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Imput: bottom and top length of 1sosceles traperoid in hexahedron, £ and L2; outside and internal
radius of hollow eylinder, B and 82; total number of the blocks, m; radius angle of K=block, =
the lengih difference of fop and bollom sides in K=block, 2xrA8:360,

Oatput; the object of the targeted wedge shield ring; the center axis of the ting

l. create the hollow cylinder object based on RI, B2

(2]

create the nonregular hexahedron object based on R, L7, L2

Lad

create the center axis by linking the center points of the top and botiom surfaces of the

nenregular hexehedron object

4, make Boolean infersection between the objects of hellow cylinder and nooregular

hexahedron for generating the wedge ring

create the horizontal circular tape between the top and bottom surfaces of the wedge ring

&, divide the circular tape into n blocks based on radins ..1.|'|t_'|||.' BN I:J_i.-"|’r.' 'y

7. project the circular tapes on top and Bottom swrfaces of nonregular hexzhedron with length
difference 2arA8/36d

K. sclect the projected surfaces (K, Bs top and bottom) and create the K=B<blocks by using
Blend Box

9. scleet the projected surfaces (A's top and bottom) and create the A<blocks by using Blend

Hox

10, return the object of center axis; the objects of K-, B-, A- blocks

2ur XYANT

. = R2 Hollow cylinder
2XR1 ./
L2 4
Isosceles
trapezoid
Hexahedron
+

“Wedge shieMd ring. i

Parts to be
removed

(2) Owerall shape of a wedge shield ring

A-block
7
L A-blodk
A-block
\ -
| R ——_R2
( R >
K-block
B-block 1 B-block
{ 2

(b) Connection of K, B, and A-blocks to form a shield ring
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| 4 1
= = .
T
- P
(248" alS
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= e
02 % (24 "
J . l oy g~
pa— ]
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. . o
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(c) Segments of the shield ring

Fig. 4. Parametric modeling of the wedge shield ring.
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1. append the ohject x; in the objects list of assembled wedge shield rings [X;]
Table 2

Hecorded assembly points and rotation angles during tanneling constracton.

2. append the object [y in the ohjects list of center axis lines | /)]

3. determine the plane of bottom side Py from the first wedge shield ring, Xy - -
Mo, ol e A by poink Falaliom angla
4, determine the plane of top side P» from the first wedge shield ring, X
1 1= 220, e
£ for =1 ton-d do 2 La 1 6360
&, determine C, ¥ from RP), P - 2 33T
& Ll G5
T determine Cgap, Foawp from BPy, Paey .
E. move the object A as Xp.p based on C, Fi Crass, Fivny 1130 5 B1.8
9. move the object [ as li.q based on &, My, Cavgiy Faen
10, move the object RP; as RP;-  based on C, ¥, Ca- iy Fiivny
11. rotate the object X; ag Xy with the rotation angle list[s], and based on Ceei P
Pt
12. rolate the object [jas Jz-q with the rolation angle lst[i], and based on Ceviyy Frivin Pasit
13, rolate the object B; as Ry-p with the rotation angle list[s], and based on Ceeip Fivas
Py
14, append the object Xi- 5 in the object list of assembled wedge shield rings [X, ..., X
15, append the object fi; in the object list of center axis lines [[, ..., i
16, append the object 8- 5y in the object list of center points [RP, ..., &%)

; a) The genersted segment with 8 blocks and its  b) The generated mnnel and its FTA|{in red

. end for{

center axis (in red color) color)

8. return the ohject list of assembled wedge shield rings [, X, X5, ., X
Fig. 6. The tunnel model generated from the PSTMM.
19, return the ohject list of center axis |y, {3, 2, L]

EIEEHER, RO TERNESHINR




BERESHCERD S MAAR

D Ew %ﬁ Eg E @ﬁFH‘ Inpui: the object of DT A curve, dia; the constructed tunnel mode! from Algorithm 2, M1 the retation

angle selection for each ring, listf¥i, #2, __.8n); the threshold value for using the attitede index,
I

Oatpui: the optimum rotation angle, 8.

