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ABSTRACT

Along with the developing intelligent manufacturing industry, manual laborers are gradually
replaced by industrial robots, which are slowly taking over the dominant position in industrial
production. In the process of carrying out production tasks, the requirements for its accuracy in
work are becoming higher and higher. In terms of methods to improve the accuracy of robot work,
it is relatively easier to achieve by measuring and compensating the jitter at the end of an
industrial robot than by exhausting external influences and making corrections.

This paper focuses on the design of an industrial robot end-jitter measurement system in
which the STM32F407 is used as the control core of the lower computer. The posture
measurement sensor in this system is MPU6050, which can measure the axial acceleration and
angular velocity at the end of the robot, and can also derive Euler angular data by executing the
posture fusion algorithm. The nine data, axial acceleration, angular velocity and Euler angular
data, are sent from the lower to the upper computer by the ESP8266.The collected data are
displayed by the LabVIEW-based part of the upper computer program. In order to minimise
environmental and measuring device errors, the upper computer program is programmed in a
hybrid way combining LabVIEW and MATLAB. The collected data can be reprocessed and
displayed in the Kalman filter function developed based on MATLAB.

Finally, the controller of Googol and the robot body of Kawasaki were used as experimental
objects. The experimental design was a combination of no-load and simulated with load, as well
as a combination of no filtering and the addition of Kalman filtering, and a comparative
observation experiment was designed by combining the results of different experimental
processing. The correctness of the system functionality is verified by the experimental results,
and the Kalman filter is verified to be effective in reducing the environmental and measuring

device errors, with the Kalman filter smoothing out the data curve.

Keywords: Robotics; Jitter Measurement; MPU6050; LabVIEW; Kalman Filtering
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A1 PB11 5] BIAHESR:, PB11 5| JIfE A STM32F407ZGT6 5 F () RXD Ihag 51, A
VCC 515 5V HJEAHES: . BRSO iE L RIE L4 (Pass-through) 2B 7EiH
O AR FPA A& 4 A 2 AT AR ) 0%, B TCP/AP (F& %= i/ b, Transmission
Control Protocol/Internet Protocol) HMSCHk BB LR IEF: RS [F] Bk S EILAL 4 Al EL IR ) ) D e
4N TEEE 802.11b. IEEE 802.11g. IEEE 802.11n =M JC £k btk At i SC LR He b 5 vl 34
108M [R5 d A4 B, A5 (R IR S = Fh WiFi TAEBEEN, WiFi STA (Station) ##
. WiFi AP (Access Point) 1 WiFi STA+ WiFi AP #3X,, Hr7F WiFi STA T{E#
N FR B Ay bl Sl 3% ph #5 EEe ELIDE, L P A S B S R X B A i, T
WiFi AP TAERE T M AR AR B 1 Ay # Ul 5 F LR AT 4z, SR 3 7
R AL %0, WIFi STA+ WiFi AP TAEREA T W EiR ARG S IFAF . 7E Bk =Fh TAE
BB =M TAERE A fitik %, 39952 TCP Server 30, TCP Client =X, UDP &
7, TCP Server B LLA [ABE R MM AT B IR A IR S5 48 55 e ok B %5 7 i (K075 3K 5 4% 1]
ZE L, TCP Client A5 20 LAAT i) 7% B2 W U AT % B2 A s 7 vty RO T B2 3R S5 S5 5 IR 45 4
WA, X 3 A A S LA I 1 O AT IR, T UDP SR #E4T 8 Al e L
I BT DA AR e T N E B K& . AT ESP8266 FHUEL AT (Attention) 54
EHATERAE, AT $RA2EF BT IURE A4, WikIE 24588 AT+<CMD>=?, M1

