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Table 1.1. Abnormal breathing from the perspective of respiration rate and tidal volume.

Respiration rate

Tidal volume

Cause

Restrictive ventilatory impairment, Heart

Tachypnea + /

failure, Pneumonia

Obstructive ventilatory impairment, Brain
Bradypnea - /

hypertension

Hyperventilation ~ syndrome,  Overactive
Hyperpnea / +

thyroid function, Anemia

Sleep state, Respiratory muscle paralysis,
Hypopnea / -

Ascites
Tachypnea Hyperventilation syndrome, Fever, Anxietas,

+ +

& Hyperpnea Algia, Hysteria
Bradypnea Life-or-death  crisis, Morphine addiction,
& Hypopnea Sleeping pill addiction

+: UP -: DOWN/: No change
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Fig. 1.1. Waveform pattern of abnormal breathing by consciousness disorder.
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Fig. 1.2. Situation in which the sudden death arose.
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Primary phenomenon Secondary phenomenon Symptom
Hypnagogic state ® Arrhythmia ™ Sudden Death
¢ | Vasoconstriction ¥ High blood pressure
Apnea
¢ Pulmonary hypertension
| Pulmonary vasoconstriction g
O, concentration Right heart failure
CO, concentration?
¢ ®| Erythroid hyperplasia ¥ Polycythemia
Arousal
¢ Daytime somnolence
Intellectual disabilities
Respiration restart Sleep Disorder g
¢ Abnormal behavior
Change of character
Falling sleep
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Fig. 1.3. Pathophysiology and clinical manifestation of SAS.
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Fig. 2.1. Arrangement of light source and image pickup device.
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Fig. 2.2. Shift of pattern light on image pickup device.
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Fig. 2.3. Respiration monitoring by multiple dot-matrix irradiation.
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Fig. 2.4. Configuration of respiration sensing system for sleeper.
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Fig. 2.5. Projected bright spots matrix.
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FG 5t o Dtk

Table 2.1. Specification of FG vision sensor.

CCD camera (PRIMETECH ENGINEERING CORP.)

Pick-up device

1/2 Inch IR-CCD

Total pixels

811 (H)x508 (V)

Effective pixels

768 (H)*494 (V)

Cell size

8.4 um(H)x9.8 pm(V)

Scanning system

2:1 interlace

Electric iris 1/10,000
Focal Distance 12 mm
Transmitted wave length 812 nm

FG bright spots projector (Sumitomo Osaka Cement Co, Itd.)

Laser wave length 805 nm
Laser power 90 mW
Pulse width 0.1 ms
Pulse interval 1/30 s
Diameter of optical fiber 25 um
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Fig. 2.6. Arrangement of bright spot projector and CCD camera.
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(A) Actual sleeper.

(B) Bright spot image.

2.7 B S5 R AENE
Fig. 2.7. Obtained bright spot image.
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22 AUPRELE OAR

Table 2.2. Specification of processing unit.

CPU Intel PENTIUM-4, 2GHz
Memory 512MB
oS WIN2000 Professional
Capture board FDM-PCI TV (PHOTRON Ltd.)

Captured Image size (max.)

640%480 pixel

Frame rate (max.)

30 frame / sec.

Capture data format

Uncompressed 24bit RGB

Video source

NTSC signal (RS-170 compatible)
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Fig. 2.8 Display output of software for measurement.
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Fig. 2.9 Display output of software for measurement.
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Fig. 2.10 Display output of software for analysis.
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Fig. 2.11 Display output of software for analysis.
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Fig. 3.1. Measurement algorithm.

RKUATPIBIFLHFHT VI XL ER kL2770 —XTHD, FG iR T LD A
D ENTHESEE NS, HAEE OB REZREE L, stEE ORENMRERREICH 5 ),
BB, WRERREEIZH B 02 HBIT 2,



H3FE TNIAYXL 39

313 EROEBEDLEEZEH
i S7zlizR &S L o &2 i, HE SN EERFO TR U ET S, EgRTICE
T, ERILE RS 10~15pixel O & L TR SN D, 7Y 7 ST HEIRDBUE O 5K
(ZH 727206 (R AT LTI 24 B ([21%, TOfEE /4 XL LTHWY, ITFo
L ZATOR, TN 2 7 SRR BUE M FE B, EOBRENG R 556121%, 05
BT RICHS T ABFERE CTH D B, T EICTIRE—AL RS, S, BIOE 0K
E—AUBFSgE, RAUZKVKRDD,

S, = (xB(x,Y)) )
S, =Y (yB(x,Y)) 3)
Sg =Y B(X,Y) 4)