1. retrieve the center axis line of the last segmental nng as [, from M/

2. for =1 tondo

3. rofate the ohject {; with the rotation angle Nistfi] based on the reguired plan in . \
- . .
Algorithm 2 ‘ ' ‘ ’T \ -
, - a4
4. calculate the distance as d between the endpoint of [, and dia 4 f'.-‘
| o™
5. append 4 in the list of distance deviation, [dY, ..., dn] | # . -
) :
i3 create the vector as F, based on f; %
calculate the cosine similarity as s/ between F, and dia S—— , a
‘\ L.
g, if ¢1< Dy do: “u ' ~i
9. append 5 in the st of cosine similarity, [s1, ..., sn] - /‘
-
10, end for ¢ -
-

11, if the list of cosine similarity, [84, ..., 81] is None do: . .

-
12, calculate the minimum d..;, in the list of deviation distances, [dF, ..., dn ] —

: 13, search the order of dma in the list of deviation distences, [d, . dn] as [ -
14, retrieve the optimum rotation angle @in fsrf@F, 82, (. 8n) on the order of [
I5. else: with 2 oxwal wctan of 300 o mBus
16, caloulate the maximum smey in the st of cosine similarity, [s1, ..., sn]
i) The M. Mg ol Sag b a oty bepe deveme 17 search the onder of sue in the list of cosine similarity, [s/, ..., sn]es [ oa comecnon w the PSTMM.

18, retrieve the optimum rotation angle @ in fsrf@F, 82, . fn) on the order of [

19, return the optimum rotation angle

LNERE. £BMNPNERHPSMURE
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BERESHCERD S MAAR

O JEHREER H b

S S Al -
_Il_:l P . 0 T ‘ . cosime smulariy = cos{#) = = = ————
— 1' |1 X .:I- .IIII 1 I et 1|18 | 1 E I1. :I. 1 : :ﬁ :I.
pet ] ’
f=11]
220 ——Deviaton distance |—— Deniafion distance
210+ "f'.-.ﬂ\‘\ 1260 -
! L]
E 180 |'|I '.I- :ﬂ
= i i ] .
8 150 / ' - S
m i H Ll -15'_
= | \ ‘ Mo _____ KL _______________
- [ \ Pu &0 II [
i f \ ; . i |
3 UL\ ey
—HH-t---——--—-- | 1 | /| L1 III ll"\."'lll
sall | |I aad 1 b
f | Wi
i1 — H| |I 1| / -‘\ 'l"‘lI
1 1
5 ) Y "",./r-\\f*.. 8
2ai l _.-_"_!I'_I _.-_'Al_lir_l I _,-:,:'r_| l _I.:,LI” 280 a1 250 260 Zi 240 280
Mo. of rfings No. of ings

a) Correction results obtained from the PSTMVM

b} Comection results obtained from the previous method

5a
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BT Z BisfCaaffEmligit

O PAREFERIVIRITEE, RIERPERISEHNERUSRMZSHEHER
O ERTEMNEREERERAFITE

Update results.

Results | Raw Data

Show: AL -

Group by: |Element =

® 00 Element ID : 06-10 Cross Head/Capping -
© 00 Element ID : 06-10 Cross Head/Capping
© 00 Element ID : 06-10 Cross Head/Capping
© 00 Length : 12 Nominal shape data : 06-10
© 00 Length : 12 Nominal shape data : 06-10
© 00 Length : 12 Nominal shape data : 06-10
© 00 Material ID : 13 Mat
@ 00 Material ID : 13 Mate
© 00 Material 1D : 13 Ma
® Product Local Placement
@ Product Local Placement : 06-10 Cross Hea
@ Product Local Placement : 06-10 Cross Hear
® Spatial Containment : 06-10 Cross Head/Ca
patial Containment : 06-10 Cross Head/Ca
atial Containment : 06-10 Cross Head/Ca
Element Decomoasition : 06-10 Cross Heac ™
n s

[ Comment (requires plugin)

a7
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BT IFC HIFREFRELIESMIEEERE

R R AR EIRYE T IEQ’JFESED

Sish JINEE”

S B )RR

, XFF

¥) BaEEE, R T HERE

ERFHIF RSN

P
Mo, 3

e
(Cluuns)

=5
(FaLiesrn}

=hit
Procedurs 1)

E
(Objest 12

=hiyz =2
(Procedurs 2} Ok ject

] e el S
finterval Lims)

EHa=
{Graphical
representation

Labeled Entity

i Constructing

! Foundation
! Before|
: Should

Checking|

! Line accuracy]

R (PROC)
KAl (0BD)

