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Abstract

To improve the efficiency of spatial data collection and map update,
the National Land Surveying and Mapping Center (NLSC) reviewed the
domestic and foreign Mobile Mapping System (MMS), built the LiDAR
Mapping System (LMS) in 2017 and 2018, conducted the research of
LMS calibration, and planned to conduct the construction of LMS
calibration system, including calibration theory and method, the
calibration mark material and mark shape evaluation testing, designing
and making, calibration field planning and building, calibration
implementation, result analysis, preliminary evaluation of Taiwan
Accreditation Foundation (TAF) calibration accreditation, development of
calibration field data processing tool, and LMS software and hardware
maintenance.

The calibration mark has been confirmed by actual measurement of
material and size, and there are 8 calibration mark printed on the road and
12 detachable magnetic calibration mark is designed on the wall.
Considering that the calibration field is located in the Harbor Research
Center of the Transport Research Institute of the Ministry of Transport,
which is close to the sea and has strong wind speed, the wind resistance
design of the calibration mark is especially strengthened. After the
installation testing, it has the characteristics of convenient disassembly
and high stability, which meets the needs of this calibration operation.

For the calibration field construction, the coordinates of the 4 fixed
points in the calibration field are determined through the 4 satellite
positioning of the fixed points and control point network. From the
calibration mark stability test, the operating specifications are established
in the calibration procedure: during calibration, the fixed point is used to
measure the center reference value of the calibration mark by the total
station, and the scanning route of the LiDAR surveying and mapping
vehicle is planned. After the calibration implementation, it was confirmed
that the calibration procedure performed well and the calibration results
can reflect the surveying and mapping capabilities of the LMS, and can
be applied to the surveying and mapping cases of LiDAR surveying and
MMS, such as HD maps.

Through the preliminary evaluation of TAF calibration accreditation, the
uncertainty evaluation and calculation, the ability test activities and the
planning of the simulation evaluation are carried out in this program to
pass the TAF accreditation and to be included in the surveying instrument
calibration laboratory of NLSC to achieve the goal of LMS calibration
service.
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Keywords: Mobile Mapping System(MMS), Lidar Mobile Mapping
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fe 4 4-18 #151 o
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'E, I 0.6mm+1ppm | ¥ Wt
% pp 3

v FE 4R BE

>

116 FET ORE G ZER | S iy s e



"109 & 2 110 22 % L plgd Rt kAivEqHps ) 1 FR3FL

R
2mm+ 2ppm
F BRI FEAE
B
M2 1 1%
- 3 2mm+ 2ppm | & -
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‘ Sokkia | SET3-30RK3 rap | R
I 5E ik sele | EH |
% WA
3mm+ 2ppm
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| FEHE
REFHE D p— R
5 5t L T
i - - 264 PVC | -7 | e
%5 ™ e
phApE
£3 rotronic e e "
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FE | A1500MH +(05+025 | g
o eriam % x % #e ) )
; 179700-Y1 ) il
F
S T ) A
Sokkia / LA A A
e 60”/2mm | &
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Y B o
Topcon r i+

PR AL R ORI R T EARR o SR B R (R
FE) > 1 PR (BEALRIEE) 21 (TR (L ARALRIEE) 2 RIEE
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109 & 2 110 &2

PRSI S Re

AT ERMEE

R B
I 'F»‘Eﬁﬂz?

ﬁﬁﬂ%*f%mﬁﬁﬁavTifwﬁé% A2 95 Immt T o A7 H
7 () STD % 0.00lm > RMS % 0.002m - % 77 b FE FERIBE AT 17 FEAR
G HETH R gffv Bl +Gmm+2ppm)p -
&
]

i3

IE'

%ﬂew

BE

Plig * 5V

7 o

r Vu%

% 4-19 PIEES % b %

PIRE#T1F FEHR I i 5

FHREBER | L fRE R | 1 reqp e
A (ﬁﬁﬂ&ﬁn(ﬁﬁﬂ&ﬁuﬁﬁﬁﬂEm3[bm Da-D2 1 DDy
(m) (m) | (m)
(m) (m) (m)

OM-5M 4.9979 4.997 4.996| -0.001] -0.001] -0.002
OM-23M |  23.0276 23.026 23.024| -0.001] -0.002| -0.003
OM-3IM | 30.9890 30.988 30.987|  -0.002| -0.001| -0.002
OM-59M |  59.0145 59.014 59.014/ -0.001|  0.001] 0.000
OM-77M |  77.0180 77.017 77.017]  -0.001]  0.000 -0.001
OM-95M |  95.0183 95.018 95.018| -0.001|  0.001] 0.000
SM-23M | 18.0292 18.028 18.028)  -0.001| -0.001| -0.002
SM-3IM | 25.9909 25.990 25990/ -0.001]  0.000] -0.001
SM-59M | 54.0163 54.015 54.016] -0.001|  0.001] 0.000
SM-77M | 72.0198 72.018 72019  -0.001]  0.001] -0.001
SM-95M | 90.0203 90.019 90.020, -0.001|  0.001] 0.000
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109 &2 110 £ % R4 2 KD s AairEmms | 1 vpdpa

%4

Tx TAF &z

«a»

P LR 1T K A 3

it
1n\
-l
-

F-8 TETIAFTREIFE

m@Wﬁ}mﬁﬁ@ Tz AL KRA S ASKE B
AT R T A Uf‘_l“ o H ¥ s ARgi it ki B gt H o
TR SRR A LA KW LR L
REFT G REE g d B A WEFFF G ERFLIETA -
7ML AR ’f?s‘—m—:%%; KRz RE G2 Pt FETR A TR 4

™,

E PRI e ® 2 N R, R 1 0F i
TRE DPIEERIPH R R RS ST B ERE 2
FREIFH LI ORIE? R R R ERGFT R

o8 R /?Jfﬁ( w1 EHRE e @ el f 2 B (L) E L
(Diff1) » = dz R % :

Diffy =Lmn — Ly (5-1)

- v

=+
¥ AT &

Diffi 5 = 2RI EL

=F

Ly %:Zpg2 frdy gb2 L8 BB -

gh‘(

Los 2 e & kit it

“r10 Diffy chle & 4R 2 fF TR

u(Diffy) = [u(Ly)? + u(Ln)?] 72 (5-2)

