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Air purification in infection-free hospital rooms is becoming more and more important for
preventing infection. To design such a room with the air purifier, it is necessary to measure
airflow and contamination density distributions over the entire space in the room. It is however
very difficult to measure the distributions over the whole flow field for such a real hospital room.
This paper proposes a novel method for modelling 3-D flow velocity vector and contamination
density distributions from sparsely measured data and boundary conditions. The proposed method
is based on the model inclusive learning of a neural network in which the network is trained by
using not only teaching data but also a priori knowledge whose model is included in the learning
loop. The proposed method makes it possible to estimate simultaneously both 3-D flow velocity
vector and contamination density distributions so that they satisfy the continuity and the
diffusion equations which are modeled by a priori knowledge on the flow field. In order to evaluate
the effectiveness, the proposed method is applied to air flow fields in the full size model of an
infection-free hospital room and the results are compared with the measured distribution data
obtained by smoke tracer-release experiments
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Fig. 1 Model inclusive learning of neural networks.
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Fig. 2 Model inclusive learning of neural networks
with unknown model parameters.
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Fig. 3 Full size model of a hospital room
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Fig.6 Model inclusive learning method for estimating
3-D velocity vector and contamination density
distributions by neural networks.

4. IRENOEE - REIGHERR

Za—INFy FT = DFEBFITHWEEEQEM T —
ZiX, BEETIHVATHREIC L DRDZ 16 RICWATE
REBELUTHENOIIRDEEZONDREBDED T —
Y, EFBEBBROREHLOOT—F, BNRARAKODT —
Y, REZEELTORTERBEOT -, Xy ROBETF—
Y DEr 168 HE L, BEOHEMT—7I3. RETTIN
THRIEEINZ 96 ROBERET—FM5 24 K& RN L
THMF—~ L, BEOERLHEELTIE. Xy FE
DEENSENRETIEHAELT, Ny REOBEE 6
EBEORRETRASEIRHT &/ EL T,
REDBEES 8 M, gt38 & LE,

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2%

T
I8
|

630 i
i
|
i

18

21T 1
v

z=1000mm

00 1200 1560 2600 3300 4000
Y s

z=500mm

500 1200 1903 2608 3350 4008 . . .
Fig.9 Estimated smoke concentration

distributions over the entire field
z=1000mm

PLEDBET—FE2RANVWT3BOBBRE 21— )V Fry
r—r OB = — 1% 20 . ¥ EE E 20000
&L, COEEZOHRE2EOHEHREERZ Fie 712
AT, ZREHFEOREHL ONS DRIy RFFHET
THBEL, BORAAOOANRNTVEIZWMB RS, Z
FUIBENSRAELAEN., KAEEE 0 BRIEEHICK
VWRENTVBZ EEEKRL TS,

Fig 8 12 z=500mm. z=1000mm. z=1500mm DZTNZT
NOWE TOBEHREHEERT. Fig 8 T, BEHT
HRABEER KT DI, HET HEEE SR
EEFTOIMEBEEZFE—~ODLDICL T, HEHEZRE
HEEIGHODETVS, ZOEEOREEFOBERERFR

2=500mm % Fig.9 IT z=500mm. z=1000mm, z=1500mm DZTNZ

. . : NOWHETRY .
Fig.8 Estimated smoke concentration . . o -
distributions BEHFHERED Fig 8§ X0 z=500mm TONy RENS

BREORENROSND, z AMICELRDIIDNTRE

—347—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

PEL RO TNS, TNSDHITBNT, BEMEERED
Fig. 5 CHBEHERED Fig 8 2HBT 2 L HEHEITA
BRI MERAZERTHDIENVNE D,

5. 8bUIC

BRHIESHREOL D RELZBTIIBEAOHENE 2
FIZRORD B Z &, BIE@ERTORZEDHIF EORBIE
CXOBOTHETH S, AARTIEEZ2a—FI) %y T
— I DEFIIVREEFICID., 3 RITEBANOEESFB
FNERYBEOBESMERAFICHET 25 L WTRiEEE
L7z, BELEFHED, ERORXNPUEBAERDOL D7
MU BITHXEFEXEFMAROTTIINEL. ZOE
TFIVE, BET—YBLUERALEEHMT -5 952
A=)y b= DFEFN—TICHEEIRTHEE TS
FETH D, ZNICXOXEFEREZWET DL D ICHE
TE, EENCHEBNICHEN-HEENESNS &N
SEHHMED D,

2 E X ™

D & PR ARA, i, BIL: BRRSHEERO BRSO =
a—2)vxy hR—Z MEFE, FIR{LIER Vol. 23, Suppl,
‘No. 1 (2003 4E 7 A) pp. 441-444.

2)  EIL KRR R B Za—-INRybhU—2I12kB 3 X
STEEHOHEE, TTHRIER. Vol. 20, Suppl, No.1 (2000
£ T H) pp. 205-206.

3)  Kuroe, Y., Mitsui, M., Kawakami. H. and Mori, T. :A learning
method for vector field approximation by networks, Proc,
0f 1998 TEEE International Joint Conference on Neural
Networks (IJCNN'98), 1998, 2300.

4) BT, @\ KN, . BENISHEEICBIT S ERIEES
ROZa—5 )Ry bR—ZAM#EE, £ 14 G172
b VAFL R LEERXE (FAN Symposiums
‘04 in Kochi) , pp. 109-112, 2004

5 BIL:Za2—3)NXxy " NI—JOEFIINHNAEYE, stHEH
HEFEs AT L - BRMBPIFWHRES 2005 BEBXE
pp. 17-22, 2005

6 HE#. #Hl, BH. “BEEERAEESHSHREENCEE
TR ATLOREHEEBE, BEFN - HETLERTE
XN RFERSHROCE. 2002, pp. 11—14

—348—

NI | -El ectronic Library Service