9
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LR DI D B IR S EEHT IR, EiE Q48 AT+<CMD>?, IXFifs-<n] LU
WENIEL SR RA R ERERETERN, HERLSLE N AT+H<CMD>=<>,
o>, e, WEIRS A DOEEN M AT B E XIS B BT R, DASEHLE 12D
e, PATTEL LN AT+<CMD>, iZRMIE L 5 EIRS IREME S FAR B, AT LARE
bR A JEZE 0 DI REIEAT BEE, X T AN R RI$E-4, HxH L DU A& 454 38 A A
WAE, X KIFEE TR ERIFRRIEN . AT 1822 — M A FHEBARG R I K7
7o AT DU R 0 25 AR BR A SR AT L PR 98- it AT AREAT 32581, SXAF il RE 8 SCBE R GTis AT I
R AL TMANE S, M T RGHE I VEE M RS R #E k. 25 ERTR, ESP8266 Fitk
FER KL T R B e P2 1) [R) B 34 BE 0 ORAIE R VE REAR DI #E,  ESP8266 MR AN 1 UK
RRER AN 22 3k

PR

VCC33 VCC  VCC33 a2

3
—— GPIO2 GPIO12

Rl \K_GPI : :
3 < .
R 3 GRIO 1 GPIOIS  GPIOI3 F—
¢ P 5 s ;
R 1K GPIO 1 - - oL arioo  Griols (3
s — GPIOS GPIO16 T
52
1BROS20 5 GPIOs
0
S
6

S RXD TT1 Dl CH_PD

- 1} RXD ADC
GND TXD TTL [).5[r 3] D RESET 2

3-3  ESP8266 i i 4 it K]

3.3 MPU6050 #&1R

MPU6050 HEHAEAIZIN & R G LA EB, ok ARM H/E & RSO
JE, 2K MPUG6050 R LR & R R 2 A it  He s i Bl 1 S04,
AT RGBT 2 0 S AR B AT LI B R G0 K, X R k4T A T LA 1
il 2 R DGR R 1T MPUG60SO 1E BRI 3G 11 6 Hig Zh A B I RENS VR R 24
K, MIEAT Hsg KR IhRE 2 B ATFI. B 1IC_SCL 5145 STM32F407ZGT6
J i) PB8 SIHIAHER:, STM32F407ZGT6 5 1 ¥ PB8 5| IEN 1IC 28] SCL (HRATHS
Bh2, Serial Clock Line) {554k, IIC_SDA 5|5 STM32F407ZGT6 it H i PB9 5| JiIAH

R, STM32F407ZGT6 & F i) PBY 5] HIfE A 1IC M2k H) SDA (R ATk, Serial Data
10
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Line) 554k, MPU_INT 5|l 5 STM32F407ZGT6 it ff] PCO 5| IAIES:, VCC 515
3.3V HLEAHZER:, MPU_ADO 5|15 GND HiZEH:, XFEHLHE MPU6050 HEER 1) IIC ML
Mk E Y 0x68. MPU6050 #5H P A& & 1 — A =l ik v A0 — A =k B R ASCRT LUOxS
WA AAAN T5 ) b (0 o T A0 A ok P AR A EAT I 5, LA e B v B ARV +2g | +4g

+8g Mlx16g, HHLE LG MPU6050 H ot — b ik & I & i ] ¢ =y n] ik +156.8m/s?, 1
FEMB A [ FE A +2500/5 £500%/s+ £1000°/s F1£2000%/s [ [ 22, 7EREWIREHLAS A
K v B4 Bl 78 A0 AT B R, = A T R R R = il B R AT 1A 43 i) e R A A
16384LSB/g (FAKE %L, Least Significant Bit) Al 131.072LSB-s/° KM EFEEE, $4BH A
WHHU IS Eh AL PSS (DMP, Digital Motion Processing) ] LABFAR 28 48 78 HHAT Rl & Hcdfs i
PitEE, HH A 1024 3570 FIFO (Joibst i sUfF 448, First Input First Output) &
WETE RGUBAT I B TOHE, ZAHUE R B T Ik FE 25 5 FE gl R U, BRI T S 80k
S IS 0T A 00 R (R 2, ) B 9 B 0 K A RS PRV AT — e ], R N ERIE N AR
I [ 22 5 T 1 R D 28 TE R R, (A3 IS8R 5 ek T RS IE A, KR4 T
RIEZREE, AN mik 400KHz (1 IIC M54 1, 8151 R 40 kB ey, 3t
—HRI T RGMAMEE . Ik MPU6050 BEHsh nf DASCBLRDIAE I [RIN I/ N 22, iz
LS A A i 4 BN AS I 22 G 1 0 428k B s AR P 5