Ay
u(L,) % 7+ 1 (TR & § pE 8 7 o

ULp) 2w R p e 2 ERZHFFF LR -

SR PR F 2P | Fid TAF Roggazciinzs NG



F109 & 2 110 #2223 kPl & &

FaRiTE A 1 TS
$ B LA RERY oz B R BRY L LR PR

Sz e VIR Wh«&« LG ERFIFE T RI B T L 2 Y F

TEEZ Z AR s LI PR M ERARZESIP T

/g—_i_lx, %O

it EE=

L, =L¢r + Lps + Lps (5-5)
Lep : % ECEF @4 % 5508 » f 3o 3 87540 4| Bhefrs £

Lgs * B 25k 485 H 2 8w &

o

LTS: B r‘]LF‘\'!:'.J_*&_l_*E‘:‘ lum@—g‘ °
Pl L.ene S4B FrE B 5 -

u(Ly) = (uLer))? + u(lps)? + u(Lys)HY? (5-6)
%48 (52)~(55) %2 (2-6) 3% > B Diffy che £ &% 7 5z

HY Ler % Lps3a s Fh TR~ % 0 2 v 5481
% T 4T L

u(LCT)2 = u(xla)2 + u(xZa)z + u(x3a)2

+u(x4q)® + uxsa)® + u(xea)”  (5-8)

uU(Lps)? = u(x1p)? + uxzp)® + ulxzp)?

+u(xgp)? +ulxsp)?® +ulxep)®  (5-9)
Ho o

ux;)) ? A FEE T AT RIEAFMEEL 2 EET R
}i °

u(xy) @ LR T REY Lo R T2
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BE2ZEEA TR -
u(x3) : HZEE T ERPpEY CHSEZEREL TR o

u(xs) * 5 IGS Fh L 2 2 A M TR -

=\

uxs) P s F B PGV FEL 2 BT IR -

TEORRS SETT TS RIS TN S E8 1

Lrs i * 2RI RERI > % > BT BAwELd miif Ler % Lps @
Ko wmABaFL KA T T - REZHEHETEFFALE 2PIHR
AHFAEPBEPELIERR P HE e EE AT ET £ T 40T

U(Lrs)? = u(x10)® + u(xzc)® + ulxse)? (5-9)

H

¢

uxre)  m DRIHREE Lo LT 2L TR
uxz) : » REZFERBRAER e E2 R T IR -

Uxse) © » 2RIHREE AP PR REEL 2R R T
B o

Lip 3R Eehg RlER > BEFHFAFT L5407

0
Lip=xf=xf +R2(x2+R} -p-|[sing (5-10)
cos 6
0
=E+RE-xP)+(RE-R)-p-|sind
cos 6

= Xpos + f((t), (;b: K, p, 0)
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= Xpos + XoBs

Xpos = (xf + R2 - xP) » 4> ECEF 4% 4 5%a¥ » p o0

IR AR B o

0
Xops = f(w,¢,16,0,0) = (RE-RS) - p-|sing|» %>
cos 6@

ECEF &4 4k 3ud »p e 2¢ w3 P2 w g o
w (Omega) @ ¥E % Sox b o g & B o
¢ (Phi) @ ¥k oy gh™ o g & K -

k (Kappa) : ¥ Sz dh™ w argdg & B o

PIAERRE E 2 /T R 0 ¥ &7 5 T30

X

u(Lyp)?® = ulxpos)® + u(xpps)* (5-11)

St Diffy chm & BB FER R Y (5-7) %% (5-8)(59)-
(5-10) 2 (5-11) 7% > ¥ BIZH 5% 2 B MF) 3 4o

u(Diffl) = f(xla: X2a) X3ar Xaa) Xsar X6a

»X1b» X2b» X3b)» X4p)» X5p) X6b
) xlw xZCl x3C

) xPOS; w, ¢I K, ,0; 6

) (5-12)
S ?FE TR A TR

2GR e HCE RS K STt IR - RIE Sl S il

i W«L%#B*ﬁ%“l%’] b SR R L SRS

EnllalBa 'ia/?J 1‘&!— E T S FRPIE e A 2 #BF&@&:}T; N F

ok B B 0 S R 0 v N Ap B R 0E | B s ek
L% TAF R 478 s

Fuvﬂ-’F%’t‘ﬁﬁ?ﬁ’F | ‘—f-ﬁgﬁ"-‘" ﬁ"ti}i” \4 '
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E‘ﬁilﬁa’ﬁ-ﬁ?%}@i%%T &"kx‘”‘?ﬁ; ’ ‘K55|}—\7] ﬁ,\ﬂ"—'—&l ‘Fl'-%

R EEE LR RRE L RFL ARG BRI

2R~ FE I:Iiz#wlzfiﬁﬁ s kA E S IGS
FORE BN R e R R TRk PRI AL
kR HA SR 0 DR 4T

1. i d|shpipl 2 4 FE TR Lk iRA 45

(1) 304 BERP T E AT u(x) £ 4 B R4 gL(p o
i * M415 ~ LO51 ~ M906 ~ M929) » %2020 # 11 * 25 p »
PN T IS BREEEER BB Fﬁﬁl’\—‘"ﬁﬁ“?ﬂﬁ‘ﬂ 3] FF e
LO51 3= v SR SEH R 8 5 H P L HEWMNL,E h)» (75 & 3
LA %’A’F‘rpﬂf'*3‘ﬁ”‘%”?“# BE AR o LR TR E
A A AT A 1) PES ] gy 0 3 B R BRi 1 BB
18 B < F L FHRNN,E h) o 3 B 5484 w35 3
i Bk chd 5T 357 (the mean of N/E/h) BLRI T AL & 2 ke
TEESRAE R e RALE ‘-’”Jfﬂ—?i N b 15
Z oN=6.700mm ~ E ghe &% X oF = 8.900 mm ~ h #h+ &%
A 0h=19.000mm e~ % 683% i k&E™T » 5w S4BT
T 2w BRI E A R TR ulxne) =[(6.7748.9%)/2]1* =
7.877 mm;h = & £ p| T EAF 1 F FE A u(x,) =19.000mm o
Tam > pd Bopne=2x181)=34; 5/ >wpd R v, =
17 -

@) FERTE Lo REF AL EULHIBEY FE LK
AREAREFIFHLT  FEIRRESR L ESIPEE
B3 H B BB~ 5 2000 mm > K 5B L o BT~ E
SR REREROREZ TR u(xz)=2.000/(3)"* =1.155
mm- &z EHAPHE I L 20% 0 pd B v =(1/2) X
(20/100)2 = 12.5= 12 -

