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Fig. 1. (a) The curve of one-way atmospheric transmissiv-
ity at 1.06 pm and 532 nm with different elevation angles;
(b) the scale curve of one-way and two-way atmospheric
transmissivity at 1.06 pm and 532 nm with different eleva-

tion angles.
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Fig. 2. Diagram of 1.06 pm SLR system in Shanghai Astronomical Observatory.
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& 3

1.06 pm FOGI R GEEA I AL A
Fig. 3. Monitoring picture of the light-cone in 1.06 pm laser

ranging system.
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RS [l e A 5E AU, InGaAs APD 2R 3K.
Wi, FFRE 7RISR B E AR, RIef it 17—
B E T B R R G, AT T I A B
kB R Gk

2019 4F 1 H, FIH 1.06 pm 3 K R FOEM
BRI PR T R, U R RGO TR N
532 nm 1 0.7 W, 1.06 pm KK 1.2 W; RGUL
KA 532 nm K 55% F1 60%, 1.06 pm
WA 47.7% 1 57.2%, PN B ICR BORFEA A
[, 33X ke B T R R R A T XA [R] E b
Y EEXTINEE, 3228 H bR oA B B 0 Mk v s s A
YE B bR IR T 2 B3k E Jb s} (BDS, Beidou
Navigation Satellite System) A & % 1 k% 1% 44 30
(GLONASS) i T2 HEAT T PR i K 19 Heox
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ARV R F & 8 5 B InGaAs BG4
o HARMCRF 532 nm BOG TR ZERCR A Y,
DU FE 22 GEXT N IOR B83 2A ; Rgm 7E [F]—
B IO B B T RIS R] 38 4 e J ke [l — B
TR BRI T TR, 7E IR A R S DA
FIAAMT, 1.06 pm WA FEARXS T 532 nm K

£ 12016 AR R AREOEINEE 1.06 pm A1 532 nm B IIBELS RN X%
Table 1. The comparison table of cooperative target laser ranging at 1.06 pm and 532 nm.
Pk MFME/ (°) PIEEAE/km  Point  JUHEKSE /mm [IpJES MR L /s L !
1.06 pm
16072019.LES 37 1450 7641 20.5 18.64% 0.622
16072019. G1 48 35786 489 14.9 0.15% 0.498
16072020.G18 56 19140 9668 33.1 1.83% 0.680
16072020.G17 51 19140 715 31.7 0.22% 0.700
16072019. 17 51 35786 3325 18.9 1.44% 0.646
16072018.G02 65 19140 9798 23.6 5.10% 0.583
532 nm
17091802.LES 37 1450 1037 6.4 3.99% 6.574
17091715.G1 48 35786 1713 10.5 0.14% 8.114
17082218.G18 54 19140 4375 — 0.75% —
17082318.G17 51 19140 1323 13.8 2.32% 1.126
17072720.15 51 35786 1302 12.3 0.30% 1.616
17072216.G02 65 19140 3026 11.7 0.37% 6.015
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Fig. 4. Screenshot of real time 1.06 pm debris laser ranging measurement interface.

2 2019 4ES1E BARSM TAEBOGMEE 1.06 wm F1 532 nm A I FE 25 50 L% 25

Table 2.  The comparison table of navigation satellites laser ranging at 1.06 pm and 532 nm in 2019.

MmiE  PuEmE S DUBORTEZ . Mgt P o 1T
Jlik 250 Ih &S
/(°) /km /min /mm /s tm !
G121-1064-2 45 1542 1.2 23.2 2.142% 0.523
1901171707.G121 19, 140
G121-532-1 45 380 2.1 20.1 0.302% 3.36
15-1064-B-1 53 96 0.783 214 0.204% 0.65
1901171719.15 35, 786
15-532-2 55 137 2.283 16 0.1% 3.24
G1-1064 49 450 2 11.5 0.381% 0.51
1901171744.G1 35, 786
G1-532 49 145 2.217 7.9 0.109% 3.15
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1.06 pmif KAGMBEZE AR, 4 — 47 A FI 532 nmif K Al EEEE .

