibration under homogenous fog

Song Hongjun, Chen Yangzhou, Gao Yuanyuan
College of Electronic Information and Control Engineering , Beijing University of Technology, Beijing 100124, China

Abstract: A new algorithm for vehicle velocity calculation though automatic and dynamic camera calibration is presented in
this paper. The algorithm is based on distance information in the light transmission model and a camera linear model under
homogenous fog. Unlike previously published works, the factor of homogenous fog is added into our traffic model. Only road
plane and moving foreground are included, while painted lines and other traffic prior information could be neglected. Three
major steps construct our algorithm. First, an area search method ( ASM) based on activity map recognizes the current
weather condition. The current weather condition is assumed to be homogenous fog if the average pixel value from top to bo-
ttom in a selected area of interest changes in the form of an edge spread function. Second, using a dark channel prior algo-
rithm a transmission image is calculated. Intrinsic and extrinsic parameters of the camera are calculated based on the para-
meter calculation formula especially for our monocular model. In this step, eight key points with special transmittance for
generating necessary calculation equations are selected to calibrate the camera. The mean velocity is retrieved based on
velocity calculation formula by transforming coordinates from the image plane to the world coordinate plane. At the end of
this paper, calibration results and vehicles velocity data for nine vehicles in different weather conditions are given. Compar-
ison with other algorithm verifies the effectiveness of this proposed algorithm.
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BEARBRILS B R R o, = a, =a, fLA
X (33) 7%

(u, —u0)2 + (v, _”0)2 +ao

2 2 2
(uy —uy)” + (v, —1vy)" +a

Int(x,)1° psingxa—cos@x (v, —v,)7
[ln tExzi] x [siana—cos::X Evz —UO;]

(34)
A (34) B TR RRIR G =M, A a .
vo LK @ 4 DSRFNE AT Kk o 83 SR
AT R R — K T7 e BARTT IR R e A
GRIEA AL, LARE ¢ () =2(x,)  JF Hoad x, 5 x, i
TEUGE Sh I B[R] —47 o R R i 28 2% 7 Y
s, (34) fa el

(uy —u;) xuy + (v,

(u; +23)

—v) Xv, =

- (& +0})

2
TABHMIEZ G AT LUK 3 dEA b 1T T3 58

S, FARDLA AR 2 5 1 FL AR AR 28T B AR R 23531

TNNA

(35)

Hx (u-uy)

sin @ X a, —cos 0 x (v -1,)
Hx (v-v,)

sin @Xa —cos @X (v—uv,)

C=

C=

-Hx(v-v,) xcos 6 H
sin @ X [sin @ X —cos %X (v—-1,)]

Z. =

T sin @
(36)
Hx(u-uy)
sin @ Xa —cos §X(v—-1v,)
Hx (v-v,)
sin @ x [sin §Xa —cos % (v-uv,) ]

W:

(37)

Yy =

Zy =0
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Fig. 11 Algorithm flowchart
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RiftZE, WA, SBEE / BEEXTEENESIRER EE T

x1 HREXTE S00 MEKIRERZIER

Table 1 Point extraction results for frame 500 under homogenous fog

X X, X3 Xy Xs X X, Xg
u 34 250 37 266 95 224 12 232
v 82 82 193 193 80 80 190 190

x2 HBREXRTE 600 MiEGIRE SRINER

Table 2 Point extraction results for frame 600 under homogenous fog

X X, Xy X, x5 X %, Xg
u 69 230 52 83 52 120 238 264
v 82 82 114 114 81 81 122 122

£33 HREXRTE 800 MIERIRE RIRIER

Table 3 Point extraction results for frame 800 under homogenous fog

X, X, X3 X, xs X x, Xg
u 8 34 280 316 10 29 12 56
v 160 160 178 178 160 160 179 179

BITER RS — s x (i=1,--,8), 4 /Y
J%5 R N AL Z gy IESS 5. X (44)—(46) X}
IO 255 T AR T A A B R
3293u, + 31y, =511122 = 0
-245u, + 1560, + 18571 = 0
0.38u; + 348u, + 0.38v] -
294w, + 0.36a” — 93946.1 = 0
sin @ —0.218cos = 0
sin@ + cos’@ =1
2938u, + 49y, —440 655 = 0
-342u, + 248v, + 21881 = 0
0.24u; + 354u, + 0.230] — 1640, +
0.14a" - 62301.6 =0
sin @ —0.224cos § = 0
sin@ + cos’@ = 1
1931u, + 36, 296214 = 0
~494u, + 2481, + 40044 = 0
0.33ul + 249u, + 0.34v; — 193y, +
0.28a° — 65944.5 = 0
sin @ —0.230cos § = 0
sin@ + cos’@ = 1

R YR AR SO A SRR A RO A5 R
TR B T R SbR A B AR ML ik (SRR
B VO R Todd Bk HEAT TR, HLERGE SR WL

(44)

(45)

(46)

x5, W12 5 T 2R EGITHER, S5 R R A
SCE RN HE SR BE /N
x4 HREXTHRENZMRESR

Table 4 Camera parameter calibration result under fog

g3 Uy v e/ (°) « h/m
55500 152 122 122 370 5.9
55 600 I 148 116 126 369 5.8
5800 i 151 118 13 368 6.1

