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A Study on the Estimation of the Number of People through Photographs

Junhyeok Lim - Kyungjae Lee - Dongwook Cho - Seunghun Jee - Incheon Science High School
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ABSTRACT

In the completion of a big festival that involves many people, the number of participants will be announced,
There could be up to 5 times differences in estimation, Therefore in this study, we designed a mathematical method
for estimating the number of people in the event more precisely through photographs, We selected the time when
people are mostly gathered, In addition, we noticed that the area in the photograph is different from the actual
area(festival) and the unseeable areas of vanishing points can be appeared., To amend this error, we considered
the ratio of the area in the photograph to the actual festival area, Finally, we divided the area in the photograph
that have same actual area and organized the population of each section to estimate the number of people
statistically,

Key words . Estimation of the number of people, Maximum population time, Vanishing point, Population density
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[Fig. 2] Gaussian distribution curve
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| TABLE of CRITICAL VALUES for STUDENT'S t DISTRIBUTIONS ]

[ Column headings denobe probahiliies {« | above fabulated values. |

0.40 0.25 0.10 | 0.05 0.04 | 0025 [ 0.02 001 | 0.005 | 0.0025 | 0.001 | 0.00DDS
0.325 | 1.000 | 3078 | 6314 | 7096 | 12706 | 15804 | 31.821 | 63656 [127.321[318.280] 6356.578
0289 | 0816 | 1886 | 2020 | 3370 | 4303 | 4540 | 6965 | 9925 | 14080 [ 22.328 | 31.600
0277 | 0.765 | 1638 | 2353 | 2605 | 3182 | 3482 | 4541 | 5841 | 7453 [ 10.214 | 12024
0271 | 0.741 | 1533 | 2132 | 2333 | 2778 | 2990 | 3747 | 4604 | 5508 | 7173 | B.610
0267 | 0.727 | 1476 | 2015 | 2191 | 2871 | 2757 | 3365 | 4032 | 4773 | 5804 | 6.B60
0.265 | 0.718 | 1440 | 1043 | 2104 | 2447 | 2612 | 3443 | 3.707 | 4.317 | 5.208 | 5050
0263 | 0741 | 1415 | 1895 | 2046 | 2365 | 2517 | 2608 | 3498 | 4029 | 4785 | 5408
0.262 | 0.706 | 1,307 | 1860 | 2004 | 2.306 | 2440 | 2806 | 3.355 | 3833 | 4.501 | 5.041
0261 | 0.703 | 1383 | 1833 | 1973 | 2262 | 2398 | 2821 | 3250 | 3680 [ 4297 | 4781
10 | 0260 | 0.700 | 1372 | 1812 | 1048 | 27098 | 2350 | 2764 | 3960 | 3581 | 4.144 | 4.587
11 | 0260 | 0657 | 1363 [ 1796 | 1928 [ 2201 | 2378 | 2718 [ 3106 | 3497 | 4025 | 4437
12 [ 0259 | 0695 | 1356 | 1782 | 1992 | 2179 | 2303 | 2681 | 3.055 | 3.428 | 3.030 | 4.318
13 [ o253 | o6d | 1350 | 1771 | 1060 [ 2460 | 2282 | 2650 [ 3012 | 3372 | 3ps2 | 422
14 | 0258 | 0692 | 1345 | 1761 | 1887 | 2145 | 2.264 | 2624 | 2077 | 3.326 | 3.787 | 4.140
15 | 0258 | 0891 | 1341 | 1753 | 1878 | 2131 | 2240 | 2602 [ 2647 | 3986 | 3733 | 4073
18 0,258 0,590 1.337 1.7T46 1,889 2120 2.235 2.583 2.9 3.252 3686 4 015
17 | 0257 | 0889 | 1333 | 1740 | 1862 | 2110 | 2204 | 2567 | 2894 | 3277 | 3646 | 3.665
18 [ o257 | o688 | 1330 | 1734 | 1855 [ 2401 | 2214 | 2882 | 2878 | 3187 | 3610 | 34932
19 | 0257 | oBa8 | 1328 | 1729 | 1850 | 2003 | 2205 | 2530 | 2881 | 3.174 | 3.579 | 3.883
20 | o257 Joea7 [ 1325 [ 1725 | 1844 | 2085 | 2107 | 2528 | 2845 | 3153 | 3552 | 3.850
21 | 0257 | 0686 | 1323 | 1721 | 1840 | 2080 | 2189 | 2.518 | 2831 | 3.135 | 3.527 | 3.819
22 | 0256 | o&ne [ 1321 [ 1717 | 1838 [ 2074 | 2183 | 2608 [ 2@190 | 3110 [ as05 | 3702
23 (0256 | oGa5 | 1319 | 1714 | 1832 | 2080 | 2177 | 2500 | 2807 | 3.104 | 3485 | 3.768
24 | 0258 | o885 [ 1398 [ 1711 | 1828 [ 2084 | 2472 | 2402 [ 2707 | 300 | 3487 | 3745
26 | 0256 | 06Bd | 1396 | 1708 | 1825 | 2060 | 2167 | 2485 [ 2.787 | 3078 | 3450 | 3735
26 | 0256 | 0684 | 1315 | 1706 | 1822 | 2086 [ 2162 | 2478 [ 2779 [ 3.067 [ 3435 [ 3707
27 | 0256 | o684 | 1394 [ 1703 | 1810 | 2o52 | 2158 | 2473 | 27v1 | 3087 | 3421 | 3e39
28 | 0266 | 0683 [ 1313 [ 1701 | 1817 [ 2048 | 2164 | 2467 | 2763 | 3047 | 3408 | 3674
28 | o256 | 0683 [ 1391 [ 1609 | 1814 | 2045 | 2150 | 2462 | 2756 | 3038 | 3306 | 3660
30 | 0256 | 0883 | 1310 | 1697 | 1812 | 2.042 | 2147 | 2457 | 2750 | 3.030 | 3.385 | 3.648
M [ 0256 | 0682 | 1300 | 1696 | 1810 [ 2040 | 2144 | 2453 | 2744 | 3022 | 3375 | 3633
32 | o255 ) 0682 | 12300 | 1694 | 1808 | 2037 | 2149 | 2449 [ 2738 | 3.015 | 3.365 | 3.622
33 [ 0255 | 0682 [ 1308 | 1690 | 1806 [ 2035 | 2138 | 2445 [ 2733 | 3008 [ 3356 | 3611
3 | o255 J o682 | 1307 [ 1691 | 1805 | 2032 | 2136 | 2441 | 2728 | 3002 | 3.348 | 3601
35 | 0255 | 0882 | 1306 | 1690 | 1803 [ 2030 | 2133 | 2438 | 2724 | 2006 | 3.340 | 3.501
36 | 0.255 | 0681 | 1.306 | 1688 | 1.802 | 2028 | 2131 | 2434 | 2710 | 2000 | 3.333 | 3582
37 | 0255 | 0681 | 1305 | 1687 | 1800 | 2025 | 2128 | 2431 [ 2715 | 2985 | 3326 | 3574
38 | o255 | o681 | 1304 | 1686 | 1790 | 2024 | 2457 | 2420 | 2742 | 2080 | 3319 | 3866
38 [ 0255 | 0881 [ 1304 | 1685 | 1798 | 2023 | 2126 | 2425 | 2708 | 29878 | 3313 | 3558
40 | o255 | o681 | 1303 | 1684 | 1706 [ 2021 | 2423 | 2423 | 27od | 20M | 3307 | 3851
80 | 0254 | 0872 | 1206 | 1671 | 1781 | 2000 | 2,000 | 2300 | 2660 | 2.915 | 3.232 | 3460
80 | 0254 | o678 | 1202 | 1664 | 1773 [ 1000 | 2088 | 2374 [ 2639 | 2887 | 3195 | 3416
100 | 0.254 | 0677 | 1200 | 1660 | 1769 | 1084 | 2081 | 2364 | 2626 | 2.871 | 3.174 | 3.390
| 120 | 0.254 | 0877 | 1280 | 1658 | 1788 | 1080 | 2076 [ 2358 [ 2617 [ 2.m60 | 3.160 [ 3.373
140 | 0254 | 0676 | 1288 | 1656 | 1763 | 1077 | 2073 | 2353 | 2611 | 2852 | 3149 | 3.381
160 | 0254 | 0878 | 1287 | 1654 | 1782 | 1675 | 2071 | 2360 | 2607 | 2847 | 3.142 | 3.352
180 | 0254 | o676 | 1286 | 1653 | 1981 [ 1873 | 2068 | 2347 | 2603 | 2842 | 3135 | 3345
| 200 | 0.254 | 0.676 | 1.286 | 1653 | 1.780 | 1972 | 2067 | 2345 | 2601 [ 2838 | 3.131 [ 3.340
250 | 0254 | o675 [ 1285 | 1651 | 1758 | 1060 | 2065 [ 2341 | 2506 | 2832 [ 3123 | 3330
inf | 0253 | 0874 | 1282 | 1645 | 1751 | 1960 | 2064 | 23268 | 2676 | 2807 | 3.080 | 3200

P O S 0 Y

[Fig. 4] Critical values for student’s t distributions
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[Fig. 8] Change of vanishing point by forward and backward movement
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(Table 1) Amount of rice in 100 zone

