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Influence of laser communication Risley prism system error
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Abstract: The error source of the Risley prism system is analyzed and used to establish the beam-pointing
model by using the light vector propagation method. The beam pointing model is used to calculate the par-
tial derivative of the pointing deviation of the output beam from the Risley prism system to each error in the
system. In the pointing area, the influence of errors on pointing accuracy is analyzed according to the accu-
racy of each error. The simulation calculation results show that the maximum theoretical pointing devia-
tion 1s 0. 362 0°, and the theoretical root mean square deviation is 0. 047 0°. The desktop experimental re-
sults show that in 99. 54 % of the pointing area, the maximum experimental deviation is 0. 356 3°, and the
experimental deviation root mean square of 0. 023 3° is less than the calculated simulation value. This re-
sult shows that the error analysis of the Risley prism system is accurate and could be used as a reference for
the design and compensation of the Risley prism platform.
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Fig.1 Schematic diagram of risley prism
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Fig. 4 Influence of wedge angle error on pointing result

4.2 ANSHXREDH

i@ e XM 5 4 ) AR B v 4 B i OO R D
Y o,0 5 NGOG HRM B, Lo & &
HE 5 4 1) BB 43 00 5 @, @ X B, Lo 19 i 5

B, (7)) Frs
a@ - ZAxg a@ o YAAQK_XA.\’E%L
B, J1—Mm® Bs  KFL

, (7
3@ o ZA.\'13 a@ o YAxlBK_XA\'lSL ( )
e V12 Ole K*+ L*

/ﬁ\: EP :XA,\Q ’ Yﬂx&? ’ ZA,\Q ’ Xﬂ.\lS ’ YA,\IS ’ ZA,\IS ﬂu F :



IS B, A5 PO I {5 e e DU B8 2 G0 1R 25 X 100K BE 1 52 ) 1285

An3=(—cos B, cos L., — cos B sinLg, sin Bg;)
1 )
As6=n, 'An2—n, 'ni(n}-An3)—nin, "’ paral *(n}-An3)
_1
AsT=n,As6 — myn," (n," - As6)— n,"n,” para2 *(n,"-As6)
1

As8=n, 'AsT—n, 'n,"(n,"-As7T)—n,"n, * para3 *(n,"- As7)

1
As9=n,As8 — n,(n," - As8)n," — n,"n,” parad *(n," - As8)= (Xaw» Yao Zas)

And=(sinB;sinL;,— sinB;cosLg, 0)

(8)

1
Asl0=n, "And —n, ' (And-sn' — nin, 72pam17§(An4-slf)
1

Asll=n, As10 — n,n," (As10-n,")— n,"n, 2pam275(A510-n] )

1
Asl2=n, 'Asll —n, 'n,"(As1l-n,")—n,"n, *para3 ?(Asll-n,")
1

As13=n,As12 — n,(Asl2-n,"Yn," — n,"n,” parad *(As12-n,")=(Xaas» Yausr Zasis)

Xaws YawsZaw>Xaas» Yaas»Zans E/‘J;kﬁgﬁ{%
5 Xaus Yau,Zau B'(J *H IE] s iq FH H:Il Eﬂ-ﬁlﬁﬁi s;’ﬁf/\

FH s T BHRKS
XFHE ) R B R A R R

ad a0

PD,, = EABG’ PO, = EABG o) 0
Gl GLC) ’
PP, ;= FALG’ PO,;= EYi AL,
-G e

HvAB,, AL G508 B, LRG3 1AL
S AT AR A 1% 22 % H8 1) 45 R 52 ) G ] 5 BT
TR RAETXF A AT, B 22 B AR R 2
LR T

el -*36615“ 400

e g 100, o
4.3 REFRARESN PO,

Jie e Ut 4 17 50 P 5 H S I TR Ol % £ BS A IA fA 15 22 %46 ] 2 5 1 B
Q.0 GRG0, 0,8 R RIS B oy Fig.5 Influence of inclination angle error of incident light
AT @, 0% 6., 0.1 i 20, 1= (10) I « on pointing results
¢ Zix 0 Y, K— X, L
00 i—m? 00 KL Fo s Xasrs Yars Zusrs Xasss Vs Zuas #1320 (11)

o

362_\/1—]\42,892_ K*+L*

4 a0 Y K — Xaas L’ (10)
As18 _ Yagas Asts Lo |,

Anb5=(—sin(a, + B,)sin(0,+ L,), sin(a, + By)cos (0, + L,),0)