DG = PBIAS ) 1w e 20 T OO i R 2 ) 7 S e
A K 1/5.02, 1/6.40 J2 1/6.12, K255
g 8 B I8 S AR B R e R AT R A 0y 7.1,
2.0 H1 3.5, WHE [F] SRR B 1.

R A AE B A i HH R 1.2 WY
1.06 pm OGRS BT X HUER [F] A5 B TR YT
LTAMNBRIIEE, e 532 nm K 19 Rk e i e 4 T
F TR, MR AT S B MRS () 25 G 5 AR
532 nm P KA 1/5, #HE—LWH T 1.06 um P
FEAE IR B 155 B PRI R

TEDEEAS BEJ7 T, VK 1.06 pum P O Z Mg
2, FESYWRZEA W T 7 F— G LA
HIEROGIK bR s 22 5, XM 2EIE ] DIEA S
(B REON G 2 i I BU ke Sl 3 1 2 = e L

FE A VE BRI M4 532 nm B IFE S, Hirb
TIHAAERERTT 1.06 pm KRR, fE—E
JE L5 1.06 pwm WA B, A J5 6 R B T R
R 3C B 0 b, AT AR 1.06 wm K #EF TS
HFRETT, 7T LR Iy TR ma R 2 fe /)y, H AR
() InGaAs HUGF B 45 I £KS BE 298 70 ps,
X F 532 nm LAY Si APD 5% A9 25 ps
2N

A3 X LA ) R B ST RN, R AR SC
I i 28 B ) 0 AR 43 2 1 B £ O D B 25
E AT LT I AR S BT B £ H B
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FEFET, IR TLAF- AN il 2 28 48 A WL &2 2% B
XEFE

019502-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 69, No. 1 (2020)

019502

16 R SCEIFA R 532 nm TR B0
ARG A [, EEN 1.06 pm PRS0 RS, £
FEEHTHE R AR IOR RSE . K 1.06 pm FOENE
M7 R F InGaAs APD ks B i 21 4P S+
PRI, ST 5 HLA R EAR SRS B K 2 [
FHOEIEE. 5250 R I, A InGaAs APD 4RI
L) 1.06 pm PR BOCIEE R G7E RG0S |l
BRI HE 532 nm P KA B H, i1 H A
TR M LI R R ) FROE T RN, A A
ST A (T

XfFa3 (Al R MR T 5, 1.06 pm P K] LA
o ST K SHRE AT R TL, RGirERE
ngasE, JEE A B A D= RE JT; 1.06 pm
WA [l TR R A R TP XS B L | B/
A E BRI TR0 e 2R S AR 7 1) A s )
BT IHORG BE 22 i 2s [ e i B AR R, il
R T AR TR 1 K2 [l H 3o B ) 52 AR
5% ARSI AY T InGaAs APD ORI %%
) 1.06 pm 75 [A1fF 5 BOEIEE R0 B R &
% INEN . G ARBAS SRR S, AR T R S
S A B PR SO I B R B ) e ik, R TR ST AR
FHIUAS R - SO BE o, T F et B 8 o e i R
SEE/INGYZS TalRE R HBRAGIBE AW TR 1.06 pm
PR Z5000 e R )4 TP DU Ay e JeE oK U 253 (1]
FoEmE AL TRl e, X/ NRSERE R H AR A RS
FEDFE B, Az [l i B ARG Sk BE S S il
F9¢ HA FHEERE L

SR B R H A SC AR T b B RIS

Sk

[1I] Hu J F 2003 Ph. D. Dissertation (Shanghai: Shanghai
Astronomical Observatory, Chinese Academy of Sciences) (in
Chinese) [JBII5 2003 +2£003C (18 T EBHEB DL
Bt (BIERICR))]

