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Fig. 2.2 Parameters in the van der Waals force between a ball and a plate
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Fig. 2.3 Prameters in the force caused by liquid bridge between two balls
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HEININFEFEL TCOEPENICL-TIBEIELOND [9].
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F = _WU]_O? (29)
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 dydy
_d1+d2

(2.10)

FEBHTFOEMBTEICLIEETN SITVIEIEMENE, - 3 FEESR, i
Hamaker BH#(, kIZBMHRERBEMPINY Y FRERT Y VHTHRESNIEHTH 5.

1 V2 HdE?,  H2%d
F==greo {5 0+ 1557

(2.11)

TRLICHFEFFEREEOMOBERN I TREBENHER, (3 XTERTET
H5.
71‘6—-8022

F=—u1»-—"¢ .
deg € + €9 ’ (2.12)

2.1.3 BFREBHEEHEDIE

HIETCRL - BRADP ORMRYOKRE SIIBIFEK8TOKE &% Fig. 241057 T. Tho
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Diameter m

Fig. 2.4 Gravitational force and adhesion force between micro particles (Fvdw: van der
Waals force, Ftens: surface tension force, Fei: electrostatic force between charged body and
uncharged body, Fe: electrostatic force between the charged bodies)
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AEM%%mwT%m&ﬁﬁ%ﬁaiﬁ,:@:t%%%t:ﬁ%%%wfawiﬁtw
PRIENT 2 R B EET D, Fig 253 ZABICE A=Vl —2a v 2 8AIL7 b
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1) fZE &% (positioning)

(1)
(2) 7%ll#Hl (force applying)
(3) ZJ (deforming)

(4) =D

CHBEN G, (1) TRERYOIEE, EEHE, (2) TRELYONE, HRWEOML
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TAHY=KEalb—2ayT, U, SI&MITL, EE, RETREFSELONE. 20U,
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ML ORAMBI Y P72 79 2 RECEESERITNER L2V, SDL ) Ek
B R OBE D L MR T 21013, BRELIMITEA & EETAD D ) RN E
KEhs, Lol ZHxXEov=_Yal -y sy CREBOBEESOAFIFHIEL LI
L0, WINEYESTEESEL I ETEERFHTE LD, IV M BETED
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Fig. 2.5 Various manipulation by using two fingers
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LAL, KR TUEETIREONE R 342 PVIERESEHHETHY, LLAATHED
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b ) —oDHIEIE, Fig. 3.1(b) ICRT LI, K=V af v 2L TEEHRZIDH
RTHE. VVIRFRBLAMC, 7/F2T— S DBUHAL>TET S v 708X
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BETHL. Zhid, EERFORENEE N CHLTHIAEL, LadsoTT £
IR—= VT a4V e LTERSNBBUNNHITRRENPESICERTRETH 5.

INETLEVTN - Vafy bREPRILICTH. RIEL 7 #8HED BREDER D BERE <1
i¥¢ 64 x20.75 [mm] TH 5. Fig. 3.2 ICTHHE DL RT.

IYF 7z 5 EIEHRBBRIECHVONATROERE 1{mm] DHZET T A3, THHW
SNTHY, SMEETROEMMTING & ) I#E] -\ T ML, B 0.1[um] T
DLRIRIZT B EDTHETH 5.

___— end-effector
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piezo electric

: flexible
device

pivot &
needle ;'3

I 20.75[mm]

<+—35[mm]—» <S—64[mm}lI—>

(a) Pivot spring type (b) Flexible joint type

Fig. 3.1 Two types of the micro finger module based on parallel mechanism
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(a) Pivot spring type (b) Flexible joint type

Fig. 3.2 Whole views of finger modules
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ENTHY, HRHICHEHELET4000 FOEEFHFEOND. BIfEF v )7V —T 3 VI,
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finger module

piezo device driver
& servo controller

joystick for
teleoperation

I computer
[ ] (NEC PC9801)

Fig. 3.3 Experiment setup for motion control of the finger module
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piezo electric
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o

strain gage to measure extension
strain gage to compensate temperature

Fig. 3.4 Servo system to drive a piezo electric device.
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Fig. 3.5 Step responses of the error between the actual elongation of an actuator and the
sensor reading
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Fig. 3.6 Relation between the command signal to the servo system and a sensor reading
which shows good linearity of the servo system with no hysteresis effect.
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Fig. 3.7 Relation between a sensitivity function S, a complementary sensitivity function T
and a model error r in a frequency response
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Fig. 3.8 System for the normalized coprime factorization method
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Fig. 3.9 Permitted regions of |T(jw)| and |S(jw)|
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Fig. 3.10 Frequency responses for each value of varable parameter o.
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Fig. 3.11 Step responses for each value of varable parameter a.
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Fig. 3.12 Step responses using H,, controller and PI one.
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Fig. 3.13 Step responses using H,, controller and PI one with sampling time 0.8[msec].
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FeImEROIEREZER (T2bbBEMBETICERL HEER) 2B 2B L ORI %4725
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Azt € Rs,AZBR eER