ZLT, ZNHDE—A L XD EROBEDERE G(Xg, Vo) & KD 5,

S S,
X, ==X, Y, =— ®)
9 S yg SB

FRAER RN B VER Ry B EICETHW DR EZBEL, AiEOK 24 (TR LI ORd

i, R21IRLIEBPOARRICHEAS AT A =2 2REL, (D)LY, FFRICHE D A
RO LETEE Tz e Lol h oS OB E 7 LV E L DORRIC OV TR -
(X 3.2), BEEE OFRICHE S B - Moo ETFENE, RABIETH - THE4Smm OA—
F—=Th5d, R22ITR LIALHEELOMRL Y, T L—LbA 2 F =T 025 THD
G, FERELAN 15 18],/ 4y OIEFEFFRIFIC T 5 7 L— ARICER T 280 ETENE, 1 mm
BECTHLIEEZLND, K32 LV, 1mmBEOETE)Z KB LERTICBIT 2R
BEhElL, Wi L2V T 1 pixel KON e A —2—Th b, ZO7, MAOEDEE
%, BEICY T e —F—FTRE LTS,



H3E TNIAY XL 40

— 10.0
p—
(D)
X 8.0 [
Ry
— 60 |
°

40 |
73
=2 20
.20
= 00 |
e
G 2.0
o
o 40
i
a, 60 f
E g0 [
=
2 100

-10 -5 0 5 10

Height change of bright spot [mm]

3.2 MEEOBEED FTEIE 7L — AR TORESBEIY 7 L&

Fig. 3.2. Height change of projected point and inter-frame shift pixel of bright spot .
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Fig. 3.6. Tidal time and quasi tidal volume.
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Fig. 3.7. Respiratory waveform and waveform by non-respiration motion.
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Fig. 3.8. Respiratory waveform and quasi tidal volume in breath-holding.
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Fig. 3.9. Condition analysis algorithm.
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Fig 3.10 Classification of condition of sleeping person.
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Fig. 3.11. Classification of respiration condition.
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Fig. 3.12. Stacked bar chart of sleeper’s condition.
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Fig. 3.13. Frequency scatter plot of sleeper’s respiration stability.
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Fig. 4.1. Configuration of orifice meter for ventilation measurement.
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Fig. 4.2. Ventilation measurement by orifice meter.
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Fig. 4.3. Respiratory wave measured by orifice meter and respiratory wave measured by

our proposal system.
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V7 4 RPREFHI X DR BB L AR AT DI K DBTE & OFRBIEIE

Table 4.1. Correlation function between respiratory wave measured by orifice meter and

respiratory wave measured by our proposal system.

L 1 O 1 1 O 1 < e 1 e I 1 SO I BT
No. IEML | 72 B0 BN | B0 BN | IREMGE | BIEAGE | 22 R0 A | A A | EREAAE
{174 {174 (VA {I7A
1 0.94 0.93 0.92 0.93 0.92 0.96 0.92 0.91
2 0.87 0.89 0.85 0.90 0.90 0.88 0.87 0.88
3 0.91 0.91 0.93 0.89 0.92 0.91 0.90 0.94
4 0.89 0.85 0.87 0.90 0.90 0.93 0.88 0.91
5 0.87 0.88 0.88 0.91 0.92 0.91 0.94 0.90
6 0.92 0.89 0.86 0.94 0.94 0.93 0.86 0.92
7 0.87 0.90 0.89 0.92 0.93 0.90 0.92 0.89
8 0.92 0.93 0.92 0.95 0.94 0.95 0.93 0.94
9 0.86 0.87 0.89 0.91 0.91 0.90 0.86 0.89
10 0.90 0.86 0.86 0.92 0.93 0.85 0.86 0.91
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Fig. 4.4 Ventilation measurement by spiro-meter.
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(C) Inspiratory air in lateral recumbent position.
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(D) Expiratory air in lateral recumbent position.
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Fig. 4.5 Ventilation measured by spirometer and quasi-ventilation measured by our proposal system.
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K42 ANA B A=Z =TI DMRGFTR L AR AT A KD UERPI T R & OFREME

Table 4.2. Correlativity between ventilation measured by spirometer and quasi-ventilation measured

by our proposal system.

(AL {HEAAE TUEAAL BN
R No. [E1 %

(M50 (50 (IFf50) (50
0.98 0.99 0.94 0.93
0.99 0.99 0.96 0.94
0.98 0.98 - -
0.95 0.98 0.91 0.93
0.94 0.95 0.90 0.94
0.94 0.96 0.91 0.92
0.94 0.93 0.89 0.91
0.95 0.96 0.91 0.92
0.95 0.95 0.93 0.92
0.99 0.99 0.95 0.96
0.99 0.98 0.95 0.95
0.98 0.98 0.94 0.96
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Fig. 4.6. Respiratory wave measured by PSG and respiratory wave by our proposal system.
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Fig. 4.7. Respiratory wave measured by PSG and respiratory wave by our proposal system.

