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Research on human-friendly Power Assist Door

-Analysis and application of opening door pattern based on dynamic human model-
Kunio Kobayashi®, Oh Sehoon, Yoichi Hori (The University of Tokyo)

Abstract

Recently, accidents caused by automatic doors have occurred frequently. In this paper, we propose a safer power

assist system using a disturbance observer (DOB). However, disturbance observers are sensitive to modeling error

and disturbance by the wind, etc. which may activate the door. Therefore, we propose new control techniques that

assist only human input by modeling a person as a PID feedback system. Using simulation, we confirmed that the

new control methods assist only human input.
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Fig.1. Picture of door for the experiment
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Fig.2. Power assist system with DOB
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Fig.3. Door velocity and human input torque
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Fig.4. Door velocity - human torque
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Fig.5. Human model of opening a door
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Fig.7. New power assist system block diagram
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Fig.8. Door velocity and human primary torque

gbooooboooboobobooobobooobooobaoo
gbooooboooobooooboobooobooboo
gboboooobooooobobooooobooogooboo
goboooooooooboboooobooooboo
gboboooooboboobouoboboooboboooon

030 00OOoO0Ooooo gr7oboo0oboobooog
goboooooooobooboboooboobooooboo
goboooooooboobobooooobooooboo
gbooooboobooboboooobooooboo
gboboooobooboooboboooboobooooboo
00000 ((@ 8 UUoooooooooUoooooo
o0 600000000 00D0O0 Fp, DODODOO

Vtarget X FGO ................................. (2)

UbooooboooubDool wargee DOODOOODOOOO
gbooooogn

0360 ODODOOODODODO gobooogooooon
00000 wargee DO O0O0DOO0OO0OOOOOOOOO
gboooobooooboboooboobooobooboo
gboboogoooooobobooooobooooboo
gobooooobooooboobobooooboobooooboo

gbooooboobooboobobooooboobooooboan
goboboooobooooobobooooboboooboboooo
gbooobooboboooboboooobooooobgoon
goooooobbobbboooooooobobooo
gboboooobobobooboboooooboooooboan
goooo
9>‘9final[||:| F < Fy
goboooooboooboooobooobooobooo
Ug20b00b00o00bobooboryoboboboboooo
gbobooboo20b000000000000000000
gbooooobobooooobooooogn
gboobooobobooooboboooboobooog
goooooobbobbbooooooooboboboooo
oooDOoOoODODODO000000e >rnaMmooooo
goboobooboooboboooboobognF < kM
goboobooooooooobooooobooooobboon
gooobooboboobooboboooobooooobooo
gboboobooobooobooboboooooboooooboan
goooog
goboooooobooooooobobge<emoooo
oobo0ooboobooobobo0oob0oobo0oOnF < kM
goooooobobbbbbboboooooooo
4, J0OO0OO0OOO0OOOOOODOOOOODOO
gdoooooooooooooooooooooooo
O00000OooOoooooo(m 9,10)
04110 0O0o0o0oooboooooooobooooon
oo obobobob11ooooooooooobooon
gooooobobobooboboooobooooobogoo
Oo0ooOoooooooooo@ )
goobboooooboooooobobooooobooooo
gbooobooboboobooboboooobooooobogan
0000000000000 000oOoOg(@ 10)
O9b)000O000OODODODOODODOOOOODODOOO
oooooooooooooOoooooooo@ooo
gbobooboobooooboboooooboooooboan
gbooobooboboooboboooobooooobon
gooobooboboboobobooooboboooobooo
gbobooboobobooboobobooooboooooboan
gbobooboobooboobobooooboooooboan
00000000 (0 9b)(d)0D00000000D 40
[degree/sec] OO DOO0OO0OO00OO0O0O0OO0OOOOOO
goooooobbbbbooooooooobo
gooobdobwoobobobobooboboobo
gboooboobooooboboooooboooooboaon
000000000000 000ODooooooog 70 [de-
gree/sec] 0000000000000 (O 10(b)000
000000 30 [degree/sec DO O ODOOODOOOOOO
00D (0 10(d)00000000000000000D0
gboooooboboobooboboooobooooobon
gooobooboooobobooooobooogoo

4/6



25 S U S S © n
/ ‘— i torque
. I | — Input torque o
Ll 3,
z 4
1 i
H
o
-
<
0 G
" as 1 15 2 25 35 45 0 05 1 1 25 35 45
time{s] time[ <]
(a) (b)
o — w
” f \ ‘— ASsisied .tordue °
o
. \l /H | — Input torque _ w° / N
olprbid VAN
S L J“ e I i
VAR @
-0 i \
o) .
AN Y
60, N 60,
o 75 3 35 Co p 35 <5

5
timels] timels]

(c) (d)

09 0O00D0O0OD0O00O0D00O0O0O0O0DO00O0O0O0 (a)
00ooooOooooOoooooooO (hoooooooo
0000o0o0o0o0O0oUoOo0OD (e)DboOoOooODOOO

00000 (doooooooooooooooo
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by mode 2 (c)Assisted torque by new control method
(d)Door velocity by new control method
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