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A Dynamic Programming Neural Network to find the Safety Distance

of Industrial Field
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Abstract

Making the safety situation from the various work system is very important in the industrial fields. The
proposed neural network technique is the real time computation method based theory of inter-node diffusion
for searching the safety distances from the sudden appearance-objests during the work driving. The main
steps of the distance computation using the theory of stereo vision like the eyes of man is following steps.
One is the processing for finding the corresponding points of stereo images and the other is the
interpolation processing of full image data from nonlinear image data of obejects. All of them request much
memory space and time. Therefore the most reliable neural-network algorithm is drived for real time

recognition of obejects, which i1s composed of a

dynamic programming algorithm based on sequence

matching techniques. And the real time reconstruction of nonlinear image information is processed through
several simulations. 1-D LIPN hardware has been composed, and the real time reconstruction is verified

through the various experiments.
Key Words :

.3 M2

Akt e] 2pF s Aol we} gl 4q ¥
Pl e ddd 83 YA 2do] HEE
AeH, ol As) A Hu] R G4
d 3#4dE& gstn Ao
HEs Ad=tddMe # A9 mAgely
ToE A% o] WA BE Ykt
7bgel TaE & Aol HAY FAH &de
T Bo. d& 59 A4 EHA2Y
5o AE, &% A FHA
Bt FEALD ojWo] WAAlA A
AN st gd d2 ugHes

o

K
&Ll 2 gy
e > ool
N H

V% A2y

20 yd P oo 2

« AGEY GFEB Do)}
(A 332 e 7)4be) A 89uR|,
Fax: 061-860-8609

E-mail : jmk@namdo.ac.kr)

Dynamic programming algorithm, LIPN, Real time reconstruction

A BAY 71&3 By 2 27
4 71E, vz Aolvle 2 A A%

S8 2@l A BRAZWeG FAA
9 W¥A AE A$NLY T ghaA A
22 A8 ol Ede U 4 Ak olel
o #¢ Asel, 24

7‘?(]?} szﬂ

o
=]
A

Lo 1o

lob - oX

s
7 A

At 7lEol dasin(ll

A ol @ AY 71€2 AL FES FHE %
& Jiulgte] AHHL W1 7] wol AREHu[2), °]
e Azl &g AsiME WA seizke) Calibration
(FD)g AZF, g0l EdIAe] g L= 9%
< 853k aya 457 29 FAHR] dis) €A
(FFY) 53 &t

ol FojW F P EAH Wi dAHE ok
t 2L S drska, Aol g4RHY 54

—23 —



A AR AFe] M ddel diste ®3t 7IHE Fate
A G JRE dof Wk ol A At #AA F
£3] W& Azto] 2a8E dAE F 3de] zb Akl
537t YAHE #F= Y(matching problem)d SAHE
of dial] A4k AeiHEE 7|Hte 2 WA JAAS ol
¢ ARE B 7S Bste Fele Y(distance
problem)e]e}{3][5].

upgiy B Aol Akl ge] EuUEA FAE 9%}
o N2e HuAg ARF32Yg Ateled AHHL
2ol 4 Ano] AFsEE 3% dAHATHE ol
Zrohdl A3tHel &2 BE A9 ARE AFHF A
o oo Adaalzless &3 94 AA Gl
Az AANA AAReE F4H8 E 5 AEF A
7t AEE £3A 7
Qzte] 24 odetel YA ol Yst E2
% oAkl AN Fe WS 7 AT wbHe
shis S A HH([3-4]2 ol 4k RAolth

71&e ARSEl gE o] 7YY BAFELE AL SF
g7} ofgche H]ld], ¥ ATl =igket Frzst A
ZA32Le =59 ARE A kg HAIe=R
AIAA F8dle 5L 7R Qlo} WA AXHE F
ol F3AYHe EAE sidsl £

g3 B dedMe Atd ZiYE 8 5P
dolEE AAztez BIANA AAe A FrE A&
Aoz B2 vresl AsAzie] a7EHE 7IEZY
o] L BRAANAT, st=olE TAIsl] 48 54&
T3 ch

o o K

(LIPN)

= HeHG M=y

B2 odpda AoE AuAs AR (LIPN) 2
O 13 o] 2 727 dF A
Ack 2z =7t A9 |lHgh ¥ oohust I =
£8gol 4d $HIIEE sk dFATRE /MY, 49
o] 9z FRE FHe] e Fztel AEsHA AAAA
AdaH Frel BIE7} olFoZidh Oy 12 AYE
Audst ARz 1apdFzelt ayedM ;¢

P 27§ wA Qen 28e Jsle, N, & i
WA =S Uehid, AARE ¢ &

AYAZA AFFzol|t). ojaF 1A LIPNY 7§ A =
=9 2¥& A3 2k
Pi=fleili+ ZC,;,-HPH/]; I==%1 N

i AA k=9

179} w2 FAEe]

AN f & WFY xse] B Yol

ARz 7 moe PAsd dHIUNS 49
o YA wee] YY) Vs Aess) Az
B 7Esle) #eg AEAIT,

JE .