U8
2 22
e 2 SO RESV |5
IIC_ SDA__ 24 B
: SDA RESV ——
3D_INT —— 19
= INT RESV —=
R45 K e 17
" NC (—=
6’— AUX CL NC (—=
VCC3.3 I (= Sy v
: NC |—
CLKIN NC —-
e i ; FSYNC  NC —;
. ADO NC
NG —
10R 8
VLOGIC
SR %— VDD REGOUT —2
= o GND _ CPOUT |——— _ | ..
LpFJ0 | MPUG0s0 _Je7s [e7
- |10uF |104
GND 0
GND

K 3-4 MPUG6050 &5 4 i

11
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ENE ARG HIEIT

AREEE T LIRFIZAT ARSI B ], TRIERGREN BINIBAT, BIEEEE R
eIt H et SEILRR A&, DLA EAIALATALEE & 2. R ITHEFE ARM HiH T.
FEBCU A AL LS RE T, IRBNEEAE S R G ThRE, T2 L N AR s B 3h B R &2 Al
s 2 I
4.1 ARM InH T8t

ARM i H TR A B T A2 MDKS5 ¥k, @it C 1535 M HH g s,

oo R B B Sl 2 R HORN SO A i R
4.1.1 B EhME R %

Bl 2 2 oA Hi 32 B  E  MPUG6050 BEER S AL 2% A A v Bl 2 20 304790 &2 54
AR AT PRI, (8 T 080 A R U AT

Jef MPU6050 BEHUEATHI 6L, SRR S H AT B . B 260 11C ST I
&, K MPU6050 BEEHEAT A7, T4 MPU6050 fRbih 17T mefie, K5 py B R4 T 0x1C fY
I T B A AT AR AR 3 RIS 4 AR E Y 0, BCENEE I TAETER2g ARG
T, BHABEMLT 0x1B 1 =HhBEIg il B 27 A3 1028 3 AAEE 4 AL BN 0, MEFE
WA TAEAE+250%/s BAZJEHEIT, KERFEFRWE DY 50Hz, FER AT WA IIC A0
TARRE, RA2T 0x23 K FIFO fi e 75 /74 BCE N 0x00, 18145 FIFO ok M1, B4 0x37
(R INT 5 /5% A 2008 e TG B 25 77 % U0 BN 0x80, BRI INT 51 B 32 6 v~ A K B,
AT 0x75 BB HUBEAR IR 25 A7 28 0 ik EAT 52, B TR SERT ADO 5] BB TR T
TR, SOz bR 0x68, AT 0x6B HIHFEH A4 1 WEN 0x01, XFE
ok X HIPEARAUE N RGN RS %, RIGHEEALT 0x6C HHRRE A A4 2 WEN
0x00, 575 % Fl s B2 TH A SEARAAL T TARIRES .

LARE R G ARM BHATHIA MRS T LR 3T B R &, JHEEUR TR G
RS o X —H 4y BRI A T Sk B A AN KR bR AL B NI RS, JFXS AR R AR B AT
B, B S E RGN, VIAGAERT BREL, ¥ USART 5 HIE RS040 115200, T4
LED H# 58 #EAT W16 4K, $1AT MPU6050 M 464 R 4, 15145 H TAEZE H AIRES , ¥ MPU6050
[¥] DMP AT W16, & HA T IE R RSN IEH AT G LFE R, K228 TR
KT R EHCIRES o RIS SO0 E AR AL P R B IR [BME, (53T AR E s ae i

12
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XF AR GEE SN AN RIS BIbR SALHEAT W E, B RS AR AT R, 2 KEYO #
R, BT R RGBS RN ENKIE, 2 KEY1 #0324 R, K2 kM R g E:sh il &
ML HENTARIRZE A 28T DMP LARIRES KA, %5 DMP LARIRES % H s
BALTF RN 2 HEAT DMP AbFE 5 Hois i3, RIERHL A 2. 15 564 DMP % th i) 04t
BN L tHR AR

Qo = quat[0] + 2°° (0 4-1)
Q1 = quat[1] + 2°° (50 4-2)
Q, = quat[2] + 23° (= 4-3)
Qs = quat[3] + 23° (=X 4-4)
€A Ra g = RN VT
ROLL = arctan2(2 X Q;, X Q3 + 2 X Qo X Q;
,1—2%xQ;xQ; —2%xQ,%0Q,)x57.3 (=X 4-5)
PITCH = arcsin(2 X Qg X Q; —2 X Q; X Q3) X 57.3 (5 4-6)

