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Solar cell lifetime prediction algorithm based on terahertz technology

ZHOU Xing, ZHU Xi’an, WANG Zhangang

(School of Telecommunications Engineering, Beijing Information Science and Technology University, Beijing 100101, China)

Abstract: Aiming for the low accuracy and difficulty of predicting solar cell life by using soft failure
mode, a new method is proposed to obtain solar panel spectrum by using terahertz spectrometer. Based on
the cuckoo algorithm, the study predicts the cell's remaining life by applying Particle Swarm
Optimization—Support Vector Regression(PSO-SVR) algorithm and finally employs the ultraviolet
acceleration test to verify the prediction results. It turns out that the method is applicable to predict the
remaining life of solar cells with different levels of loss. Compared with other algorithms, the technique
works better on the life prediction of traditional silicon solar panels and GaAs solar cells, and the
accuracies are up to 98.92% and 92.86% respectively.
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Tablel Instrument parameters

instrument radio frequency range highest SNR/dB incident angle of spectral acquisition/(°) acquisition resolution/cm™
TeraPluse4000 60 GHz-4 THz 70 35 0.94
AR 52 PE IR 150 kA g 1 M A kR A, REAR R2RAI
R R Table2 Sample distribution
HAUNER 2 7R o BEARH 5 A B A AR T B R OCVIV 15 2.0 25 3.0 35
Hﬂgﬂﬁi , /ﬁ\:;:'::ﬂ:%gﬁ}f Uy=2 V E/‘Jﬁ 110 /I\ , /E\:ﬁﬂ 4 sample number 10 110 10 10 10
Fhée 10 4o BEBOTECIEN 2V R IFAERLIE 100 ot container
AMBGEBESRT . A 50 AMERIIRAL, Rk T 7 18 solarsimulator — tuntable UV ermission
I SCHR [4] Hh 10 235 SR A5 B RE A bR 28 (iR [41H0 LT i /
LR 2V (L ABORE AR ) o ) 58 A o 52 56 o) 3 —-iﬁ; ———————
320 BRI [R] A [W] (458 A 72 B2 A [)) () K BH e H b, 4 ] - <
1 B, A REA I 32 6 B R ] B AL 53 A5 /£ 0~384 h
W o BCHRE R AR OGS, DG FE B aniE 2 Bros . B Quide
Sl 4 L A 4 A B OB, ] 3 R o R b
Kl 2~3 KB, 15 30 ek 8 4k Sy S o s TR RERE T
fRE e, VA B A AR AR AR, A1) T Ak Jal 3% A 0 N . D ———
= s M, ﬁ—ﬁ‘ﬁiﬂ‘% A8 A5 ‘ij% AR EH W, AR 0 R Fig.1 Device of ultraviolet acceleration test
e AE 40~60 e, AR 32 0 SR FE I T 43 AR
6 8r
7 L
T 6
Q [
k= 2 3}
2 of
1k
0 é 1.0 1.5 2l0 2l5 0 2.0 4J(I) 60 80

t/ms

Fig.2 Time domain spectrum of the sample
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Fig.3 Frequency domain spectrum of the sample
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calculate the fitness of each particle
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method of this paper
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TABIRL, poly ¥ ok ZAE AL P RACR I AW B, Sigmoid ok

W RBOROR AT, B SICH B8, BERRORAR, H R &

HER T RBF B 650, DA I L 2656 1] RBF fE % SVR i1 1% 9 44 N ———————
MRS ERE, AL EL PSO-SVR., CHR[S]F LS number of iterations

AP AT R, N B UCSE SL ANl 5 s, ASHE R B Fig.5 Fitness convergence curves

5 JLFhE it o e St £
PSO-SVR A7 i 2 4 AR5 i UE , SC R [B]55.05 12 f i 1 e 22 8 TR IER A

HE R T — R R BARE R o il XS e, A SCR e WSl B e, R 1R v
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3 FFHEN 2.5V HFE A BT g R
Table3 Life prediction results with open circuit of 2.5V

serial number experimental time/h equivalent irradiation time/h predicted lifespan/year actual lifespan/year accuracy/%
1 0 0 11.31 11.06 97.7
2 87 1827 7.67 7.98 96.1
3 99 2079 7.15 7.09 99.1
4 147 3087 5.31 5.45 97.4
5 193 4053 2.89 2.98 97.0
6 196 4116 2.84 2.90 98.0
7 201 4221 2.62 2.71 96.7
8 239 5019 1.01 1.02 99.0
9 255 5355 0.58 0.61 95.1
10 270 5670 0 0 100

3.2 FRILERKPRBEFE

NAEARSCOITIER T2, F3 4 B 50 A A 5 K BH BE AL AR AS (40 S T 5, 10 A4S 17 4a) 2 AR SC
POEBEATYAE, N SR R 4 Fon. AR, JMERE Rk 92.86%, T RRALERA RS M ek b kD
M WA 2 A ) 45 TR AL, G A 32 s a2 T Ak A B RE F Y
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Table4 Life prediction results of GaAs battery

serial number experimental time/h equivalent irradiation time/h predicted lifespan/year actual lifespan/year accuracy/%
1 0 0 14.56 14.08 96.6
2 7 147 13.14 13.76 95.5
3 103 2162 11.99 11.31 941
4 129 2709 9.02 9.35 96.5
5 196 4116 6.25 7.01 89.2
6 240 5040 498 5.45 91.4
7 288 6 048 3.09 3.67 84.2
8 301 6321 3.01 2.83 93.6
9 326 6 846 0.09 0.08 87.5
10 384 8 046 0 0 100
4 Zig
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PSO-SVR Hik, 7 K FH AE Fi 1t 70 4% 75 i BN 1) BB A7 RGP O R B, 0 T A O L S R el 9300 o 32 35 1) 98.92%,
XA B R Tt TN o R Ik R 92.86%, #h TR AL B L M OO IR AEAS BT B MR R S R, AR DT kAR AL B
o b B AEA LMD T REFAL T . SCRR[4-5]55 52 th i 07 iE U X g i T8 —, RIRPERCR, kiR s, SE
RAWEF AR m, RSO 1T LU R, 3 — R U052 AT AT B K BH AR R it A i 150 5 ik o
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