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Sun Photometer

ZHAO Zhi-gang

(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: The basic concept of solar radiation measurement and the development background of

sun-photometers are presented in this paper. After analyzing and comparing the aspects of system

design, optical system design, choice of sensor, electronic system and data processing of the existing sun-

photometers at home and board, the basic development status of this series of instruments is obtained.
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2 _�K�SmGb	
2.1 ^yiQs4�_�S�g8l	<+��*g$�ld�9�~M'*��4�(v��8~8�.	eMÆ#��9�l��~e	<.��	<Sj�< (�Y�<) �inq��g���Sy~z#�$�9l�!94��$�4�~z#Sj$�M�4��Pz�bX�M'�&z���s�Pn�Wq�P.�bX~0|^L�P�&rpl���U�4�^~'E[(~rpl����MU�E�G$^9~�4���	�&rpj W/m2 l�4R��	�&rpj J/m2 �h`�M�YM�rp�	pC��MU�E�~G$^9�5�
2.2 ~�^y\v℄VDA4���g4�~M'	A�z#~M'+�	(8�.	I	<.	�&#yjv��8�Æ�HW	��8NlF�:T R�DA4�YM~0G8N(gj
0.15µm ∼ 4µm 	 �'lnU4�~0G8N(g�j 3µm ∼ 20µm ��U�7$	_Ha8N~:T	M�DA4�FI�84�	 ��'lnU4�FIN84��DA4�~YMpS�0j!E8��8N�f 0.4µm~Sj;`8�	 0.49µm ∼ 0.75µm jp:Y8�	 8NNf 0.75µm ~�Sjv`8�	A�pS�0jRv` (0.75µm ∼ 25µm) luv` (25µm ∼

1000µm) �E8��mZ 1 >��DA4�RbnU��nxF'	<lU

M	A$��!6s�DA4���℄y3M	G#~DA9�	M>0}>�G4� (�}>j� 0.5◦ �MC7j;�MC,f�~'~DA4�) 	�M>0��s�4� (��I'y!x~}>OO 2π �MC��~nU�s�l'�~DA4�) 	"��lSjDAB4���)UE~z��0G�4�W� E	�rp�27Rbrp'�y~4�9� (rpj W/m2)�vx~$x	�DAYj�℄3'f�*�y	urU$e0�R 1cm �℄Ce�R 2mm �rU�:�,j 0.0548e	�	iDAlOr4�x�℄3'~B4�W�pmx 1.12kW/m2 ÆuDAY��'~n�Cnf 60◦ �	�fvLJug~T�	h�MÆ~p3.�Z 2 >�`� e 3���℄3'y�GDA4�~YM0<�Q`���DAA�j
90◦ YDA4��f�n�~\{���e��DAA�q��	B~9�0I?��	 YYM0<Qv_EO��GDA4�~W�;rU�:�~�, 7{�;hoUy�:�EqolgoA	T�yr'>jA	TM�	�%'�%A�
2.3 �vus℄V\XsYs~YM4��� (�YM4�R�	�YM4�Æ�) j8N~T�SjYs~YM9�0<	M�SYM4��� (R�	W�) jDL2�8NjrL2}3��iYM9�0<pS�zYs4�~8N(g�3M�~4�R��S�M8�~9�
B4�9�~�0'���n�,YME�$	6:/G�zYM
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[ 2 �HEB5��ZN1=4�Æ�~g��	 �/G�zA$~��� (�S3M8N~YM4���j 100 	P�8N~YM4���jP�'~�0,) �YM4���~���j8N~T�SjYs~��YM9�0<�E�Ys~YM9�0<	"	)0^0YPS�Y0UYM	fz^�u~HESbHE	GzlYM9�28~Ysb'E� 0YP�F':T8N~Y~Y��,F:�T	AME;8N .�~Y��0<	t$^6j τ(λ) 3��YHES�:T8N~Y~,>X�I:T	XhYHESIMEYM�,�	^ Ri(λ) 3���HES3'G!x~4R�j P (λ) 	Y7�UnS'�j A 	Y7�UYb�j τ0(λ) 	�GDA4�YM4��j
E0(λ) 	YMozj ∆λ 	�

P (λ) = E0(λ)∆λAτ0(λ) (1)