Niotst AZSIZ0] 1 XIA St (o=0) =

$ AAYeF FEE Sumd MAX So dibe 9
sl B A7vHsub networks)E  #H3F-F(compound
structure) 2 7HA® =4 costell &J&] HA9] w]go] &
25 WIe 2= 9Es 3tk 4 xsede Al g
g 7l Q21 QA== Eog RE T2 cost
7b AR REE A W 4 x=9 FYe=s
A7bd g § F Hulg gro] £¥4A.

A7R3sgge 7t =Sx GAEE HIIL] A
o} gAgh =9 Y AEeh A== AEAHRE
P 7458 £8& &AL

2.2 I MHIZBO| AHARA T
A8 BEFRAAY T AYEHSte =2 249
G dlolel g ol AW 71WE F3 Moz A4
37] flsiMe uAdy JIVHR T2 disid H3AY
)% #9E Fil S AT, old dBZE
= AFA AZA7E 71%E 7HAok g & a7l
AQH ArAdn ARz ede] dAFEE KIS A
3 el Yoz AFAe Y 54 deTh
(Al §1¥el e ==v 497 FE AZ2A=EY
#e FHAN
[Bl 93] @& x=v A} ==2%EHY 4F
Z=e] WEE e AU,
4 e f 7F A% B4Yed W, APBE ¢ §

Ah= AARE W' & 2¥Y9 AFR= vy, 2

—24 —



2 o] 2719 AARE W E AEH 4 @2 %
718t 4= Qluh,
Oi = w* (W'l + 20 1141 Oy K= +1 (2)

wel w® 7w Bo An w'h w o duAel
W, A @% A @) g

0, = w'(w'l) = I 3)

7|M, =29 W' 22 (A1 BEATIY] AN
= dgo] gl =0 dojA] uj$- Folok Fr} rEdk gk
A w7t w ROl 3w A 2 A @

0; = w' ( Z w“,—_,-+10,-+,) ; =1 (4)

s

w7t —=l—— ojm, glEgte] Yl e
?,a W ii+i

Q=9 AFATY HEgtez BIMA7IA doh a8
22 zd [BIE 9FHEAIIES xso AARE »'E

w' Boh WA 7o} ok

waly T2 $8F BN Qe Ea 58
ol SFEsle g nYY AAREY ;e A=z
R e AARE Z+e AYAITH

2.3 Aost AGxg MHgI=US
OlEst SANAY w3l
FHAGYL Fold AF zUslIA Al oz KE
EAAAA olze HAS HERE Tohe A P
oltt. ¥ 29 & 2x ARY A2 A AR

Ctm-1.0).m-1.6-1) Cimap(m-l.n)
Y \ /Gm.n
N
~ Cimanm.a-1)
T Cmaeimetiaty
R Uad) (I I R AT A
~
\
4ad) (i1,

Co.100 Clenidi),

So0 X
\Qt.ox(om
8 2. SHNERES I8t 2K 24X A=
S00M EAA Gimn) AHe] ol2y Huo o]
(benefit)] Z2= Q044 (1,0) ¥ s A=
OD H& Ak 32 F olY(benefit)o] © & R0

ok ek (L0 (ODE e HHA oj2& Ao oly
Chio® Chyy 2 92 U9, 00 Hoziy
10& A Z2x]o| o]} &
Can.oont Chroo2 N80, ODE AN &
o] ol o] Cone.ont Cor 7t =9,

00) Hoz BE B o2 Ay o]} C', <

ozt

Clo.0=MAX{ C oot Cro. )
Cwno.nt Corl

ojt}.
2H#H Q. A FAAYYE HEA7) delie #,
- 939 epipolar A& AF X, Y Fo= 39 7 Az
A ARl ST SAE e A5 JRUE 4 =59 o
dgtez zte AFFHE PSR ey -'l% 299 A
Ttz 3hs (7,7) MA =28 Ave 229 g o
q Cy; &

Cii =MAX{ Civrrpin™t C‘H-l‘.i C®
: Cunint Cijrr}
o]t}

Chrrpin & Cliryj Aolel ) FUES 4
a3 Cjrnin & Clijer Aol F) FUE
g MR $HY T AEE MAX SUEe] A7)
T2 F HYAE Ased ', B s AREY
TA%E Al FHAL. CvipGy &
Cuj+n.ape (G170 333 (4,7+1) 23l

ek blasZ Fshd 4Al 782 £ Jen, MAX net
T Holt= 32F o8 e Tddn

tlo

3.8 &8 X dx
A2t 2 st AddR Y

AAEZe ELEA YA Doi HEY AR
oM dAZES] Bt SA4E AF] A3 oS 2" 3
dAe A7 k=9 08A k=t 8UA k=o] 47
07 109 & Arket AAFES A7) dest] 2
A 54 AY e 2tk 29 3904 B A A
Ade Auds AZ2Ye AFAAE F@ol w; =05

