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ABSTRACT

A Study on the Centering System

Using Image Processing

Oh, Doo-Bong
Advisor : Prof. Cho, Geum-Bae, Ph. D.
Department. of Electrical Engineering

Graduate School of Industry, Chosun University

Line-scan cameras have been used in inspection systems for years. The
quintessential line-scan application is web inspection, in which an inspection
system continuously inspects an almost endless image of a moving sheet of
material. In electronics inspection, line-scan cameras are used in non-web
applications, typically ones that involve capturing a large amount of image
data in a short time. The one overriding requirement is for relative motion
between the camera and the object. In this paper, we present the new
system for centering system using line-scan camera.

A centering system is a flow control system, which sets various object to
the center. Its used in which produces the paper and tire process by the
conveyor. Therefore materials are consequently the devices, which there is

the moving stability at the next justice.
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In the flow control system, parts of a most centering system are to be
introduced. Or it has the defect over 20,000,000 won of high investment
cost. Therefore we developed the Digital line-scan camera image processing
board and controller using latest technique based FPGA.

Our centering system of the high reliability, which solves the defects of the

past.
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Table 2.1 Camera characteristics

Type a2 F =2 =
SHOIJF =C.
Line-scan Type | St&AlS ASETI =0 A9l Jda2 ol g=0
&X|Jt =&GICH.

SRR Line-scan TypeQl Hloll 3t&AIS
Area Type 2ol &0l AL, -
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Maintenancelt Z0|atC}H. + o
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2708 93] Line-scan type? 7lWgtE ALE3tF om, dAFore xo]=d
ofgh ofj=r gl who]A 7iHke] ek A"l FEE fE HAE EBHYY =ES
Y= 7 e g A A st
op oo B Afo|A] AL8-3F Digital Line-scan Camera®] AF%S 3EA] st}

- Model : SP-12-01K30-10E (DALSA, Canada)

- 1024 pixels (14pm x 14pm)

- 30MHz data rate

- Line rates up to 52.8kHz

- 8-bit output from 10-bit digitizer

- Low image lag and high blue response

a9 27 A+4¥E Camera AHF

Fig. 2.7 Photograph of used camera
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1 &
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3 4
Mating Part: HIROSE Mating Part: 3M 10136-68000EC series
HR10A-7P-65 Cable: 2BAWG 100 £ shielded twisted pair
8P-11  Pin Signal Pin Signal Pin Signal
1 +#hY 1 SPEED 19 SPEEDB
2+ 2 GAIND 20 GAINOB
3 #18Y 3 Future use 21  Future use
4 BV 4 GAIN1 22 GAIN1EB
5 GND 5  MCLK 23  MCLKB
6 GND 6 PRIN 24  PRINB
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3 sy 10 D& 28 DeB
3 Do not connect 11 DS 29 DsB
4 Do not connect 12 D4 30 D48
5 GND 13 D3 31 D3B
& GND 14 D2 32 D2B
15 33 DB
16 D0 34  DOB
17 STROBE 35 STROBEB
18 LVAL 36 LWALB
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Fig. 3.1 Output port pin array of digital line-scan camera
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% 32 FPGA Pin 7]%
Table 3.2 FPGA pin function

Pin Name Description
GCKO0, GCKT1,| Clock input pins that connect to Global Clock Buffers. These pins
GCK2,GCK83 |become user inputs when not needed for clocks.
MO, M1, M2 | Mode pins are used to specify the configuration mode.
SIS The configuration Clock 1/O pin. It is an input for slave-parallel and
slave—serial modes, and output in master—serial mode.
PROGRAM | Initiates a configuration sequence when asserted Low.
DONE Indicates that configuration loading is complete, and that the start-up
sequence is in progress. The output may be open drain.
NI When Low, indicates that the configuration memory is being cleared.
This pin becomes a user I/O after configuration.
In Slave Parallel mode, BUSY controls the rate at which
configuration data is loaded. This pin becomes a user I/O after
BUSY/DOUT |configuration unless the Slave Parallel port is retained. In serial
modes, DOUT provides configuration data to downstream devicesin a
daisy—chain. This pin becomes a user /O after configuration.
In Slave Parallel mode, DO-D7 are configuration data input pins.
DO/DIN, D1, |During read back, DO-D7 are output pins. These pins become user
D2, D3, D4, |I/Os after configuration unless the Slave Parallel port is retained. In
D5, D6, D7 |serial modes, DIN is the single data input. This pin becomes a user
I/O after configuration.
In Slave Parallel mode, the active-low Write Enable signal. This pin
WRITE becomes a user |/O after configuration unless the Slave Parallel port
is retained.
In Slave Parallel mode, the active-low Chip Select signal. This pin
CS becomes a user |/O after configuration unless the Slave Parallel port
is retained.
TDI, TDO, .
Boundary Scan Test Access Port pins (IEEE 1149.1).
TMS, TCK
VCCINT Power supply pins for the internal core logic.
VCCO Power supply pins for output drivers (subject to banking rules)
VREF Input threshold voltage pins.
GND Ground.
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if (Pixel_in_data > threshold) then
Bit_imageli] <= '1';
else

