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HFRY 2 465 5., ST AARBRER A9 T LT RAE , I
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i PID FE ] 43RS sh bl & A5 N RES PR 548 2 1Y
PR M A R, AT 3k G RE 1) BRBEASCR,
1.2 SBIRRXHE

WL B AR R G R B AR AR 2R LA ML e
NIEBRFR O = (Xp, Yy, Zy) , BOGRIRR O, -
(Xy, Yy, Z,) o MHOCHNR 2R -5 HLER N ARAR R B 2%
FANT ik

Xy cos;f —sinj@ 0 T, X,
Y| _|sinfo cosjo 0 T, | Y, ()
Zy 0 0 10 | Z
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Hop 5T, L BT, SR RO TR A LS A X 7
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0(k) = arctan(y—) (2)

d(k) = X, (3)
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BURTH A -

x(k) =Ax(k-1) +Bu(k-1) +w(k-1)

(4)

Ao, wlk = 1) J2EFIT 22 B350 0 g (k - 1) F
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(=D ) AL A = [ ] w2 e
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FEAS (AR BR AR AR B ) R A8 4% 2 e L i R Ak, (H
J& AdaBoost 7328 &% HAEHS IEFEASFN SRR A ] B 26
G3FF BT LAARE FH 5 Jim 44t 5 4 i1 5 it 4ok X1 1E R
ARGEA T SVM BRI B 42 2 300 5 th 4ok
TP IX A IEAE A FIARE A, SVM 2 i e — 532
[ ) R0 ) M 2 20 T 1, O EL&S & HA% BT H 36 125 A
KKT £ DA KA s AT DA 7= JE 2t 43 2588, AR SC
MR AR 2588 HIREHRE (X, v 1L,
B—AHA X, By, e (-1, + 11,
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B, R T AT AR IR AL , 75 2 TR
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B RE L 8, WOL OB B3 T 30 em w5 i o
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PREEHR AR R RS , B SVM A ZRiX S

K 3 FRARICE LY 4 A TLTHEIE, W 3R7R
JERIBARRITERE (5 1 S n 1A s Z [
7)), GACRRISIE A K (RUGE LR i 15 2]
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B N IESR AR SRR ISR I 1
M2 R,

Fl = 2(precisi0n X recall (7)
~ " precision + recall
Hrp,
.. _ tp _ tp
precision = o+ recall = b+ f (8)

2.2 HEXESR

A AL S TR FOE S R YR B HIURAAE A
LR W A 6 FITE R R B LU G/ W BEREAR 4
Mot IR BB B LATRAE . BRATHTX 3 AMRFAEAf:
o SVM BGYNZRAFAE o A AR F 4 E $i2 A SR 53
EARESIT

x1 AREFEASHINZGER

A B BE CD ABC  ACE
Precision  0.87 0.61 0.8 0.8 0.93 0.96
Recall 0.90 0.69 0.89 0.84 0.93 0.9
Fl-score  0.88 0.65 0.87 0.8 0.92 0.96
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x2 FAEFEEEHINEGER

ABE ABCD ABCDE
Precision 0.9%4 0.95 0.9%4
Recall 0.95 0.95 0.93
F1-score 0.95 0.95 0.94
BiE 1 ARBREBFFAE LA RN

Y1 for h=1:m;
IR 2 WitaAk, 23 A5 B I 2R L AN 4 S,
= (X, y i, S = X,

APBR 3 AR T ARG SYM I ZRER R AT
WIRIFAEMREE E I 2R ;

HIE 4. 15 precision , recall FlI F1-score, 4f
R 1R 2 R

HPE5. end for;

6. LLW.0.G/W 3 ANFFHEAE Ay g A HE R
FITAT B A AT VI 205 2 T AR 7 5

HIET. forn=1: m,;

A8 LTINS R 3 B X Sl i) 3R 2
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x(klk-1) = {x"(kl k=-1), s (kl k-1),

(kL E-1)1 (9)

T R 5 0 X 5030 A6 537

Bik2 BalbLa ORI 8
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HIFI IR A X(01 0), P(010),

A2 CRASTI RS X (kL k- 1) UK
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(k1 k-1) =Ax(k-11k-1) +Bu'(k-1)
(10)

Pkl k=1) =P(k-11k=1) +Q(k-1)
(11)

A3 I, (k| k- 1), T(k),

Z(kl k-1) =Hx' (k| k-1) (12)

(k) = Hk)P(k| k-1)H" (k) (13)

R4 RS A X (k| k), P(k| k).
K(k) =Pkl k-1)H"(k)(I'(k) +R(k))™"

(14)
Xkl k) =x" (k1 k=1) +K' (k) (z(k) =2'(k-1))
(15)
Pkl k) =Pkl k-1) —K(k)H(K)P(k| k-1)
(16)

WOy I BT LT B BRI

(1) 55 1 MiTge A Hoph BB i 45 0 T
Bk 1 KRB LIS RIS AR R T
W [6(0),d(0)]",

(2) R T ik HA AR T4, kB 2I7E L)
iF 2] H bR BB 8 v SOk T, 2B 42 300 mm
R R A D 3 T PN 34k E A AR 45 31 R 2 b
[OCk) ,d(k)]",