26.5 2515 27.5 21 33 27 27 30.5 285
155 245 29.5 15 37.5 335 30.5 245 29
27.5 235 30.5 18 31 17.5 235 235 21.5 24

26.5 30.5 295 - 25 295 235 26 17
21 26 31.5 16.5 27.5 27.5 16 16 - 20
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20

15 1

10 4

10~15 15~20 20~25 25~30 30~35 35~4040~45 45~50

[Fig. 15] First rice experiment's graph
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(Table 2) First experiment's sample




(Table 3) Second experiment's sample

(Table 5) Each experiment's result

18 A et 29 Al 3Wl Al
SER 28,133 26,450 27,850
ERIZAA} 6.748 6.543 8187
95% Al=|-3 [25.616, 30.650] [24.010, 28 890] [24. 796, 50,904]
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(Table 6) Amount of rice in 100 zone

535 425 o 485 505

47 335 68

52 635 67 76.5 44.5 62 72 49 56 47.5

37 45 55 56 45 - 75 73 - 79

65 765 49 61.5 471 37.6 43 46.5 335 38
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[Fig. 16] Second rice experiment's graph
ot 49,830 wZIA 2 AlFe] A7)7F 581 S| AR vhaat P
feFd o 7he7t BEESA YEelgon, Heto]l 25k Al =4avb 7P 34 e

TR 1S Al A A

(Table 7) First experiment's sample
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(Table 8) Second experiment's sample




(Table 10) Each experiment's result

19 ARy 3t oW Al s 3l Al st
IR 53 366 52.92 54.55
FEEZEHA} 16.814 19.17 15,933
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[Fig. 17] A photo of wheat and soybeans
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(Table 11) Amount of wheat in 100 zone
17.6 20 15 16.5 16 195 18 235 29 23

T W s s s s w5 ws s
» Il - DO = | 7 7w

21.5

16.5 185 289 20

33 21.5 30 19
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27.5 20 22 185 . 29 22
17.5 31.5 285 31.5 24.5 225 28 32 19 -
16.5 33 19 385 16 38 32 16 19.5 29
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(Table 15) Each experiment's result
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95% Al=]7-3t [18.185, 23 316] [18.488, 23 .946] [20.728, 25.938]
dekel vlgR 24 & [42.294, 54.233] [43.003, 55,698] [48.21, 60.532]
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[Fig. 18] Example of program
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A A =2
from random import *
while True:
n=int(input("H&ZS] 4=:")
m=int(input("H:")
d=int(input("&Ak:")
while True:
group=list()
Sum1=0
C=0
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for i in range(n—1):
a=(d**(1/2))*(random()—random())
group.append(a)
Suml=Suml+a
C=C+a**2

if (—(d**(1/2))(Suml and Sum1{(d**(1/2))):
group.append(—Sum1)
C=C+Sum1%%2
break

for i in range(n):

Sum2=0
Sum3=0

groupli]=groupli]*((n*d/C)**(1/2))
grouplil=groupli]+m

for i in range(n):

Sum2=Sum?2/n

Sum2=Sum2+groupli]

for i in range(n):

print(group)

print("SL AT Bt
print("ER T AT
x=int(input("5%

Z=X

Sum3=Suma3+(grouplil—-Sum2)**2

" Sum?2)
" Sum3/n)
314=")

t=int(input("F&2 ko] 417)

Sum6=0
group4=list()
while (x)0):

x=x—1

group2=list()

group3=list()

for i in range(n):
group3.append(i)

for i in range(t):
R=randint(0,n—i—1)
R=group3|[R]
group3.remove(R)
group2.append(group|R])

print(group?2)

Sum4=0

Sumb5=0

for i in range(t):
Sum4=Sum4+group2|i]

Sum4=Sum4/t

Sum6=Sum6+Sum4

for i in range(t):



Sumb=Sum5+ (group2[i]—Sum4)*#2
group4.append(Sum4)
print("3E2 Ht:" Sumd)
print("FEE EAF" Sumb/(t—1))
Sum7=0
Sum6=Sum6/z
for i in range(t):
Sum7=Sum7+(group4li]—Sum6)**2

print("EE Ht
print("EE Hat
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Identification of the Way to Fold Regular n-gons When n=7, 13, 19 and 37

Dongwoo Lee - Mingyu Kim - Sangjun Park - Sungmin Jun - Daejeon Science High School
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ABSTRACT

The purpose of this study is to fold some regular polygons which cannot be constructed with Euclid construction
tools, It is known that paper folding is the expansion of Euclid Construction, so it is able to fold some regular
polygon which cannot be constructed with Euclid construction tools. This study found the method to fold regular

n—gon by finding a cubic equation of which the roots include cos 2%) and the coefficients are foldable real numbers,
and drawing its root, COS(%T), on two—dimensional plot, Eventually, this study showed that finding the cubic
equation of which the roots include cos(%) means finding the method to fold regular n—gon, and succeeded to

find how to fold regular n—gon when n=7,13,19, 37,

Key words . Origami, Cubic Equation, Regular Polygon, cos(%r), Construction
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[Fig. 4] Origami Axiom 4
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A Research about Problems and Improvement of Bus Network in Jeonju

Donghyeon Gwak - Dongmin Park - Minseo Jo - Jeonbuk Science High School
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ABSTRACT

Recently, many cities have encouraged citizens to take the city bus for solving traffic congestion, environmental
pollution, etc, Jeonju, which is one of the cities, changed the bus route lately, which remained deficient in terms
of efficiency in not only arrangement of the bus stop but also division of the bus route, To solve these problems,
we suggested alternatives about developing bus routes by the Model of Optimal Bus Route and rearranging bus
stops by analysis of traffic—vulnerable area, Prediction Model of Optimal Numbers of Bus Stops, and ideal distance
of bus stops. And those alternatives are proven to be improved by the evaluating indicators such as average degree
of sinuosity, numbers of direct passengers, etc. We hope this research to be used to resolve the problems of bus
network in Jeonju and to improve bus network in other cities as well,

Key words . city bus, bus network, bus stop, developing bus route, arrangement of bus stop
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3) W47t AAlgs R
(Table 4) dispersion of correlation coefficient between variables
A% A e e =2 A8 39%
e Ty g o ww ¥ g Wy wg
Rl 1 - - - - - - - - -
7ht4e 0.982 1 - - - - - - - -
Z744
EEXiO 0.688  0.710 1 - - . _ _ _
57
o1¢] 0.536 0.536 0.602 1 - - - - -
Bl
ole 0.507 0.510 0.566 0.993 1 - - - -
oobt o5 0525 0586 0998 0998 1 - - -
k! 0.647 0.633 0.704 0.637 0,587 0.615 1 - - -
=
;ﬂ 0.491 0.476 0.440 0.477 0.432 0.457 0.925 1 - -
RS
s -0.225 —0.265 —0.056 0.067 0.067 0.067 0.108 0,031 1 -
arolQ
Om'jjo -0.049 —0.103 —0.461 0.004 —0.002 0.001 -0.093  —-0.072 0.028 1
4) FAAE BA ogh Wt
42 X
1.0
| M2=
0.5 / GhARIR_pr
= : sirela_e |/
& y "n: 5N
% e ETE s
eI
lgaps_p |
-0.6- EEa- )
-1.04
T T T i ]
-10 -0.5 00 05 1.0
H481
[Fig. 8] Groups of variables by principal component analysis
FAR BAAT 3 57450 A on 2t 2R HUR o] AdE T WeE T B A
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(Table 5) Selected groups of variables

2 W
i) A, TS, F74wA
|AEA) SARRIY, sARRIY, SskAkelY
) RN
4% (FANEA) el
AAEAD) e R R
5) 3 B0 23t mETE
2o wae) 48 Rgo] P AT 24 el BEOA 1Y AL wy 38 YR 4 Aundz
sl BAE mFo| RPZES 07988 wjo Muelo] ow] A4o] tzhe S-95lal SoJEELE 0.050]5
olv] th FAY B4 Ak FAgo] tehi] o Ao melr

(Table 6) Constructing models by backward regression analysis

R R S48 B A E2OA
1 0.898 0.806 0.756 183.02344
2 0.897 0.804 0.765 179.35455
8 0.894 0.798 0.770 177.68555
4 0.882 0,777 0.757 182.40565

(Table 7) Analysis of varience table

Al A B Al F o=
A3 EA 2651740.6 5 530348.115 15,832 .000
2k 636483.986 19 33497.578
A 3288194.6 24
AFs]Ea 2644833.5 4 661208.365  20.555 .000
2k 643361.100 20 32168055
gl 3288194.6 24
AF3EA 26251793 3 875059.760  27.716 .000
ZEA} 663015281 21 31572.156
A 3288194.6 24
A3 PEA 25562145 2 1278107.3 38.414 .000
ZEA| 731980.032 22 33271.820
A 3288194.6 24
(Table 8) Coefficient table

v F 20} 7:11# i F5=3) Al . Somg ?@*é A

B FE0A} e AR VIF
314,693  134.513 2.339 0.029
13,751 3,531 0.503 3.895 0,001 0.575 1,738
8.659 5,859 0.218 1.478 0,154 0,442 2.265

