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ABSTRACT: To solve problems in exisiting digital images processing—based semi-trailer revers—
ing assistant system development, such as poor robustness and low real-time of landmark line de-
tection, a straight line detection algorithm based on adaptive segmentation of target Hue—Satura-
tion-Value (HSV) space images was proposed. First, line targets in various scenes were seg—
mented and extracted. Simultaneously, histograms of target images in the HSV space across dif—
ferent scenes were used to determine the initial threshold for image segmentation, based on which
an image adaptive segmentation algorithm according to target HSV space images was proposed.
Subsequently, the preprocessing and edge detection of images were conducted to extract edge

points of targets. Finally, outliers of edge points were eliminated by using a median absolute de—

FAHE: 2024-05-06
F—EE: Fam (1998—), B, BLOsEE, BENFETEGL IS HbrPUiaT 5. E-mail: 1920622948@qq.com
«EIEMEE . IMREHE (1987—), ., Al YR, EEMSFETF AL DT . E-mail: sunxiaoyantsj@126.com

SIARMR: R, MICE, JMEH, S LT HbsHSYV (B -IRE 52 ) 2 [ MR A R 2 #5100 B AR 5 (1], JOwi 25 T 7
KefegM, 2024, 38 (5): 59-68.



60 KA T AR AR

38 B 5

viation—based least squares straight line detection method to improve the detection accuracy of

landmark line targets. Experimental results showed that the proposed algorithm is able to accu-

rately detect targets under different backgrounds and lighting conditions with good robustness.

Compared to the Hough transform algorithm, the algorithm has faster operation speed, higher ac-

curacy of straight line detection, and good applicability to the detection of landmark lines of dif-

ferent colors.

KEYWORDS: digital image processing; target adaptive segmentation; HSV color space;

least square method; median absolute deviation
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images-based straight line detection algorithm

A E R R AR BRON RGB B (72 8] 5%
EHSV Z= 6] o il A R TS IR R T A
HoARER I HSV B 7 I H#EAT 0B, 16 3B B Y (4
B {H (0% 0.04, 0.98 % 1) FIf FIEE B {H (0.65
2095, TR AR E . K5, S
HOF 146 H AR 09 HSV 55 B, ARG 15 R Bk BOE
L% H AR R 64 0 B BEL, %07 15 nT LA IE 25 B B
A EEH bR B9 HARRAE TR R 4 R
rRIROCR . B, XA R H bR AT —AH AL
Ab BRI SE K B ik B Ok AT MR R AR R A

P, FERCHEAE B, X B AR S AT PR, JF
K FH 3 A7 B A 3o i 25 ) B /D 3R ELER ARG N
I I B A DL S 0 E Bk 2R n A

2 ETHFEHSVZEEGBEERKSE

2.1 ¥eBiREETELER

ik e S STl 0] R PP A GN SR T AP H L0 S i
MOHT A 2 S B A4 RGBL Lab il HSV,
RGB & o235 [Aff T3 BO% (4 b i B fs B, A
MBS T2 . SR, RGB B 2s 8] 44
HA®REMHXE, Szt X —5
BRI T AR AS ) BB 2% 1 i R o B R . Lab
8,55 0] 2R — N2 S SR T BN 2
6 BE AR Ak 52 i B4 (e AR AR {H R A B AR X
B, MEZ T, HSVEI @ Em @i (H) ., i
B (S) MZEJE (V) 344, WA
50 00 B RO 3 . HSV 2% ] #4347 T X6
L RE 152 32 114 ] B R 23 5 W 200 o) o, AIGEE A
T RGB 73 [8] AT G H LAY B % B R)

LEA IR 3P B A s A R, AR SR
HSV i 625 [\ 647 HAR 4. &5, AN (D
~ (3) WIS B RGB 23 A 4  HSV 25 1]
5,25 () A5 80 4 1] 2 T

3 AV (0~1)
A - 2% (120°
%t = =+
B
= 3
H /// [§] LT'E( 00)
7/
L4 AN
E =)
B = 5(0~1)

(a) RGBIHZY (b) HSVIET
H2 BHez=EEE

Fig.2 Color Space Model

0°, max = min
60° ( C-B +0), max=R
max — min
H= _ QP)
600(371%. +2), max = G
max — min
6m(—£!1i7+4y max = B
max — min
0, V=0
S= — mi 2
V len V20

