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Evaluation of measurement uncertainty of microwave power
based on Monte Carlo method

Wang Ruibao
(Unit 92571 of the People’s Liberation Army, Sanya 572021, China)

Abstract: The measurement uncertainty of microwave power was evaluated by Monte Carlo method (MCM). The evalu-
ation process of measurement uncertainty was introduced with MCM, and procedure of MCM with MATLAB was given.
Both single batch MCM and adaptive MCM method were used to evaluate measurement uncertainty of microwave power
at a given frequency. The results from two MCM were compared with GUM method. It showed that the results were al-
most identical, addition to 5% deviation in standard uncertainty between MCM and GUM. The MCM validated GUM
and was fully fit for evaluation measurement uncertainty of microwave power. The MCM can deal with linear model per-
fectly, and its advantage is obvious in the case of similar components of uncertainty, and it is simple, convenient, and
easy to spread at same time.

Keywords: Monte Carlo method; GUM method; measurement uncertainty; microwave power; MATLAB

BT MCM A Sl 7 0 o A6 720 1)) I A 2R P 155 00 A
B AN E S /N AN R T A5 O - BB 5 A AU e GUM
VR B B RO TR TS B AE T E YRR T L BE 8 X

1 3
F T LA A B AR R A R0 BT L LAY —

il

0 BN 3230 R R A 25 R R R B BE . ISO R T
CIN LA B0 5 KRB — 1995) (T Fk GUM 8) J5,
GUM ¥ 5% 2 B Br 1 R 8 B 3T 2 135 8 7 ik
GUM itk 74 2 a) B, {5 o 77 76 Jo BR =2 4b , n 455 0 A
LMERNBER W3 45 NI E oy i R/ REA 22508 K, %
S Wy TR B LS B R — AR 0 Oy ik
GUM i fi#h 7., EHIRITREATEFE A SMEMNH
SRR I (MCMD BEAT A8 5 B 17 , T & 7 T 1
EHAE JIJF—1059. 2C FH & R~ & %17 2 W A i

W fs HE:2015-03

— 28 — HEAMETIEHA

GUM ¥ 12 7538 JH #1730 E .
2 MCMiEEMERHEE

S0 R & 1 (monte carlo method , MCM) J&—Fh 4540 45 1
BB 7 vk A AR @ v — MR 25 () L BT oK [ Y fige 2
23 0] b — =R A AE 2, 38 o e 3 A TR I X A TRl R A ok
IR 2 A A 2 R A AL AR o 1 B 2, 386 ik
BB AE FHT | AR FOH o R v A B e B R RT R AR AR
ESE S AT I AR B 0 28 AR 3 fi e

T [ Bk A% 0 30 )



2015% 7 B
$£345 BT H

MCM 2 — P 3l B 7 R . B 9% fif £ 6 ML AR o 1) A,
AT AR FH A T A B AL A% S ) D AN T B O A ()
A, MCM 3 3 3 7 B2 A5 R DL 43 A 4% 3% 00 0 a0 1% 15 4%
AT Nt 1) M 2227 B bR 80 (PDF) 3K 7851 1 it PDF, 38 2
Hi 5 PDF (¥ 31 2 s o O 22 K75 40 Hh 12 09 A 1 b v AR
0 T RIVR A A 3 MO T i e P B B X

MCM SR 56 B — 4> S B S 80, BEZE R 095 K )B4
Frocbr. B AR IR AR 2 B[R] MCM B 5E J7
P, —MoE Atk MCM #5855 —Fh & B 18 B MCM
E 32 P57 AR AT LUKAE MATLAB 523, F I HL AR B .
2.1 BEh%k MCM EENERHE E T2

P RS MCM fif A  \MCM £ 3% . MCM % i F1
G AR 4 A B A 1R

T 4R

MCM | gty MIRIY=AX,, X,,....X,),
N | s\ RO R e
PDFgXi(&), il &k aep, Hk i

Eirasy
B G THEY FE | 258
ABEBEu(y),100p% LS = -

MCMRBR UM DI ZEATIRARLY ]
MCM MCM
4% | XIPDFg, (R, BEIMA | MGERIEEIERIIUTHES ], S
- #ZMEX,V...,XK,RMiﬂ BEEER YRR - -
W, PEEMAMEEUE G (B BERRG

