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Design of High-speed and Small-size Imaging System

Based on CMOS Image Sensor
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Abstract: A high speed, high resolution, small-size and low-power-consumption imaging system based

on a LUPA1300-2 CMOS image sensor is designed. By taking a FPGA as a sequential control program

development platform, several modular programs including sensor driving, data processing, communica-

tion and data transfer etc are designed by a Verilog hardware description language. The function and

structure of each module are analyzed and explained. The hardware circuit is developed on the basis of

the imaging system frame proposed. Then, an imaging experiment is carried out on the whole imaging

system. The experimental result shows that its driving timing is proper, its communication with the

computer is effective, its data transfer is correct, its image quality is high and it can operate stably and

reliably.
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20 $T 60 UXK�>%�y�"+.PMD&!H>~l\b�W�O6!HY~Jlb�u��ya&n�bkT [1] �Ln*9�bY~Jls&<h/�3l\ (Charge-Coupled

Device, CCD) 18+i2#:k�^N (Comple-

mentary Metal-Oxide-Semiconductor, CMOS) Jl#o�M!H>~l\zTbn 40 U��
CCD dhkpDN�e�$y�3�.LY~k$�d:&Vz&s&*9�[(l 10U��;?{�(&��qe��,U1xnh/�Ld� CCD zT�u=;�xK>h/�QN3bXf� CMOS Y~Jl
�&Y~k$7�)Fqe.LN�Ud|y�Qx>�6�u168�zlb�g*D��8 CMOS �/	.℄~FZ'��-�Ul� A/D u>l��-I�l1��z�ldK>M*��_��K>q�q\bh/YY�*9� 2009 U[Db	� CMOS �_ ——��M CMOS (sCMOS) ,j
�&JU CMOS�_�h.U�pDN���PB4ye.L}6�K�7d|g�xq<|<�%3��nH}bU�$y�3�1pD�q�d:g [2] �
CMOSY~Jl�jR:��)Fq���%3�eN�1UnH}bbzTu&��kM*�*O��%��(1+�*D|<�UbzTo�168�V [3] ��e. CMOS Y~Jl�uv��F? FPGA�Q)�z&*��%3 1280×1024~?b�����:�e�,>~qU�	qU��Jlxn�7zI��R�17zJ0dJ��	�xv CMOSY~Jlbo}�i�Xo>~qU|<���Rgl�I�7z$U�I��q�1I�7zw}dLg�R M�_`���%3bQ\t�`�Y~k$�S����:��,e����R�pbqU�QR �`qUM�L;rtb)8�1	���Qx:�*�*OdL/*Db&t�

1 JAr>)��W�R9��>~qUs&��>~YF�xn�iYF�3.LR�YF�7zI�YF.L7zJ0YF��Y 1 E#�>~YF;#�sW1 CMOS Y~Jl�>��Pk#hu>�~6vh�-kI�)℄k0D�xn�iYF�P�>��e,��iY~JlbI��V1�dd�o�R�7zI�YF��L)u>�;�k\.Lb\=Rd�RJ��s&�P℄,_b5�7z$a<��7zJ0YF���!"ZJ�17zJ0�_��$lbJ0�2z>7z�Q
Z 1 rV�S�Zx�x7zb��J0�xn�iYF�7zI�YF17zJ0YFo(F? FPGA �zG�xb�QBG18 RS422�2�R(3.LR�YF� FPGA kR��qU�h6�xn��8�YF,e,�R( SPI vY~JlbQ/PRlk℄h�℄h℄>6�Jl� ���R(#hu>�JT�U�J7u>�w/�81 LVDSL:dJ�℄1K_b#�-u> 12 / LVDSL7z.)℄k0�_ FPGA�~6 FPGAv1K_b7zkL)u>1Z�\3�x℄k0�fQ/b DPRAM IP 0kb\=RI���6�p(I�b7z�W�2"Zz>�7zJ0�_�);kJ0�7z1KqU�

2 JAb�WT
2.1 CMOS 7<Æ�*&:�K>q��NI�.L	I4a	�-bqU&t��e�8 ON Semiconductor�
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w 35 ~�w 3 � z � 9<�8b LUPA1300–2��_`���%3��)Fq CMOS Y~Jl�k�%3 1280×1024~?�Ms�n 315 MHz �b_`��	T
500 fps �~FU� 14 µm×14 µm �nH}b 60 dB �Q/K> 24 / 10 bit $:d7b�� ADC � 24 /~F7|�-pw/�86�; 12 / LVDS ��Lz>l0D�S�Jl0D 1/�n�-1 1/S.�-�.k7zA�11K�LUPA1300–2 � CMOSY~Jl|<�0	"?�NpD�R�#?M�Y~_`�|<w�3I��R�	℄nH}b�T_ 90 dB �|<_�' FPN�^�R�{yS.�?E.:z!�W�?�Rd�.�X��R�	R(℄hQ/PRl��x�
2.2 FPGA

FPGA(?�J�b�zG�8?�kqU����x�J�b�R��e�8 Altera �< Cyclone III q'lb EP3C40�-8a�_Q|< 39600�7JYF�126 � M9K=RJ��
4�D{B/ PLL1 20�{y�n`8�I/O W�wo7Jh��= I/O 	a��T 875

Mbpsb7z�3�:� LUPA1300–2� CMOSJl��xn�n 315 MHz 1xnh 2.5 V b&t�
2.3 3 Æ1=(18b7zJ0�_ TI �<�8b
TLK2711 ���)Lu>J0�_�	.:�{GY~�3�17z$UbJ0&t�	�_(*o{9�)L / L)u>�_�	v 16

bit � 135 MHz )�-kL:��L7zb��W�T 2.7 Gbps �4O	8?<���9�1gvg7zJ0 [4] �;?_�{W PLL �"9 / g9�{B;"`d�R�)18Srh�k7�J0�k���R�p�<�?�x;}��U7z$b��J0�
3 p���)�F? FPGA b7\?�(18 Verilog 7\E5B �xb��z{�xtb�Q~|�	

?��9�>&,Sb�RJ��s&��Jlxn��J��7zI�J��7zJ0J�13.LR�J��?�l�1&l\b-y-z1�Ad4?��R�Y1���Y�"f''G��5J�R T_�Q&t�
3.1 Æ�*+�.�'#Jlxn��J�R(=z SPI v
LUPA1300–2 JlQ/b 105 �PRlk℄h�	�xk�0?��N�R�wNpD�R��1$�R.LsQ��J!�Q�R�Jls�nb�U 315 MHz � SPI �n(Jls�nb
��b*��R�-e��RJl�0�7z��3�I,�7 dPRlfd.L 8 d℄h7z�Q 16 d℄h7z�0�℄h7z���&M SPI�nbt_!��L0�~z�M SPI�nb��!p�Jl� SPI Q/PRlb7	.R(L0D~zpD�Y 2E# SPIb���kl� spics �R�-� spiclk  SPI �n� spiin L0�7z�Z 2 SPI ��ZqU�h6�Jlk�*�!lb�!J!�MOJ!t�E<b7zR`1S.R`S�z> 0x32A �."`7zS.11K�R�M SPI ℄h℄>6�Jl0R� ^:���C :℄h����J!�pDJ!��N�h�I��V.L' FPN �^d�R�l� LUPA1300–2JlbI��V�i|<sQ#oJ!
sJ!t�	R(℄hQ/PRl
int timer l1I��;�QJ!t�I��;;0�"` INT TIME b�h~l��e�8s��J!�xnJ�M,_
$I��Vbe,6�R( SPI℄ int timer bPRlfd1�V℄h7z0�fJl�R(
$JlbI��V	.X4_,Sp	dMb�-�#pa	��18;�Vi#	.X4	�-�#pap��
8s�Vi
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10 z � 2014 � 3 �#	.X4p�-�4O�	.R(�hw℄I��V��U#�nH}b�+\�LUPA1300–2Jl{Wbw�3I��R'	.M�nH}b�Y~M� I�6�E<~?b#FFS�� i#��'18Y�3I��M<#papIb~?g	RCMI��Vf6nx{/T_�1�̂ gj|�%se��'18w�3I��~?gl;?i#8�bh��-*Ze?�xC��d_E�b�dh)p	� I��4x	�`MI��Vf6n,T_�1vH�w�3I�	.A+Y~l;Y*bs�VI�xO>b�Ise|��.L;Y*b;�VI�xO>b%Ise|��4O�\9qWq73aU��18w�3I�	.MS*�Y~lDaaUbnH}b�x\9qWq�-�a�K)C�Vz�$:��18w℄I��V	.M,SbY~l�TnH}b�
3.2 3 %'#