(B) tpi? BB EFEE TR ERPE I RTR R AR
POl LS AR AR BN R R Y
Bed o SEPEY BB EERRTHOIRNL 03
mm> BEK Z AL T RAp i o B E R R R TR u(xs)
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F109# 2 110 22 % L plgd e (sivdgmps | 1 vk

337 2,

“)

&)

(6)

—03/(3)2=0173mm > & 5 H %3 FE4E 5 25% 5 f o
B ovxz=(1/2) x (25/100)? =8
IGS &% #1ig @ GNSS % & & (GNSS Satellite Ephemeris )

JE IGS P~1B#F % #ig (Final Orbits ) > H %K & 5cem p o

B2 GNSS LRI T H i » R AR T 2 P FE X
** 5cm "ﬁ% v R FEEE X 20000 km 0 £ 5 0.0025% 10%x D 5 i
% ;; A5 o R D T ol SpEar 3.5km R~ 0 B2 g.?,gﬂ
% 0.0025%10°x3.5%10° = 0.00875 mm » B'| IGS fﬁffr g mﬁl b2
* FE TR u(xg)=0.00875/3"2=0.005 mm » % & H Ap ¥ 7 £x T

3 20% RIA d & ve=(1/2) XQ20/1000° =125 = 12
F R D YR st GNSS UL Ak it 2 21

5 li’:fé,ﬁ*‘ Ed e 3555 Mo HEHE v R AT S B T
0 55 0.002x10°% D Bk 24354 F 5 R D 14 3.5km
I ’f! FE G 0.002 x 10%%x3.5 x10° = 0.007 mm > B F iz

B3N % ee o R 2 FF TR u(xs)=0.007/32=0.004 mm > & &
Hip$r e A 5 20% 0 Bl p 4 B 1 v5=(1/2) x (20/100)>=12.5

12 -

j\ﬁ g mEL épf‘q/alﬁbﬁ BLELP| R cn1 (TR 2
(618-00316) &+ taif mp K3 A YR EREBRE Y&
7 (&3R4 1109 # 10 % 23 p > En’%’ﬁ, D200549A ) > H & i+
FEPHENREARFLAPH T2 H L TR - 8.8 mm >
95 Yol df -k E2 imEFFF 5 279> pd &5 1000 Ak A
i mz LA FE TR u(xg) =8.8/2.79=3.2mm o

SRS AR M AR BB e 2 B R R A 45

0 TG 3 mdod 510 FARS ok 520

2051 RAEHIRT R LR A A TR A A
> A | A FE T 6,7»’*/,;\
pag /:ﬁ [ R S Eij}i .
3R R R ) R % B - N
(a) .
® [©=@=+®) D |@©=©xa@
j‘.”'ﬂ:‘l"’/ii "‘Ii
R 52mm| 1 | 52mm 1 52mm | 34
X1aNE
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109 & 2 110 22 % kEplig @

R A RITERMEE

27 “ /_L
s 1 IFREAR S

BT AR SV - TARRE Y IY
, L = Y B mAT 2 pd
* TR R S % i L
(a) . (d) ~
(®) |(c)=(a) + (b) (e)=(c) x(d)
R oz T2 EF x20 [20mm| V3 | 1.2mm 1 1.2 mm 12
AP P s B E X34 03mm| v/3 | 0.2mm 1 0.2 mm 8
IGS # 4 #LiE x40 0.0mm| +/3 | 0.0 mm 1 0.0 mm 12
F %IRRT x5, 0.0 mm| /3 | 0.0 mm 1 0.0 mm 12
P T REL Xeave |3.2mm| 1 3.2 mm 1 3.2 mm 100
w &R FE TR
U(Ler-ng) =v/5.22 4+ 1.22 4+ 0.22 4+ 0.02 + 0.02 + 3.22 = 62 mm
5.84
Vecr-NE =
5.2% 1,24 0.2% 0.0% 0.0% 3.2%
(34 )*( 12 )*( 8 )*(—12 >+<_12 )*(100>
= 66.1
3052 A HIBEB AR v kiR A FERAE AT A
Sl | B AIET | 5 | PFETREA
. ,,f IR g i;& fod
3 FE R R ZE S I %4 £ ‘
(a) : (d) ~
() |(c)=(a)+ (b) (e)=(c) x(d)
- 12.2
BARE P T T A X 1 12.2 mm 1 12.2 mm 17
mm
R oz T2 83 x20 [20mm| V3 1.2 mm 1 12mm | 12
A S B E X 0.3mm| /3 0.2 mm 1 0.2 mm 8
IGS # 4 #LiE X4a 0.0mm| /3 0.0 mm 1 0.0mm | 12
F %3 HN R xs, 0.0mm| V3 0.0 mm 1 0.0mm | 12
SARA PHENF NP | FEF TAF REABRETELY =R 125




109 &2 110 2% LEplEd R FATERMES ) 1 FREREL

che | TR AT | e | A FETRA
corg l;ﬁ L A S S ﬁ;}i o
3 FE R R R i i = 5
(a) R (d) _
(b) |(c)=(a)+ (b) (e) =(c)x(d)
R PRI EBRFEL Xean 32mm| 1 3.2 mm 1 39mm | 100
SIE S T S
U(Ler_p) =v12.224+1.22 + 0.22 + 0.02 4+ 0.02 + 3.22 = 12.7 mm
12.54
Ver-n = 717 e 120 70.20  [0.0N 0.0 /3.2% _ 108
<—17 >+<12)+( 8 >+<12)+(12>+<100>

2. FIREAPHRAIFIGL R TR KR

() FIZBE R TEA P u(xn) I8 R>2020F 11 2 259 >
R EN A EFE T TRD EE R FIREER S R
Sy ?ﬁ%‘ﬁfﬂr TIPSR 2 S4B HEELAEEPR 2
= -—F 4x2=8 ‘v gLip| Fn‘}'Ao\’}fr d 413 F 2 garE i pE
PEARBTEE S EREPITH LR FHREDTIDEL DR
ZF oI FHEEY N%@*Jfﬂ-ﬁ- Z0N=3500mm ~ E
fhe ¥ X oF =3.400 mm ~ h #he % £ oh = 10.600mm > &
683% s KET » e EREZ > Th 2> e R TELAFME
* Fx TR u(xmne) =[(3.5%+ 3.4%)/2]1Y? = 3.450 mm ; h o ol e
T EAFMEF FE TR u(xpr) =10.600mm o L 6 > % pd B v
=2x8-1)=14; 3> wpd B vpy=7