25,674 12,182 0.303 2,108 0.047 0.466 2.145
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(Table 9) List of old bus routes
A 2t =2 5
Me o s Lo E3E
350 73 45678910 11 12 13 68 69 65 82 114,87
354 76 32 41 48 49 50 26 37 78 9 10 11 12 13 68 69 70 63 64 65 82 170.01
380 73 45678910 11 12 13 14 15 67 66 81 111.49
383 75 1235424252637 789 10 11 12 13 14 15 67 66 81 128.36
385 77 42 41 48 49 35 25 36 37 7 8 9 10 11 12 13 14 15 67 66 81 178,25
420 o * 74 25354 242536675689 10 11 12 13 14 15 67 17 80 142,75
470 o * 73 4567568910 11 12 13 14 15 67 17 80 120,29
500H o * 77 42 41 48 49 35 25 36 37 7 56 8 71 30 31 60 61 85 157.32
540 H* 73 45678910 11 29 30 31 60 61 85 115.82
752 83 64 7069 68 13 12 11 10 9 8 56 7 6 55 91 111,98
800= ol * 76 3233343525366 787159 88 112,77
FA20WTY) 423, 424, 425, 428
FATORHTY) 470, 475, 479
*500%Ht)) 511, 513, 514, 515, 520, 521, 522, 535, 541, 543
*5409t)]) 508, 536, 542, 545, 546
#3800 d}) 807, 814, 816, 834, 837, 839. 855. 866
ool 71 Al 117H%; At A 347, & 45719 wAS Adste] XF wAYS sk HES
ofgff o} Fom, 7|E wAlol= 59 AHYsHrt



72 | ZHAS 3tstate|eiTL o The Journal of Youths in Scientific Research ® Vol. 3 ® No. 1

(Table 10) List of final bus routes

1 84 62 63 64 70 69 68 13 12 40 28 39 10 9 8 56 7 37 26 25 24 54 3 4 73
2 80 17 16 15 14 13 12 40 28 39 10 11 29 30 71 57 56 7 6 5 72
3 85 61 60 31 30 29 9 10 11 12 40 28 39 38 27 52 51 50 49 35 53 2 74
4 85 61 60 31 30 71 8 56 7 37 26 50 49 35 25 24 4 3 54 53 2 74
5 76 32 33 48 47 46 45 21 22 23 28 40 12 11 10 9 8 71 30 31 86
6 73 4 24 25 26 27 38 8 9 29 11 12 13 68 69 70 64 65 66 67 16 17 80
7 89 58 57 56 78 9 10 11 12 40 28 23 22 21 45 44 43 42 77
8 82 65 69 68 13 12 40 28 39 10 9 8 56 7 37 36 25 35 53 2 74
9 76 32 33 48 47 46 52 27 38 8 7 56 57 71 30 60 31 86
10 80 17 67 16 15 14 13 68 69 70 64 63 62 61 60 31 30 71 57 58 89
11 75 1 34 35 49 50 51 52 22 40 28 39 9 10 11 12 13 68 69 70 63 64 83
12 91 55 56 8 38 39 28 40 12 13 14 15 16 17 67 66 81
13 85 61 60 30 71 57 56 7 37 26 50 51 47 42 41 32 33 34 1 75
14 73 4 24 25 36 37 7 56 57 71 30 31 60 61 62 63 64 83
15 80 17 16 15 14 13 21 20 44 43 46 47 48 49 50 26 25 35 53 2 3 4 73
16 86 31 30 29 11 10 39 38 27 26 25 35 34 33 32 41 42 77
17 89 58 59 71 30 29 11 28 39 38 27 52 46 43 44 20 19 18 79
18 77 42 41 48 49 35 25 36 37 78 9 10 11 12 13 14 15 67 66 81
19 73 4 24 25 26 50 51 52 22 23 28 11 29 30 60 61 62 63 64 65 82
20 90 57 56 78 9 39 28 23 22 21 20 19 14 15 16 18 79
21 76 32 41 42 43 46 45 21 13 68 69 70 64 63 62 61 60 31 86
22 83 64 70 69 68 13 12 11 10 9 8 56 7 6 55 91
23 86 31 59 58 57 56 7 37 36 25 35 53 54 3 4 73
24 91 55 56 8 38 39 28 40 22 21 45 44 20 19 18 17 67 66 81
25 81 66 67 16 15 14 19 20 21 45 46 47 42 41 32 33 34 35 25 24 54 53 2 74
26 73 45678910 11 12 13 68 69 65 82
27 91 55 56 8 71 30 31 60 61 62 63 64 65 66 67 17 80
28 75 1235424252637 789 1011 12 13 14 15 67 66 81
29 85 61 62 63 70 69 68 13 21 45 44 43 46 47 48 49 35 25 24 54 3 4 73
30 81 66 67 16 15 14 19 20 44 45 46 52 51 50 49 48 33 34 1 75
31 90 57 71 8 38 39 28 40 22 21 20 19 18 17 16 67 66 81
32 83 64 70 69 68 13 21 45 46 52 51 50 49 48 33 34 35 53 2 74
33 76 32 3334 3525366787159 88
34 77 42 41 48 49 35 25 36 37 7 56 8 71 30 31 60 61 85
35 79 18 19 20 44 45 46 52 51 50 49 35 25 36 6 7 56 57 58 89
36 79 18 16 15 14 13 68 69 65 64 63 62 61 60 31 86
37 73 45678910 11 29 30 31 60 61 85
38 79 18 19 20 44 43 42 41 48 49 50 26 37 7 56 57 58 59 88
39 76 32 41 48 49 50 26 37 78 9 10 11 12 13 68 69 70 63 64 65 82
40 78 19 20 44 45 46 52 51 50 49 35 25 36 37 7 6 5 72
41 79 18 19 20 44 45 46 52 51 50 49 48 33 34 35 53 54 24 4 73
42 73 4567891011 12 13 14 15 67 66 81
43 91 55 56 57 71 59 31 60 61 62 63 70 64 83
44 73 456756891011 12 13 14 15 67 17 80
45 T4 2535424 25 36 675689 10 11 12 13 14 15 67 17 80
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(Table 11) Arrangment of bus stops

Y45 NE ARE 4 A AR 5 Wzt
FUE 22 29 7
FE 23 27 4
wHE 92 27 5
b} 8 14 6
A 35 38 3
M A EHE 15 20 5
F3AHE 9 12 3
FH2E 22 27 5
KA 39 46 7
HaH % 7 8 1
el 70 60 -10
AH1E 12 14 2
A% 13 18 5
AHH3E 89 83 -6
RS 7 6 -1
AT 14 18 4
X3S 8 12
FAE 127 121 -6
W55 30 25 -5
SRR 17 21 4
A5 13 13 0
AF-3% 29 31 2
ERES 45 46 1
Zon%E 23 23 0
925 7 8 !
B 35 31 -4
-011% 15 24 9
0125 43 38 -5
%5 46 41 -5
$H1E 24 30 6
$H2% 69 67 -2
235 71 66 -5
EAE 91 73 -18
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[Fig. 13] Rearrangement of bus stops of Geumam 1-dong [Fig. 14] Rearrangement of bus stops of Songcheon 1-dong
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(Table 12) Comparison between old network and final network

B ES| 2 A A
ESSENOE:RTN) 41931 41931
235 YAHB) 32638 38271
12}2k5E Y AHO) 8117 1319
ZEIY2HB+C) 40755 39590
275 YE(B/A % 100) 7 91
1242554 E(C/A) 20 3
TEHE(B+O)/A) 97 94
Bt =3I = (%) 184.54 139.66
FEE 12.60 7.86
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(Table 13) Examples and evaluation of restructured routes

e Al NEwd AR
3301 12361
0 0
3301 12361
229.40 143.40
11.75 9.32
. o 2 5 < e R - i
WE E RS HE s SRS s T O dqus wshis WS
[e] [s]
71 18.03 11.62 10.53 8.33 2.23 4,98 6,92 13.50 16,53 6,31 4,48
7 23.71 13.64 12.92 14,58 2.41 6,64 9.23 16,56 19.49 7.21 3.84
e AHlE  ARE  aHse Gl Ados  BA3e  GME  ANE  QglE  A92s  oyee
7E 17.14 17.33 3.25 6.86 16.09 11.43 7.73 18,07 14,41 8.90 17,37
7HA 20.00 24.00 3.03 5.88 20.69 17,14 7.37 15,06 17.80 8.90 18,56
BIE  OdE  S9E  oo2s  BuE  Solly ooy SAE  AHIE  SWE  rEE  GAE
7| 9.38 16.08 6.73 5.09 7.08 1,92 6.09 0.24 5,07 2.93 5.35
7 9.98 16,08 7.69 451 11,32 1.70 5.43 6.55 5.41 2,72 429
|v. 22 2 22
2 AT AT Amwu BARE AAS] IS ARA Su, A S A ek wEE A
ojglon, ol 3| A A] AS] SAE oot 1 e vRiE S e o] A Weke e
Al Aol GlojA] WEE ODlE wrElde] /& ma o) Arde Solstgla ol wAAA Bt
x]&% SefaA Skt e A Tl R W7} ARE SHaslel L Auel ol AEHS o8 ot
4 olgleh, webd 1% Aol wel AFA AAe] W dmlge] o] W AHE w4 ARstgcks 2
of o7k ek T4 HiXel QoA ol SIF AT A AFsiIAE T, olF $l8) wEHEA &
A, o3 mE A4S ol 8RORN PRb WS SR WS ATsASel 9ost Atk o toprt A
A R u e RS gebA o Aehs WS AAGIORA AFAME oket ofejst Whe] thE A
ofo] ARA A R Al o] BEE 4 oS Aol 7|t
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ASX|X[(Reciprocal Frame) 72&2| EM 2 CIE Z=E
TZolo| HlmE S5t ok o
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Study on the Characteristics and the Stability of Reciprocal Frame Architectures
with Different Building Architectures