τ(λ) = τ1(λ)τ2 (2)�$	 τ0(λ) jY7�UYb�	 τ1(λ) jrvP~Yb�	 τ2 �Y7�U`�rvP`PhZD~Yb��>S
P (λ) = E0(λ)∆λAτ1(λ)τ2 (3)�M*'	�HES�[�j Ri(λ) 	HES%^Y��j I 	P$HESYM�[�`�mZ 3 >���

I = Ri(λ)P (λ) = Ri(λ)E0(λ)∆λAτ1(λ)τ2 (4)ah|x
1/τ1(λ) = Ri(λ)E0(λ)∆λAτ1(λ)τ2/I (5)

�$	E0(λ) ^GnYM4��pn	 I ^HES~��Y�� Isc pn	PAF�^R�~,�pn	_pS|^��HES��.(g7�MLJ>/~rvP�FERz8N~Yb� τ1(λ) 	E~Yb�pSRb,.7D}��h�aR�~ τ0(λ) l Ri(λ) p^|Ys~YM9�0< P (λ) �
3 8v�)_�q�GDA4� (Y�) &�M'^}E�DA�Gj�W�~PS�afDA4� (Y�)&$�&j�G��DAY	>SA�E��Gj�	 :E�aOr�xys�I�~s�Y�
3.1 �n~�^yj\�Y
3.1.1  965�MU�E�[Æ~DA4�& 8 EY7Rz~$&8N05j 340nm�380nm�440nm�
500nm � 675nm � 870nm � 936nm l 1020nm 	[Æ�KC (FOV) j 2.5◦ (WMO #7) �

(
)~) Y7�UaS�!>0EU�
(1)
Ze	̂ },��Rl�UPnPS	i GnÆ��7{�Y7S<~<�Æ
(2) -�
Zez'~Y~	JjPSnv~K~	i GnÆ��7{YZ~�HÆ
(3) ME�\n��T~ (
Z) YZ	�[n�Y~:T8N5a:T~�eÆ
(4)FERz�Ao~.7D	̂ }�HES~%^Æ!�MÆ(g7S�|
h~U�Æ
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[ 3 IFTZN�\�
(5) 0YPS�

3.1.2 4�+n>0DA4�&$�^~HESY�"�W�Y�"�W�℄DA�[�Y7HESlh��HES�
3.1.3 C�3<�DA�

(1) 3�ÆHES�YwYX��YVoP�Y�I�PSM^3�ÆHES<JjY�d>S	HE42~*p��I�bX$	}>42~Y'jVY7�U�W��3�ÆHES~Y,'y	+U42���3�ÆHE�U_�Rb42���3E�Æy~9�0<7{}L:42��I��UYb~*pCHC���~HE�U�dL:^~CH,aj42��3�Æ$&~�)CHW�.T��f afF'X7~Æ!	��Q<q6|x�42���3�Æy~0<CH,a�'&:*%	'E
)~3�Æ,7%l�C�7%�3�Æ,7% (:Z 4)

{

Ex = Sa + Sd + Sb − Sc

Ey = Sa + Sb − Sc + Sd

(6)�C�7% (:Z 5)