YAW = arctan2(2 x (Q; X Q; + Qo X Q3)
,Qo X Qo+ Q1 XQ; —Qy X Qy — Q3 X Q3) X 57.3 (X 4-7)
H, ROLL AMEE M, PITCH NI, YAW AfiA M, quat[0]. quat[1]. quat[2]
quat[3AVUTCAL, 57.3 NINEER:E AL R B JE BEAT IR B i S I, 23843 56 % TIC
SN RRIRAS AT FIWT, Sese 4k IC RIGE S, ISkt iT %, RS AT
L, EFIC BENEES, BAFAAMIEESSES/HNEES, BT A IC BHGE
T, BERIEHMEEIF G2, SRS TS, M IC B4R 72K
IR, I A — M5 L SR 58 OB B, S D 5 At 2o e B AT B, =l
FERUE AL PSR G, T — N2 e AL, G — AN AR\, A 435l
X by Y . Z R, kA R A
HARIT R, B RBEEE N MPUG6050 FEHLU % 22 ARM FEEATHd T b Bl . %
843 bR BCE Sk = A B TR = R SRR SO 1R (K R R K R 1% ARM, PGS S
15 2 IR BL A H0E R 1% E ARM. BRRRI%. 22 AN I8, 6 RS R IGEERE, 5514
FAAE ML, FRbR SRR RGO E, JREMELERE R 0xAA, 2 MR EEEK
FE, 318 MR, HUE Dy 0x12, fREEIREIR N HEE K 12 N, H 3 AT E
514 AR R =5, P 3 AN ATRIES 4 AN A X b s R

13
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i, =) \BLAPETESS 3 AN, AR \DLAFRETESE 4 Nih, [FIEE, BN Z 0GR
AN ) PR R B T PO, IR UC X Y BRI L Z N X A
RE. Y BRI, Z BRI, BRAAEEE G 6 T, FRASE 15 MRS 20
TARRBL B, WA B A o 2 A1 A & S A — AN RRRL A, BRI
FPARUN ROLL. PITCH. YAW, 5 21 N7 e Bda st AT 2, tHE b, by
IR 0%, 5 22 AT AR, FSRbR B AR S5 SR B, X BRI B E N 0xAA.

| TriG |

k.

B AT

¥

MPUG050 TiFE&ERE

A

DMP ##i 1k

I ¥

LEDO (R TR Rk K

Ho R by =17

LEDO SR s H T 25

=l o e EE RN =5 My i
B AR 12 A

r
B e A
K 6

b —dsE a
RV ST S

r
w A E R
HATHT L 4b 7

Lhi R 2L

Hdte

e

r

K 4-1  RGeEshil & e B K
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4.1.2 BRI

HOHE A A oA B B SE UK B L T ST B B AR BN IR A, FREEN
EA RS, 7 E AN R A . 7EX R R S, BT AT $5 4% ESP8266
REHGEAT F b, SLBIGE 45 1 TG BRI A4 1) R 3%

WA AR T A A AU B R 4 E R R 1) TARR AT W, 7E1% R G ESP8266
BT DL TAETE WiFi AP B FE N # S SS BAIHIR ARz Joidid REATHE & 4544
) AT JTE 2k 2 ESP8266 AR M AELL, A RA I 2] ESP8266 ik Al T B RS,
M <xifid USART & KGR “+++7 1B, IR E TR 24/ 1) AT+CIPMODE 4
AR UL B B N ARE AR, AN SRk E) ESP8266 MiHUL TIELRIRES, M4
& B8 245/ 1) ATHCWMODE $8 4K WiFi MR B v AP B0, FRAMAT

HAL5H ) AT+RST 482X BT ES, B0 WiFi NG E 2 S8
Flash RGZHIX, Pl E R IR EIFASHIER, 11 H T1Z R85 20 R a8 AT
BRI, BT UAKERBUT IR & 45 ) ATE 84 PUTRMA m S8 E, et &g
T RCEARTEBE AL SRR b Bk, 48 8 R TAERCR, REUR B 18 A 4514 1) AT+CWSAP
TRAHHT AP A NS HRE, it BB A4N AT+CIPMUX 1845 3 2 M4
P, RIS EIE4 45 H AT+CIPSERVER #5473 SERVER #3 3 %6} i 1115 3547 %
H.