T Bty MCM T s I A i 5 a7

R A1 0 £ T P N AR B TR MAE R X,
B PDF O PRIE 9520 40 & MR il o8 M — i 55 T
10° 4% MRS 2 43 AT I RE L 15 3] MOASREAS AR ALY, 15 59
M AR R BB (8 e BB A 3 T HE 51 5 45 1) i 1L &
Y 9534 BB Gy Gp MEELRIR G iEid G 153 2 & A o
JE BE R A5 R Y A THE bR HECS B B AL S AR p I
E‘J@{E\E I‘Eﬂ [yzm s YVhigh ]UJ o
2.2 BEMMCMIEEMNEAHEETE

HAER MCM R BR B ML T 345 R 4% n] &8 1 3F
FESEHE MR AR B 3 A2 T LS BN R X% M
B 2R DRI [0 2 FT g <5 7 R [R) MEL. Ry 1 3e il M
[ 7 R Y B9 , TR A A IS B MCM, A 38 i MCM 52 B
S TP BTG AR By 2%, BUARE SE T e 1 4 i 2 1, e g
I LA AL 7] B N AT M S , IR B 5
THRRE JF i 2 H8 h X MOREEAMEAF F 455 . B 3E . MCM
TS I N B R AP 2 Birs SN 2 AT Y, R B iR
FE ng, FIRLKNIB TR M, M — 55T 10 000, 3% 7€ 56 B¢
FUR R B AT A = 1 ALA = 2 BHILIR A M ¥ MCM 3
EFRRT B L R R B Gl s H i EA A
PRUEA A BE AL DX R) 20 A5 it s b v R 22

SHEEEE 2 Fveii Rl

Bg 95 D&

Fia

VA, BRI EA BT, =12,
kA

’

] =1

HHRMCMVEE FRER
o=

HHRMCMPEE FRER

!

SRV HEC PR bR s e
PR Es (), 100p%otil & IR 18] 223 s ARHE S
s, JE T AT s, o MR
il Eu0) B A 6

MBI HEy R BEu0),
BREAEEY,, 7,,]

2 AN MCM 3T 5 I 4 AN iy o 32 3o A2

. _ 1 : W 2

.sy(h)—\/ih(hil)lz;(y y(h)y (D
1 : , ‘

S,,<\‘><h) :\/mg(u(j}(”)*uv(}ﬂ)z (2)
1 : , ‘

Suoe (R = \/hi(h . 2 (Viow = Yoo () " (3)

1 .
Sshigh (h) = \/m; (y/(,,,i;, T Yhigh (h) ) 4

FI| 423 2 X MASKERE Y A6 /AR VS B
B uly) MBUEE 22 0, iR (D ~ (D A EE/NT o,
RO A2 GET A e M A Wi 5 2 X M A R 353045 2]
vyuly) Fl100p Y6 A48 X J], PF 5 45 5 . A SR AT 2 4 1
W A B0, 3R B P AT MCM AR5 3% B2 (1) ~ (1) B
THE, T 0 2 0 R S ORTE I, BB S A HEWR
MCM &5 Ji5 PUAE #5062 45 14 0 1k, st 3 3RR B 4 i AR
E G R B AR T A X M AR H B 53 y,
uCy) 1 100p % 415 X 4],
2.3 EF MATLAB ¥ MCM 3

MATLAB J& H A5 58 K #0030 51 68 1. BE &b 3 R
Jr AR, B A T B, etk MRk A
BT T WE 4 A BEALBOR AT AR AL AR R S A
MCM, T i MATLAB S288 [ 35 i MCM R
EEWEL TR,

Dwith i &

WIEER TR A L B R AR 3 B %, it
N M 4. ffi ] clear,randn(‘state’,0),rand(‘state’,
0 &A% .

EAME T EEAR  — 29 —



g 5 B &

2) FEHLECA: B R RS R {8 T3

AR 15 0 e A iy A MR S A L 2B AR I B AL AT b
R TSR RUE , T AT 2 bk 3T B & A B ALK

gtk & 5 e

TP 2X M ABERIE 25, (2) 4 25,0 (2) 4 25, (2) F
25 g (2 5 FUTE A5 W6 L G0 TH A0 8 A5 1, W6 2 00 25 1 45 21
AW AT T — %, B 202 k. FZ A mean,
std, partile Z45 4,

DG

P A AR h XM SRR, 1 53 e Al R AR o A 22
F, 2 K] 2 A v o e B BRI S e . F

i % mean,std, partile, sort, find, hist, line ZE Ay 4>,
3 RMEDENEAHEEITE

APl 3L T MATLAB fi 84t %k MCM 1 [ &
MCM X 45 E SR T 1 mW i % Ty 58300 o R i o 3
W, 5 GUM B85 BT L4 5 % H A HE