{

Ex = Sa + Sc

Ey = Sb + Sd

(7)�$	Ex jCH,a� x*�~0�	Ey jCH,a� y *�~0�	 Sa � Sb � Sc � Sd j

42��� A � B � C � D 3E�Æ~'��
(2��.�42��YWhy0<) �

[ 4 4��-8&

[ 5 �D-8&RM	j��`��W�~℄��G�y),aP,^M���
(2) �^Z�d>SI�
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A 6 G C J 394V	[^$~Z�d>S0G�kPoS< (CCD)l~9N&C�z�wM (CMOS)�'�CCDd>Saf�a�����F(gn��[�,�A�`	 9�|Af CMOSd>S~Z�#�	X IUjhV[^$~0�S<�tANiA	M�n	�IU&A	Y:Uj0�~ CMOS #'�UfTM#D$� CMOS Z�d>S#'R!<$	98�jdU~ CCD d>S�'	 CMOS G.�~`���U�A�Ni���IU&�	lUjPA#D�o� CMOS #D!|pS>�EZ��U	�|d>S����3���p+Xt!N9l A/D 4�S�UxMx#Dy	K5�[uOe)�U�IG~/G�afSy`		
CMOS Z�d>SRUj=℄l[^~h	�
3.1.4 �B9#1'�(�65DA4�&$�MEq)G~>0_��<7�,a�0�U	��>HESI�~Y��-nz	�[ E8N~1;%^'jjn�YM4��U�'Æ�zVb1 / ,
(A/D) 4�|xFRz~,a	�,apSkb�PS7>~kbS$	�^Rkb�PS$~:%&:^G&KaÆIpSRb���}x&:�y	~�^3#�&~o<P,�|x>/,aKa	6>A$���̂ v��
3.1.5 *>/�`y)�&�#`	�DA4�&�S�M�:,�#�q�t!5 �j��HES~q��ZsÆ	S,�ZHES~U�	2�DAHES�#q�t!N9�

GPS G!S��^ GPS G!S	pS�afÆDAOC~�2lp '�	1fLAPSE�~8e�lU�	IjE�LO�*,�
3.2 a�~�^yj\Rm
3.2.1 TERC VHS-1 3<�.$

VHS–1 DA4�&�!_ Haze-SPAN �4$�^~PS	P0GN9�RbE��GDA4�}E��y	�p^fE�l.M, (ET

constant)�UkBY7x� (AOT)��;PSq�6r	>/G~q?�{	!JIq6rÆT;�f�^�LR~$Y"�W (LED) JjYHES	pSHE�8�~8N�
3.2.2 =�)�,"!;:%2�~DA4�&3#^}E��5ÆFM2D7~�GDA4�	�^~oR�YD$- ��[~nUevp yÆi 1980 <k�	;>�Vn��5�+�{_�KJ:��I�2�)G~KE 	>C,E ~DA4�&���8�DA4�& FISBAT (1983)~���	PSy~Y7l�<�#�j�.M�5�
3.2.3 SP01 3<�.$" SP01–A -?$

SP01 l SP01–A a�n�;U�`=!	^f�Z�MU�E�~℄nUUE�4�
SP01 DA4�&^f�oFMDA4�E�	�9SDA4�&1�LJÆ SP01–A j{&^f�oj{E�	8e�E� 4 E5a~DA�G�+oz	p�,�E�nU2Re�	
4 E��~0Yj�W�&	A$S,��R~*�5�ME&3~`n7�;PS~K	� 4E�oT�E�	�ZHESl�YD�tq�LJ	�W�sÆ.	
SP01–A$~���K~pS��T(SP,�'j5E�
3.2.4 SPUV–6/10 3<�.$

SPUV �a!_ Yankee �X�UP1�I~M'UeDA4�&	AG�9� UV–B lp:Y_m~ 10 '8NE��GDAYM4�ÆAOb� WMO [Æ~DA4�&~#'�2	 Y��MCx^~9E� UV–B_m�o~DA4�&ÆE�℄Cx��nU�:��	G^E�DAFM$~0�YM�	 SPUV9mxt)0Y4�MP~8e�	d�/GPM>0�/S�K{~2Gl}/^�
SPUV 	0K�	p^fKNODJ	Ab3(	�Z=�Æ>�q�,>~o<�- �qt~`n7	���$:#*gq�~℄�Æ SPUV ��^\~PS	pSA 6 E� 10 E:T8N~RzÆ�`	 SPUV 1x�
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3.2.5 �70C�3<�.$4V_7'Ep3.~DA4�&_�a$lv�	Y7U&�!=℄>nUY7=℄�=!~ DTF ��DA4�&�

DTF–I )�N9DA4�&4�GDA4�&lj{&~N9	p^fE��GDA4�lOrs�4�	;PSA^�YD0Y�e�t!�,aA�l��3�ÆI��U�#'	pS�>�6=lI�	6�>�N94�	PS�BM�&lUeE�UkB~Y7K.*'Rmx 20 �+ 80 <p~_)	P0I�
4 ?xRbSy'E0|	�&?Z�DA4�&uV$	~7{�~DA4�&��0GN9~�ay	!E$	*��M�LAU�l8e�	6Y:�bwN9Æ"�S��,���)��A./'	S�oLXE�~

/GÆ�_�HaK$[^A^K$�&�K5N9� Wp��
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Q��rq��XX
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