Minji Kim - Jihoon Kang - Sunghyun Kim - Dongwoo Lee - Gihyeon Jeong - Incheon Science High School

TEXER

Aot WA ASAR G B 0% P Agaitiehn 3ol Anelg, gl At A7 AL Ra
o]F ERHOR MOk 4 gl ol o) FEsH HY) o] lstel Sl A ABAX LEBE ARea, FLEY
SAE sotsialet. ek 4 shael o WRHE AR, @ B4, A5 4PIH0] MYRE 4r 24 288 A
A5, AodA Ea vlaste] JaxA e oPgA] thetel Apekeeh, A& Ak nexorade’t #BSHE HrY
TE|E olR A2 o 4 9otk MFHY Y B4 B 23, Nexoradest thIA| cheli Feo| ato] M2A B5E WY
AEL AR, Q9w Bih 084 B Wege] AUAE 3 B4 Be 12A ©4 Qolth RE ol Az 12t
V4 A4S o 4 U, ARHeR RF Bo| fhE pRESRT Hgelths A o 4 A
Filof © AEAA Fx, E, W WAL PRA, BojurE
ABSTRACT

This study was motivated to investigate how we could effectively supplement the structures using existing special
construction techniques by looking at construction material cost and the stability problem, For this, we have
produced reciprocal frame structures of on our own, identified its characteristics, and tested the angle of
deformation, force distribution, and vibration experiment, We found that all of the structures had circulating rings
of regular polygons, As a result of force distribution and the angle of deformation, Nexorade and Da Vinci bridge
showed even force dispersion and had various changes of angle. However, general domes and Geodesic domes
showed unequal forces on various locations and showed different changes of angle, In case of RF dome, rectangular
dome showed to be most stable among all of the RF domes, In conclusion, RF dome turned out to be or stable
than other structures,

Key words . Reciprocal Frame, Dome, Stability, Force Distribution, Tessellation

|1. v

FAE 1A =A Tyt WY HX} Al *Pﬁ"ﬂ Ji= 5= e
gt FQ%=rF SrFskal Qluk olegh ARalEel gk wAE FsHHA 3o WA g/l aukAQl A=
R ol Aol Q=] VR FAE AFgstgoen, 1 B4 AlE A A (Reciprocal Frame, RF) “-zof tff

slof TS 2 Hl9deh AEAA al nwE Laot gEstel @A AR 4w, Y eae AR
i =

o Ao ZHEIe 2 dAFtelMs A%
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1. 89 Fa

7}. AZ A A FLZ(Reciprocal Frame Structure, ©|3} RF 1X)

TFEES o)Fw wY 1o] v Y 25 offA AAskL, wie 29} ddEo] = vhE ) 30] i 1
E offolld Az A= A Zo] FAaaEo] AR FohdA AAFeRN FE BAY|ES dAE
25 wath 7P e el RE s [Figo 13 3709 Biije PR RF e Hdr) ofF
e @9 =Fo] BuffulE(tessellation) S olF = R AHA ¢ P22 Uw 5 U

SN

[Fig. 1] Basic RF structure consist of
three sticks

U, ZugrZ (Tessellation)

54 ERoR WU Ee 3E WERe] vdte ZE wRit HuijniEe) FRols
1t

hl [<] 6‘]—
O ool A ZfjgkEy) b BRI Algsto] o] K] Arp oz o] folxl Nhy | Zrfigliol
ek, & AtelAe o2 7 Aebdde olgstol v A Hujulag @t RE RS AEShaL, S
w0l B/ LE% FojAA FOo=M RF & AESIAth

t}, Nexorade (¢ RF LX)

RF 12 & Zu9s RF 125 U=E 722w 25 ouidtg, a4y, Ay, Jodd &
Aobd mopE o]|F= A9t Wk w9 RF xo 4 94E Engagement length (B3 o], FolA
EL 2 #7|8l= 4$%E 9), Nexor (4t]), Engagement window (FAA= HtjEo] o]f= =3)& A

sk QIoH2], i ATtolA= RF R HAIF 3 HAHRGE ofe}l Nexorade®] Engagement Length®b
Engagement window?] 40| 5-& ZAsHA o] FRo|A e ¢ HEARS mhelslitt
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g, th1x o8 (Da Vinci Bridge)

EYlda Aol Flev2e oAz 3R He|ZA2] folA oflR2 FE= o] e 19 g el Z
S3hd ol 7kl v 7p ofefioll AAHE UithE AR FRuA o] FHoR FitEe delE olEsto]
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[Fig. 2] A composed photo on the left (Enlarged photo on the right) shows the difference of the
height of the stick with the weight on it and without on it. The dotted line shows the height of the
stick without the weight, and the solid line shows the height of the stick with the weight.
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[Fig. 3] 3—nexorades with different Engagement
length



[Fig. 4] 4—nexorades with different Engagement
length

[Fig. 5] Nexorades with different number of the [Fig. 6] Nexorades with different the number of
sticks(3—6) having the same area of the the sticks from 3 to 6 without change of the
Engagement window Engagement length

W oA g

[Fig. 7] Procedures making the Da Vinci bridge. The left picture shows a unit structure.
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t} RF &

[Fig. 919 ZW2% RF 5 72 %0k vhgom welpasl 5249, AA4E, 44492 B 52 A%
shick. (Fig. 10] ) ot 718 uhe|S Abgsiaict.

Uniform Tiling

n

RF-Tessellati

RF-Graoh

[Fig. 9] Various designs of RF structure with tessellation
(Song. P.. et al., 2013)[1]

[Fig. 10] Hexagonal RF dome, square RF dome, and rectangular RF
dome from the left

SR B LAS F 2 Aol Abdoli wiEY] golak Fejol B ARskrh. Wilo] nzgel v
S WHE W 2 B A ARt oF 75 AR /5 A3 Ay Holt e wEe] 3 el A4
Aok, B ApoA WE F PaBe [Fig 1107 2ol AR Az 5, A2 B, 02 E, %7 Bol 9lov]
WA el 57t ol s o] ke ek Hol @9 Watel o mEA F Folek: FHS A9 A
B& steeh AN Bl A9 724 vl vrle) dolsk ek AW Axlste] utlol Lol we] Azt



[Fig. 11] Triangular dome, square dome, pentagonal
dome, and hexagonal dome (Ordered clockwise from
the top left)
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[Fig. 12] Geodesic Dome
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7}. 3—nexorade Engagement length ¥3}
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nexorade®| 4] Engagement lengthS 4~18cm W $lollA HSA| A o)

(Table 1) Difference of the angle between the stick and the surface as a function of the Engagement

length (Unit : ° )

E.L #o] 181 ooy 29w 39 uhff E.L. #o] 151 ooy 29 dhf 39 ahj
4cm -0.6 -1.29 -1.89 12cm —0.26 0.7 0.35
6em —0.63 -0.85 —0.87 14em -0.15 —0.72 —0.04
8cm -0.7 -0.73 -1.39 16cm -0.16 -0.15 -1.12
10cm —-0.87 —0.55 -0.73 18cm —0.87 -0.12 0.16

(Table 1)°ll4] Engagement length7} #=45 Wol WFHI A4S AA WS WAt whebA

Engagement length7} 225 ] 7+ Aoal-gal= 3o A7 A= 28 & 5= Qo

2) 3 &4t

09 33
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o7 2d
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08 14 [ [ [
o7 19
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05 1%
0d 1%
0319
02 7}2H|
[Fig. 13] Structure used in the experiment 6o 2 ¢ 8 8 b B U B

differing the Engagement length of the
3—nexorade

[Fig. 14]9] M=
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[Fig. 14] Load measured in the experiment
differing the Engagement length of the
3—-nexorade (Unit :N)
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(Table 2) Difference of the angle between the stick and the surface as a function of the Engagement
length of 4—nexorade (Unit : ° )

EL 1 24 s 4 EL 1 o2d  sd ad
Zol  wd up u u Zol  wd wd wm
4dem -1.32 —2.91 4.26 —0.40 12cm 0.15 -1.33 —-0.96 0.02
6em —-0.70 —0.58 =7.78 —1.09 14cm —0.06 -1.39 -0.11 —-0.39
8cm —0.49 —4.56 —-0.57 -1.27 16cm -1.01 —2.27 0.50 0.41
10cm —-0.37 0.13 —0.94 —0.96 18cm —-0.93 -1.02 —2.34 —-0.09