2 HE T T2 Z-REBEFRBREILI! FE FE LK
FHIT T ERREFR-EELP 3”".’??’ CH e RS G
2.000 mm > B3K 2 FEL oo Bl 2T s 7o & li;‘:"f"rg & Pk
A FE TR u(xy)=2.000/3)"?=1.155mm > i+ & 2 ip$+ 7 7%
TG 20% 0 p 9 B vy=(1/2) x(20/100)>=125= 12 -

G i CHBE RPRE AT SEBBIREE R TSL
B 95 0300mm e Bk SAEAAE Pl S BB E R
B FE TR u(xz)=03/3)"?=0.173mm > = & B ip$+ 7+ fr 2
Bi25% pd A& vy=(1/2) x (25/100)% =8
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@ 1GS #FE g+ P RIZ SELARFN L 0003 10D+ &

% LRGN F 0 FEAED 1T 30K MEERE 35 km &~ 0 BN E

% 0.003%x10%%x3.5%10° = 0.00875 mm R IGS & Er fuag e %

F FE TR u(xa)=0.00875/3"2=0.005 mm > i+ & H Ap$F £x T
5 20% 0 BlA & B v = (1/2) XQ20/100)2 = 12.5= 12 -

S) F BB TRzl iR RIECHE v R AR ATiE S P EE
9% 0.002 x 10°% Dy 2% 5 B354 F o fEg D 4 3.5km &~ >
B8 E % 0.002 x 106% 3.5%10° = 0.007 mm> B § % 2 & ﬁ‘;\;

Tt G 3 FE R u(xsp)= 0.007/32=0.004 mm> & & H ip 4
PRETR G 20% 0 Bl A4 R vs=(1/2) X (20/100)°=12.5= 12 -

6) kp i mEL P Fe kR i1 (% (618-00316)
R kigmp W2 plge <Rl liﬁg*u-ﬁ’ﬁ (32
109 & 10 » 23 p ;sn%* D200549A) » H I 4R 2 P $30 4z
AR EAPH T2 LA TR G 88 mm o HE 95 % iF
K2 :EFF A 279 pd B S 100 Bk piE sz R 7
FEETR u(xs)=8.8/2.79=32mm -

SRR b Ap B By o B T ERAR ST R R A2 A R A

Jod o TG aded 530 BALS pdrd 54

% 5-3 F TP RN AIEL A EIAELTE(T R P w)

A e | &R R T ,
Tk ,,ﬁ ¥ 2 A Gacia| PREIRAE |4y
T3y % B R ATUE e
? FE TR R ﬁi d R

(@ | D1 =@ x @
() |(c)=(a) = (b)

To 2Rl E4EExove | 33mm | 1 3.3 mm 1 3.3 mm 14
R ez T2 E3 xn 20mm | /3 1.2 mm 1 1.2 mm 12
A S B/ X3 03mm | V3 | 02mm 1 0.2 mm 8
IGS k% $iE xa 0.0mm | /3 | 0.0 mm 1 0.0 mm 12
F %3l RN TR xsp 0.0mm | /3 0.0 mm 1 0.0 mm 12
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> e | 18 T ,
B3t E iﬁ Ll EL%U% FFEETRASE |5 o4
o . 4 | AT LA p ©
* TR R B S Ul
(a) D | o=@ x@ | *
(b) |(c)=(a) = (b)
K pREEBEL XeoNE 32mm | 1 3.2 mm 1 3.2 mm 100

e R TR

U(Lps—yg) =V3.32+1.2240.22 4+ 0.02 4 0.02 + 3.22 = 4.8 mm
4,24

Vps—-NE =
3.34 1.24 0.24 0. 04 0.04 3.24
(_84 )*( 12 )*( 8 )*( 12 )*( 12 )+<100>

= 52.7

354 ARBBHDEVRHBLIRIAAFLG RS P)

A | BB AR -
* TR R O i d
(@) BD | o=@x@ | *
(b) |(c)=(a)+(b)
B AR R LA xm 6.5mm | 1 6.5 mm 1 6.5 mm 7
R a ez T2 E3 x 20mm | 3 1.2 mm 1 1.2 mm 12
e BB E 03mm | /3 0.2 mm 1 0.2 mm 8
IGS # % 13 xa 0.0mm | /3 | 0.0 mm 1 0.0 mm 12
F 3Nl xs 0.0mm | /3 | 0.0 mm 1 0.0 mm 12
KPR REE Xepn 3.2 mm 1 3.2 mm 1 3.2 mm 100

e R TR

U(Lgs—p) =v6.52+1.2240.22+0.0240.02 +3.22 = 7.3 mm
7.0%

Vps-n =
6.5% 1.24 0.24 0. 04 0.04 3.24
(42 )*( 12 )*(_8 )+<—12 )*( 12 )+<100>

=11.4
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3. HEEL R DPERPIEZ AAEERE KRAT

() BFE e TTFFL xt

E R R BlrbiR > B e T T o H L X BRE BhE
< % 20mm > Bk 5 4F3 x,,\#,z,,\ﬁon«g:ﬁ\/— B F
BE A FEER ux)=2.0/ V3 =12mm> & 5 H p¥ 3 s
%> pd Bve=(1/2)x20/100)*=125 = 12

Q) REZHFEHEB R EPRIFL 0

FTHRERTEER ERBALIFL EESREER
% 2.0mm > B3K 2 B354 F ’A\ﬁol“ﬁim\/g’ A R
ma g uhr)=2.0/ V3 =12mm> &5 2 ip47

d B vr=(1/2)%(20/100)>=12.5 = 12
e > TainsgRi v

PFEENME 20% 0 B
BRIk ES EHF R EH
&g 0 Fmu(xyeng) =0.0mm >
U(xaen) = Julhp)? +u(h)? = /(1.2)2 + (1.2)2 = 1.6 -

plpd k&>

u’(xZCh)4

(u(hf)4) 4 (u(hz)4>

12 12

B 1.6330%
T (1.24 1.24
(12>+(12>

(3) 2Pl &RDE PRIFEL X3

d DR RATE B
%346 00 3BERE

+
d
#(trace)&ﬁx WRBZIEE
PRI EAF L aREL > PIE

Voch =

= 25.0

> 5 ALBED g~ 2O X TREED,R
7+ 8 (dispaly )~ &k p & i i3 o
scale) == » @ B B Tk &
BRI EGEP| A2 T & T AT