AJZT
» A:BR

Az

} € RS, Al = (Aly,- -, Alg)' € R (3.13)

Az, Al MEORRIYIEFHERA VL L, $EHFLLTRDLICHObEIN G,
Al = J(zo,p) " Az, J(xo,p)”" € RE*E (3.14)

NIV AHZZALTIE, IR TEEHEIBENT A=y 2 HWCAEBIC kD5
EWTEBL(12]. zld LY FZ 722 Y DNIE, pld ) v 7 OHENRT XA— 5% FES. Yoo
DEMEEEERITIL THUN 720, TRSEERELTEZS. LA 5T, J(zo,p)"
YbERELTHRR S, £2AHT, BEDVATATIE, FMETTEY 2 — LEROOEE
Rl T A LREFCHBETSH L. 22T, EVa—VABOEIEEETHOAICE
HBL, COZBZHHTHIDETS. CO8, BEENAzy 2EFTS U 7 EMHAL
RO L ENFEHETCRLEIC 2 5. K (3.14) 2 LH#RS Gr & BERS GRlio T, i
MRS DALY T ERDE 12k 5. |

J(zo,p)™' = (Gr Gr) (3.15)

Gr,Gp € R® 3 (3.16)

Al = GrAzy (3.17)
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Iy, AL LICEERSOLABMY BT ERDLE S 12%h 5,
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J(zo,p) = < HT ) € R%¢ (3.19)
R
Hr,Hp € R¥*S (3.20)
Az = HrAl (3.21)

DTRRTFY VTV =2 ar TR, BOICIDOHr 2k 5. Thbb, £EOAID %
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HEILRRA DA T -V D34 70— OBEEY I VEFHEIL TS, i BHOF— 40
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DHND,

Hr =AzpyAlyt (3.22)
ZZT,
AlN* = Al (AINALNY ™ (3.23)
Azry = ( Azg® o Azg®™ ) e BV (3.24)
Aly =AY ... Al ) g RV (3.25)

INEY, Grid B/ HBE L THy OBRUETHIEZBVLILICE ) kDL Si12kF 2.
Gr = H:(HpHE)™ (3.26)

UELY, BfEfIEICBWTEZ DN B EAZ I T 2 Y ¥ 7 ~DHEAEIZR (3.26) D
GrEVT, REINICLVRDLIENTES, T2, 22 TOGIEBENITFHO®RE
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Fig. 3.14 Comparison of the least squares calibration workspace (allowing rotation) with
the workspace for pure translational motion in the finger module
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Fig. 3.15 3-D view of the workspaces using 6 by 3 reduced order Jacobian matrix
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Fig. 3.16 Comparison between some measured sample points and their least-squares fit
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Fig. 3.17 ”Micro figures” drawn by the program controlled finger module into a thin carbon
layer applied onto a microscope slide
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ZuNy FEEOENMEL T 5.

4.2 WHIXZAKIEEBEOER & Z DREA

HBEETHIRIEYA 70Ny FICHL, REOBBBEIZIE, fETh2T7L 2T
VoZady bRDTAVH—FV2a—VERATAH. ZOLE, 20074V H —FJ 21—
VE HAIERICE L 22T TR L T Z 2 & v, BB 2 BERLEE & L C Fig. 4.110
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4.2.1 1EESERICEH T 3E=

Fig. 41 DRIIZB T, THRIBL L TOEERERIL, 2710 H —FY 2 — L OfEsH
BOLBEBIIRE SN, LD T 4 2 H —FY 2 — VOEEER L H_TIEE I, &
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work space of two fingers
for coordinated motion

Fig. 4.1 In parallel two-fingered micro hand

TAEE L TOEEBI Vi B R L7 DTH D, T 2T Vigo/Vield Ve —2 D7 14 >
T =TV 2= VOVESERRE U728 & Vo T 5 ZAHEE L TOVEEER VD EI& % R
LTwa. Fig 42%A2 L0, ) R3 VY, REAEINKE DL, BIROFEER