[2] QinXP 2003 M.S. Thesis (Zhengzhou: Information Engineering
University) (in Chinese) [Z&F 2003 i 2% 0730 (KN :
ENN O EHE R YN S|

[3] Yang F M, Tan D T, Xiao Z K, Li Z Y, Lu W H, Chen W Z,
Cai S F, Chen F X, Zhang Z P, Hu Z Q 1986 Chin. Sci. Bull.
31 1161 (in Chinese) [ B, WAER], HHPUR, 28R, FlSCHE,
Wrli®s, Z5iibds, BRECHE, Tk COF, HIHRBL 1986 FHE IR 31

(10]

(1]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

(19]

20]

(21]

(22]

23]

019502-7

1161]

He M F, Tapley B D, Eanes R J 1980 Scientia Sinica
Physica, Mechanica & Astronomica 25 636 (in Chinese) [fi[%}
&, Tapley B D, Eanes R J 1980 1 EBl2: Pzt 122 K
2 25 636)

Ding J, Qu F, Li Q, Cheng B H 2010 Science of Surveying &
Mapping 35 5 (in Chinese) [T 81, #H, ZEHk, BAKE 2010 I
2Rl 35 5]

Zhu X H, Yang L, Sun F P, Wang R 2014 Acta Geod.
Cartogr. Sin. 43 240 (in Chinese) [AR#E, %71, M, L]
2014 M2z#4 43 240]

Degnan J 2002 J. Geodyn. 34 551

Liu J, Wang R L, Zhang H B, Xiao Z 2004 Chin. J. Space
Sei. 24 462 (in Chinese) [XI#, Fo2%, S, KL 2004 %
)Rk 274l 24 462

Zhang Z P, Cheng Z E, Zhang H F, Deng R H, Jiang H 2017
Infrared Laser Eng. 46 8 (in Chinese) [ik 7, FEER, ikiff
I, XAESE ) VT 2017 214N 530G THE 46 §)

Song Q L, Liang Z P, Dong X, Han X W, Fan C B 2016 Opt.
& Precision Eng. 24 175 (in Chinese) [RIGWN, F25M, #5,
B, TR 2016 ks S TR 24 175)

LiZ L, Zhang H T, Li Y Q, Fu H L, Zhai D S 2017 Infrared
Laser Eng. 46 269 (in Chinese) [ZEHL, iUE, 25508, R4
M, BARTE 2017 LM FHEOETHRE 46 269]

Schreiber U, Haufe K H, Dassing R 1993 8th International
Workshop on Laser Ranging Instrumentation Annapolis, MD
USA, May 18-22, 1992 p7

Courde C, Torre J M, Samain E, Martinot-Lagarde G, Aimar
M, Albanese D, Exertier P, Feraudy D, Fienga A, Mariey H,
Métris G, Viot H, Viswanathan V. Astron. Astrophys. 602
A90

Smith C, Greene B 2006 The Advanced Maui Optical and
Space Surveillance Technologies Conference Maui, Hawaii,
September 10—-14, 2006 id.E86

Xue L, Li Z L, Zhang L B, Zhai D S, Li Y Q, Zhang S, Li M,
Kang L, Chen J, Wu P H, Xiong Y H 2016 Opt. Lett. 41 3848
Shell J R 2010 Proc. of the Advanced Maui Optical and Space
Surveillance  Technologies  Conference Maui, HI, USA|
September 14—17, 2010 p E42

Degnan J J 1993 Contributions of Space Geodesyto Geodynamics:
Technology 25 133

Princeton Lightwave Inc. https: //sphotonics.ru/upload/iblock /
21c/pga_series single photon counting avalanche photo-
diode.pdf [2019-8-20]

Zhang W J, You L X, Li H, Huang J, Lv C L, Zhang L, Liu
X Y, Wu J J, Wang Z, Xie X M 2017 Sci. Chin. Phys.
Mechanics & Astronomy 60 120314