@Aw%

Sin( ¢Total) Sin( 9Total)
X3¢ = Drota Sin( drotar) €0S(Orotar) (5-13)
COS( ¢Total)
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DTotal = Ddisplay + Dtrace + Dscale
M ¢Total = ¢display + ¢)trace + ¢)scale (5'14>
9Total = edisplay + Htrace + Qscale

a. ERIEAE 2 A ﬁi}iu(Ddisplay) N u(¢)display) N u(edisplay) :

B A SRR 0 A w109 £ 11 0 4A%tfe e s gl % 2P
jg; fi@f%ﬁ;ﬁljo%?ﬁ - ZIEEP HHE - R REFEAFRPTE L

EALL 1825 o %éﬂiféﬁﬂﬂ“#ﬁ’ﬁ 32 L EAFRPIN K G A
.‘;c bti GaeTioE s H PR 2 Ti9 B H T3 E’-—%gu(Ddisplay)
= l.lmm’ pod F;.de _(32—1)=31;u(¢>di5play) =27.1" p d Bvgg
=(32-1)=31: u(Baispiay) =271 A ¢ Rvgy =(32-1)=31-

b. & PRI RZ T Eﬁi@u(Dtrace) N u(¢trace) * u(etrace) :

B B AgiEi o i % 1 (v ¢ % SOKKIA SET330R3 @ & it %
R RIPIEY P EREREFTHRZ (/?ﬁ["*&.l_fﬁp 109 £ 6
119 p o Sath A202006160102, BlEfIRL 109 £ 67 17 9 >
S¥h C202006160102) » H plEEf ® 3R 2 > % 95 % F K& - 2 7
FETAE L2.1mm+22mmx10°xD] D 5 Edr= 2 #icr AT Hp
® % 2Pl RPIEEE R A AZEO0.12km > RIF LA LAY B S
210 mm > j& F F1+ 5 1.98 > PR 2 fE T R U(Dprgee) =1.1 mm > p
d Bupe =715 BRI ARDEFEL > LIS PREEE-RE > B e R 5
1.67 % %]+ 5 1.96 BIHE®E 2 /2 TR U(Prrace) = 1.07 u(Oprace) =
107> pd Rvg = vg =730

c. kp ]2 &R 27 FE TR UDscqre) > U(Pscate) > UOscate) *

B agiEn o @ % cha (7R 2 5 SOKKIA SET330R3 » H jp|§E
Z B %R G Immo BXLEALH ,/w\ﬁo.«gq/_ B P EE B -] %]
Bid2 8 T REUDeqe) =1/ V3 =0.6mm > 5 5 H 4p %7
FEEBE20% pd BRup, =(1/2) x (20/100)2=12.5 = 12; i
LB RR L1 BRLENGATF o AR GHEV3 PIRE S WA
A 2 AR R i TR U(Pscate) = W(Oscare) =1/ V3 =067 5 H
WP FEENEE20% 0 pd Kvgs = vgs =(1/2) X (20 / 100)2 =
125 = 12 -
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d. 225 2P ROERIEALZ 2 EEET TR U !

ATl PR T B BRE S A B X TREEZ 24 5 457 F=
b Bt B T ASTRE T R S B 0 RIEERCER Y AR HFE
T¥2 BEpES S 0.12km °

ﬂ * Iéi‘ﬁ;)ii&r’f ST

(w(Drotar) = (U(Daispiay)? + t(Derace)? + t(Dseaie)?)”?

Im¢mmo=Ou@mef+umea”+m¢mef”

| 4(Orota) = (u(Baispiay)? + uBrrace)? + u(Bscare)?)
UDrora) = (1.12+1.1240.6)Y2 = 1.7 mm

=< U(Prorar) = (27.12+1.02 + 0.6%)V2 = 27.1"
U(Orora) = (27.12 + 1.0 + 0.6)V/2 = 27.1"

BAdRAWG

Up
_ u(DTotal)4
(u(Ddisplay)4) 4 (u(Dtrace)4) + (u(DScale)4>
VUpg Upt Ups
B 1.74
T (1.14 1.14 0.6
(51) + (51) + (i2)
=106
U¢ = Vg
_ u(¢Total)4
(u(¢display)4> + (u(¢trace)4> + (u(¢5cale)4>
Vea Vgt Vs
27.1%

(8]

»./
l

q_ﬁmﬁ_,«a ,Tigj;n)!; ,),\4)5

“.J

AR IR ITE LY TR 131
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=31

g (5-13) 3% R 2RI RPERFL XBc 2 P FETRT

2 AT
Esc = Drotar - Sin( ¢Total) : Sin( 9Total)

u(E3c) = ((CED)2 ’ u(DTotal)Z + (CE¢)2

1/2
’ u(¢Total)2 + (CEO)Z ’ u(eTotal)Z)

- (o) o+ (3522)

d(E3c) )2

‘U >+ (
((;bTotal) aQTotal

1/2
’ u(eTotal)2>

= ((sin(8y,.,) Bin(8,,,,))’ W(Dy,,)°
+ (DTotal |10S(¢Total) Bin(eTotal ))2 Et(¢Total )2
+ (DTotal Ijin(¢Total) llos(gTotal ))2 l]t(eTotal )2 )I ”

= ((sin45° Bin 45°)* W(D,,,)?
+(0.12x10° [os 45° (in 45°) (g, )’
+(0.12x10° Bin 45° [os 45°) (h(8,,,)*)

=11.2mm
Rlp d B >
VE3c
_ u(E30)4
- 4
((CED 'u(DTotal))4> n <(CE¢ U ¢Total)) ) n ((CEG ’u(QTotal))4)
Up U¢ Vg
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11.2%

(05x1.D% ,,  ((0.12 x 10° X 0.5 X 27.1/206265)*
31 31

=63
L
N3¢ = Drotar - Sin(Protar) - €0S(Orotar)
u(Nse) = ((Cnp)? - u(Drorar)* + (Cng)? - u(Protar)®* + (Cng)?
w(Orota)?)”’