ZWE 1504 119.5  12.35  368.9 5.91

RS 3WMARBEHESHITHELER

Table 5 Parameter results by three different algorithms

ﬁff Uy Vo QD/( 0) o h/m
Todd #3k 156 121 14.3 370 6.2
R4 154 123 12.1 366 6.3

KicgEs: 150 119 123 368.9  5.91

FEAE SRR B, 756 2 F A U i g K V55 R DL M
ERTEGTT 3 WEMITRS R, R,
R 13—F 15 |, GE—hnid 20 &% A FL, i)
FG R FM, A BN FR [RIERREAT T 51 FL )
FM B [a] 5 #2112 24 LTM, FM 2| FR B} (6] 3 #2124
MTR, FIrglFess v, SEhR” 2R ek N T 15 3
(IR BB, bR ” 2R 28 G WLAR E T 15 21
P o P A o SR R R Y 4 2 S i B A A B
B
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Fig. 12 Comparison of camera carameter calibration results

(@) CS.A (b) CS.B
13 R GRECS BREE4S

Fig. 13 Vehicle detection and tracking results in sunny

(¢) CS.C

*

(b) CN.B (¢) CN.C
E 14 RIS R4S R

Fig. 14 Vehicle detection and tracking results in snow

(mﬁﬁ
F15 RGBS IR R4S

Fig. 15 Vehicle detection and tracking results in fog

(@@A

(c) CE.C

FRAE AT 7 51) -5 B (8] 22 (8] A9 56 &R, 43 150G
KT 3 Wi G B () T FE , i KRR (81 13)
LTM 3 #2#E0} 300 ms, MTR 3 #2#EHT 580 ms, 6
M T o Rl2a T EME s M B AR . Geit
FWIAS SR ARA T 1) 2 P VA 83K 3] 86% LA Lo

*6 BREETEHESDHIE

Table 6 Vehicle distance data in sunny
/m

SebR{E PR (E
FL FM FR FL FM FR

KR

CS. A 15.8 12.8 6.7 15.2 12.8 6.9
CS. B 2 8.1 14 1.9 8.2 14.3
CS. C 15.4 19.3 28.6 19.7 15.5 28.8

RT BRESRTEREELE

Table 7 Vehicle velocity data in sunny

LTM/ (km/h)  HEB MTR/(km/h) 1B
B R %
DMI7S PR E /% SBR Gl /%

CS. A 36 3.4 87.2 31.4 36.6 85.2
CS.B 732 756 96.8 36.6 37.8 96. 8
CS.C  46.8 50.4 96.4 57.7 56.4 97.7
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RiftZE, WA, SBEE / BEEXTEENESIRER EE T

Bl 14 25 TR RS 52 0 BRER S5 3, A1
M LTM 3 #2%E0) 1 500 ms, MTR 3t FEERT 1 800
ms, 3% 8 FIFE 9 435 T AR T S0 R 2
s EE TR AE R

*8 EXRERTEMEFRHE

Table 8 Vehicle distance data in snow

/m
SLBRE ZE ]
R
FL FM FR FL FM FR
CN. A 41.2 30.4 16.1 41  30.8 16.9
CN. B 7.2 19 38 7.4 19.8 44
CN. C 15.4 38.4 43.2 15.1 38.6 42.9

®9 EXRERTEMEEHRE

Table 9 Vehicle velocity data in snow

LTM/ (km/h)  THE
Lhr o ARE S gy FERR BE sy

MTR/ (km/h)  {fERf

CN.A 259 245 945 28.6 27.8 97.2
CN.B 283 29.7 95.2 45.6 48.4 94.2
CN.C 55.2 56.4 97.8 9.6 8.6 89.5

15 25 T 55 R RA T PR IS RS R,
LTM 3 F2£ER] 1 800 ms, MTR 3 F2#ERT 800 ms, 32 10,
2% 11 25 TIPSR T 40 B R 2s R

£10 HWRERLEE TEHIESHIE

Table 10 Vehicle distance data in fog
/m

ebrfE PRAE(E
FL FM FR FL FM FR

KR

CE. A 46.4 21 16 46.0 19.8 15.4
CF. B 41 18 10 40.6 19.1 10.9

CF. C 8 28 39.4 81 28.6 41.1

x®11 HREXESTFREEZHE
Table 11 Vehicle velocity data in fog

LTM/ (km/h)  TEBH MTR/(km/h) B
KR —— ke — %
Lbr o ARE g SRR R sy

CS.A  50.8 52.4 96.9 22.5 19.8 88.1
CS. B 44 43 97.7 36 36.9 97.5
CS. C 40 41 97.5 51.3 56.2 91.3

ARILH BRI — B AL N 2.0 GHz 1) Intel
Pentium 4 Processor [{] PC #1 iz 1T, b3 K% 1 )L
SPgE— ok 320 x 240, BENY 3 D EEF B ([ %
KN FAR B2 Ebr 2 A B 3 B ) 43 Bl FE AT
10 ms 10 ms 6 ms, AZbFH 1 #7320 x 240 (&G KLY
T 2e 26 ms i RUAT Y S PR AL FREEK

5 & i

BT 55 RAG R4 A G I S 00 7 3 B A
SE B H B, AR E 5 B SR AL R RS
RGN T RAERHTST, 32 1 55l A I i
INESIIEPNSE S Y€ 5 Sa N Heih by it
B A R TR 2R Y I ) 5 i T L Kz 3l 4240, AN
FEAZIE WL SRR R (P04 8 KR DA K A A
RS G TR e b il 3 MRS
FAF T AR A2 AN TS5 R IE T AR SCRI A 8K
PG EPEIE. B T IR AT D hRE s e
R OrRRA AR SR BB ERE g R DL K
3 R LR R AR 9 WA AP 2 R TR
55 T bR SEBR B A X LR R ik 90% , BA
IR R AT S A SO R S AR 5 55 R Ho %
R g —F 1T B A b, DL, 55 A B TR T
SRS AT P 829 S R 0 1 0 IR JBE LA B A o i AN )
ek o PR AT A — R X R
NI
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