Bit_imageli] <= '0’;

end if;
X33 W=
Table 3.3 Memory map
memoey area contents
C000~ C3FF SFR(special function register
C400~ C5FF Bit image area
C600~ CBFF Block ram memory
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= DIP_INPUT, vhd - HDL Editar

File Edit Search Yiew Synthesis Project Tools Help

Djw(a] @] &iae] sl | =] mulmfelofa] 2|
1 [Library IEEE;

use IEEE.std_logic_116%.all;
use IEEE.std_logic_arith.all;

|»

port {
lval: in STD_LOGIC;

2

3

N

5 entity dip_input is

(]

ri

8 stb: in STD_LOGIC;

9 camd: in STD_LOGIC_VECTOR (7 downto 8);

18 thy_wr: in STD_LOGIC;

11 xram_addr: out UHMSIGHED (16 downto 8);

12 xram_data: out STD_LOGIC_VUECTOR (7 downto 8);

13 xram_stb: out STD_LOGIC

14 3;

15 end dip_input; s
(16

17 architecture dip_input_arch of dip_input is
18 signal ip : unsigned{18 downto 8);

49 signal Sxram_stb : STD_LOGIC;

28 signal Sfr_thr : unsigned{7 downto B);

21  begin

22 process{stb,lval,camnd)

23 variable v1 : UNSIGHED (18 downto 8);

24 begin

25 —— Sxram_stb<="1";

26

27 if {stb'event and stb="1'} then

28 if (lval="1') then _ILI
A 3

0 error[s] 0 warning(s] found

KN i
For Help, press Fl Ln 1, Cal T WHDL

¥ 3.7 VHDLe| 93 FPGAZ=Z 1%
Fig. 3.7 FPGA programming as VHDL
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MC_set = 1; // 0: inner, l:bsw, 2:wsw, 3: complex
rep_width_mm = 1050; //1T75; 24 A ARk gk

cal_pix = 10346; //8328; calibration % (pixel)

cal_mm = 1690; //1685; calibration % (mm)
cal_center = 11196; //8253; calibration % (center)
err_tol = 20; A s s

Mg = 2500; // Guiding Motor out: Kp

MMg = 500; //Guiding Motor out: Kd

Pm =cal_pix*1000/cal_mm; // pixel/mm

rep_width =((( long)rcp_width_mm=Pm)/1000); // A}%Z 7k (pixel)
err_tolp =((( long)err_tol*Pm)/1000);  //error tol(pixel)

comm_width
off_center
X1

C1

VX1

pre_Mg

Mv

pre_offset_zoom

s_count

= 5760; //complex width

= 0; // center’s offset value

= 2500; // calibration & ] %]

= cal_center; // calibration’s center pixel

= 450; // potentiometer®] current position value

= 20; // pre position 's Kp

= ((long)3600%100)/900; // mm/voltage

=8 [/EZAAA AR
=5 /) EEAAA FhE-EH S
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1. BSW/WSW?e| A4t

Cp

x1

BSW/WSW View Area

»

x0 |, P_length Xp

»

VO

V p)

mm% &gt

MV = P_length*100/ Vp-VO

(Cp)EL2ZLEH ols)H2
X1 = X0 + (pho_data* MV/100)

Xp=

Cp=Complex2| S2<IXl gt
Vp=800 D&(A/D &)

V0=
XO=HIEHZ2E2| Hel

2 AR(Zel ZXAAl 212 JIF)

2t FS(0)

