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Integration of Multiple Kinds of Sensors
for Robust Tracking of Human Beings

HipETO KAwASHIMA,TT TsuyosHar SHINNO, !
JunicHl TasiMa,™ Kivio SHINTANI 2 HIROHIDE HAGAT!
and SHIGEO KANEDAT!

We have been conducting research on the integration of multiple kinds of
sensors in order to track moving objects, especially human behaviour. More
specifically, proposed method that selects out the user’s path from some paths
detected by image sensor processing, based on information on the wearable
sensors such as acceleration sensors and geomagnetic sensors. In the previous
work, we have used stereo cameras and acceleration and geomagnetic sensors.
However, there were some problems in previous method. One is that users

could not move only in the sensing area of the image sensors. Another is that
the accuracy decreased when users walked backward or stood still. So, in order
to reduce these problems we tried to cope with lost, which is the case that users
exit the sensing area of image sensor, by comparing all patterns of joining of
lost path with the information acquired from wearable sensors. Furthermore,
we use the new matching method of path and wearable sensors information. In
this method, the likelihood of velocity of path and the vertical body accelera-
tion from acceleration sensors is evaluated. We realized highly robust tracking
system that can detect lost by these approaches.
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Fig.1 Correspondence between wearable sensors and path
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Fig.2 Relation between velocity and vertical body acceleration
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Fig.4 Procedure of system

gooobooocoooooobooooooboooobooboOooooooboooOooOooDon
goooo

4. DO0OO0OOO0OO0ODOO

4.1 0OO0O0OO0O0OO
03boooooooooooooooooooooboooobooooboobooooooon
goooooooooooooooooooooboooooboooooooboooooobon
gooooooooooooooobooooooboo0ooobooooooDbbooOooooDon
gobooooobooooobooooooooboboooooobooooboobooo
goooooobooobooboobo40b0O00O0ODOOOOODOODOODOODD
ooooooobooooooobooooOooobboooboobooobbobobooDboo
gdoooooooooooooooboosooouooooboooooobooooooon
gooobobooboooooooooboooooooobobooooooobooooooon
gooobooooooobooooooboobooboooooooooooooooooon
oboooobboooooooocoooo

4.2 0000
goboooodoooobodoobooooooobobooooboOoboboOoOooobDboOoOooooon
oobooooboooooobooooOooobOOoobObOOoOobOoOoobObOOobobOOoOoDoboo
goooobooooooooooboobooooooboooboboOoOooooDOOoOobOoooooDon
ogo200000000

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

4.2.1 0D0O0OOOOOO

0000000000000 0DOD Point Grey Research 0 0 Censys3D® 000000
000200000000 bumblebee2” 000000000000 OOO0OOOOOOO
Censys3D 0O 00O

gobooobooboobooboobooboobooboboobooboobobo
000000000000 00GroupedRangem|J000000000OO0OOOOOOO
0000000000000 000000000 GroupedRangeOOODODOOOOOOO
goboooobooboobobobobooobobooobUooboobo1boobooo
goooboooboobooboooboobobobooboboboobooboobooboo
010000000000000000000 NO(NumberofgroupedObjects) 000 0O
gdobooOooboooobooooo

4.2.2 J0O00O00O0OOOOOOO

000000000000 t0000 Object(t)yDOODOODOOOODODODOODOUDOO
0¢—10000 Object(t—1)0000000 Object(t) DOUDDODOODDOODOOOO
gooboooobooobbo0oobObOooobObOo0ooDbObOoOooDbboOooDbobooo
00000o00bOo0oo0o0obO0obDOobDoOOoDoOOobDOo0obOO0o0obOOobOooDboooooo
000000b0o0o00o0bOo0oDo0obO0DoO0oDoO0oD0DOOoDoO0oD0DOOoDoOoOoobOoOoOooDOoon
Jod0oo0oOoo0oo0oboobOoo0o0ooDbOoOO0oo0o 1000 bo0boooOoooooo
ooooboooo

Object(t—1)0000000000O0O0ODOO0OOOODOOODOOOD100DO0O0DOOO
0000000000000000000000000000 Lest[frame] 0000000
goobooooboobobooobboooboboodobbooobbooobnbbooo
goooboobobobooooooobbboboooobobbobbbooooogEbbobobo
OOLest0 1000000000D0ODODODODODODODODODODODOD
gobooboboobooboboooboboboboobDobooboobooboboo
gooboobooboooooboooboobboobooboobDobobDboobooboooboo
goboooboobooobooboobobbobbooboobooobooboobooo
goobooooboobooboobobobobooooboobooboobooooo
oo sgdooboooboog

gdo0odoboooboboobooboobooDOobobooboooboo ebOoboOoOO
gooboobobooobooobooboooboboobooboboobooboooo 1o0o