1 1
Asld=—n, 'sY(An5-s\)—sin, *paral 2(An5-s\)—(n, '(s,"-n})+ paral ?)An5
1

As15=mn Asld — nin," (Asld-n,")—n,"n,” para2 *(Asld-n,")
1
Asl6=n, "Asl5—n, 'n,"(Asl5-n,")— n21i71272para37E(AS15-nzh) B (11)
_1 )
A517: 772AS16 - nz(A$16 nzh)nzri - ngr'nzzparall Z(AS16 . nzn):(XAAn, YAxl?a ZA‘\IT)
An6=(sin(a,+ B,)sin (8, + L,),— sin (a, + B,)cos(8d,+ L,),— sin(a, + B,))

1

As18= —n,(Anb6- Szlo)nznv — nzrinzzpara47?(An6 Rr 10):( Xanss Yauss Zas)



1286 P

K TR

29 %

XA\']T ’ Y/\.\l7 ’ Z/\\17 ’ X/’\\'IS ’ Y/\.»IX ’ Z/\.»IX E"J ;J‘z ﬁéé ﬁ }Ffl:é
5 Xows Yous Zoo WOARTE 257 600 1 SR OLOR 5, 7 AT

A s, "7 1 B PR R
X4 115 i A AR
il a0
Po,— —A0,,P = —A
o1 ael 61 @01 aﬁl 01 (12)
Po, = aﬂ AD,, PO, — 87@ A0 ’
02 8(92 29 62 aﬁz 2
5 10
FE SR A
,_,-r/'""_‘lﬂf;'ﬁ‘““' a0 3007 - qj(i&;'&m
— o0 f?)” ﬁ‘fg;;ud"-a q’,"ﬁii;} 2”" :
! < i)
Pe,

2007 y o
H.,-(u,lmf‘ ~——"T00 ?Bn
o 07 o

P, :
6 HBEHE AR iR 22 X 18 1] Ml 22 1Y 52 T

Fig. 6 Influence of prism angle error on pointing deviation

Ho A0, 00,57 51K 6,, 0, (0 KE B, i & 1 AT AL
1 5 B 7 15 2 o A 1) Ml 2 O SZ LA P 6 TR o
B T 5% b A3 A, B AR 25 B0 A AE 3% 2 vh ek
58T
4.4 BEMMABRESH

T e WUk B 4 T 4SS o A 35 H G O R O
10,0 5MEEMA M B, L, B, L, XRA,
MRS AR5 5135 @, 0 4 By, Ly, B,, L, #) i

SRR

ey o ZA.\‘ZZ 20 - YA.\-ZZK_X/\.VZZIl

B, 12 9B K*+L*

ey o ZA.\-ZG 37@7 YA.\-zo'K*szsL

aL, \/1—]\/[2’8141 K*+L*

, (13)

Jao . Z s 70 o Yaos K— Xaos L

B, 1— M7 0B K*+L*

ey ZA.\SO 70 o YA.\-aoK*XmsoL

L, J1—p® 0L.  K'+L’
;H\: EP X/\\‘ZZ ’ Y”\\'ZZ ’ ZA\-ZZ ’ X/\.cZG ’ Y”\\'ZG ’ Z/\\'ZG ’ XM-ZS ’ Y/\.»ZS ’

ZA.\ZB ’ XA.VSO ’ YA.»’SO ’ ZA.\’BO EE :T:t( 14) ’ :Et ( 1 5 ) ﬂ %ﬂ o

An7=(cos(a, + By)cos (0, + L), cos(a, + By)sin(0,+ L;),— sin(a, + By))

1 1 s
As19=—n, ‘0l (An7-n")— n'n, 72pam17§(An7-n'f)*(n] st nlf)eraralE)An?