Kl 0% bR B A RIS B K 1% % USART Hi 1, @il 5 USART & HAH#E
F2I) ESP8266 itk RXD 1 TXD MH#i kLR LA ZE - RIE B e 2 4 1)
AT+CIPSEND f5 4%} Bl Rk B K AT W, T2 RAMEIE N 22 M7, i)
ZWEIRASSHON 22, 5 EEHE K IX S USART & O, @it 52 MliEHH RXD Al TXD
FORE BN, B TRIORIE 22 AN, B AE BRI Be i 1R % 5 i RAIE R 4 4
YRR e H AT AR, A P AR i T A RSO

15
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i

Fhah i & e

r

TG

ESP8266 TiF &%

R ik R =1

PATRAR RIBTE S

L J

LEDI hi&igact] =

LED1 RFEHRRIT K

L
H

K42 ARG A% ek iR

4.2 EINFEREIT

AR EEAE LabVIEW Wit s, SR et b iEdEiEd LabVIEW
H198 F§ MATLABScript 5 U, 7EIZAE R BEAT R AL B, FRA IR 5 I B AL i 22 2
ANFI, M SEILR ST Re .
4.2.1 MATLAB R/RETEH R

IS BNE TALLEE N SERRIZ AT AR T, ARAE anHh 5832 3 sl MR RO 45 5 AR K R 5

16
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EIINLES N CAERREL RS, AR NG S BN TAE S N IR R S BUINLEE A
TAEREIRE) , X Le g P AN A NI AT iR P il o Rk R B 7, [ I /R gl B R 4
X HLA AN AR I 28 S AR B AT B, MPU6050 72 &l A2 v/ — e R 1 o]
BEG AR IR ZE, IXFN T AR AR 5 P AR R ORI R R E M 7S, R/R SRR N
—MEET G A IEETTE, Rl T AR BB AR R B &R Gt S, RUIERS
OIAbRUEZE , B I PRI AL G IR, A DRAIE R B AL R i 5 aha A 1 DX 3R 1R i
ORI B R B SR PR B AT A T, DASKR SO FE b SERU LA AR i B 20 55 BrAi 1 £

25y R E 9 TV LS AR o BL3h I & R G B AL B 7y, 2 R B 2 B8
AL AR 2R 2 B 77 2O SR GG B B AT IR AL, /)N A AP SR O RGN A AR
RIS o

JEI PR HAE LabVIEW HH ) MATLABScript 5 bR #4740 5 , 12 B 5 1) R A
SRAE LabVIEW H #4749 S, HEHRHME TS MATLAB HIE 5 M0, JF HAE
MATLABScript 7 s o 4 5 1f R B 2 7E MATLAB HIZAT, AR B4 A5 H 1 s )
W IH# /£ LabVIEW I Zm LR .

FEZFR A, Il PR B B S 2SS H, TR S EUON BB R Hh
PR R B FEAA W A AR

R = AX Ry_q (X 4-8)

R =Xp + K X (z, — HXXf) (X 4-9

P, =AXP_,+Q (X 4-100
_ HxPj

Kk_m (L 4-1D

P =1 - KX H)XP (X 4-12)

A, 2N kK RIS THE, R N5 kK IRIE AN THE, PoNEE k IR Se5R
%, K NH K G EE, PGS kK IRIERTRZE, 2 50 kK IR, Qg &
brdEZE, RNVINEZL B FEIRAEZE, ANH I EAL8 R, Hrh QMR @S 0 i1
HARE AL ERAS 3], AR H DU)E S A5 A () A% 5 6 RBEATHAE « 1 Se R R B IR $L
YEFEAT 7 S, B =R B s . =l R . BB BRI AT o 4, PR
AN TR s A0 IR S BBk AT S, B S BN B, B R R A A B A
MATLABScript 75 SR Fh 9 5 47 (1) BRI BT AT 170 e, 3l B 0% SEE G R A2 04 i

17
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WekbH,
4.2.2 LabVIEW FRHEI&IT

LabVIEW A3 B AR e, AGRIEESE, e s, Ehehs
SEBLE 1 PTAL o5, I ELA I P R A & B W 0 RS T, BB AR R A5
FHEATICE, BOCHURAR T R B i 44 .