2

- <(§l()]7\‘,::21)2 ) u(DTotal)Z + (j(g;,::jl) : u(¢Total)2 + (ggjf:j)z “U(Brotar)

= (5in(B1,) B08(Gy,,)* (D)’
+ (DTotal @OS(¢Total ) |EOS(HTOM[ ))2 IIk(¢Total )2
+ (_DTotal |Ein(¢Total ) |Ein(eTotal ))2 IIk(HTotal )2 )1/2

= ((sin 45° [dos 45°)* W(Dy,,, )’
+(0.12%10° [Bos 45° [G0s 45°)> W(¢,, ) = 11.2mm
+(=0.12x10° Gin 45° Gin 45°)° @(8,,,)° )"

plpd &

UN3c
u(N3c)4

(GrEILI) ((% u ¢Totaz))4) N (CIRIGRIR

Up 47 Vg

11.2%

(05x 1% ((0.12 X 10° X 0.5 X 27.1/206265)*
31 31

=63

AR PHRGF AP | Bt TAF ko gRmzicLini=i: KR
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134

RI2RIHRDT G > e BRELZ B EHFEF TR 40T

U(X3cng) = (U(E3c)2 + U(N3c)2)1/2
= (11.2% + 11.23)%/?

=158 mm

VaeNE = (1x u(Esc;;ix%NE()f X u(N3))*
( )+( )

VE3c UN3c

((11ﬂ2)43§;éZt11J2)4>

31 31
=61

FA
X3ch = Drotar - COS(¢Total)

U(xzep) = ((ChD)2 ) u(DTotal)Z + (Ch¢)2

/
) u(¢Total)2)1 i

- ((52) oo+ (3522

1/2
) u(¢Total)2>

=11.1mm

plpd &

u(x3ch)4

Useh = 2
' ((ChD ’U(DTotal))4) n ((Chcl) 'u(¢Total)) )

Up U¢

S TAP REAFRREFELY TG | Sibd fRnng e
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11.1%

((0.7 X 1.7)4) R ((—0.12 X 106 X 0.7 X 27.1/206265)4)
31 31

=31

SR AR M By PRI RS2 RIERRIE LG RTR

Ard o TG mdek 550 FARS v Aok 56 ¢

255 BRBIRLFD2PIERPELIREIAELSITL(T S 2 w)

A fie
e R | TR | g | AEEAAR |
R R R G S B 5 "
(a) ©=@=0)| FD | =@ x@
(b)
R o TEAL . [20mm| V3 | 1.2mm 1 1.2 mm 12
REZ HEF R ERF
REFRAFAELRRF |00 3] 0omm | 0.0mm | 12
7_:'_}&. X2¢NE
Bl vk (% cE SRR X
TR REE R 580 1 11s8mm | 1 | 158mm | 31
X3cNE mm
P EEET FETR
U(Lps_yg) =+1.22 +0%2 + 158 = 15.8 mm
15.8 4
Vrs—NE = 1. 24 N 0_4 N 15. 84 =31
T2 ) T\1Z) "\ 31
# 56 FERBIRDIPO2PHERPEZFREIAEASITE(BALD »)
B3t E A’\ﬁja T TR & 5 th PFEER A E 4 d
* FEER R % dfc ) "
(@) () = (a) + (b) () =(c) X (d)
(b)
BHE w2 THEAL . [20mm| /3 | 1.2mm 1 1.2 mm 12
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A\}?ja
R R |, o |[REPRTR| gap | PRTESE |4
*FE TR R f:eﬁ;:*ﬁg " Zjdw e ﬂf;
(a) (©) = (a) = (b) ) | (©=()x@
(b)
/.»‘ggz‘ ﬁ—“}iﬁ/P"
REABEFRLRFE L ] 16 mm 1 1.6mm |25
%!‘—XZCh
g 11.1
DRI RTEPEEE mm 1 |11.1 mm 1 11.1 mm 31

u(Lps_y) =+1.22+1.62+11.12 =11.3 mm
11.34

Vrs-h = oA 168 JIL1R 2
(_12 )*(_25 )*(—31 )
4. FRELRF TR KRR AT
Bhcit ] %D ¢ Pentax > 4|5 1 S-2100 > 13 Bl ¥
~(IMU) : NovAtel » 2|5 : IMU-FSAS » 4 & 2 m > jEdt 100m >

-E/TQ‘!’—-?" ® &_" % <1 % 0.05m > GPS ;fz}f‘@m » GPS 4 g %é/?]a E
A% E 100 m » FOV/2=0.25mrad > Boresight Angle # & 28.8” > 7 %fip|
R R 1lmm - & i ,PJm?, EEEL TR LY (5-11) 7
PFETR KRG CREE A RET T Lu(pes) c REEI P
g PREEuU(xpps)® A L FEBZ F AU Lfigrey) FHP o T AT
BRE s FWP T

(D) ’}’&J_ B /J\ .ﬁib}g!gé'ifixpos .

AR FEReter i i * NovAtel (GPS/IMU system ) > 1345 2R #
Ffuﬂg L g =R AGPS AxisfzEp Toa A v 10mm > § 424
fi“*xi 15mm’ ¥R # e b L 5 FF LA (Leverarm) 2 7% i
TRELERIGE Imm B

u,(xPOS NE) =4 102 + 12 =10.0 mm
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u(xpos_h) = v 152 + 12 = 150 mm

\:’-7?';“#51%7‘ g_I\r/}sz%’Ed}imvxpos_(l/z)x(zo/
100)-2=12.5 = 12 -

2) Kt E1pEFeid XoBS

d (5-11) 7 Frxpped 5 78 FHcrie =

0
xops = f(w, ¢, k,p,0) = (RE-R})-p- [Sin 0]
cos 0

0
=R(w,p,x)-p- [sin 9}

cos 0

0
= R(x) - R(¢) - R(w) - [p - sin 9}
p-cos@

1
=R(K)-R(¢)-[O COS W Slnw] [p st]

0 —sinw coswl Lp-cosB

= R(x) - R($)

0
[ cosw-p-sinf +sinw-p-cosb ]
—sinw-p-sinf +cosw-p-cosb

cosp 0 —sing
=R(K)'[ 0 1 0 }
sing 0 coso

0
[ cosw-p-sinf +sinw-p-cosb ]
—sinw:-p-sinf +cosw-p-cosb

sing-sinw-p-sinf —sing -cosw-p-cosb
=R(K)'[ cosw:-p-sinf +sinw-p-cosb }
—Ccos¢p-sinw-p-sinf+cos¢p-cosw-p-cosb

SRS RHRRT AP | Bad TAF kI gRazrLipe; LY
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138

|

HALLEZ FE TR A ] 5

COS K

—sink cosk 0O

0

sink 0

0

!

sing-sinw:-p-sinf —sin¢ -cosw-p-cosb
[ cosw-p-sinf+sinw-p-cosf ]
—cos¢p-sinw-p-sinf +cos¢p-cosw-p-cosb
Xobs
= | Yobs
Zobs

Ho

Xops = (cosk-sing -sinw - p-sinf — cosk
-sin¢ -cosw - p - cosB)
+ (sink-cosw-p-sinf +sink-sinw - p
-cos8)
Yops = (—Sink -sing - sinw - p - sin@ + sink
-sin¢ -cosw - p - cosB)
+ (cosk-cosw - p-sinf + cosk - sinw
-p-cosB)
Zops = —CoSp-sinw-p-sinf +cos¢ - cosw
-p-cosb

v

U(Xops) = <(a§;bs) ~u(K)? + (%> -u(¢)?

