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High-precision rotary shielding solar radiation monitor design

Xu Zhian'* Li Peng'? Feng Jiao'? Wang Yong®

(1. College of Electronics and Information Engineering, Nanjing University of Information Science & Technology.,

Nanjing 210044, China; 2. Nanjing Qiyun Zhongtian Technology Co. , Ltd. ,Nanjing 210044, China)

Abstract: Aiming at the shortcomings of silicon photodiode type radiation sensor used in rotating shading solar radiation
monitoring system, such as narrow spectrum, low precision and poor long-term stability, a method of dynamic
calibration of silicon photodiode array using thermonuclear array is proposed, and a lightweight, low-cost and high-
precision rotating shading solar radiation monitoring device is designed. The detection system uses static process and
dynamic process to detect in real time alternately. It is divided into static acquisition of light intensity and dynamic
acquisition of light intensity changes of thermonuclear array and silicon photodiode array in the rotating process of the
light shield. By calculating the solar altitude angle and subsequent data processing, the value of total solar radiation,
direct radiation and scattered radiation can be obtained. The error analysis {igure shows that the root mean square error
of the total radiation is 1.859 W/m’, the direct radiation and the scattered radiation are 2.922 W/m’ and 2.770 W/m’,
respectively. Compared with the single silicon photodiode array, the root mean square error is reduced by 8. 908 W/m®
and 5. 454 W/m”, respectively. It is proved that the measurement method has high detection accuracy.

Keywords: thermopile array;silicon photodiode array;rotating occlusion;radiation acquisition;solar altitude angle
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Fig. 1 Structural appearance drawing
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Fig. 2 Radiation curve with time
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Fig.3 System hardware block diagram
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Fig. 4 Dual radiation sampling
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Fig.5 Radiation acquisition circuit
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Fig. 9 Real-time data presentation

MIPEAT T SolidWorks #4553 $2 58 ) 77 4 p= ik, 1 B A
Cadence Allegro 11T PCB W , HI/E 4R T L A,

6T A T O 9 4 3 1 X O B i A M T
B 10), HA EKO STR-21G-S2 AU R itz =X o BH 48 5+ e
W5 25 (B 11) AT % be 52 56, 7] B[R] 2 % 3 5% o S 6 5
BT A RO R S AT X L

K10 el sl R R g

Fig. 10  Rotating shield type(equipment of this system)

B 11

Fig. 11 Two axis tracking type (reference measuring equipment)

XU BR b 2 (2 25 0 ki 4D

K H V5 1 Bt 2 AR G0 s R) S R AR L AR 98 K FH 32 3h L
A AR, DA BT O IX AR 2024 4E 7 F 14 H K FH
18 B RN G, 4 B TR BH T BE A B SRR
MBS EX L, AT, 6.00 i, K FH B H L BEEEE)
KIS EEAMAN 0°,12.:00 47, K BH 1 B A #)3k 6 {H , 19 00

o 154 -

ZEA KRB H T A 07, A A 2 MoK BH iz 3l Bl i 22 1k
Jf B (BRI R 15 22 /T 0. 17, 16 S B ) e 55K

x4 —XRPAXHBERNUETL
Table 4 Comparison of the altitude angles during the day
WG/ A W e
- iji;ﬁ/ u/:ﬁ/ ot UJE;{E/ lt;TE/
) ) (] )
06:00 9.096 9. 090 13:00  74.697  74.700

07:00 21.269 21.264 | 14:00 63.526  63.530
08:00 33.781 33.785 | 15:00 51.084  51.081
09:00  46.448  46.448 | 16:00 38.413  38.416
10:00  59.030  59.025 || 17:00  25.822  25. 840
11:00  70.913  70.914 || 18:00 13.503  13.516
12:00  78.979  78.985 || 19:00 1. 653 1. 648

St R B 2 A B4 S A T 158 6 1 D RS AR B 4L H 3 B
SR SE e 8 B R A JLRAT 1 A DR £ 7 T LUGRIE B
P 38 A4 A B i) A7 L A 3 1 0 % IO 4 KR Y s 0 8 T
A B LS SR o o K BH G, S B e . IR DU
HZAx EKO STR-21G-S2 BUf BR i 28 A BH 4 5 W I 38 4% 0
WSS IR SRR AR T G0V A% T k45 A S B T 1R
K BN TR AT MG A F /N bR 25 15 O R
TR B I B AR PR B DT B, DL O MR R 22 (RMSE) MR 5E
REROMERRENHHRE .

WH n HEBHE RN (,y)G = 1,2, ,n), MR
ML GMEN Yy = a +ox. ¥ o, RABG MZ&AES Y, =
a b,y BRIE A =y, —y, - TOIE AL AR 6 G 22 7 J5 1
A

Q= EA,Z = 2[3/1-—((4 +bx)
/NIRRT Q A/l X Q MKk a Flb
B 1958 Q KT a Ml b TR .

an

P "
%Z_Zzty;—(a-Fbx,)]:O a2
< i=1
5 "
%:—ZE[yi—(uijx,)]I, =0 (13)
E i=1
it LRy ARl R4S .
2 [, —1) (v, =) ]
e - 14)
E(Ii—f)z
i=1
a =y —bx (15)

Y75 A iR 22 ( RMSE ) 5 3 7 i 22 B9 55 80F o5 i)
RMSE B AR . 270 191 I ASE 700 f) o dfy P g, 2 SR

(16)

HRIE RBCC R I — B T P AR ] 5458 50 4005 40 BE #)



th g KB AR 3 X R M AR 4T ) LR Ot

5520 #

goitid, M R BRI 1. WA RBCREE AT
R? = 1fM 17)
PINCTERIPE

X n AR, o, WBHM, 2 ABHFHM. 3. N
WMy, HSEBRE . v, R PRI,

D I ) 68 7.00~17.00, KB RFERAEHE R 5 s
— WK, - S8 A2 /N B B — OB

M HLE N B RN, BRI 55 B 2% 8 & B i 7E K TH
R, ADS1256 SRAE S 43 4 A SR 4 A R ME [ 91 RN O R
TR TR B e 2 B BB I O B /N L G0 e 20 B 5 S O R B
SRS B 12 BRI B 1 FIAR 2R G A BT I A A R
RS BE HE

10001
|
.J'I/ ‘l‘\.
L / h
_ 800 '/l \-
& /
= | o
z 600 /
ol v .
& 400 .
4 , v
200F ° —e—E o
—o— SRR RARSHE .
0 . . . . . .
6 8 10 12 14 16 18

i &) /h
(a) BERHH(R,,,) WU BB X L

(a) Comparison of total radiation measurements

1000
y=1.000 3x-0.229 9
é; 800 R*=0.999
é RMSE=1.859/(W-m?)
ﬁ 600
5
% 400
ko
2001
200 400 600 800 1 000
S% BARH/(W-m?)

(b) BERGH(R ., ) TN EIRZ ST

(b) Error analysis of total radiation

P12 R PHSER S (R opy O TN i 45 2R %0 10
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Fig. 14 Comparison of measurements of scattered solar radiation
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Fig. 15 Comparison of measurements of direct solar radiation
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