TR HLAE N AR BB R G SR A, %R BT 0 R 6 A B A e
PHARHEAT 2 B SR, X B BT BAL SR I, R T 5 S /M B e
T H0H8 1SR B 2 306 e A DAL 7 SHEAT 1, 7 SO0 e R S8R 22 i 0 B 3647 4%
A, A BT AR S . FEEAT R A L2 5, BRI i K% g
W R, SRR B B R, SR A B B2 R 1 B B A R A
By T SR R AT R, B DA T A U R SR R ROV R
IR ORI 27, 7 AT S8 Xt B AT 4347

18
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FRE ARGETHARSERSH

5.1 AP EEITAR

PLES AN AR £ il & RIS 47 Ik, SR A [ s i) 2580 ) 10 7S il oL 88 AN A qk
VRl &30 5, 76 25 B0 B S B0 o LA AN A s B 3 I B 5 4t [ € 7E TO LA A K 3, 7
7 BRI B S, BT LSS AR s 5 #0RE J R, A E RIS O T #E3h 4 8
A S5 S A R A B SEIIL, BT DA A A SR 2l N At R Gt hn 4 ) 4R AT
B, SEIILZ W 5-1 Fros. B LEs N SE AEH FARFR R TR Y Bl 100 1847
£-200, 70 AN NS EAERLLE GO T, HoRmBsh&38 0, 0hll1e 45 R8s
FRBAT A e, AE EAIHLFA I LY Bl ior, B E MBI L & HEAT WEE, HEimxyLas
N AR i £ BN LEAT 747 o

B 5-1 HLas AR smE SR R 4

FERGISATZHG, @0 STM32 AR AESAR BEAT R BE, 4 2000 R 5 Ja ST o
300ms, KA DR TN S I 1) ARM FEFF Rk 3E STM32F407ZGT6 o0 F, Fiil
ik STM32 19 RS232 15 FAAHL USB #: OAHIER:, #RMRA D5, K DRl
R ST UL, R E B RN 115200bps, 73 ARM FI_EAIHLER 4R IT
B, MITSEBLIERIEME, 56 BOLEE AR s 3l & 2 40 1 ik % AR

KEM B ¥ MPU6050 B il e fENL 45 AR, _EAIHLIER S ESP8266 ik, fEig
FTHLEE N RIN 42 T KEYO, JFURBEATRFSEEE KRS RL S, Arblas NTR e I (1 B 2k
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FEARIBAT I IEIZAT 534 T KEY 1, {5 BRI EHR RS, 128 id #2 d AR DGR 3h Hicdie i
it ESP8266 #H k1% A FAIHL, Hilid LabVIEW PN 2 5 U (RE FP X A S R 850 SOk AT
UL, B 54 7S kB A T AU SR T R R 2 R R HIOR B A T DR A B S
H eI R S5 B R E LabVIEW FUTIAR b o 3B %5 7 B8ORS T LS A AR S E L 35
BEATROR 2R, AR EALHL S BT B AR AT 5 1 2 AT o, BT R LR
ARt BB B DL T AT BE B, AR T I AR A B A

FEREATR/R SRR EIE S, T BN AR ZE A0 &4 B AR 22 HEAT M E THEL . %)
MR Z AT, SR ACE#E 77 208 KRG ORFFACE B T E IS AL
PRSI ARG b, SRS HREN G DLEAT I E . WTF 5500~6000 LHEHE 5, 17Nk
Bl 45 o S, IRl MATLAB YRR, T AR BB e T, )
MR ZEIAE RN 0, it EUVHBIR R, RN RR S RECT . S ERE
RZEATIER, KRGS E T, Rl g7 A 2K T e BEERN, 1
PO R O 5 RS v, ORUEII &S AR b s N e R, TGORIR EEIR S, [RIARLE
M1 5500~6000 HHHE f5, #+ /N ib Bn i Bz S8, 8 MATLAB 58040 b it
%, HTAFRMEASAAAERE, BEEERERERN 0, 4t B IVHBEE bRk
7, WANRRZIEWE R B R SHE, RRSIERKREGR ORI REHT
BAGOLN 8RR 8 I B A SRS O R B R OR 2R AR B AL AL Y R gk
78R, BT KRR AU G Bl s AR s ) Bl S bl S FARAG TS 00, T ER miblds AR
s Bk 3 1 0 70 A B HERR 12
52 RABITERE S