Bl 0D

Ri (0)

Fe¥% (PROCY
R RS coBD

Part 1
Entity recognition

EHa=
CGraphical
esentationd

EHa=
CGraphical
esentationd

Ea=
{Graphical
representationl

EHa=
CGraphical
representation

HILILEFNENERLER

518 E BFIFCHIZIRIGER,

Bi-LSTM-CRF
algorithm

TR EARE (Part 1:

r r
X12 X13
' '
X322 Xa3
' r
X32 X33
' '
Y62 X63

X1 X1z X13

Xz1 X2z a3

X150
*2.50

X3.50

*12.50" 7 x50

A\

RIEEEERY

D

A raw clause in Chinese

example: §H)H FEAE AR RERE 2R R 1

«——{ (Before constructing the foundation, rhe

line accuracy should be checked)

Part 2

Pattern identification

=| %31 X32 X33
I'x'lZ 1 x12-2 x12'3
'

X1.50
!

X250
1] LSTM-MLP

X3.50 algorithm
K

¥6-5016x50

# T Bi-LSTM-CRF & By T 5 L AR 7| A gk

THEARAD

- <@

Checking

........

Line accuracy  Constructing Foundation

; Part2: #F LSTM-MLP # A4

JE T E S EEG D] FEFRRAZ 2018
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MEXHEIRE
L R R SR IR+
| TaemRS
BEYUERL (D)
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ERVIRATFAIE. HiX. AMSFRHixIiEEIZEMEEE

R

HE (FES
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ESEEHE

| HEEERS

RIBZEF

HEXETEHSERRS (RINTRRIRERITHEERRR)

LXHIEFEERRR

EeE - R

BT EAES L ESGTIEIENS

ne -
HHR R IR SPARQL i #E LI
SELECT ?a7b
BRI B 2R
S WHERE {%a rdfitype ont:Hi£2. % ont:#2% 7.

filter ((?b<3) || (?b>18))}

SELECT ?a ?b 7
AT 0.55+(0-0.15) e

m BN e, A

% 2
1 TR NS 2

filter ((7c<2) || (?b<0.55%2c))}

WHERE {%a rdf:type ont: BHEL. ?a ont:i% % ?b. ?a ont:

SELECT %a7b
WHERE {7 rdf:type ont::%.7a ont:i# % 7b.
filter (?b<1.10)}

BB B B R AT
LI0m

o
#5598 A B 026 | SELECT %%

m filter (?b<0.26)}

WHERE (% rdf:type ont:#:.%a ont B %I 2b

. . SELECT ?a?b
BT ARAT 0.175 N

m

filter ((7>0.175)}

WHERE {?a rdf:type ont:HE2. 2a ont: 3§ %% 7b.

T
o

TH W25

e

HTER T A HERES

q AI01L0E201901 14001 1F Bnlt

= momiEs 5 E
HEERMR S BRTES
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2 BIMIREH S EIEEmNIZEY
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e ety
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R

CE T AE® nen
=] BtERanD): - AR
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o

R e

A1 H - 8N
Individuals by class = DL Query * OntoGraf x SWRLTab % SQWRLTab » SPARQL Query x
x Entities x Classes x Object Properties x Data Properties x

| Active Ontology

S f

4
S ®AFHETF S

o5

oun

S HRAART &

O RS 58 i

e

o -

General class axioms

Ontology imports Ontology Prefixes

Ontolo: refixes: mRmo
2/
Prefix Value
ont http://www.semanticweb.org/gan...[|
owl http://www.w3.org/2002/07 /owl# |-

b

= ¥ ==owi:topObjectProperty
=contains
-

Ontology metrics:

Metrics
Axiom
Logical axio...
Declaration ...
Class count
Ohiart nron

Asserted ~ T= & b

- v m=owi:topDataProperty

= GlobalID
A B NS
AR

- 6 R
-

-

- di

- PR
o

“

-
-
it

- -

H v e wmmme s )
@ HRTTBI BANLSE
S EMECA (10)

SRRSO IS
® 1E)LFR . &h) LIS SRR
S GO

® R TR QR
© B ARRERRSUO TN
&0 G 0

ssss] Object property hierarchy: it sove

e A Asserted - = &

Asserted -

[

HERNE TIFRIINS o

30

| EEIEEE S :

