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WG, I LI IR T BT T R M. A SRR T AKF 7k ey & s LA A B AR

BRSBTS B AR, R TR R AR R AR A I E A
Koial BHIBEA, AEEAFRE, BAIRE, BENFRZRKE(AKF)

ERENLIE NRERBTE AR A7 AR TR IR T 5 A
HARZS T IR A 5 A5 48 T WL As A L,
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IFH., BT WA AR A9 AKE R4 3 L 30 Dy sl i)
BAE AR, AT T M e R 22 1
ARSAb TR

ARSCWESE TR T AKF BB Shiblas A MK H bR
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EXRG N 2(0,) FHAHR e(1,) K

e(t,) =z(t,) —z(t, 1 t,.,) (3)
b, 2(a, 1) RIS D, (1,
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D (1, t,) = e (4,)E" fef (1,)e,(1,) e (1,)

= e, ()P (1,1 t)e (1) (4)

Ho, e (1) Fontm it e(r,) 5 1 TR, Py, (1, |
) = Efel (1) e (4,) 1, P, (1,1 1,) FRHFEP, (1,
o) WAL LS iR, i = 1,2, #5#H BT e(1,)
il A 26 T, DU X 7 £ ECRE B8 D (1, 1 1,) IR X
G35, B

Pr(D(t,1 t,) >x.I) = ol (5)
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Foxa N1 - o IEIFR T Ry R

MR ARL TR BT HVE TE xo, SN, FTIA
SRy LI 1 DU MR P Ty 25 A6 R R (1) AN LA B
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]
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el (1) P (1,1 1) e (1) = xod (9)
A

(ei(tzk)) > Pii,cp(tkl t/g) (10>
XFEA

A (1) > 1 (11)
W

P, .(t,1t,) =P,.(t,1 t,) =R, (1)

+ A ()R, (1) (12)

Horp 5 50(12) A7), T4

e,(t )P (1,1 t)el (1) <) (13)
LiSIpCe

D(1,|1,) <) (14)
ERE

MDD, 1) >yl B ARYEER 1,51 H &
T A, (2)

2
e (1)
zk _Pii,cn(tkl ) + R, (1,)

)\i(tk> = A R.A(t)

(15)
D (1,1 1,) <) TIA S F A2 s 30 st
RFHRIN H R T 04

)\i(tk) =
2
ei(t>
2k _Pii,ee(tkl Lk) +Rii(lk)
: D (t,1t,) >x:
Rii(tk) B X
1 D;(t,1t,) in

(16)

Hor,io= 1,2, BARRESFHILG 720 x(0 1 0)
= xy, P(010) = Py, FIF AKF J5 X6 H A7 150
IETHr .

AKF B PP BRAT AR ANF

B 1 W ia ik, SRR sl ds N w0 46 RS
x(010),P(O10),

S8 2 WA, x (e, | og,) FP(1, |

bt ) o
x(t,1t,.,) =Ax(t,, | t,.,) +Bu(s,,) (17)
P(t,lt,,) =P(t,_,1t,,) +0 (18)
ST 3 B, 2( ) ) FIP(14) 0
2(t, 1 t,) = He(t, ) 1,_,) (19)
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PB4 B (16) A AHH P, (1,1 1,) 0
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x(i,1t,) =x(t,, | t,,) +K(t,)e(t,) (22)
P(t,lt,) =P, t,,) —K(t,)P, (1,1 1,)K (1)
(23)
Hor, K(1,) FR 0, ZIEEIAEE, x (1,1 0,) ,P(1, ]
t) 3R o 2R A T HE R P T 22
2.2 BT ANGRMERSERHER LT
R BB R LI R T HERB B ARFR N (u,
v), EIBRYIAIR R N BARBLO AR (x,, ¥,),
LR BT OAE A T AR AR 2R 1 i a5, DU AE AL A A
T AFRBUOARR A (x,, v, 2) FIHEAARSR R (HLAS
NAEARZR) T HARRBLOAARA (%, ¥, 5 2,) o HIE
PBAGZE A b 22 N EHG D BRAR bR ZR I e 4 C 3R R