SIS AL AR N S BRI AT S B T RS AR, TS EOR ik, LU
PRI AR /R 208 R AU DU, KA B =Rk 52 o =2l 3o P2 RN R £ 22 4H IR
£ LabVIEW i [H#R#EAT o, JFE SRR 3 AT X H 73 At
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B 5-2 7S aRIe T, s e L A A R R RRR A AR B SR A R %
FIESR S #IS AT 7S LA SRR A, 7RSI UG 0L T MHLES A1 (0-3s)
LB ANTFIRIZAT (3s), HRIFRIBIT (3-168), WAHLINIEILBIT (16s) FHRFFE: L
(16-19s) X —id A2 M - Hd B0 72

Pz | Xtz - wAgROLL .
\ena— Viggrirs G~ {FMEPITCH

SEHINEEE s | mm=gmEsE ZifgiE SHEA(E FUEEYAW
003+

0.025-

0.02-
0.015+
0.01+

h 0.005- |
L3 0~

-0.005-1

2 04 02+

£ 02 g 001

g BN A /\ (JARRPAE AN ’A ey i
Y !

-0.01
-0.015+
-0.02-]
| 0,03 0,02 =
0 2 4 6 8 10 12 14 16 1819 0 2 4 6 & 10 12 14 15 1819 0 2 4 6 8 10 12 14 16 1819
BSfel/s BJlE)/s B3RS

52 FHEHENTESEEG

B 5-3 Jnii S ie N, B L =l A 3 RN A AR A DL ) SR B 45 R A
O R IS AT T N AR S K L AR

Xipnizes - X E— waRROLL
Vigimass M VigfaaE HIMEPITCH
R S Zignyae HOE= RS Zidps B o meyAw B

0.8~

BEr

§ AV AV\«M\, N

.6~ L ——— -0.1- ] - g -0.04-} — )
6 é t‘l é é 10 12 14 16 1819 (I) é 4 é é 1’0 12 14 1‘6 1‘819 0 2 4 6 é 10 12 1‘4 16 1819
BiE)/s HfEl/s BfiE)/s

5-3 bR ARG

K 5-4 A7 S ORI, & s s g R LU AR R, S
[ _E BT R A B RO LES AR S I AR 0, B IEIRES (0-3s A 16-19s) AP ARIZATIRES
AT, R AR A R INIER S, BPARIE AT RES ] Sl B KT RS, TiEATL
WNFFURIBAT A (LIS AT I, W R G0 A iy BEME R B T A8 i SR 24 B sl o H T X il
A Z AR fh 2 5 WL NS AT B AR BT R AR, SHENLEE NIBATIRAS AR T, X il
A Z FEG R SR BTN, R TR B P AR ATIRES: Y HEE W T
e EERCR RS, Xl T Y fATERZk T8 NI4T B AR A s s, ML NI E
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{5 A P R B A e JEE S IS AT R (I U AE S A s AR B, S ais AT
IS % Al 1) _E AR IRIgE FE AL IS, i B AT A DL K T #a AT, wf IS ALEE A
FEISAT A, SO LA N AR S 2% Al 7 70 L RO FE AR A B 1 5

IBEE/m/fs "2

XEAmEREE
SHSHRENIR

SHHE
L

HiE)/s

NHEEE/m/s"2

YHRAEREE
SHSHREIIR

e
R

NEEE/m/s"2

ZiNmEREE
SHSHRENIR

SHHE
L e

P 5-5 s G ORIG UL T, 2l b A S AR A5 R LI . AR 40t L B R

i, HLEs AEETHIZITIRE TR, H# RS (0-3s 1 16-19s) FIFEFaiz AT RAS K BT &l /A

R PE AL LR, PN B 3 AR IR FE S AR [F], HLEs AT RIS AT I A 13 AT I
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