{(Table 2)°l4] Engagement length Zo|7} A& 4 = Aol Qo) 16em
nexorade®} 18cm nexorade® 7Z$ol= Zdlo] HIE= garo] AYE o 4= U}, ®3E nexorade
= Aol nE FdskA WgE AR diddloy, Hals Awrt Eolgt vzt 9L
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[Fig. 15] A structure of 4—nexorade used
in the experiment differing the
Engagement length

[Fig. 16] Load measured in the
experiment differing the Engagement
length of the 4—nexorade (Unit :N)

[Fig. 16]¢] Al&E&2 ZA| Aolol| gt Engagement length®] vl& W [Fig, 1504 & 4= Sli= 2t %
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2ol ul)] HEo| 7[R 3] Al A é F Zrolth, 3—nexorade? Engagement length W3l Alsl3}
TR7FA R Engagement length7b S7Feps 1) 2o 2Hgsk= 99 A7l A AXA 3wt 419
2-goh= 9o A7) AR Aopxlvk= éﬂﬁ% Eof ROl HAke]l & W5d] olFolA] EutFelAle S o &
Qltt. Engagement length Zo]7} 71(12~18cm) 2¥ nexorade®] #H-8-sl= glo] 37|7} th2 witEHc) ¢
0] A U & 4 Sl ol 3-nexorade Aute] BATF e WpAlo R SfASE 4= ik EFE XA
ARl x5 HeZ o ¥ AXE I Ete] =@oby] wiiel 1W wrdiu oml df #% ge] AV
Engagement length H|-&o] F7Fehps AXARE, 3H doju) 48 vt & 319] =7]= Zfopxit},

_|

t}, Engagement window Wo| <R3 Ado|xe ¥ A4 W3t

D) AgEs e
Engagement window Wol2 AskA SAstulA 71 wiehe] A7t 3, 4, 5, 691 LEES wHEo]
shaich,

Y
o,

(Table 3) Difference of the angle between the stick and the surface of 3, 4, 5, 6—nexorades with
the same area of Engagement window (Unit : ° )

13 2w wirh 3w il 441wy 54 wirh 641wy
Rk —0.29 —0.63 -0.37
A17ke —0.76 ~0.78 -0.37 0.08
$71% —0.78 —0.09 —0.55 -1.33 0.37
57 —0.14 —1.57 -0.35 -0.86 —0.97 —2.43

(Table 3)° W= Engagement window®] Wol7b 23 uf o] 71457t gobdol utet upvhe] Wy
t AR/ BepsbA Lrebde o 4 ol ol @ol WE upje] mEA HAbEE o] ofel o] Zeli
o] gol WM ThE Fol ol AA| BAE BEo| wohde Fakth oHE L WRE: Yrst 24 @

o

el ZAgke welel Zolsh AAskA ebv] wjReld), Wel A4t wol s o wel Lol et
% o R B4Rl MEHE Huol Hol7t A & 9T % 4 9

2) 9
£
.25
]
At
2 [ f ] 10 12
n7la A GHEN)
[Fig. 17] Structures sorted by the [Fig. 18] Load measured in the experiment
number of sticks. Structures above all measuring the force with the maintenance of the
have the same area of Engagement surface of the Engagement window (Unit :N)

window.
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[Fig. 18]¢ Z2#i=Z= [Fig. 17]9] Engagement window®] WolS AAsHA shdA Hthel 745 tE=A
e o ol ‘ﬂrEP VA= S-S SR aejZolt), 3kg VHEY 5 &Y AL AN o 4 Oﬂ 7P
a7l shgol 7P aEA Ukl & 4= 9= 212 3-—nexorade®} 4-—nexoradeo|tt, FF uitl

S W] vt gold wimbek Raske oF 4 Qlvk A7) Sgke AA skss wdle] AR v
o ARkt Nexoraders iAS o FaL QloB R o] JtgshA ATkl A2sh 4= Q).

2}, Engagement length7} QA3 Ao Ao W 74 W3}

1) HEE= e
Engagement lengthE 7cm® A7GsHA fAstEA 7] o] 7H47t 3, 4, 5, 6% 252 sl 4
I o= e WSS S8kt

(Table 4) Difference of the angle between the surface and part of 3, 4, 5, 6—nexorades with
constant Engagement length(7cm) (Unit: ° )

e gviul svleh v svud 6yl o
Cxdes —-0.79 —2.96 —8.82

AL 1.25 0.93 -1.83 1.03

27y —0.26 -2.73 —2.46 0.24 -1.20

57+ -0.11 —0.80 -1.72 —1.64 —0.38 —1.40

(Table 4yl &8t RO 7t oldas AHEe e &FolEal 9] HAEo] Folma o - Aok
o= W] 747t Wobd=E Engagement window 7|7} AR|AL Fe] FAabo] 127 o] Z} w7} 7pA]=

3lo] @717} wlszal#)7] witolT,

o 2 4 6 [} 10 12 14

[Fig. 19] 3, 4, 5, 6—nexorades with constant [Fig. 20] The force distribution in 3, 4, 5,

Engagement lengths(7cm) 6-nexorades with constant Engagement

lengths(7cm) (Unit :N)

[Fig. 20]¢] a#Z&= [Fig. 1919 Engagement lengthS €317 3192 uf 718lix]&= a5 =793 4H9)
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el o] 1 27 S E= Yt 3-nexorade?] 2WA o]l o] sH AA SAEH=
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[Fig. 21] Time(s) elasped for n—nexorade to be
collapsed (Unit : second)

[Fig. 21]0] Tehze] olstl, Aoz ofe) Aol wrjz B4 A% dald HoRt 2w o
Yhiztll, 6-nexorade o4 HW FEAE Foli Hol59lTh. &, 3-nexorade®] A9t W] W
e o 4 qdola, ol TABH: el 4Tt Soldss uel uitjr) olsis yizke] 717} AXY]
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(Table 5) Difference of the angle measured in all position numbered on the Da Vinci bridge with
constant unit length. (Unit : ° )

IS 281 2ty 3% Hey 491 ui S¥l Ui 69w
Pisy -0.3 —0.53
3t —0.48 0.42 -2.15
a 1.65 —-0.08 -0.17 —-0.89
5k —-0.13 —0.44 0.33 0.04 -1.2
6 —0.39 —-1.83 —-0.13 —0.64 1.66 —1.46

(Table 5y w1A] Hhelo] AXHE 1Mo R AAsiglS wf vrfel v Afo] Zm=o] SAgholrt, o)A

s b
SHOE S5e Ful oSl welwAl Zto] Hopdol Hrks /HAS Alea AP § A, hAKom 2
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[Fig. 23] The force distribution in Da
Vinci bridges with constant unit
length (Unit :N)

[Fig. 22] Da Vinci bridge with constant unit length

[Fig. 2319 o2 [Fig. 2219] ] 7k QAT chuld chelol A 7l shge] Z4gield, ARj=o
2 oA chele] thel vl xe] AGE Sold w24 gAeh Ak Bol 2B 29 W AgH:
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[Fig. 24] The angle change between the surface and the Da
Vinci bridges with the same unit length caused by the vibration
(Unit : ° )
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(Table 6) Difference of the angle measured in all position numbered on the Da Vinci bridge with
constant entire length, (Unit @ ° )

o owuk adud 4wl sw e v
ok —0.69 —-0.17

3 —1.14 0.13 —0.64

Ak —-0.73 —0.44 —0.46 —0.67

5%k —0.02 —-0.16 0.58 —1.66 —2.92

(61 —2.23 -1.11 —0.99 0.35 —0.96 1.23
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[Fig. 26] The force distribution in Da Vinci
bridges with constant total length (Unit :N)
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[Fig. 27] Result of the vibration experiment showing the angle
between the surface and the Da Vinci bridge with constant
entire length (Unit : ° )
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(Table 7) Difference of the angle between the surface and the RF dome. (Unit : ° ) Hexagonal RF
dome is ordered from the left looked at the bird's eye view. Square RF dome and the rectangular RF
dome is ordered counter—clockwise from the top left.