1
u @ %o X,
|: =1 o 1 ” yp] (24)
1 dy 1
0 0 1

Horr, do dy JEROGE T PARRBIIEPR RN, R x
J7 Ay 7 A — AR 5] o 2 DA
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g 0o F7N BRI O R FR A AR AT R I R AR 3R A
PR Z AR 22 AR ) AN R R A HARDLAR AR R S
PR BLAR bR 2R 4 G 2R A

xc
%7 £ 0 0 0
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Z{yp=0f00 (25)
| o0 1 o~
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o, 2, f1 RGB-D AHHLINAS , f LAY A R FE
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(26)
0" 1
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_ z,(u = uy)
Xy = f (27)
zc(”_yo) _
Yo =T 7 Ty (28)

2y = 2. = Tz (2’9)

B2 EHLRREMVSALRRNEREMERE

WniE 3 fos AR RS s L NS H AR Z ) 5 A
XPRLE I FR , AIAFAE P As A BB i AR 0B 2 1 5
HN

o(t,) = arctan(x—”) (30)

z

w

d(t,) =z, (31)
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TERS Sl N AR BRBE R G, B sl A1
i B PEHIR H PL ], B

w(t) = Koe(r) + 1,3 (1) (32)

Hep,e(r,) = [e(t) e,(0) ], 6,(1,) = 0(1,)
-0,e,(1,) =d(t,) —d,0(1,),d(t,) 53514 1, B Z]
R BMLER NARXT EH A5 B9 R 2R 3 AR R S, 0 AN
d 350 Ay R B e Ff R B B B S 30T ER M KL, T, Gy
SR P 8% LB RSB RS 8, K,
= [Ky Kn], T, =[Ty Tol,i=12k=1,2,

H X (32) T, AT B sh bl s AN i 22 o e kil
FEh

v, (1) = u, (1) +u1(;)d, (33)
u (t,)d
v, (1) = u,(t,) - 1<Z2A) - (34)

3 LI EE

ARTATXA S SR A A A T S g e . Horp, A
& BAREREE & 48 DFROBOT %= M #L#% A \RGB-D
FHBL PC LRI IR ER X G2 48 i, DFROBOT L& A K
P22 BB BIMLAR N, B — 5 %6 R A ) il 1 9K
SRTFELLAL , PR A Sk S A ARl IR ) R 4, A
ZIRIANFER , Je 56 0 4, SGR B SR AT, K
HIRTARIAIEE d, =30 cm, %22F42 r =6.25 cm, L5
IR R ARG Xtion Pro A4z 1R B2 4040 $8 4%
BL, LA B 7] 5k 50 W/s, 23 B 05 5 Oy 640 x
480 ATRUAERE Ny f =271, 33,78 Q5 JFRIEE T, 2
T Intel £ fit 59 FF P 3+ 5 HL AL 58 2 Opency Al
PrimeSense 23 F) & 17 (9 H1 T A 9K 28 . 0 %040
OpenNL, 5E 5 T B shbL#5 A AR B bR R R 5
s, ARPEINNAZLS , B B PL ARG &8 M AH S 4L
B Ky (1) =43 .K,(1,) =0.01,T,(1,) = 0.03,
Tp(1,) =0.01, HEZNHLER A HRER R A AR ER I
BWIEEE A 6 = 0,d =150 cm,

TERSEHLEE NERFER i, x(010) = x,, P(O
10) =Py, H:

1 0 At 0
0 1] ’ | 0 -At]

TSR AL A B AR H AR R B S50, 0
T AKF R shbLas N H AR B 07 i W IE i P 5 A
RO, BVRETS A= AT 5 21 Hinis s AR rE RS AT
H T LA IS O R P AR A TR 2, E AR
27548 (root mean squared error, RMSE) .