V = max (3)



62 KR T AR F 4R

55 38 &4 5 1]

K HO S VA RRF G RAECH ., 1l
FEE S E FA 2 E8UE ;s max Ml min 735 N ES
{R.G.BI PR KMEME/NME; R.G.B& %t
VALY S PR EAR NS SR g
22 ETFEHHHSVEEESGBEIENSE
AT HSV 2825 [ #E 47 H AR o #0385 R
FHE E /) H BE > Y478 A8 SCGE i 3 UK e
FE B AEAS DG RSN L bR 4 H br
HSV B E, St Bo7 v B AR ER B X E 55
i, DMBEREWLG BE . BT Hbs b br 4 5 90 fef
B LR IE , RIS T2, (W) 4R B b
WE N 05 0.04 2 K% 0.98 2] 1Y X 18] (e i 72 I
4171 BRI, FAERELERE LT, a0 21 € b bR 2k
Jeil B AE Bt A O i T AR B, B — ) €5 00
EANREMERG 435 B br. flan, e ERIG XA
B2 L N Ko o1 O EA R G B/ S - I IV = R 7
Rl AR, anlE 3 s, 5] AU B [ AT LA S
BH bR S TR 53 H . MR S8 T 1R R bR
[ {E 4 0.65 2 0.95, LI AL H bR o #1255 .

() JFE (b) HBIES

(¢) H. SHIE
B3 ErkHMERNERD MR

Fig. 3 Image segmentation results of basketball court

environment

SR I Fof I8 1 L 0 07 9 0 i — o B o

{97 6 5 ) B R 5 4 . T4 AR 56 4 )

AL, A, ARSCHR T — BT H AR HSV 28 | Y

MG HE R L, BRI E 4 Frs .
Fif
= R X [0
SR Lo (TN
T8 ki)

Lﬂ@%&x%
B4 X [
BB X A
BhaEie T 7 FI A [
it iGN
PE- ST A 2
BEH
7% i &
%ﬁg@%%m%% HEBIEA
l R BE
EIFHESR TR, TB gl
BORREX H.

E 4 B#RHSYZEEKBIERNSERE
Fig. 4 Flow of adaptive segmentation of target HSV

space images

PR HARETRE

Stepl  JET47) by 13 (%) iy AR 3647 47) 25 K
Do 2R T AR A IR H AR, PR FE BB A

Step2 A Kz ) H AR, AT H A5 5%
FERBGZ WA HAR HSV B E, 483t H s sz
RHUL S H T E &AL ITRs MR RS

Step3 I BEAN FRLITHE N AR R EUE AT RE T
HeB, Ik oA N, BB R BB S AR R
1 98%

Stepd K= SN BITH HEATRRIE, A
AHAE (0 B TT M, T OB 1Y BIE X 18], & I )5 19 5
{7 DX [0 2 A s AN B A 2 4 B T A% DK 3 41X ] 5 9F
A —ABIE X R A X ) B N T 44, A
AL 4 0 26 HUG RFUR 22 1 44 DX TR] A (X

StepS BB N H FRRFAE BB BI(E, RN
ST A OSFE B E bR, DGR (R ) G
I {1

Step6 AL R E B BT Hes, WEH



2024 4F g, % T HRHSY (EIE-IRMEE-SERE) 25 [ IR S N 2 50 B2k &7k 63
2 Step5~Step6. b5 UL y Sl AT o B TARSC G ) B

3 ET®NIFRAMELBIREN
3.1 EfgmatE
e H AR B 0 R v, B R R 4 45 A 3R AT
AE S BUE AT HSV HJ7 181 [l I BRI, H bR 9
AR AR AR R BRAS R DT Xk A A I A o A A
LM«T%'JE‘HD TR — [, AR SOR 5
T IR T i B P s 5, kAT R T B B b i 2
S LA/ FRR AN 20, 25 R U 1Al S B