2015
JPIREE TIFrT IR

2015

2016 2017 2018 2019

2016 2017 2018 2019

i 52018448k PEBEITVFIRHES : 1214 (T 5147)

PEBITIFAIIRISS: 65.16 (1 17.88)

179

FEIEs: 38.6 (130.8) TEALEES: 74 (110.33)

62.8 (130.75) HEERBEHIEHINSS: 85.26 (124.12)

80 - 74
80 ga.07 63.67 §3.93 62.8
80 -| 55— T
—————
0 4 38.6
30.86 30.86 30.86 32.0
20 4
58 5.8 5.8 8
0 T T T ]
2015 2016 2017 2018 2019
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{area(worker) #0
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area(equipment) # @
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IAp
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T ApRIE—ERXRIAAR

. area(p)~area(q)
2 min(area(p),area(q
g

side( p)+side(q)
2(side(p)+side(p)+ diSt(P,'?)) '

‘ .

T

R = =l P4 max __
4 ' R[, =

IAp #H IAp R

EAL I

IAp
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i TAp et
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T AphuB R GHSR

))] if area(p)marea(q) = &
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[ T4EHEY

(c) Structural support detection

(d) Foundation pit detection

mEtal
(A-H1-14-3R)
Ay Ay, A5
[X,y wW]=[u,v,1]| a, a,, a,
a3l a32 a33
TEEEITE
({RETETHE)

ZS[BIE N R ERHEY

________________________ %
'-Nonce: bouning boxes are organized in form of (ymin, xmin, ymax, |
xmax)
Safety Hardhat A bounding box: [3, 190, 32, 252]
| Safety Hardhat B bounding box: (24, 405, 53, 4371 Classes an

I Person A bounding box: [4, 184, 291, 339) :

| Person B bounding box: [21, 402, 139, 478] coordinate

Structural Support A bounding box: (131, 29, 448, 57313 :

I Structural Support B bounding box: (145, 4, 251, 2211 INformation

| Structural Support C bounding box: (136, 4, 187, 144] I

Structural Support D bounding box: (132, 3, 147, 67 '
007

| Feurdatiom Pt bounding. poxr

judge the relationship

| Person A in (261.5, 147.5) and Structural Support A in (301.0,
289.5) has fou: 0.129077253777.

Person A in (261.5, 147.5) and Structural Support B in (112.5,
1198.0) has iou: 0.0617006214112.

|Persun A in (261.5, 147.5) and Structural Support C in (74.0, 161.5)
has iou: @.

I person A in (261.5, 147.5) and Structural Support D in (35.0, 139.5)
|'|ds iou: .

Person A in (261.5, 147.5) and Foundation Pit A in (301.5, 287.0)

I has iou: ©.12238452428.

| Person B in (440.0, 80.0) and Structural Support A in (301.0, 289.5)
has iou: 0.00336268306712.

|P:rson B in (440.0, 80.0) and Structural Support B in (112.5, 198.0)
| has iou: 0.035163838881.

Person B in (440.0, 80.0) and Structural Support C in (74.0, 161.5)

0.
| Person B in (440.0, 80.0) and Structural Support D in (35.0, 139.5)

1
1
1
I
1
1
1
1
!
1
1
1

I Person B in (440.0, 80.0) and Foundation Pit A in (301.5, 287.0) has !

1 fou: 0.00533632916725. I

| Structural Support A in (301.0, 289.5) and Structural Support B in 1
(112.5, 198.0) has iou: ©.116232052908.

I Structural Support A in (301.0, 289.5) and Structural Support C in 1

§ (74.0, 161.5) has iou: ©.0337606419415. 1
Structural Support A in (301.0, 289.5) and Structural Support D in

1 (35.0, 139.5) has iou: 0.00329788588158. 1

j Structural Support A in (301.8, 289.5) and Foundation Pit A in 1
(301.5, 287.0) has iou: 0.900586994214.

I Structural Support B in (112.5, 198.0) and Structural Support C in I
(74.0, 161.5) has iou: @.242354298904. 1
Structural Support B in (112.5, 198.0) and Structural Support D in

1 (35.0, 139.5) has iou: 0.00528612183252. 1

1
1
1
1
1

Structural Support B in (112.5, 198.0) and Foundati . s
:(391.5, 287.0) has iou: ©.118886153076. Ré"ﬂlﬁnsmp
Structural Support C in (74.0, 161.5) and Structura i

] (35.0, 139.5) has iou: 0.093560145808. extrattion
Structural Support C in (74.0, 161.5) and Foundation Pit A in

1 (301.5, 287.0) has iou: ©.0367354608374.

| Structural Support D in (35., 139.5) and Foundation Pit A in

(301,23, 282,00 has Jdoui QOQE77734442204; o e o . - - - - - - -

2B &K ERHEY

| .