Vol.2009-UBI-22 No.3
2009/5/15

© Object

*—0o 0o
oo
[ o on

Time

05 O000D00OO0O0O0ODODOOOO
Fig.5 Result of exhaustive tracking

—m—Path () Node

O—1—0: S O’/5 - _O L

Time
06 O0OO0OO0OOOO
Fig. 6 Path network

Jo0o000o0obOoobooboobOoboobOOoobOoobOoobobobooobDoooog
000Db0o0o0oooOO0 1000000 b00o0oo0bo0ooobooboo
0000o0bOo0o0oo0o0ooOo0bOo0bOoDoOOoDOOo0ooOoDbOooDoOOoDooOoOooDon
0000000000000 0000DO0000D000 tstere DODOODODOOO
Jo0d0o0ooDObOoO0000o0oooObObOo00o0o0ooDoobOboOooOoOooooo
0000000000000 000000000U0000DO0O0DO00ODO0O0DODOOo
0000000000000000000000000000O0D000O0O000o00O00
gooboooobooboboobuooboboobooboboboobbooboobobno
Jobob0o0o0ebO0O0OO0ODDOODOODOODODODOUODODDODODOODOOOD
goboboooboboobboosbobooo9nooobooobbuoooboboooboo
4.3 0OO0OOO
0000000000 00O000O00o0oo0o0 AVA(Absolute value of Vertical body
Acceleration) 0 0000000000000 O0O0ODUOOO0OOOOUDOOOOOOO
AirSense3 0000000000 0000000000000 O00D0O0DOOOOO0O
AVAOODOOOO0OODODOO YOODOOOOODODOOODDODOOOoOoOoooooooooao
gooboooobooobooobooobooboobbooboobooboboooooo
godoooobooooooooobboooooooobooooooooooboo

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

goboooooooboooo yooooooooboboooooboooobooboooooDo
200000000 O XO00O00Ooooooooooooooo AvVAD YQoooooo
0000000y oooooooD AvADDODDOOoooooood

0000000000 X0000000 YAeeXO0YODODOOOO WAecYOZOOD
0000 "Aeez DODOOOODOO #O0DOO0DO0 ¢ 000600 700000000

0 = arcsin("VAceX/ — g) (6)

¢ = arctan(—""AccZ/VAccY) (7)

goooooobbooobooboobooobooboOobbOobobOOoOoboDb sbobboOooDbOoon
O SA(SynthesizedAcceleration) 000 0000000000000 O0O00DOO0DOOO
0000000000000 00ooooooO SsAOO0OOOD 1000mGOOO0O00O0O
StaticErrorlmG| 000000 80000000000 UOOODOOUDOOO

|SA —1000| < StaticError (8)

OeOO0 700000000 ZzO0O00OODOOOO ROXDOOOOODOO R, O000O
00000000D0000000000000 Aecc00D0000000000O00O0O0
0000000 YAeeDODODOOOODODOO0OO0O YAeeODODOOOOOOOOOO
0000000 yYyOoOooooooooooooo AvADOOoOOoOoo

cosf) —sinfcos¢ sinfsing SAceX
WAce = "RAcc = | sinf  cosfcos ¢ —cosfsing SAccY (9)
0 sin ¢ cos ¢ SAccZ

gobooboooboooosbooboooooooooooboobooooooonDn
gobodoboooooooobooooboooooooboooobooooo

44 0O0—-0000O00O0OCOODOOOO
detodoobooooboooooobooboooooobooboooooboboooooOobo
goooooboooooooooooooobooboooboOobobobooooooboobooooooboo
gobooooooooooooooooooooobooOoboOoOoooobooOobocOooooooDoboo
OoooooOOoOOOO0OCOO0O0000000000D0 Evel00 400000000000
oob 000000000000 00b000000o0DOb00b0bD z00 1000000

Vol.2009-UBI-22 No.3
2009/5/15

gbobboobooobooboobooboooboobooboobooobobobooboobooo
gbobobooboog

z= Z Eval — max (10)

gooooobooooooooboboooooboooooooooooooooooon
goooobooooooooooobocoooobooboooboboooboooDOboOoOooooDon
odooobooooobolobooooooboooooooboobo4.210000000
goooobl1ooooooooooooboOooobOoOobooboOolooboOoOoooonn
ooobooooooocobooooobooOobOoOoOoOobOOoOobOoOoOO0bOOoOobOOonn
NoO1O0OOoOOoOoOoooooooooooooooooooooooooooooooo
ooooo NDOOOOOO0OO0O0000 LO0O00000000000000000 LO
oooooOO0OLO0000 NOOOOOO0OO0OO0O00000o0000 LOO0o NOODOOOOo
ooooONDOOONDOOOODOOODODOOOOOOOOOOODOOOOOOBODOO ND
gooboobooooooboooooooooooboooOolobooooooboobooooon
gobooooooooboooooooobooooooobooooobooobooobo NDO 10
ooboooOo NpDOOOODOOODOOODOOOOOOO0ODOOOOOOOOOODODbOODO
gooobobooooooooooooobooobooooooooooooooboooboDbon
gooooooo Iboooooooooooooooboboooo IboooooO0oooDo
0000000000000 n0O0000000O0R!I0000010000000000
n0000000000000000RxR!xn00000000O0ODODOOOOOCCDOO
oob0o0o0O0 000000000000 0DO0ODODODODOODOODOOOOODO
oooood

5. O g

gobooobooooooobooboooooobooooobOooO0oooobooOoboOoOooooDon
obooobbooobooobooooobooooooooDo

5.1 0 0O0OA0O

ggboooboooooooboooooboooooboOobooooboooboboObocbOOooooDon
ooobb0O3mx somO0000000C00OOO0OO0OOOOOOOOOO 20000000
000000 Bumblebee2D 20000000000000 22mO00000000020
O Bumblebee2 0 IEEE1394 0 00000000000020000000000000

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

5600mm b

O O

3000mm B

07 000000O0O0ODDOODOOOOOOO
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Fig.9 Derived path by proposal techniques
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