LUPA1300–2Jl0D 12 /L LVDS 7z�-� 1 / LVDS S.�-.L 1 / LVDS �n�-��n1S.�-8?M,rA�Y~7z�7zI�J�vJl0DbL7zkL)u>�;�k\.Lb\=R�)℄kz>�7zJ0J�k6�I��;?Jlb7z1S.�-�.9�7z�3 (Double Data Rate, DDR) ~!0D�E.℄�n�`6R(t_!1K7z�~618

10 d-dPRlRHL7z�)�zPRll,u�	bS.�-[l 12 /)7zb<����Y 3 E#�
Z 3 8{2%��Z;? 12 / DDR 7z.)~!J0�

FPGA = 5 ��nqj (1 � timeslot a/b) x,_ 12 � 10 bit 7z�;OSU&7zZ�1RHbOq��eM�mJl7z0D$2bFG� ([Y 4)�MD&*K.:z!)I�~��= 10 ��nqj (Y 4 l timeslot 1a 1
1b) , 24 � �b 10 bit 7z�)℄O 24 � �b7z� 3 ^PkHR�;?7zJ0�_lb7z� 16 bitI��RHn℄=�7z� 6 d+ 0 �)℄ 8 � �b 16 bit 7z��3)>*� 128 bit 7z6R� FPGA b9 RAM

IP 0l�Mpy7z��R18a�`3bp7�n�X$#	.M7zHRb�VtQ℄
16 bit 7z,PpD�O~�	.M�7zRH�q�Nx&M��7zI��CI��q}3�1��q:ubGR [5] �
3.3 3 Æ1'#7zJ0J�8?8�7|J0�_b�i���)MvY~7zk�!"Z6℄k

Z 4 LUPA1300–2 KÆm8{1E�"0D��!"Zx(�zS.�-MY~7zlU�Y~_-�_W�-1Wd�U�p�7zJ0J�18 4�ukuD (First In First Out,

FIFO) IP 0��(8?RH�t7z�_-� -.LY~7z�z>7z���W$lb'717<�f�Q FIFO IP 0py7z�R(M�bV�_�_bVz>�v9�x�i-�3��.�`L7zS.�
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3.4 C
�?5>'#3.LR�J�18 RS422 R��2�QBGkR��*L3 38400 bps ��8 16�*L3b�nk1$�[l7z<�6k,��z,_b 8 bit �ie,�8�{v6b�i�-�.�iI��V��NpD1�dd�R�
4 OT{��i&)�&:���:�Mb�Q&t� PCB h/�6|<r����bLg��e18�7f3�f��h/�n6#� 8 cm×5.5 cm b 85 PCB�����5 1.2 mm �R(*� 3 cm ;b��� �nrh/���hY~JlLkhH�_d�6rh/���h FPGA�7zJ0�_� RS422 R��_.LE�bhH�_��Y 5 E#����(*o�Bq8�f��|<Pw���hR6\{��	f��r��,j	.eJ���V�xq<	.M�qUbNw�1	���;?���q��-zBqU��`Y~k$1M�qUgl���ev>~qUk

Z 5 i0�lZ&����Q
MJlbt~1yUCIgTfS��.�`�`�-be��/t)Z����Jlbf"`�_JTf��
PCB ��b7|f���)R( 0Ωh� �S�`&hdb*g��>_e&�`h/ve`h/bL��E<�_bhH"`o<
0.1 µf bz�h��.4F��1N���`hHbgl0D�p&�-18fz�7�.Spe!�8�

5 -\�s"`>~qUb�R�h�vkk&>~�"�	qU18 Edmund Optics �<�8b R5000068513sW�Y 6 8�e{GXÆbY~�	.�D�	Y~so��%3a��?qMGw�p(_�' FPN �^6�'~�b,�K�a_&4Ub
��f''G�Y~k$a��>~qU�QT_&Ej&t�

Z 6 9�f|HY�Z�
6 �2i:������%3���:1e�,b�Q&t��Q)�x&*KF? CMOS Jlb>~qU��z LUPA1300–2Y~JlbLg��Q&F? FPGAbxn?��7zI�?��18 RS422�2�x&�QBGb��R��R( TLK2711 L)u>�_�x&��7zJ0�M>~�"lvnHL&k&��XÆ�a_&k$a�bY~���{Gbk*.�ujl&"+bFG��!8;
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