]
o
Gragh

ee =

1THRENXIRE

HETRIRMERY
SRS

/

SRR

TR SIRA
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Sigmoid | Conv. 3*3, 1 |+ |27#127%4 " |GI*61*8 ha ETEETENTY I o FEAS T L5 VY
127%127*1
Mask
ResNet-50 ———»f15+15%256| [——
',f
1mTse | |- 172174235 |—*| Deconv.32
*d' — . . - N (ROWY
A
— RoW: 1*1%(63%63)
ResNet-50 ———B1=31=258 |——
HEFCNNRIT AT HIRIRREY
17 a1
45
40 1
35 09
S0 08
LE 0.7
25 Sos
g " Threshold=20pixels 3 | 0 0 0o
B e e iy S Threshold=0.5
Q" < 0‘3
10 '
0.2
5 0.1
0

BF T AMENIIA T AARZ 2T AFRNGE

@ L 2
Ty hy T>
LSTM [ S-Pooling \LSTM
hT Hq
h>
LSTM ho hs s-Pooling - \LSTM
2
hs \
LSTM \LSTM
h3 h4 H -
3
h,

1

1M 21 31 41 51 61 T

(a)

81 91 101 111 121 131 141 151 161 171

Time (frame)

1

1121 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171

(b)

Time (frame)

LSTM
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B FIERBINEHHRIEE S =R BEE

NAEBHNSREN DT, THMABEATISERANERTINEXRF, RENISIEEIMERBERETRE
iH%UKéHE?JIAﬁ\{ZIS. Mo REN E N FurEhE

NAL #id 1 NAL #i 2 NAL #od 3 NAL i 4
% 4 | 4 | I 4 4 3.62
R¥: R 35 N
560— 35 ! 35 35 X
 RRUGIGR \ 273 X 2.‘54 ZLS_ s 2 : // \\2.75
25 VAN — a5 - 25 X
540— 2 SN 180 189 ) \191’.-" ) ) //
) ‘i AJ 15 1/ 15 1/ 1-:" 10— 0e2 *f 1
520— " p e | 1 1+ ———
B\ ] Y o Tl \l i & | F e fw \ sy Ll T 05 05 0s ! 0s |
500 u | @ Y f d | @ ’ ’ ’ 1 2 3 4 ’ 1 2
1 2 3 4 i 1 2 3 LN e
480— NAL Wi 5 NAL it 6 NAL W 7 NAL #il 8
4 4 4 4
35 sl‘t ! 35 ! 3.19 ) ‘78 35 } 35
460— ' .
i ! 267 3 2,59 — 3 3
01:51:26.151 01:51:27.000 01:51:28.000 01:51:29.000 2: 7T\ = ) 17,¢>-q__ ) 236 v 20 =
2 : 2 : 2 z 2
IR FEETRY N |
15 . - 15 15 1 . .
EJJILJ\E 1Z|S1.[E )\ N— E 1-:7 1 [ 1 1 ' . : 1 . : --__nf__—--
05 05 05 05
0 0 0 0
1 2 3 4oy 1 2 3 4 gy 1 2 3 4 1 2
NAL #it 9 NAL #it 10 NAL #it 1 NAL #id 12
4 4 4 4
35 35 35 35
O Frontal cortex 3 3 3 3
25 25 25 1987 20671987 2°
, O Temporal cortex 2 2 1.72 1.8 1811 2 —— 2
15 1 1.15 15 1 15 1 15 —1——1 .
.69
‘ Parietal cortex 1 — 077 083 [ 1 ' 0
05 05 05 05 1
O Occipital cortex 0 | | 0 0 0
P 1 2 3 4 R 1 2 3 4 R 1 2 3 4 B 1 2 .
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The Stroop Effect Test

Click the button that matches
the color of this word:

Yellow
(Black) (Blue ) (vellow (Green) ( Red )

Arousal

08 1.4

&

AT P RR

= XAHERIEA R E
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