S TAP REAFRREFELY TG | Sibd fRnng e
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o) = (%) o + (52) oy
() weor
NS C
o) = ((22) e + (B2) uco?
z

() v+ () wor)
a3ty 4B

EFS A LESE S LY TS SR EN

1/2

1/2

R #gﬁo%u_ Z¥im 23k E 0 g * NovAtel
ProPak6TM / iIMAR-FSAS s ¥v (GPS/IMU system ) » 1345 &
P & Phi/Omega > » e & BH R ¥ £ 0.004° > 7 14.4” ; & Kappa
Feaddk RFRTE 0017367 5B & 247 & 5 0.0038 mrad ’

0.8 ¥ier Bfoft L B gh4 (Boresightangle) 2. % F& TR 5
)J, Y 35” , EJ

HAE R

u(¢) = u(w) = /14.4% + 0.82 + 352 = 37.9"
= 0.18 mrad

u(k) = /362 + 0.82 + 352 = 50.2"
= 0.24 mrad

AR ARG R Y RE 2 RBREEP T EPIERE &1
BB X2 T L 20mm > T

u(p) = 20mm

Fh b B2 A idfa’ G T AR MO R B R BB & 2T R

FEGELATHE S A AAER R Y R P RBARREP T M

ok B+ % 025 mrad - %z@&}i L5167 R A IIE Y < G )

LA PEORRF IR | g TAF Risirangriiyes R
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S E e AT BERL 0 o A2 - 2 F AT E 25878 0 T
ROEBHLILEM P A 249 R 5 0.001° %20 3.67 BEHE LA F L
et dic s V30 RIRI & 245 B 2 R E A A 5 3.6/ V3 =217 Bl
W ARZ o LEEL TR L

u(6) =+/25.824+2.12 = 25.9' = 0.13 mrad
FHESEREFF G EE I TN L 20% RE A R

2
évw=v¢=vk=wﬁﬂ@=lx(%9 =125 = 12

i e s
aXobs_ , , , , . .
P = (—sink-sin¢ -sinw-p-sinf + sink -sing -cosw - p
- cos 0)
+ (cosk-cosw-p-sinfB +cosk-sinw - p - cos )
aYobs , , , ,
P = (—cosk-sin¢-sinw-p-sinf +cosk-sing -cosw - p
-cos 0)
—(sink-cosw-p-sinf + sink -sinw - p - cosH)
aZobs=0
0K
e~
aXobs_ . ,
r = (cosk-cos¢p-sinw-p-sinf —cosk-cos¢p-cosw - p
-cos0)
aYobs . , , ,
P = (—sink-cos¢p-sinw-p-sinf +sink-cos¢p -cosw - p
- cos 0)
6Zobs

P =sing-sinw-p-sinf —sing -cosw -p -cosb

T w B e A
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aXobs , . , .
E = (cosk-sing-cosw-p-sinf +cosk-sing -sinw - p
- cos0)
—Ssink-sinw-p-sinf + sink-cosw - p - cos O
ayobs . , , , , ,
£ = (—sink-sin¢-cosw:-p-sinf —sink-sing -sinw - p
- cos0)
— COSK-Sinw-p-sin@ +cosk-cosw-p-cosB
aZobs , .
5 =—cos¢p-cosw-p-sinf —cos¢p-sinw-p-cosb
)
¥p ke
6Xobs . , , ,
5 = (cosk-sin¢ -sinw -sinf —cosk-sin¢ - cos w - cos )
p

+ (sink - cosw - sin@ + sink - sinw - cos 0)

aYobs

5 = (—sink-sin¢ -sinw - sinf + sink -sin¢ - cos w - cos 0)

+ (cosk - cosw - sin@ + cosk - sinw - cos 0)

aZobs
dp

¥0 ik s

aXobs
d0

=—cos¢-sinw-sinf +cos¢-cosw - cos O

= (cosk-sin¢-sinw-p-cosf +cosk-sing-cosw -p

- sin 0)
+ (sink-cosw-p-cosO —sink-sinw - p -sinf)

ayobs
d0

= (—sink-sin¢-sinw-p-cosf —sink-sing -cosw - p
- sin 0)
+ (cosk-cosw - p-cosf —cosk-sinw-p-sinb)

aZobs
a0
BRFEIEERE  EThiw d Kk3F5 0 > 7R P Lidar 4

=—cos¢-sinw-p-cosf —cos¢p-cosw-p-sinf

FEpEc = 100m > ® & 2 i~ i & 513607 > PlsinO2cos O > B~

a1 8~ E o Bl g N e

= =

SR PHRGF AP | Bt TAF kI AgRmzrLipey P
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0Xobs _ i _ i _ 0Y obs 0Zobs

. =P sinf = 100 -sin6 = 100 5 =0 e =0

aXobs — . — , ayobs — R aZobs —

e 100 - cos 8 = —100 o6 0 rre 0

ovs — ¢, Pobs — 100 . cos9 = 100 » 222 = —100 - sinf = —100
w w w

Wobs =g, obs = gin30°=05 » 2295 = ¢p530° = 0.9
ap ap a

Wobs — ), Lobs — 100 cos§ = 100 » 225 = _100 - sin 6 = —100
0 00 coso = 00 Sty =

c.i” 5 u(XYobs) N u(Zobs)g‘ pod )ivXY_obs > Uz obs

> ’I@“g‘% El'- L}i =
X 2 + <6X0b5>2 2 + (‘fjxobs)2 2
U(Xops) = u(x) 20 u(¢) e u(w)
1/2
0X,ps ) <6X )2
( = ) u(py + (522) - u(oy?
=((100)? .24% +(~100)? [.18* +(0)* .18
+(0) .02 +(0) 0.132)"
=30
vX_obs
B 30*
~ (100% - 0.24* (—100)%-0.18%\ = (0%-0.18%\ [0%*-0.02%\ (0%-0.12%
) ()G ) ) )
= 22.255 ~ 22
Y>3l bR EA TR G
_ aYobs ? 2 aYobs ? 2 aYobs ? 2
0w = () (22w + (22