Li H, Chen S J, You L X, Meng W D, Wu Z B, Zhang Z P,
Tang K, Zhang L, Zhang W J, Yang X Y, Liu X Y, Wang Z,
Xie X M 2016 Opt. Express 24 3535

Jorgensen K, Jarvis K S, Hamada K, Parr-Thumm T L,
Africano J L, Stansbery E G 2003 Proc. of the 54th
International Astronautical Congress Bremen,
September 29—October 3, 2003 pl

Victoria M, Dominguez C, Askins S, Antén I, Sala G 2012
Jpn. J. Appl. Phys. AM15D 10NDO06

Yang F M, Xiao Z K, Chen W Z, Zhang Z P, Tan D T, Gong
X D, Chen J P, Huang L, Zhang J H 1998 Sci. Chin. (Series
A) 28(11) 1048 (in Chinese) [, HHIE, M2, sk,
WAEE, 32 AR, BREGT, 8 J), B 1998 HERL Y (A)
28(11) 1048]

Germany,


http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.1016/S0264-3707(02)00044-3
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.3969/j.issn.0254-6124.2004.06.008
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
http://dx.doi.org/10.1364/OL.41.003848
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
https://sphotonics.ru/upload/iblock/21 c/pga_series_single_photon_counting_avalanche_photodiode.pdf
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://dx.doi.org/10.1364/OE.24.003535
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 019502

1.06 um wavelength based high accuracy satellite laser
ranging and space debris detection”

Meng Wen-Dong Y23 Zhang Hai-Feng??  Deng Hua-Rong?  Tang Kai?
Wu Zhi-Bo??)  Wang Yu-Rong!?  Wu Guang "t
Zhang Zhong-Ping?3*  Chen Xin-Yang?

1) (State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200062, China)
2) (Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

3) (Key Laboratory of Space Object and Debris Observation, Chinese Academy of Sciences, Nanging 210008, China)
( Received 27 August 2019; revised manuscript received 16 October 2019 )

Abstract

Classical satellite laser ranging (SLR) technology based on 532 nm wavelength usually adopts low energy
laser to measure cooperative objects. However, for a very weak target, such as debris and lunar reflector arrays,
laser ranging system should have much stronger detection capability than the laser ranging system for
traditional application. A common way to improve system detection capability is to use high energy laser. With
an additional frequency doubling crystal, it is more difficult to make a high energy laser based on 532 nm than
that based on 1.06 pm, which restricts the improvement of system detection capability, and also gives rise to
the short lifetime, poor system stability problems. Compared with 532 nm laser, the 1.06 pm laser has many
advantages of high laser energy and power, high atmospheric transmissivity, and low background noise, thereby
making it an ideal substitution for the traditional 532 nm SLR system. In this paper, we comparatively analyze
the above-mentiond advantages of the 1.06 pm laser and other system’s key parameters such as detector
efficiency and target reflection efficiency, calculate the echo photons one can obtain, and establish a 1.06 pm
laser ranging system based on the existing 532 nm SLR at Shanghai Astronomical Observatory. Owing to the
using of an InGaAs single photon detector, the system turns very compact, low cost, easy-to-be-installed and
has almost no additional operation complexity than the 532 nm system. With this system, the high precision
1.06 pm laser ranging for cooperative objects based on InGaAs detector is carried out for the first time in
China, and a ranging for space debris 1500 km away can also be realized. The ranging experiment shows with
the same laser, SLR using 1.06 pm output reaches a detection efficiency of 7 times the detection efficiency the
SLR using 532 nm output reaches, and the background noise only 1/5. This approves the advantages and
feasibility of 1.06 pm system, and also shows its great potential application prospects in the high precision weak
target laser detection in the day and night time. This paper provides a very easy operation, high compact and

low cost method for the future high precision weak target laser ranging.

Keywords: satellite laser raging(SLR), space debris detection, near infrared, single photon detection
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