IR L A 1 S e L e o 1 R B B o A B 1 ST B

5744 -1.18 -1.2 -0.67 -0.71 —-0.68 -1.12 - -
Azt -0.62 -0.39 —0.43 -0.23 -2.03 -0.95 -0.95 -0.15
2|AL2ty -0.39 —0.94 —-0.86 —0.34 0.51 -0.97 —0.27 -1.01
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[Fig. 29] The force distribution in the

[Fig. 28] Hexagonal RF dome hexagonal RF dome (Unit :N)
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[Fig. 30] Square RF dome

[Fig. 31] The force distribution in the
square RF dome (Unit :N)
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[Fig. 32] Rectangular RF dome

[Fig. 33] The force distribution in the
rectangular RF dome (Unit :N)
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[Fig. 34] A composed photograph of the triangular dome
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[Fig. 37] Pentagonal dome with the position [Fig. 38] The force distribution in the pentagonal
numbered dome (Unit :N)
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[Fig. 40] The force distribution in the hexagonal
dome (Unit :N)

[Fig. 39] Hexagonal dome with the position
numbered
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[Fig. 41] A photograph composed with the photo showing the Geodesic dome with/without
the weight on it. Solid line shows the position of the Geodesic dome with the weight on it,
and dotted line shows the position of the Geodesic dome without the weight on it.
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numbered geodesic dome (Unit :N)
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Study on a Gravitational Compensation Device for the Disabled and the Elderly

Kyungsoo Park - Geunhee Jang - Minsuk Cho - Hyosup Shin - Sejong Academy of Science and Arts

IEZE

QoA FURA UAUES o] §3t 2B Nx NS MASI AL SR oAU Sl S o)
Wl 7HfAl e BEAE A91AY IUeF BEA9 Fibs oo EASHe] w1 Hug Fole l A AA eIt 2 Aol A=
7189 A7) WA Al SFEY) Axs)e) Bl o83t SRt vAUSES AAlste] o5 Hx A9 3719} FAE
Zo|al A 39 HeAL sfAsItE ]3> Motion Capture System¥} EMG Sensors 53 &2 Rz A5 2-4519S
B 71" B AR FA4Y 48 AITE Sk AR sheto] MRS ghelste] SYEA HAUSE ol 8d oud Hx
A9 e dEsat
s4/of L SYRA Y&y olE, &4 RF AA], Motion Capture System, EMG Sensor
ABSTRACT

This research suggests a type of exoskeleton assist device using gravitational compensation mechanism, A
gravitational compensation mechanism is a mechanism system that relieves stress on joint by applying torque against
gravity, In this research, a bow—type spring is used instead of a motor to decrease the weight and size of the
device and making it needless of a power supply. Motion Capture System and EMG Sensors were used to prove
that using the exoskeleton support device increases the time it takes to sit up and down, and reducing the muscle
activity, thus proving the effect of the device,

Key words . Gravity compensation, manipulator, exoskeleton type device, Motion Capture System, EMG Sensor
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(Table 2) Name and mass of structure
T A (kg)
A A3 2.53kg
AE AR T 0.324kg
L, o= 0.151kg
L, do)= 0.230kg
£ oy (5kef 44, mm) 0.140kg
SUHE 2= 0.148kg(Z )
Bl 0.059%kg
2E Bz 715 294 A A 3ol fegt wrAlol wyEdolE o] St ARkE sk
f= T Moy +mygr, +mygr, +mygr, — GAGAN
kl kl
T,  MyGT3 T mygT,
fr == T = RT.686N
k, k,
oltt,
o1 £ ol FAS el ket TR Hekshu
11 = 0.660kgf
1, = 8.948kef
ojct,
of Aoz e AL ATE EdE myEdoje o] ARl ko 2 3ud & v 43 daHE F
el siglot, AR wa faemel ok HaA AR &3 Aamsh BHshe el 2719 HR7t
FHgEo] Qlo] REolstA f3t f, & HAShs © Skgf +A 9] 4l JadE A= A
3. HLIE0lH Az % 4 3
7b 3 28R WY EFH AR A=
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E(1/2%04], 8.891A]), MaE AXY, bkef w3 YaH Folrf,

1}, 42 5289 WuUEdolgel Az #3
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[Fig. 8] Pipe processing
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[Fig. 10] Weighing saxophone without [Fig. 11] Weighing saxophone with

auxiliary eaquipment auxiliary equipment
[Fig. 12] Weighing saxophone without [Fig. 13] Weighing saxophone with auxiliary
auxiliary equipment equipment

(Table 3) Force measurement before and after application of manipulator

A3 s A AR A8 A gla(N) B A2 A8 T(N)
1 24,800 16,570
2 24,900 16,610
3 25.000 16.650
Btk 24.900 16.610

24.9—16.610

*100 =
21,9 100 = 33.3%

ol
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[Fig. 14] Playing
position with auxiliary
equipment
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[Fig. 15] Initial Design of Exoskeleton Assist Device
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[Fig. 16] Initial design of exoskeleton assist device
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(Table 4) Researcher's body size

um

7] (mm) 1730

A% (kg) 63

HE Ex] 2 do] (mm) 200
QM &% |2 o] (mm) 200
B2 % Fote] |2 4ol (mm) 365
oF% Fote] = 4ol (mm) 295
ez AE Atelo] g2 o] (mm) 85
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B APoME £5 uY A Ed ALUg J1EeR A 934 nz )3 BE 4% dyaiid,
A BAL S0 SIS el H Al & Aol ol S oy A7) el
HA 92 ule] e Ausle] BE 4S MW T, 5 oBd wx /S ospom BAste] o
A b e PO DN

(¢}

1) 5] Akt
WA xR O] AE el A-rake] sk fulg S48k, ol thelE &k 1M, ZF ol 47, 7
Zko] ®F 27§9] REo & o] HAuich el golE Al YBY FHR IANE sto] RuE ﬁl&o}%w.
Ast A}, S]] Fa)
V=2.388%x10"2m’



FofQlnt LeOIRtS 9Ist FHEA HATR| ST o 8iA4 2| 321 ¢ HBSutsfoigEsta | 115

o et WEs p, =1.000g/ml, TH/HEES ¢=9.8m/s’ 0= Aol &Ho] 5.

w

o
ne
fllo
4
32
32
T
i

F=p, Vg= 226N
& Arstaiet

2

~

HAF EH9] AAb
o] Folof sz Ba 1,3} FElo] Viehs Ba 1), 2¢al B FA7F Itk B e HEof 9
gt Ea T & ARgsto]l A7 BATsoF sk A EAE it ojuff o] Al B

L=17,-T,
= WUERYL 4 Bas Ao flsl Bt AEske SASAE Ak, B2 5 AR FASA
2-greh, ofd [Fig. 16]3F ol 90Em® ¢k Aol Al 3¥Ro® ths o ok ML 5 ofdf
okl FaE, M2 FMiA B M= L 9] yuA AgHelw, lgAke) o]
ML =723kg, M2=7.7lkg, M3=50.1kg AXISIGITt. o Ao} s|9x|e] dolE %H [
o] FASAE 59 S4¢ PIoE2RE 9F 0.37Tm HolA &S opdlth Pl %
7HA e 22 e A Falolv Feb #ASHLE] ARlE Fold B B

T, =226N < 0.37Tm = 843N * m

[Fig. 17] Models of the human body in a
sitting position

3) ~my 44 A4
AL Folok & F WA B9 ANGS ol§ole] AGT AT A4S AN, AZYS A% cejo] nx
7ol 4 AHEER F 8Aholx, [Fig, 1703 gl 9 ZIRleld 2k Aido] ol=2le uf Z2he] Axeo] w
Yo Zul 457 olch Tel3 AR RE W BEE Aolo] A} e TmmE ZHHUONE ol wow
U $mmE 48 24 wom Agsta
F 8] *ﬂml TS vEnE 7] Amge] FFsior @ Eat 1054N + molth el §E W7 3mm

2xglo] 45" MigHER WY ol 275mmelr), ofu Axgo] yof sk g 30INo| Hil £o] WA F=ky
= A8 iE% g eh k=10.95N/mm o] £xefo] Baghe o 4 glrh



4 1}SHEO|HTL e The Journal of Youths in Scientific Research ® Vol. 3 ® No. 1

116 Had
Ty AR AR AdR st Y RARS 9Jgh Agtolm AR Abgro] 2H83h wf Reut FUsH TS v
o AR zhx} Aol o]2A] LRk folatofof st wheba] AR AMES drgsto] Ef e Ad4=o] ARt

ol k=4.46N/mm¢| A~ZHLS AL317| & ek

u

[Fig 18] Spring pattern diagram in full stand /
seated situation
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(Table 5) Configuration of exoskeleton assist device

3% g Hl 2
MDF # 1 6mm
ALY ZHYPE SWU 4 SWU26—-110
7t=d 4 70mm
AAp EgA HE 12 M6, 50mm
HE 12 M6
Hgg Hi= 6 150cm
A 4 HB2519-13
o AT 16 3.5mm*16mm
SEREIE 1 57g

(Table 6) Performance test equipment and measurement system

BE Sl H] 3
TRE 54 Ye 1 PSL-DAQ
4% EMG AlA s 2 PSL—-iEMG?2
Motion Capture System 1 Nexus
Force Plate 2 AMTI
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[Fig. 20] Links using hinges
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[Fig. 21] Completed exoskeleton assist device
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[Fig. 26] Attaching electrodes before
and after exoskeleton assist device
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A Study on Improvement of Lighting Environment in Classroom using Daylight Venetian Blind

Woojae Kim - Sukjun Lee - Kieun Park - Yejun Kim - Incheon Academy of Science and Arts
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ABSTRACT

School classroom is a place where students stay most of the time during the day for education, which essentially
needs pleasant lighting environment, However in reality, there is inevitable unbalance of Daylight caused by the
depth of the classroom, There already were some solution that has been suggested to solve this problem like light
shelf, but these solutions also has problem of unefficient space use, difficult in emplacement, etc. So in this study
we have suggested a better way to improve the light environment in classroom using a lighting tool called ‘Venetian
blind" ,which doesn’ t have any problems we mentioned before, We have suggested an alghrithm that can give
us the best angle for each slat in Venetian blind depend on time and few conditons in classroom, and we have
proven the alghrithm using Radiance simulation, and Mock—up in test—bed. Algorithm was made to give the angle
of each slat in blind, where blind can concentrate the Daylight to the table which is furthest from the window,
We have made the alghrithm by backtracking the Daylight when blind is set to the best angle we want, and made
an equation of the angle we want,The result of simulation and the test in real classroom is as follows, First, we
have observed that light environment has improved in all seasonal days using the Venetian blind with this study s
algorithm, Second, as we have tested the Venetian blind with algorithm in real test—bed, we have observed that
luminance has decreased in 2.6 times in table which is closest to the window, This means our algorithm has achieved
the goal of reducing the glare which students that are placed closest to window feels, Third, when using the blind
with this study’ s algorithm, we have observed that luminance in furthest table from window has increased in
more than three times, and by using the blind with this sruty’ s algorithm, school can save energy use up to
3.2x10°J(87%) per one classroom,