(a) HAiFfH{bEIG

(b> MBEACR
BS5 BEHASHLE

Fig. 5 Image closure operation processing

% B 5 1 ol s PR 25 2 A B e 1) S A O 1%
i Bl 388 4 7 25 T A9 3 G IR R SOk YT R B AR IX
S, T D — AN A S A AR, R S RS B G
LR R R SO/ BFR XS, E S AT LLE
L BARR (EA G s WS E e e, Hib
GHONVE, A BTG R EL
32 EFHuHiermENS/NRELEN
PG WAL B 5E W LA S, 5 B AT 30 2 s R
AR SO} A 38 B AL BRI i A AR B ) B — AT AT
K, %R & AR AR, WA A Z AL EZ %
FR BB S AR, BRARR R A
LR, G o B, By Bl
W B AT B n AT R BGH 25 5 F T B . 7E
AT, WS B e N 60, DL £ ab B
4D iff P R R e O ) ST o TR B G R AT
NG AT RN A3 28, B BATIR R S kbR y (H
/N FER K s R AT 3R I, A MR A & 05 5
LSk, B BRI 22 3 Sk R4 i 2 5
IS UE S8 VIR SRUE. Juk

PRI 1 3 2 SO M 4 mE L T H

AW, 33T B4 17 0 DU A Sy B8 A A I )
2o MPRICEI I 2 B 48], ARSCR A i
N Z SRR X 2 A T Sk 0 AT HL ) 2 v AU
o /N FEBAERIME, HFRACRR, AR
T4 — R E &, AR B2 LY T R
BT s B R .t /MBI TR 2, W]
DL 5 fie VG BC B o0 A i) BT L AT o B His
SARE—FP B L HR UG A5 R . BE B IR D IR
He MFHENBIE (v, ) [1<i<nl}, F
K E HL Ty =ax + bISEL, HERESH

sz(y —(Cax; +0) )V I/, w45 a M6 B B/

e S a R AR S

=

DTN 1 1
ILZXT _( Zx,:
Z) *aZx
e R =
FII 2 :EETILH%;AM 5o 09ME, 7] LIAS 2]l
B ELITR.
BEADGHENE WA, militB AL
JRds i & S B WS HL WK L=y —
Caxi —b), T RLAE I A 22 B8R 5 5 40 ih St 2

B g . AR SCR I T A 54 XF 22 (Median

Absolute Deviation, MAD) " ) fx /N —. 3 H £k £
W7 bR B R, Dt LA

MAD J2&— i ffiy i — 20 H00 00 B R JE i g it
o H A B A S SO 3 A O 25 o A I
MAD AL GE bR 22 B8 B S ik . Bk | skit
BRYESE A P A7 B Median (X ), 435550 5
5 B A X 2%
Deviation; = | X; — Median ( X ) |
A Median (+) 7R BOEHE B9 A7 %k
THIRL 20 %8 2 1 6 5
Dy = Median (| X, — Median (X) |,
‘Xz — Median ( X ) ‘,
| X, — Median (X) |)
FAE Dyan FARUEZETEIES 00 T A —2, ¥
Do FELUH ELH 1 1.482 6, JHHEJE M) D N
Dy = 1.482 6 X Median (| X, — Median (X ) |,
X, — Median (X) |,
| X, — Median (X) | )



64 KR T AR R A2

55 38 &4 5 1]

TERL G SEUR , 8 o TR 4R P s S
B B v Bz A A 2 0 2 S OR R E R 22, JF X
B DEE, REE R RE PR 245, DIy
PRUESIBRES HE(E . PREE TR g, BIN AL,
B FRRIEAT B/ TR RS o iad BRI AREAT
HEWNREAERAELA . REWUE L/
K& B T, SRR R 6 FR . J2
0 59 B B AR A P (B o U A RN PR 7 s

N Sl
GehERL 2
l

THEEA A
YixTiRZE

i
8 A

Wk PR AR

I .

N pTAT SR
ey

L
H6 EFHEHAHRENRN-RESHNTRE

Fig. 6 Flow of median absolute deviation-based least

square line detection
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