An8=(cos B, cos Ly, cosB;sinL,,— sinB;)

(14)

1
As20=n,As19—n,n," (As19-n," + An8-5,°)— n,"n," para2 2(As19-n," +

1
An8-s,°)— (n, (s, nﬁi)eraraZE)AnS

1
As21=mn, 'As20 —n, 'n,"(As20-n,")— n,"n, * para3 *As20

1

As22=n,As21 — n,(As21-n,")n," — n,"n,* parat > (As21-n,")=(Xuu» Yaoss Za)
An9:(*sin(a1 +B1)Sin(61 +141), Sin(O(l +B1)COS(€1 +Ill), O)

1
As23=—n, 'n{(An9-s))—nin, *paral (An9-s))—(n, '(s,"-n})+ paral?) An9 - (15)

Anl0=(—sinB;sinL,,sin B, cosL;,0)

1

As24=n,As23—n,n,"(As23-n,"+ Anl0-s,°)— n,"n, 2117@1’(1272(14523 en, "

1
Anl0-5,")— (n, (5, n,")+ para2?) Anl0

1
As25=n, 'As24 —n, 'n,"(As24-n,")—n,"n, * para3 *(As24-n,")

1

As26=n,As25— n, (As25- 71zri)712ri - nzrinzzﬁara4 E(ASZS”ZH):(XA.\%, Y asr Zas)

Anll=(—cosB,cosL,,— cosB,sinL,,— sinB,)



55 6 1) IR A O IE 15 T e BUMS 15 2R Gt 1R 25 X4 1) K FE 1 5% 1) 1287
1
As27=—n, 'n,"(Anll-s,")—n,"n, *para3 *(Anll-s,")—(n, '(s,"-n,")+ para3?) Anll

Anl2=(—cos(a,+ B,)cos(0,+ L,),—

Anl3=(sinB,sinL,,— sinB,cosL,,0)

n,")+ para3 *(Anl3-s,")—

cos(a,+ B,)sin(0,+ L,)

1

(71271(521i '”zli)+

As29= —n, 'n,"(Anl3-5,°)— n,"n, *n,(s,"
1
para3?) Anl3
Anld=(sin(a,+ B,)sin(0,+ L), — sin(a, + B,)cos (8, + L,),0),

1

As30=1n,A529 — n,( As29-n," + Anld-s,°)n," — nzrinzzpara47§(A.S'29 “n, "+ Anld-s,)—

(n(s5," m,")—

Xoezs Yaees Zaozs Xawss Yaess Zavs> Xaws> Y aes
Zaoss Xasos Yoo Zaa WK RS X, Yo, Zau
(9, 249 SO R s 1R A OE IR s 07 1) B %

KT
X 48 1) 5% ) 1 15 AR
o a0
P@m:TBIABl,P@m:TBIAB],
ad a0
PO, = — aL, AL,, PO, = oL, — AL,

Pab, %)

200 s )|

— = 200
a0 e

PO

Ll

Po

Ll

1
pamﬂ)AnM = (Xau0s Yaumos Zago)

i a0

T T
2 2
P a0
Po,,= aL AL,, PO, = aL AL, (16)
2 2

Ho AB,, AL, AB,, AL,
JE LR LA

T B ABU AR A 5 22 T 41 1) 235 SR ) 52 i G 141 7 e
o TR A M, HAR DR 2 B AT R 2
B3 3 7

Pl By, Ly, B, L, BHE

0o g K°)
PQHZ
=107
5 0014
4 ;
g ] ~ 0012
= 3 =
&2l 5 0.01
= 1' / 2 p.008
ol 0.006
o 00
200 .
":]]nu i |
8C) X < ) 0 W0y

PO

L2

7 W BB % 22 X5 45 1) 235 3R 64 52 i)

Fig. 7 Influence of prism tilt angle error on pointing result
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