Key words . Venetian blind, Radiance, Daylight, classroom light, improvement in light environment
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[Fig. 3] Radiance simulation
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(Table 1) Reflectance measurement results of objects in the classroom
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[Fig. 10] 1st Mock up

[Fig. 11] 2nd Mock up
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(Table 2) Variables and constants used in the algorithm
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[Fig. 16] Inside view of simulation
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At AaE|EE A&t FEURIEE ol §sto] = AlETolAl g Aik= (Table 3>} #rY,
(Table 3) Algorithm application simulation result(&£
104] 124] 144]
3459 287.2 168.7 3013 260.9 186.8 2934 246.8 175.9
B
3757 296.3 1827 3742 355.1 205.7 3513 314 161.5
(lux)
342.9 3103 184.1 501.8 353.6 2524 2874 309.3 170.6
=] 0.23 0.23 0.23
A = 4490 37.23 45,97
L) 34|
ALY AaE|ES A&t FERIEE o &sto] sl AladolAl g Axl= (Table 4)3} 2t
(Table 4) Algorithm application simulation result(StX])
10A4] 124] 14A4]
2414 186.4 95.3 3157 1557.6 973.5 179.7 167.4 118.5
e
(lux) 175.2 185.8 135.5 3759.8 1738.6 1219.1 152.9 183 1241
228.1 179.5 146.2 35929| [15374  |10084| | 2322 1732 1336

=dl] 0.22 0.24 0.22

[ 39.48 25.89 51.03
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oh S8
ATl melE

o
.

T FEURIEE olgste] FEd Algdeldd 7 Aiks (Table 5)9F 2tk

(Table 5) Algorithm application simulation result(F£)

104] 124] 144]
1035 826 534 79.9 80.8 576 804 i 579
2
87 84.8 58.9 97 84.8 65.1 94,6 9.8 482
(lux)
93.1 995 62.9 1474 105 81.8 79.7 92 494
2o 0.22 0.23 0.23
FA = 51.59 39.08 49.79
2 54
Ate] duE|Ee Ao FEUJEE o] 8sto] FAY AlEY o)A g dik= (Table 6)9} Ut}
(Table 6) Algorithm application simulation resul(SXI)
104] 124 144]
1036 4855 3426 786 68.9 60.5 962.5 481.1 38138
FE s 5429 | 3683 765 76 529 1061 562 | | 3667
(lux)
1064.7 5634 292.8 949 76.3 50.8 10404 467 3229
o] 0.2 0.2 0.21

A &= 24,99 55,74 30.43




T WA S2IOICS 083t IAl L) RHEY N #T o YUY 2 391 o ol

= e}

2

at

2) ZtErb AT FEUIE AA] Aledold At

7h =&

Prelols &9 WAS Al Bo] i Alfdlol4 B Ak (Table 73t 2t

Ay

{Table 7) simulation result(f = 0)(Z=&

104] 124 144
270.2 178.9 83.3 959.6 6185 4195 12249 5733 2258
(if) 208.5 86.5 994 685.5 3123 336.1 994.1 295.8 338.1
166.7 149.2 115 648.5 5139 3735 580.2 551.7 4157
=dlof 0.26 0.33 0.27
A= 30.83 32.54 18.43
th a4l

FHIRIE S AAE s Bt5o] shald Algeeldl 7 A= (Table 8)3 Zth

(Table 8) simulation result(¢ = 0)(5IX])

104] 12A4] 14A4]
4974 | | 3466 | |1727 | | 5835 373 1771 5223 | |3272| | 1475
£ 1 3ga0 [ 1731 | 1953 449 1863 209 175 | 1624 | 1832
(lux)
3382|2908 | | 224 3624 | | 318 2413 318 | | 2888 | 2142
=d°] 0.24 0.24 0.23

A= 34.72 30.35 28.24
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(Table 9) simulation result(f = 0)(F&)

= &9 A QYA Brol SR ABUOIA & ke (Table 93 Tk,

104] 124] 14A4]
530.6 4227 235.5 3236 2115 97.1 2674 1747 79
B
4638 2305 244 252 102.7 118 2136 85.3 98.9
(lux)
505.2 360.5 263.9 198.5 178.9 1374 165.2 151 116.7
=)o 0.21 0.22 0.21
A = 43.44 30.01 29.54
&) &
FEIRIE & AAE dFsHA wao] A AlEHolA gt Al (Table 10y3 At}
(Table 10) simulation result(¢ = 0)(SXI)
104] 124] 14A4]
172.7 117.1 549 2554 170.2 77 1493 117.6 56.9
e
1317 56 64.8 1929 80.8 943 168.7 69.7 737
(lux)
107 957 74.6 154 139.9 109.7 189.6 1309 815
=)o 0.2 0.21 0.22
A= 32.43 30.15 30.01




Z HUIARE S2IRIES 0183 Wal L ZEE /i A7 o AR 2 321 « QlFuts

3) EeRIE v dA] Algdeld A

7h EE
SIRRIEE AAJekA] 2 A5 AlEY oA 3 &5 Ak (Table 11)3F 2t
(Table 11) Simulation result(No blinds, £&)
104] 124] 144

1250.1 593.4 3384 14885 | 656.2 374.2 12476 | 5416 | | 3068
B
(ug) |12175] | 5817 | | 3279 13736 | 668 381 11652 | 5687 | | 3251

12614| | 5404|3115 | (1003 | & 379 12619] | 5633 | | 336
=991 0.31 0.32 0.24
A= 33.74 33.16 33.25
)
BeERIES MXsh] e A4S ABdol4 ¥ sAd AvHs (Table 12) 2t}

(Table 12) Simulation result(No blinds, StXI)
104] 124] 144)

6414 372.6 2245 682.1 385 2273 568.6 3239 189
ey

611.9 376.1 224.2 637 395.2 2326 5334 | | 3358 1962
(lux)

6654 | | 3554 | | 2193 7119 | 3793 | | 2333 593 | 13239 | | 2001
=R 0.26 0.27 0.25
A= 32.96 31.93 31.70




EeRlES HASHA o2 95 AlEdeld 3 2 diks (Table 13)3} 2t

(Table 13) Simulation result(No blinds, F&)

104] 124] 144
289.7 170.9 1023 3455 2017 120 282.7 165.2 986
By
(lux) 2722 1745 103.9 3234 2071 123 265.1 170.5 101.7
303.2 166.9 103.8 361.9 1991 1239 296.5 164.7 103.1
=d° 0.22 0.23 0.22
A= 33.74 33.16 33.25
o) FA

[e)
EURRIEs AAEHA] ¢ A5 AlEdleld 7 s3lE Aabs (Table 14)$F e,

(Table 14) Simulation result(No blinds, SX|)

104] 124 144
181.2 109 66 2599 154.7 93 564.2 1855 94
Ed
170.3 1108 66.6 2411 158.5 95.1 508.7 191.8 98.5
(lux)
190 105.8 66 272.9 1529 958 5723 180 101.5
=)o 0.21 0.22 0.25

A= 36.42 34.08 16.42
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bl FEetel= Mock—up 2 3%, 2o &4

1) 12} Mock—up

FuelF A AgdolHe Fa e HA| EAE Mse] WEehl=s

A =
= = =

Mock—upstith, HIAE MEE A3 008 48 mabdle] B AAstglon Bellsel F et

IAE stk AR A vE] gste] 2w duelEe ustdon, 74 49 BeRt Ak Ady

wEE Bt LS BelRl A7 AL o Aoz STt THE 14 Mock-up] B&L

[Fig. 1713 2t

£H01E 2E 1X} Mock up 1X} Mock up S2IRIE 7IS
[Fig. 17] 1st Mock up

2) 1% Mock—up 3= =%

17 Mock—up¥l 2SRRIES 283t HlAEMEe B BelRISE @ WAL A= svletE Bt [Fig
18], [Fig. 19} Myl & BelIES @ 49 %5 % 249] 7w/ AAsH wobit 28 2 5 . of
L REAE Bo 4T Auske SASMA Uehith 2 ko] BE 9 BAe Avel ot

[F|g 18] Measuring Iumlnance(1st Mock up) [Fig. 19] Measuring luminance(Control group)
3) 2% Mock—up
12+ Mock—up®] &#o] HA= EA7E WAste], 12+ Mock—up® EERRIEE HAskL, 2%
_/é\_

sholck, 22k Mock—upAl 12} Mock—up &4 HAoH= EAES Bekalr] 919
¥ ZRudS 2ol AU Akt
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1X} Mock up2| &3 3|oj& sl 2%} Mock upXﬂ’” og 2Xt Mock up?| A 2&
[Fig. 20] 2nd Mock up

