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Abstract: In order to research the specific applications of a CMOS image sensor with a rolling shutter,
this paper researches the specific CMOS image sensor. Firstly, the principle and characteristics of the
global shutter and rolling shutter of the CMOS imager are introduced, and the impact of the rolling
shutter on measurement precision of the imaging system is analyzed. An imaging experiment is taken
to analyze the rolling shutter. Then, a new method for computing instantaneously 3D poses and veloc-
ities of fast moving objects is presented by using a single view. Finally, a general perspective projec-
tion model of a moving 3D point is presented,and a method to estimate the pose and velocity is dis-
cussed. Experimental results indicate that distortion appears when moving objects are imaged by the
CMOS imager, and the degree of distortion has close relations with some parameters of CMOS imager
such as integration. Moreover, the post and velocity parameters of a motion object can be obtained

which shows in the case of minimizing errors. The calculation error is under 2. 5% and the measure-
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ment accuracy is 0. 01 rad/s. After analysis, the experimental results have proved that not only the ap-

proach is practicable but also it can transform a low cost and low power CMOS camera into a new ve-

locity sensor.
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Fig. 1 Working principle of rolling shutter
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Fig. 2 An example of distortion of a rotating ventila-

tor observed with a rolling shutter camera
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Fig. 3 Perspective projection of a moving 3D object:
depending on the time delay, points P, and P,

can not be projected from the same object pose



2020 b=

51T &

3.3 IHEIE 30 Y R B L7 0 I

TEIX —HB 73 » F AT BERE 12 3 Wy 1A 1) = 4 =
] AR R P BRIR S by 4 7 DR TR AL BT 40 S —
2 2 () PP 0 o AR T ol = 4 e S5 B 4
TIERIT Y RATE 10 I 20 69 15 B A58 L L 2% 5K
(3D A8 EE 49 A Al e T A8 5K A5

_ (R] JFT“U;.Ql )P,“FT‘I»A’*TIUI'VI + —
Ui (R% +TU1’93 )Pz + T: +Z"U,-VZ o

Ef'” (R,T,.Q,V)

_ (R, +70Q2 )P+ T, 4+, V,
‘ o (R3 _’_T'U,'Qg)P,'_’_Tt_’_T'U,'V:

£V (R, T,02,V)
XPW R FQ, HHFERR M Q WE i 47,50
Wk 2 A L I EURE s B0 o, AR T R T DB
J 2 57 B R B 5 000 15 25 eR B
w;— & (R, T,Q,V)=¢"
{v,—sf” (R, T.Q.V)=¢" '

FRAT 5 (R, T2, V) 5% 2 bR 50 f /M

p/(1

+ v, =

v,

e= > [ —& RIQV)F + [0, — & RT.2V T .
i=1

(5

 [(CLK[5:0]4+1)X2]X858XEC[7:0]X2

XA 12 AR TR R =D 6
A R BLT L AT LU e Al 2t fe /D TR
LSRR . X AT AR A — i A R v B A AL
6 AR IE A% B R R ATH 5 L e i R
it RHE ALY T g (RO RACES . [ ik, F AT AT LA
L q(R) =1, I A5 H A ikt — A~ 2 R 2, 1R 9
L R AR LR B ik HURE T TSR A 4 i O
Hok G T e O HER % .

4 ZRRLERSH

4.1 MEXRBIMELE

S 2T CARRR M S 8 B AT
18R W B R] L R AR i it 4 . 3x L IRATT LA
KA P TTH OV7620 # CMOS B4 15 &
2R 4T 40 B, OV7620 J& OmniVison 23 )
A PR — R AR A NTSC s f bR E ) CMOS & 4%
L% 2% AR TTHES Ky 640 X 480(VGA #& ) . Ik
NG R 1 Ix, L2 8 bit IR BT UG B i
H L i <<30 framet®

OV7620 PG A% J& 2 Mg e i 8] 5 B 4 4395 2
BZ M ERMT

Tt =
W [ Foix

X, Fox 2 CMOS B4 AR B 4 1 Ah 12 b 4 4
A, CLKLS = 002 I 80 43 45 27 A7 4% 1 IR 6 2, EC
L7 + OS2 M4 il 27 F7 45 i LA

TE T 4387 19 36tk 1, AR /N X — A R
TR A S92 5651 7 B LSS 9 L (50 Hz) by B Y8 A 6 T8
Cn H BT Je e BT BECG 1  0R A% 2t A7 1)
W LR A ATHFH Y CMOS 52 56 %50 A HL
() el B AT 0 I B AR AL LA OmniVision 23
A A B OV7620 CMOS EIHG AL B8 A% Lo v
i USB 2 11 ) b AL 26 505 BUR B .

Kl 4 5 CMOS EHG A% B s 75 4 1 U T
R IR H AT B (T4 R 50) i T3R5
PR 4 5K ] % Iz (6 B 300 4 A0 2 35 5 4 Ol
1.2.3 F1 4, RG4Sk 27 MHz, & b 45 S
HY A0 A U FEL 1 ] 40 5 4 A b T Sk [l A A 45
o FRE T HL A AR 50 Hz, Wt 2. 75 1 s
) Bsf ) L S 2 50 BN 2 B e K {E B & 3

ST 1) 14 B A AE P D2 7 1) 1 B KA ] 381 2 3 B
— Ak 50 W Ry — AR — A R
ffE] & 1/50=0. 02 s, A4k A il £k n FH — 1E 5% il