S wy=05[(Q)8] 7ol APHENE FYFE &+ A

—25 —



T2 3. st GiASE 3= IPNO] B2t =M

g Asiznte] Bk A48 gRlEy] sl 59
Aol dojx= 2HL F4S 1Y 49 o] AFA U
o] AL a2 gixjsid 54 4EE S =
AFR-E SR EE A A(EHEA ARWE AL
o, dAGET & oA Ao FAE 2 AT AT
gke AN A E F2317) 93] sobel operaterE
AHEEIer, EFo2 AR oA JATS 100 )
Atk oA Hxlo] uiF Ak FH(3, 4oA At
45 AT AdEE ASsldern] A% vlia AR
XY & % 465, 135= A9 17 X 179 ar|¥ch 29
5 4 53PEC it AAHRE Aeet FrAg A
A3 2GS ALty YAy E4NEL ST 94
HATH S Zdold £ 312 W2 FET J4AHRO
o} o7]A B He sulgzRy sk A AE
FY3t O3 62 SAAMSWY] g4 AR Aot
ARAnt JdRszgel] o Ax JYHEZ HIAA
TFaR AYARGGE Axgdes Ve adely, Z
grol & & e 349 9xE sioleieke] A2jst vt
7Hre uidit) o] A4 Amg, EA4H dgEE A
g ARZEE Ax G- g AR HAlz xz3
AA AEate] 1 FPAJo] doja|z Exjol ulgt A
& ARAEE P 4+ ALS AFAA Foh

(a) 2H% 34 AR
J3 4. AHINIQ HIM ABlE 945t & 3

b5 4 38

38 5 SHHO| ¥aE 0 O™ 6.

SKIE [t

LIPN el e my 2 0I8&t A
ciEd rd s
o

3.2 ol=EA0l 18 U 54 Al

3.2.1 ol=7I0l &l

Aokt AAsEF melo] HHF HIF EAlo] UL
2 AZs) g8 AAY s=golg TASAL o 3
S¢lols A7 szl Qs 2L 98 AAL At
NA HPAEYS ZEE WE oldza ICo A% A
ol g3t I 7#H ol & AR wog FAse 54
Age Qs 0y 89 2e ATE o] 947 u
E4e 23 98 AZSAh

29 79 3RAA x=9] ql2e] V;, 22 FojR|u,
A4 w2y Ve 3 X 4 X 7} sActh x5
9 2Ye HER Vo2 vhehir)

3.2.2 LIPN ol=510l S4&s!
10 718 ==g 7k YA LIPNe| seslol e
AAaAz TSI, TAY sh2slels]l §448S 9

a8 7. Olg=2 IC Sl olol FeE 8t ==
i= 0 =

slo] $ANEE wsol FEU] ARl BAEA
2 i A9AnE narh



29 88 FHAIE v 3R B4 93
o} 7t ol of Bde] dE Fv| P4E Aztsach A
goll ALY A% FIee 2kHz] ol o] Az §3
Asol g B AT R A Lo} olFHA »E
ol FAvte}l 7S A Arletd F FHNE Al
B ARE B Aotk

Node 1
(Input}

(Input)

$50.000 ms

-50.000 ms 000 &
10.0 ms/div

38 8. &gt & A&
010l =2t &3t

=

AOIC] 1XH LIPN ol=sl

2L AT FHe AYAREE TIWAA AHxpHos
Z HAH0e B £ At ¥HE ==9 At
R WA wEo] 7MHeSE Azl /AR ol
WA 2o 7i7te] Zﬁé T 7k FE L F
Ak F ABIET = Apo]o] MM Az AL oF
6lus] A=k

4.3
& dTdME A AelA] EFlF Alxd] FA
AP &ddhs SLEAY AR Bag AN A
AdE #de Ao 2l Jde] At A
A A AR B4 HAE T BHoR AN B
54& e A2 A3Ye e
Add s ABA2YE olFF Pl A I
FHEE 7122 st 2HyQ HA A 499
ARl g A EAY SHAEY TP M
A sFnk aea SF g4 o AL ARE A%
o olFF Folnl 5HY F4e Y AUz 3
A AR AN A BAE sAANRT £
At LIPN A72% 2dg st=dojzon FAs

x [y
1]

AR Fusel AN B 54 HIE Y

OIN 8

54
shgle.

&= ol
o=

[1] Cordelia Schmid, Andrew Zisserman, “ Automatic
Line Matching across Views ”, pp. 666-671, 1997.

[2] V. Venkateswar and R. Chellappa, “Hierrachical
stere0 and motion correspondence using feature
groupings”,IJCV, 19%5.

(81 Y Kanazawa and K Kanatani, " Direct
Reconstruction of Planar Surfaces by Stereo Vision
" IAPR Workshop on MVA, pp. 285-283, Dec. 1994.

[4] Y. Ohta and T. Kanade, ” Stereo by intra- and
inter-scanline search using dynamic programming ”,
IEEE Trans. on Patten Analysis and Machine
Intelligence, Vol. PAMI-7, no.2, pp.139-1%4, Mar. 1985.
(5] Y. Yakimovsky & R. Cunningham, ” A System for
Extracting Three-Dimension Measurements from a
Stereo Pair of TV Cameras ", Compuer Graphics and
Image Processing 7, pp.195-210, 1978.

e 1

fol

—27 —