P—=I 2RI L DPERBRLY, KB OAZERFICIIMEREMFIE L TWD Z L 3hnd,
—J7, MEEE IR DRERR LY, KBRSV TH LSS I K 2 iEgRED
ETENBNTNDZ LB D, R AT AT KD MPRAE RO, MEEE
LD LAY —IZAFOREERGITIENZ &0, MR EOERZEL < KL

TWAHDEEZLND,



FHA4E FEBRBIOHEE 78

42 T4—ILFTR B

421 HEREZZOHE

Hs R BT o NIRERiRE (77 777 PRR (IZB8WT, AV AT Lx VT aoE
RABEE L A F2hia U7, MRk AFTH OFES 72~102 kD sl 65 4 (B 19 &, &k 46
&) BRBREL, 20 KSR 6 BEE TO 10 REEICHZ 0, RFFEOMRE=4 Y v 7
AT LEMNT, — NG 2~T7 H OB ER B AR 2 Ik L7,

X 4.8 12, MisXiCRE SNV AT AOBEERICHOWTRY, AEO7 4 — 7 A b
IZBWTIE, FGHEE 2, ERXIGE L2 minE 2B ET 2 EEICHRE Lz, FG
TRV B SN BB T — 2%, ORI (1 b= fil#EE A~ LT,
IR E SN ABEEEIC A S, FHIHY 7 Y =72 80— b 2 BT — 4
PMRFSND, 4912, ESICHRESNE FG RV Y%, £72, X410 ([ZBIBITHE
ST PREERE AR,

Flo, 74—V T A NHOY AT AL, FG HREEHFLSMS, K 411 [ZRTEE A
A v F iz, KPATHMIBNTE, v b AD TFORKIZ 9 BDEEAA » F o5k
EINTEY, AA v F 0D ON/OFF MEEEH DIE/ ARIETTIS LT & L COLPAE IR
FEnd,

BACREEIRRERE RIS LT, RN EFRICH LTHORA v 7+ —h Far ke F&1F
W, TIPS ONTEHGAICFAEELRD b Lz, SEORRIZKBN T, B FOFEN
WERE OMEIRZ 15 5 2 L1372 <, F7z, BERBEIREBELRICED N7 7 Wd— b4 L
AR

4312, PEREOFEMCOWTRT, #BRES, Rtz s sirttaima i (LT,
IN—7"1), MEPREZRR L2 L0b oA &EmmER (Zv—71), BLY, £
NS OIESI R E B G TE (7L —7T) O 3 DI LTz, 7 v— 7 T O#ERE OFIEI,
IS 4 47, SEMEHRSRIERED 3 4, WRROBREREN 3 4, BEREERS 64 Th o,

iy



Power Supply

FHA4E FEERBIOHE 79

Wiring Box
C

Processing Unit

FG Bright Spot
Projector
Wmljf Box — Controller
CCD Camera I
Pressure-sensitive Wiring Box Wiring Box
Switch Array D B

Private Room

Computer Room

X 4.8 74—/ KT AN RAT ADOEIERERK

Fig. 4.8. Configuration of field test system.
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Fig. 4.9. Sensor assembly installed in private room.
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Fig. 4.10. Processing unit.
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Fig. 4.11. Pressure-sensitive switch.
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#43 T 4—)L T NIBITHHERE

Table. 4.3. Test subjects of field test.

Male Female Sum
Number 19 46 65
Age 72~91 71~102 71~102
Average age 81.2 83.5 82.7
Dementia patients (Group I) 10 15 25
Patient with cerebral apoplexy (Group II) 7 15 22
Non-dementia patients (Group I1I) 2 16 18
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Fig. 4.12. Sleep respiratory fluctuation.
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Fig. 4.13. Percentage of sleep respiratory disturbance.
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Fig 4.14 Waveform in sleep deprivation.
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Fig. 4.16. Sleep disorder of test subjects.
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Fig. 4.17. Respiratory wave and frequency scatter plot of sleeper’s respiration stability (1).
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Fig. 4.18. Respiratory wave and frequency scatter plot of sleeper’s respiration stability (2).
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Fig. 4.19. Respiratory wave and frequency scatter plot of sleeper’s respiration stability (3).
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Fig. 4.20. Respiratory wave and frequency scatter plot of sleeper’s respiration stability (4).

24 B 31 pEEMN D 34 pEEE T2 [BZ 72 D K& REESBRE STV 5,



Q, [pixel]

FHA4E EBRBIOHE 96

= 400 — 400

o o

X ><

& &

o 300 o 300

g g

= =

S 200 S 200

= =

4= 4=

= 100 = 100

3 3

= 5

SO SO

0 2 4 6 8 0 2 4 6 8
Tidal Time [sec.] Tidal Time [sec.]
Frequence

H1to?2 2 to 4 4 to 6 6to8 W 8tol0 WM 10to 12 m > 12

20— : |
0 '
20 . i ' |
24:36:00 24:42:00 24:48:00
Time

X 421 FERBETE & W22 EVE & 79 AR S HOA (XN (5)

Fig. 4.21. Respiratory wave and frequency scatter plot of sleeper’s respiration stability (5).
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(A) Supine position.

(B)Lateral recumbent position.

% 5.4 HE-EHRKEREHICBITAEREET IV

Fig. 5.4. Body surface model in quasi tidal volume calculation.
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5.5 Inter-frame shift quantity of bright spot.
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(A) Supine position. (B) Prone position.

LR}

(C)Lateral recumbent position.
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Fig. 5.6 Generation mechanism of body surface movement.
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