i

v 2 :
RMSE = (;Z FxCeete) = x( 1 t,) ||2)
i=1

(35)
Horh, n FORRAE n FUBUR, X (4,1 1) F0R 1, I 2R
[l 7 %t AR MG THE, 2 (2, | 2,) 2 ¢, XSRS
ZIHSH
N T BUEARTT i A S A o0 Sl e R
JERERIEE (6] 4) FIE N IR (181 5) it dT 1588, Ak
JERFRIE R OCE BN 2 ) 2w PRSP B2, 45 &%
Geali kMg s ENI RIS S E AR
PUIKE REE R T, A5 RGEERERRAIR . 250 h i
ENAEEHARRATHEHRE s =12 m A ¢ =145, 0]
SERATHEEEE A 0.85 m/s o H T IR EEARPLAY B AR K
AL 575 0, S B L AHBLALES o AR A S8 AR T
SRR SRR, BOE N RS B IR E AR R T 50
K4 Ca) i, L NS I I 7€ 67 H A, 25 B bR 1) 22 A1
Tz B HLAR N ) 225 st [l BT 98, AE 08 H ARAL
TEME AL R, A5 AR 22 18] A AR X B
B 4(b) w24 F s ) A7 A5 38 s, Hlde A fa 47 5%
I AT TR WS, Bl AR I E AL A AR, 24
FUbR ) Bip AT BERE , LS A BREE HBR 1 ATf T3, 24 HAR
7K Bl NI ZE 56 sl ot m A AT 3, H RS )n, Bl
i NERBE ARG L R ATA T30, SCIR R, 7R IR 3R
SR BT AKF 19 H bR ERBE 7 25 T LA LS ARG
HuERE H ARz g0
I3 T U A 9 A% sh AL g N H bR R ER 7 15
(No Filter) JET KF (R sHLAF A M A RERER 7
% (KF) FIEET AKF f9R2 S Bl AR F AR B ER J5
% (AKF) ZE 17 AR MR SC 3, AN TR A8 R A Shpl
N BRI i 3 R0 R 52 8 1 RBIR 22 AL AN & 6 ~ 9,
% 1 ARIRDT 2 N R s b g AR i A R B B
(0 F B TR 22 8 o iT LAFE 5 A 9 b J7 25 A
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(b) BahbLas ABLEE b e
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3y e No Filter
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*1 REMRAFREREENMHITER RMSE

TR BEEEE ey | (rad) eyl (em)
No Filter 0.0141 15.31906
B AR KF 0.0088 12.73932
AKF 0.0081 12. 00340
No Filter 0.0173 46.2580
ENER
KF 0.0118 27.2162
FREE
AKF 0.0112 17. 1864
4 4 i

REAS E A PRI R R AR EA T R N ER
REML AT NS5 AN AT PR R A i B A SRR o D 15
I 2RI T RS S Bl a8 AR A H AR BRBE , AR SCHR
H 7T AKF YR siLas A B ARER Bl 7 v 8
i RGB-D LR MU 1% b H AR A9 RGB AR JEE {5
BB M Bh B N5 H AR 22 8] R X7 B G FR I
SRS HLE NIOERFERETY . P25, 08 TR AKF i
PTG GEH s i 28 AR ZSAG I, AR SR
TE AR (77 35 LA 3 I PR, 8] R 00 e 5 1
J7 2% B T IR B AR X IR SR . R,
SRR T A SO T ik A vk . 2T AKE
R ShALA A H bs BB 5 A ARG ) BRER SR, B
AU AT AT RS AR
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Human tracking for mobile robots based on adaptive Kalman filter

Dong Hui, Wang Yanan, Tong hui, Wu Xiang, Yang Xusheng

( College of Information Engineering, Zhejiang Provincial United Key Laboratory of Embedded Systems,

Zhejiang University of Technology, Hangzhou 310023 )
Abstract

This paper deals with a vision-based human tracking problem in a complex environment of a mobile robot.

First, a RGB-D camera is applied to produce the color and depth images of human target, which can eliminate the

effect of randomness of the target. The relative location is obtained from the images, and system model is formulated

based on it. Next, an adaptive Kalman filter ( AKF) is designed to predict and update the tracking state of the ro-

bot. However, the stability of the filter is deteriorated by measurement errors. To this end, a self-adaptive factors is

introduced to the filter by means of hypothesis testing. Finally, experiments are performed to verify the effectiveness

of the approach. Moreover, the approach is independent of historical measurement data, which means it can per-

form well in state estimation of time-varying noise statistics.

Key words: mobile robot, human tracking, measurement errors, adaptive Kalman filter ( AKF)
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