4 O[] B A 000 A 1L B (1, 2,3, 4 BEXT H BT
G B R
Fig. 4 TImages of fluorescent lamp taken under dif-

ferent settings of clock prescaler(1.2,3,4)



55 8 I Xl

B LA CMOS BRI AL IR b 2 A7 ORI 4R B R 2021

LRFRIE . HOGKT 2 ol A BH f 28 L B R R R 1Y
A WA 5 A7 1) () J6 5%, BT LA H Y6AT 19 52
JETE 1 s PYZE5E B B B3 7 A8 52 B & B e i I
7L I T & 50 427 PR B — Al AR 100 IR, T
P, HOGAT 8 | 50 Hz BT L, 22 5 A0 A8 A3 R oy
100 Hz, T8 A8 3 M 145 26 5 50 Hz, A 20
ms, ] HOGXT A2 100 Hz, Ji 1 N A — 4> 1E 1%
{E A1 — A I {E 76 B 2 i R B — A5 5k
AR 2 R BRI 4. AR UL A& N H
FEIT W) — A SR — A5 2 0 38 i i i — S L
A CMOS [ % 14 8% i v st b 0 LL 9] 25 77 25 1R
S ek ] A A7 A L WUA B A 4 1 B OO AT LA
i 3 PG R A I 4% 22 8] A 5 2k AR R AT HE
S TS A A AN 5 TR .
2.0

1.5
1.0

sin(x)—

Light stripe

:‘1:; 0.5 " . LA Ipe
= 0 ik BLIDC Al
E ..|||Il|||”|| N
< 05
B Light stripe
-1.5
= 4 3
= s 2 21
2 Phase 2"

B S Ay U TR X T80 52 I H O TR A 1R R B R
K
Fig.5 Imaging principle of light powered by alter-

nating current under rolling shutter mode

Sbr b CMOS B AL 188 1 45 A7 2R T J7
2R AR AZ It HL G 5 AR I L A5 T A R Ol i 7R
G (S ISR N TN e ol B DS B Y i
T3 ) 2ok A5 AN Ta] 1) 45 50 B2 S I 78 O v i Ak 1
P ATE L AR Je 8 B s R AF . il T
H A2 Ui H AR FRL Y DG KT F T Y 28 Ak T — T A%
LFR AT N y=sin G+ o). o HHIHRHALL
T v SR B0 v SR B KABL Y O 125 % SR — B 3
o

(sin x)'=cos x

(cos x)'=—sinx
Bl dsin (t+¢)/ dt=cos t.4 dy/dt=0. 04424 ¢
=2knt /2 FAE B . TR HGR 4 15 )
d*sin(t+¢)/ dt* =—sin t W A t =2kn+ /2,3
T/NTE A% R i RAE A . B2 52 0 F 0

{ELAL R 432 A A o ] e 220 B B A0 e R )
R Y e i 52 25 Hol o R AN I 4% 22 8] 19 5 4
FIF i) (71 8 598 A A2 U H ) S 3

P IR CL) o I A 99T 2 A0 45 B & 1.2.3
4, ZGER By 27 MHz I X5 W 848 T AT Je 91 73
W 254. 22 1s.381. 33 ps.508. 44 ys Fl 635. 56
18 s XoF I PR 5 2% (BRI 2% 1) (8] B 23 391 o 78 47 .52
17340 A7 H1 32 47 B AT DA 53075 30 58 3t h S
S K 19. 829 ms, 19. 829 ms, 20. 337 ms #l
20. 337 ms, 55 PRl 5 1% 3] 1Y 52 i oA AR R 22
AN 200, HUILE K AT E A T DR
PE B 73 B o IE A Y
4.2 FEEMULRZMNELEK

3.2 F1 3.3 H4R B R TE Z I LR
SR AR R TS HEAR A 10 X 10 T A% [ 4R
oo A S A o N A VI ) T e I L
uEyel540M MM — R m# iz g (1) Eik YY)
P RIPLZR BEF 0 1 280X T 024, A 8% B FH st
8 frame/s, FH K 1E A& B4l b 1 5 ik ik 47
PR AE & 38 A X5 J7 4 0 B AR R I E A T B ST
BB R ELZ O A IE  FRATE DR A A 3 1R
189 5 A AR A R L, A MBS O ik A R i A A
A,

6 FALRIE LB S A i R AR

Fig. 6 Image samples with motions of coupled rota-

tion and translation

A AR B0 0L 25 ek 3 2 Bl 8 5K () 3t
Bk . 1B 6 O I — L IR R HORE Hh R TR L 7
XA SR A] LA BN A A SR T AL A B
14 i 803z Sl A A T MR L e A B B R
A TR BT ARAT B AN [R] o 1 52 36 2 3 5 3 AE
3 8 5% 12 s A F- 7 32 gl v it 0038 K i T BT
R 12 B I A B e LR o, U B 19 A i
2 i HAY T — RV E S B R 2



2022 P o

K% T

51T &

\1 <2

D)
X

5 -l

Ca) ¥ T e 135 F A B oz 42 ]

(a) Constructed trajectory

(bR e FIT- B B AR 1 3 2 ]
(b) Rotational and translational velocities
&7 FEA IR FOT- B AR I 007 23 R T 45 2R [
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pled rotation and translation
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Tab.1 Comparison of computed and measured

rotational velocities (rad/s)

K hs W E HHRE
1 8.53 8.74
2 8.53 8.59
3 8.53 8. 64
4 8.53 8.49
5 8.53 8.61
6 8.53 8.67
7 8.53 8.50
8 8.53 8. 45
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