AH R0 A% 4 R G0 D0 F i MIL2438A, JE 4L 6
YW FE S R A2 AVI487 72 9 GHz Bf i 1 mW
Tl Ty 28, R SF- 2 0 S 00 AR v A 22 43 R 1. 017 mW
H10.005 2 mW,

HIEBI IR Ty I R AR B S D RGN S
Ty A5 7 A5 R N A 5 SR A S 0 AR TR AT R A

P = Py+0P,+ 6Py 40P, + 6Py + 0P+ 8Pc + 6Py

&)
KPP OB RS 5 R AESR T, Py DRI & AE 0P
Sk L) FEAE 7 g VA B S 0 ) SR i L OP Ay Ty S g
BRI 0P, NI RIE RS 1 mW B H I RIR A,
OP . TR 43 HE SR L 0P + AR L L 0P AL
WEDR T BB L OP v 9 2R T2 B 5% T
3.1 MCM %

il MATLAB #4528 MCM 352, &5 A &%
FE A2 53 A SRR AR A3 1 iR .

F1 W21 mWRHENERREGANEHME

Ima
i

NHEAREESEME mWwW
HIA _ AHiE R AMEER
o x o a b e
" Eaw A
4.51X
Py 1.017 X — — 0.0021 IEZA
10°°
0P - —  —0.005 0.005 0.0029 %
6Py — —  —0.005 0.005 0.0029 5y
oP, — —  —0.012 0.012 0.0069 %]
oPr — — —0.0005 0.0005 0.00029 %]
oPr — — —0.010 0.010 0.0058 5]
oPc — —  —0.0189 0.0189 0.0109 ¥7%J
0Py — —  —0.0053 0.0053 0.0037 IE&

— 30 — FEShEmTREEA

c0I5%F 7 B
348 57 H

3.1.1 Btk MCM

# M=1 000 000, MATLAB # ¥ 547 /5 45 B /R,
it A TR RS AEAS B B L 95 06 4 B X I 22 A 3 a5 43
W 1.017 0,0.016 1,0. 986 1,1, 048 0, = B %4l
WA H o7 BB 3 i, ZE A WG 4% £k 43 0l ki
95 Yo 4 A5 X 8] 22 47 i 5

N

351

3.0r

&94 0.986 1 1.0170
HiHhE/mw

B3 1 mW B 2y 5 it ik MCM A2 43 1

1.0479 1.08

3.1.2 [iE R MCM
# ndig=2.#IK N TTEL M=10 000, #& )7 fa & 5
FEEN
HEREL h=3, B KB R h X M= 30 000, 5 {H 7 %
6=5.0X10"", My & Y i H AR MERHE L 95%
ArIX ] S A7 s s 4y W 1.0 017 1.0. 016 1.0. 986 2.
1.047 9, Az i A % o SR B HE 2R 20 A B B I & 4 B
TRGIEAR TN N 95 Y m A IX ] .
7001
6001
500F
1 400

3 300l
5 300

2001

100}

0.986 2

1.0170 1.048 0
HHR/mwW

41 mW Bk 2l 3 A G R MCM R 53 A

1.1000

M 3.4 W] LI TGI8 2 AL e 2 B 3 Y MCM,
B AR IES A, AN R % 7 58 R %
NG
3.2 GUM %

D) AN 2 BE

T [ Bk A% 0 30 )



2015% 7 B
$£345 BT H

M TEEES ARNHEE v, = s(P)/Vn =~
0.002 1 mW , & AN & B4 253k 1 iR,
2) B AR EASH S T .

u = Ju' tw 't u il u Fwt wt =
0.015 3 mW

DY EAHEE U

U=ku,=0.030 6 mW,k=2

IR E S

P=1.017 mW;U=ku,=0. 031 mW,k=2
3.3 F MCM &iE GUM ERI& R

By i f 2= 48 B IE & 25 61 & I JTF1059. 2— 2012 #t
WA MCM F GUM 4t 5] 9% 2 il 1 N 8 2 B, 9 e %, an
SRR AN GUM ¥E3E T UL A g 00, DUG 25 % L
AT AL R % R MCM, 5k 2 ie 2 A& X IE & B
Uit 1 B 46 X5 A 22 S 7 AN FRUE A 225 kL e
Hk MCM X GUM 3= 8640

| 1.017—0.031—0.986 1 | = 0.001 < 0. 000 5

| 1.01740.031—1.048 0 | = 0 < 0. 000 5

A& MCM XFF GUM B IE .