(3) B pr i E R z2(k) = [0(k),
d(k) 1" A A BB AL
3.2 RIEFRERKI[IZIT

H1 T AAE 18 8l B8 v (% O o7 B — B 20 R i) gk

AL (RIRFEATRE 4 ) AU AR R IR 2 38
PR AR AR BOR . g, Bt — M
WARIRE IR AT ik, AE 20 kb — I 2 AR
B KRB B rTREIRAS , Rl ad o PR ek
PFRAICAAETHE . e BREE h TR
M, =

(k1 k) =x(kl k=1))" > {"(X(k1 k) =X(kl k-1)
(17)
/ﬂ\:':':‘:
D = EL(x(kl k) —x(kl k=1))
(x(k1 k) —x(kl kE=-1))"}
= E{K(k) (H(k)x +v(k)) (H(k)x
+v(k))'K" (k)|
=Pkl k-1)H"(k)(H(E)P(kl k-1)
H'(E) +R(k)) "H(K)P(kl k-1)
=Pkl k-1)(P(kl k-1)
+R(E))'P(kl k-1)
W 4 s Bl 4 (a) R PIE B AR, D
TREEES A, BT 4 (b)) 275 AH IR 3R b [ 5 45
AN TR 4 (o) R AHIRMEROR, IR RS/,

P(klk-1)

P(kk-1) P(klk-1)

@) ®) ©
4 fEIHFRFRIM BRI BE S

H TR RS 23 A A AL TE ik HERA M A 38 H AR A
Wiz s, BT DL 258 2 A 22 A s 7t
J7 I RAT B SRR AR, T B AR AGERY T 18]
HA 3 M a5 a2 Al Ao BT DAAS SCil
UL i i A 7 R4S IR E SRS 1 21l
W

B3 (B RRESURPE G TR

LI WAL, KB RS X (01 0) 5

R forj =1: m;
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A3 PUTHIE LIS (X (k1 k), P(kL K));
A4 BT IR SRR M,
$BES5. end for;
A6 THE min{ M, | FRFIXERY
T x(kl k) =x (k| k),
3.3 BB ANCRM RS 5T
TERBIHLAS N AR B R G, B sl ds A1
iz Sl R A PID 4224, B

u(k) = K,0e(k) +T,®ie(i) (18)

Hrp, © F Hadamard 1, e(k) = x(k) - x,,x, =
(6, D,],6,.D, 2 k B ZIHLa% NG BR B A £ 1 ER B
e, x, =60, D,],6,.D, Abllas N5 ANZ[E A
FRER B O A FNER BEEE B9 K, = [Kp K], T, =
(T, T,],K,.T, 550 G RECSERF T R AL
ZH, ko= 1,2, JEFEFS] . ML AR
bR

u,(k)d,

b (k) = w(h) + (19)
u, (k)d
n(k) = uy () = (20)

4 LwER

AT XA SO SR AT SR e, PSS, A
RER B & 52 A % gh Al ds A L db ¥ HOKUYO URG-
041LX-UGO1 #45¢ 7 i5 . PC ML AN IR Bl X} 42 41 i, LA
DFRobot & N L &% N R F- 6, Kl S s, T
Ubuntuld. 04 245, 76 Q5.7 JFLIREE T, A SO A
P BARFFAE S BOT S E A7, ZRIBCH PR X AL A
AERERZS T BB H AR, DA RO AS SO B T IOG E ik
() B AR ERBE TR EAT T R S, IS8 1L 1 % 3
PLas AR HARERBE SR R s, H, L, =
12.5 cm, DFRobot ML#% AR UK s fi # () #E d, =
30 em, 5245 r =6.25 em, EHIER A C S BOLE £
e

K, =45, K, =8

K, =0.5, K, =0.1

TERShHLAE NIRBE R ZErb, (01 0) B 1 ik
WO IR B A M EE R [, 4], H
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P(010) =100,
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TED LA AR R 2 I 4 7 R N BR B
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Friz shigIn MR shLas Nz shpulk, T LA ), 2
TARBER IR S UEP AR SHLA A B bR ERBE 5 vk 1Al
TR TR HIARE AR R 2 DR B i A T2 5R, B 3
BLAS A U S 2 LS

B 6 OptiTrack B &%
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=1 5
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7 B E ST

& 8 FE 9 il R m B SibLags AAE X F1Y Ty )
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THRZE . IR B R R S 080 77 B e s 1T
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Human-following of mobile robot with laser radar

Du Huazhen, Zhang Wenan, Yang Xusheng

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

Zhejiang University of Technology, Hangzhou 310023 )
Abstract

Human-following with mobile robots in the indoor environments is studied. A human-following method for mo-

bile robots based on laser radar is proposed. A laser radar is used as an environment-aware sensor to acquire the

environment’ s scanning data in real time. The arc-shaped features of the human legs are used to define the geomet-

ric characteristics of the human legs and the support vector machine (SVM) method is used to train sample datasets

and predict the position information (tracking declination and tracking distance) of the human legs relative to the

mobile robot. Considering that the orientation of human beings in the process of motion may change at every mo-

ment, a hypothesis Kalman filter method is designed to predict and update the relative position relationship between

the mobile robot and the human, so that the mobile robot can follow the human body more smoothly. The algorithm

is realized and tested on the DFRobot platform, and the experiments verify the effectiveness of the proposed method.

Key words: human-following, mobile robot, laser radar, hypothesis Kalman filter
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