Table 4.1 Ratio of the common workcspace to the workspace of one finger module

install angle volume of ratio to workspace
common workspace | of one handmodule
o) Viwo[!] Viwo/ Vone[ %]
15 0.0689 21.95
20 0.0587 18.71
30 0.0501 15.95

B AIEEIR, T b ITAEE L CORERE VS BP T4, 22T, RBAEL
ST HIDITNE, 74V H—FET 2= VAEKPSOREDERL EFTHTRY, Ly
LHBES RS2 5 L, SHEDMNEBROFBEENLILL, SOIKEELTHAELTWAN I X
STORMELET Y 5720, IREICHT2EENERTERL RS, UEMS, HFNIHEEL
TAREZHNT AEHETIE, ZHRIEE L COEEFBI BRI CHN TR W L ASH B
L7,
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Fig. 4.2 3D view of the common workspace of the two-fingered micro hand in parallel
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EiL, BESNRET, AELBUOEOMBN 2 %E% 8L Cna, T/, L1
HEPOMERDIZEL TE, AELEHEEENOZIFLAZHITIEILY, BE
BICEGIICEIEL T b (Fig. 4.3). SOX I ICENREEHET LI LI12L ), AR
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EFT L= MIOIAELBHOZICHLET 2I/PEETEN TS, Thbt FE7 404 —
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RTEM, TEHICIE, BREME 15um] ODEEZEFEHAVTWV S, ZRENOEOER
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A=Y 2- VO, BINIRYOBRBLREEZFTILOTH Y, EEEROES LD
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of thumb
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Fig. 4.3 Manipulation of chopsticks by a human hand
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Fig. 4.4 A serial two-fingered micro hand
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(-293.293.26.)

[unit: pm]
( 65.,-67.,-9.0.)

[unit: pm]

(293.,-293.,-26. )

the workspace of the upper finger module the workspace of the lower finger module

Fig. 4.5 Workspaces of the serial two-fingered micro hand

Fig. 4.6 Photograph of the two-fingered micro-hand prototype
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Fig. 4.7 Image of the microscope showing micro manipulation of a glass ball by the two-
fingered micro hand (1.43[um/div])
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Fig. 5.1 Picture of a master device for operation of the two-fingered micro hand
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control lower finger
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\_ moving object \ W,

(a) global motion
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rotating object

K releasing object /

(b) local motions

Fig. 5.2 Comparison of the micro hand motions with the actual human hand motions
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;| control lower finger module
in micro hand

Fig. 5.3 Control flowchart for the operation of the two-fingered micro hand
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Fig. 5.4 Coordinate system for the motion of the forefinger side chopstick
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upper module finger

thumb master

Fig. 5.5 Coordinate transformation from the master device to the micro hand
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(a) latex ball

(c) white blood cell of human

Fig. 5.6 Rotational task of some micro objects by using the two-fingered micro hand and
master device system
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Fig. 5.7 Insertion of a micro stick into a micro hole
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object lens of the microscope

binary image from the microscope

Fig. 5.8 Configration between the finger tip and the microscope and the microscope image
with binarization
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Fig. 5.9 Process of the auto focusing to the finger tip
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Fig. 5.10 Requaired two images in the positioning task
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~ ( The image of the manipulated
object is displayed in real time

__ the target position.

(" The still image of the target

( The focus plane is moved to J
\__is obtained. j

1

(" The focus plane go back to the
g object position.

The still and real time images
are displayed to the operator.

[The positioning task is started)

Fig. 5.11 Flow to obtain a still and a real-time images in the positioning task

real time image

Fig. 5.12 A system to observe micro manipulation by using HMD
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Fig. 5.13 Relation between the index value and the finger position with auto focusing
control
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STEP 1: grasping a micro object STEP 4: returning the focus to the object

STEP 2: picking up the object STEP 5: positioning the object

STEP 3: moving the focus to the target STEP 6: hit on the target
and getting still image of the target

Fig. 5.14 HMD images in the process of the positioning task
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Fig. 6.1 Methods for making micro drop
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Fig. 6.4 Parameters on estimastion of the micro drop and relationship between the quantity
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Fig. 6.6 Relation between the quantity in the glass pipette and the volume of the micro
drop
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Fig. 6.9 A configuration of the micro fabrication system setup
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Fig. 6.10 A 3D image and a picture of the 3D structure: Micro scarecrows in different
orientations
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EER X, ZITHL, Hl i

1 1—1 '
oo Bf’XX } 72W10 ZC } (A3)
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F=-BX
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VI TN E Ve > 0 HNT,
72=1+&MAZX}+5 (A4)
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