| 1.017 —0.031—0.986 2 | = 0.000 2 < 0. 000 5

| 1.01740.031—1.047 9 | = 0.000 1 << 0. 000 5

EE A LIE A HE YR E 3 Y MCM. #8838 58 T 4
GUM = 1 5631F . GUM 32538 FH e Zh 2R
3.4 GROW

ALK MCM, B i i MCM At GUM ;45 3 4n 3k 2
fiT R (MCM1 & Btk MCM, MCM2 & Hi& i MCM) ,

2 BHRFIBEEMN MCM 5 GUM &4 R

gk g VR 99EEKN
W AWE AR
MCM1 1.017 0 0.016 1 0.986 1 1.047 9
MCM?2 1.017 1 0.016 1 0.986 2 1.048 0
GUM & 1.017 0O 0.015 3 0.986 0 1.048 0

N 2 ] LI L3 Bl ik 5 5 Bk b o S 2 A L
T A —AE . BRHEUCH H B N MCM 45 L7 78 40 2 1
JREAE T MATLAB WEHLECE B A FEALTE . i BE i 45 it
WREHLBUR [ . T B it ik MCM & ik 245 R #A s 4k .
HEG R E R . B HE N MCM 45— & 1E
AR MCM (HIXE] N . GUM 815 21 {4 b5 A1 8 B
He MCM /N 5%, Ji R AE 45 Bl A R B2 B 3 2 K/ R
AHIE e K5 35 /N 2530 50 45, 5B B0bs i AS 1 2 2
oy T RUE T A BT DR 22, B R m N L X
& GUM W R T ZE, MCM B 00 3iF T 28 PR 78, 7F 4%
AW AR KGR T IEAH R,

SHEEEE 2 Fveii Rl

Bg 95 D&

TR 7 5205 45 1% vk P 2 I 4 R ol o8 B o AR
i MATLAB Ui W 24 RIS e Bl 2 . i B it
W MCM M H i B MCM %45 MR T 1 mW R%
IR R E T E L RS GUM BE 45 R ik
TTHHRMEIE, R EXH . MCM 415 GUM ik JL
AR, AR 8 52 4 B i GUM ¥ 4536, JF % & & Mk
DI . MCM % R FEE & 4 MR, 76 &5 A 1 o
JE Oy B M 22 0 KT 0 BE A% L T MR B g ol = B R
Wi BE . MCM Jy 8 55 5 & 58, Jy (8, 7T L g 55 A e 2
PR R

& £ X o

(1] EEFH. Z2R 0%k W& R o B 0 3 6 0
ALY, B BoA W . 2014,42(12) :17-20.

(2] [ 5B WE A 56 58 SR, JJF1059. 2—2012 I 52
R T T e AN A R (S b e A Y R
#t,2013:1-20.

(3] VFiHe. S84~ & L7 e Az Wy 3 vh 0y B M. b
o JRF 68 YRR, 2006.

(4] TAE R, PR, %, SR 2 ke 5 Ze
W2 AN A B T R LT AR AL SR 2= 4, 2008,
29(7); 1446-1449.

(5] BRMH, & 25 8. 5T 2R~ kil & A4 6 e
BEATE L], 7 00 5 A 38 24 4, 2011, 25 (4)
301-308.

(6] w2 WIHE.ZE S0, RO ME L 45, & T 56 Tk A I 00 S 1 8
USRI ik L] AR SR 2 4. 2014,
35(6):1385-1391.

(7] JABkEE. FSEHE R vr e &R B IM]. Jb 5.
rf I BRKS H RRE . 2013 :55-56.

(8] fi s, Mi%s k. 5T MATLAB (% [ il 25 X 2k #H o6 31
WAEMN TR AR L], B A d 7 & 4R, 2013,
32(12) ;46-48.

(9] XUFERL, B1%. 5T MATLAB JH 52 45 & 3% 5 1 &
A E BELM . Jb 5T o [ Bk AR 2014 :198.
(100 J7 M BOm B+ ey A PR AL A g = 200 2 U7 1 S8
Wi gt BT, B A0 7l s B AR, 2014, 33(1)

24-25.

£ & @ A
FWELSFEB L, THEL, TRIF, REPR

J5 T A A 5 0 AR AR A
E-mail : 179782184@qq. com

EAMETMEEA  — 31 —