P_length= ZEIAEDIEIQ JISEH<

ST Mgk
Vp = (Xp—X1)*100/MV+pho_data
2. INNER/COMPLEX?}-9 A%t
30000 [pixel]

|_Cal_pix(pixel)frcp_width_mm(mm)

’4* Offset

Act_center Cp

—

pho_data= ZEIMAQ|IEH 2 22 22 24H0~800)

cal_pix= 10346 //calibration = (pixel)
cal_mm= 1690 //calibration Z (mm)
rep_width_mm= 1050//(AF22¢ mm)
rep_width=(rcp_width_mm+Pm)/1000
Cl=cal_center= 11196 //calibration % (center)

act_center.i=act_left.i+act_width.i / 2
/I 22 ARIIX

Pixelg mm

Pm=cal_pix*1000/cal_mm
S MR X (pixel)

Cp = Pm*(Xp—X1)/1000 + C1+offset_center
A=

act_width_mm = act_width.i*1000/Pm
XHOIESH2: pixel)

offset = act_center.i-Cp
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Key scan process
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A 4

Motor_out()

\ 4

Status Display(LED,LCD)
I

I8 46 AA TR T EIE

Fig. 4.6 Flowchart of full program
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Motor_out()
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|s_PREPOSITION_ON

Preposition | yes
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+error_offset*p_Kd +error_offset*Kd

Output Condition Output Conditio
Check Return 0
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Cutput threshold control Qutput threshold control
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Fig. 4.8 Flowchart of motor output
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@® Auto mode

1) "Rw+00000Aw+00000" rcp_width_mm, act_width_mm
"Oc+00000Mo+00000" offset,Speed

2) "Ap+00000Cp+00000" act_center.1,Cp
"Vp+00000Ph+00000" Vp,pho_data

3) "Pm 00000Mv 00000” Pm, Mv

"Of 00000Li:00

4) "L +00000R +00000"
"W +00000C +00000"

5) "Comm. Status 00"
" 000000000000 "

6) "AC 00000 K 00 00”
"Limit ~ 00000000”

limit_sw_data,offset_center
act_left.i,act_right.i,
act_width.i,act_center.i
P_com,2
led_datal1][i+2]=r_comli]
act_center.i, act_right.i,
key0,3, keyl?2

@ Manual Mode

1) "Recipe Width ? ”
"O+00000 N 00000”
2) "Complex Width ”
"O+00000 N 00000”
3) "C_Offset [mm] ? ”
"O+00000 N 00000”
4) "Error Tolerance "
"O 00000 N 00000”
5) "X0?(Calibration)”
"O 00000 N 00000”
6) "V0?(Calibration)”
"O 00000 N 00000”
7) "P_length [mm] ? ”
"O 00000 N 00000”
8) "Motor Amp(/1000)”
"Mg+00000 > 00000”
9) "Motor Amp(/1000)”
"MMg+00000> 00000
10) "input Act. Width"”
"O 00000 N 00000”
11) "input POS(X1) "
"O 000002 N 00000”
12) "new_Pm: 00000"
"Cw+00000Cc+00000"
13)  "P_length [mm] ? ”
"O 00000 N 00000”

rcp_width_mm
comm_width
off_center_mm
err_tol

X0

VO

P_length

Mg

MMg

cal_mm

X1

Pm

cal_pix, cal_center

P_length




@ Setup mode

1) "gm+00000cm+00000” Xp, act_position_mm
"gv+00000cv+00000" Vp, pho_data

2) "pre_Mg 27
"O+00000 N 00000” pre_Mg

3) "pre_MMg 2
"O+00000 N 00000” pre_MMg

4) "0IN 1BS 2WS 3CO?”

"<03> N 0” MC_set

5) "Enter pre_off_z?"

"O+00000 N 00000” pre_offset_zoom
6) "lim ? 0_NO 1,2,3”

"< 00 > N 0" limit_us
7) "Prepos_count  ?"

"O+00000 N 00000” Prepos_count
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- threshold value ( th_h , th_1)
-+ position value ( Po_1, Po_r , Po_c )
"1’ pixel counter ( Pix_On_L , Pix_On_R , Pix_On_A, Pix_On_F )
- width value ( Width_A )

Pixel Value
255
V_H
V_L
/ \

000011111111111111110011111111111111110000000

o1 | | |
0 « , 1023
PW_L P WR Pixel

P WA number

A}

F 3
A}

a9 52 94 dlolg 9 SFR
Fig. 5.2 Image data and SFR
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