+<@§;fs>2~u<p>2 (i) o)

VO 5 (13 TAP Rl AFsinad (TE L9 mG | it pHmpg s
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=((0)* .24 +(0) .18 +(100)* .18?
+(0.57 0.02° +(100)* 0.132) "

=222
Hid A
vY_obs
_ 22.24
T [04.0.244 04.0.18% 1004 -0.184 0.54.0.024 1004 -0.134
(—12 )*( 12 )*( 12 )*(—12 )*( 12 )
=21.84 =~ 21

FFMEER S5 0 BTG 2 o d uXops) 2 u(Yops) 8 & i
FFETRIEE B A E L

UXYps) = U(Zpps) = (u(Xobs)2 + u(Yobs)Z)l/2
= (302 + 302)1/2
=424

HadREZ
42.4%

Uxy obs — Vz obs — 304 304
(22)+ (3)

= 4451 ~ 44

IFEERARRITAERAALAIE TG D phed 5570 BARES @
4rd 5-8 o

%57 REEFEREPIIFRETERBAITE(T H > w)

NSl
L2r g A e B s T EEREAE |
* FE TR R It - ER g S Epd
N I e B ECECRC
(b)

fREE R 1

T Xpgs XY

10.0 mm 1 10.0 mm 1 10.0 mm 12

e 23 piiei

42 .4 mm 1 | 42.4 mm 1 42 .4 mm 44
X0BS_XY

Eobs fAERr 2P | FLF TAF REABPRETELD =R 143
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& fe A7
, BHE | B gty PRETESE 4y
TR R ER S = (d"ﬁ B&'
@ |y @@ @l e=ex@
(b)
w ARG TR
u(Lyp-ng) = v/ 10.0% + 42.4.02 = 43.56 mm
43.56*
VLD-NE = 710 0% L (224 = 4848
12 )"\ Taa
%58 W EERIRIARRAFTE(BARS )
e L&A FE T 7 FEER
L1 B y i B B 22 A= ,
PRAAR || R gAcih) MR A d
@ | |©@=@ ] ED e *
® 1+ (d)

Rk SLR LT

L 150 mm| 1 15.0 mm 1 15.0mm | 12
1ZXpos_h

en 1P B

a 424 mm| 1 424 mm| 1 424 mm | 44
® X0BS_h

BEERET TR

u(Lyp_) = v 15.0% + 42.4%2 = 4998 mm

49.98*
vLD—h = ( = 5258

15. 0% + 42.44
12 44

F
¥
ﬁ

CHBEBLP e 2. FE TR U(Ler) ~ T RBEAR HT A5

PVRIN 5 i TAF R AR REFELYITG | gt LG e
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2.2 2 T Ru(lps) ~ FIT B REE2PIHRPIEZ AR
u(Lps) ~ ¥ &R 2wz Bu(lp)d 478 & (5-7) N e s SR8
FE X RuDiff;) » RIFHE 4T

B S R

/2
Ler we)? + u(Lps_ni)? + u(Lrs_yi) 2\
u(Diff)wg = (Tj_gl(cz NE) )‘2|' U(Lps—ng)* + u(Lrs—nE) >
LD—NE
=/6.22 4+ 4.82 + 15.82 + 43.62
=47.0 mm

@ B d BVpirri-ng & Welch-Satterthwaite 258325 > Al A d &

VDiff1-NE
_ u(Dif f; 1)%5

(u(LCT—NE)4> n (u(LBs—NE)4> n CTS4 ‘U(Lys—_np)*

Vcr-NE UBs—NE Urs—-NE
+ CLD4 ~u(Lpp-_ng)*
VLD-NE
= 63

B AR @ ol

u(Dif f)n = W(Ler—p)?* + u(Lps—n)? + u(Lrs—p)* + u(Lyp_p)?)*?

=/12.7%2 + 7.32 + 11.32 + 45.02
=48.6 mm

@ B d RVpirrioy, % Welch-Satterthwaite 258358 » Bl p d &

I T L) uLu(l_)iff)Z* Crs* - u(lys_p)*
(G (o) (i)
(e )

= 69

T~ HLAFETR
% 4 T

1. 2Rl%

T o5 2 P * FE T R Uyg

SR PHRGF AP | Bt TAF ko gRmzicLin=; PD
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B f 0 B Uy iws =630 195 %3 ik B8 A F B 5 2.00
Tl E F]F k1 =2.00 0 A KSR 95 DT HE R B e R
o LR L TR Uyg = ky Xu(Dif fi)ng » R

Uyg = 2.00 X 47.0 ~ 96 mm

ERIEEEFRZ B LA EIAU,

B’\Eg})ivDiffl—h :69”&_95%7;€?’}\-)§‘ tAV\#]E‘m 1.99 »
Tid E F k2= 1.99 0 ARE i Kdk 95 %1 i ¢£ Lkl B Pl
% % AL AP Fa TR, = ky X u(Diffy), 0 R

U, =199 x 48.6 ~ 98 mm
1 o e )
’Tf]’ ’ j\*&_]_ f ./l_n Lr}ib Xi 1:'] mﬁy\ J J?‘ Ei k}i'&rﬂr :

H Ta e B BRFEITA G IOMM-

2) BARZP B ERAAITAE G I8 mm e

¥ it BEREE R

. 5
% 12 £ TAF& # Rk & F(TAF-CNLA-ROS)z. #.7_>» ¥ & ~ %
FElFer kL ,F‘Jr.r-xiz}‘- YR YRR IF%H + /FJ AN o
REfrRLC S ﬁﬁ“kﬁﬁﬁﬁﬁﬁéﬁﬁw»ifiﬁ

ﬁ%@dﬁﬁi'ﬁm%ﬁﬁﬁﬁﬁ’%ﬂﬁﬁiﬁ 85 B
(340485 BRIEP - FHEMV Hmd) 284 -

I~ FE&EERY F/RVIEF

%259 F%EY FLRAVAP
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