4) 22+ Mock—up?] 3= 9 o] 4
2ZF Mock—up® EfRRI=E 831 gA

211¢} [Fig. 22]& &

= zEAE S

WAL = setE B [Fig,
Asr ol AS

d
AL Aol o

u
R
i)

[Fig. 21] Measuring luminance(2nd Mock up)

[Fig. 22] Measuring luminance(Control group)

1 Aol oAS 20T S ol o 4e
ol 4] 4o ofux HIEIE AT A9t Hokd 4
otk FEeRIES B v FH BNE PFHOE ANS] Sl LED 289 Uy (Dinming B YEE

olg3to] ekl A4S vhistelt,

AR SFERRIES olgsto] oA Aaadks eelshy] 918 adel HAE dyxE 2F Al e AF-
oF AAWFE S E WoluA wEe W ez AR ]Skl

A LIH 7|ExEs 300lx ~ 600Ix® A3l Qlow, FERmes 400lx® dRskL Qloh flofA dudt <l
ST AR Aot AdAEE A AR Aol Wi wd W 2t #Exrt He S SRR dAYs)
ek, olF ARt H3E A ffE wAd W 7 oy 2olM 8qtEE anjrlEle Alksioin

AlEdlolde B3l mEE 4 AlelAY 2 ERE V|EoR w7 9]¢ ‘EQ} FEE2EO ApolE ALt
shlch #ERES SY] Sl 2ot 2 anldY Ak & w9 de AX A AsHIe
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ARF aupdee Adshr] fle 2ol TEs Rt P, AnRdY e PAE o8kl AG)T xHel
Aeo] wsal supAge] TAolaL, 2)(6)2 WA Wold Ao wpE zyo] vkt 2ol o] A o]t
Flim)oc P(W) —————— e 2(5)
F(im)
E(l )OC 2(::2) 777777777777 }'\JI(G)

z; (im)

VG

Aeeoldel datE de 24 A 2E0f EERE(40010)9] AolE AtEte] HAEHE W 97 2E
e sh= FH(z, i=1,2....9)° dsf AT £ o Ay Ak WS {FEsklaL, olF olgste]

J
2} zgo] sbdok she Wt 2ulUH S A, DAt AFER| g Aot

B = ax, +ayr, +agry oz, +asxs +agrg + ax, +agrg +agrg 21(8)

n

(n A T 6 (i=12..9) @ ALAE Wi AL, 2,(i=12..9) | FH)

|n. avzs

dale|Es A8e FEURIES) AnE AdAsHA ¢ FEIE, EeRIEE udAT B9 Aol
Ojzg Uebd A3 [Fig. 23], [Fig. 241, [Fig. 25], [Fig. 26]3 2t}
1404 600 400
108 A . 1400 1200 C
i .‘ \ A N 1008
5 80 o ¢ 000 N\
3 \, - - B0 4 v
k? 00 2, 2 800 ._% N
: % M oo N,
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BEO2FE Aeliml : = s48 15 252 e
BEOZNE Aelm 20258 H2im)
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(a) E2 104l (b) =2 124 (c) &2 144

[Fig. 23] Analysis of illuminance through simulation(Z&



—
o
>
0
P>
im
i}
9,‘_
03t
|10

|57 e The Journal of Youths in Scientific Research ® Vol. 3 ® No. 1

me 100 500
00 ‘\ 1400 500
1000
;500-0 % T
£ Rl 3
= i = g
T t‘j Gl Uj
! ly
" e o S o —
1m0 by il
1 10 a
16 bE) (! 1 132 (] 1 i) I
SECEEE Adn) HEOELE Aen) LROEEE ey
== UHE gl TR gl == UB0E mBIE =l == E0E 2002 =041
(a) 3HX| 10A] (b) 3kxI 1241 (c) SHXI 144
[Fig. 24] Analysis of illuminance through simulation(5}X|)
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[Fig. 25] Analysis of illuminance through simulation(F&)
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[Fig. 26] Analysis of illuminance through simulation(ZX|)
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@ BRomuel Al 16m Bold Wi MolAL 2w Holrt 1A
AW wolAe] REE AR 104, B 144, 34 104, A 144, FE

2
R
-~
S
,J>
i
[

79] ulsbAl et A0S Qe o Ak 3R] sbte] G AW
48 Foln ou?al— el ol AU ZES SelFl S0E oud B Zweld 2
ogiek Aol 49 iekolse] e 2w QuelFe] glgl] Wi 4o 2uS wr
ﬁ" & ol%ra oA gt A Zulold L9l 4ES ARHOR AL A §

12

Ag3t FEelEe) Zhwrt AAeE FEERIE, Bl ujdx] A9 FAEE AlEYelHd A
el A= (Table 15)¢} et

(Table 15) Analysis of uniformity ratio of illuminance through simulation

garelEel i Hejle Zre7t dAgt SERRl= EERIE njAEXA
104] 60.88% 55.22% 43.65%
FE 124 60.22% 57.75% 45.01%
144] 62.92% 40.49% 43.72%
104] 54.51% 59.56% 53.37%
a2 124 47.25% 54.97% 52.67%
144] 72.82% 51.43% 52.06%
104] 66.23% 63.70% 54,56%
FE 124 64.85% 54.04% 53.85%
144] 64.68% 52.60% 53.84%
104] 44,91% 56.50% 55.73%
=2 124 71.95% 54.39% 54,92%
144] 51.78% 49.34% 33.88%

AufEE AE3 FERIEE 8% o A4=s dAsH 3 FERIEE 83 Ao FERIeE
AgotA] b2 Ao v BE AL F2 dAEE Hol= AoR Ueyt), ol 2EEA ZHujel g uiet
O & et o9t @2 Aik= dalgg A8e FEeRIE] $4% EAS Uehfs 20 ® LED 29e
oy 715 oA A A e 29 ouAE dAddhet £ anE £ 4 S 2SR JdiEe12].

3. A|ZzlojMS Sst =zlo] 24

Aare]EE A8e FEURIE Awrt AT A, & EURIEE AR A9 FHolE AlEeld A

of| A Alakste] vepdl A= (Table 16y <F 2t
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(Table 16) Glare analysis through simulation

104] 0.23 0.26 0.31
FH 124] 0.23 0.33 0.32
144] 0.23 0.27 0.24
104] 0.22 0.24 0.26
817 124] 0.24 0.24 0.27
144] 0.22 0.23 0.25
104] 0.22 0.21 0.22
e 124] 0.23 0.22 0.23
144] 0.23 0.21 0.22
104] 0.2 0.2 0.21
EA 124] 0.2 0.21 0.22
144] 0.21 0.22 0.25
WAl TR gl M V|EoR FF FYlo] AiE B dalg]ES o83 FEulse] 9o Uiy
AEg FASE FEElEe] Ao 2 xpolrt ““ﬁ Hl O‘OLE} otk EERIEE u]dAEE F9- =5 104

2017¢ 119 169, 154] 40

S g A%, EEeel=g

JEc Ry

LUE M FEARIE EalelE O|Mx|A| g

][
L]
i)
In
n
ro
N

[Fig. 27] Luminance analysis by Luminance meter



g pe T e e gHoels Be 49
- 114,06 148,94 28.88
A Fe 1098.31 359.70 219.67
(cd/m?) 1697.74 589.33 270.28
A 27t 183.97 87.63 93.85
AW 400,01 399,74 34.62
(cd/m?) 950.25 634.01 217,54
B 93.48 92.58 31.72
A 3w 110.56 113.29 2762
(cd/m?) 150.32 141,36 54.66

= Zhleks Bl SR Aae Alevelde S8 22 2E AWt fARH veisdth grF & A
9] FlEs Wy EelelE vdATE Aol mlE] darelgs A8 FEeRl=e A9 f=rF Wt 2,64 Hof
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PIES o|§3 YEARIES A gY 49, oAt WY HEE gPHoR mAsh] 9l A2
(e}

FEEE %1 o auHd
Rk = 34 i A
=1 1 0 4,6049 5,909 0,714
x9 2 1816 0 2,021 0
%9 3 15640 12738 11,207 9,868
% 4 17.206 0 5.763 0
%9 5 0 1,063 0 1,294
%96 1.621 2,387 3.687 0
z9 7 0 8.635 8.500 2.101
x4 8 7932 0 0 0
%% 9 7134 13357 11807 20.335

(a) =Y W =¥ HS (b) E71E X

[Fig. 28] Energy saving effect

ol
o
B
2
s
w
=
-3
=
4
fr
2
e
w
=
=
=
ot
N
=2
rr
w
[\
at
=
1

o
il
o
ro
[

i
i3
o
ol

o
)
w
o
X

o
(e}
=
fl
A
>
)
BN
of
o
>
A
i
o



148 | ZHAA asHEte|¢iTL o The Journal of Youths in Scientific Research ® Vol. 3 © No. 1

Hol Aom Ueplth, ABeA o] AXsh oA 4w WlFo] 33%m 1A 3
ARe Haxom ojgsls Ao Age] Fasihs A2 AXsk: golzt B 4

X0 M}r
)
rr
pak
tlo
oy
o
ol
o
=)
b

ATH13-14].

dolLt, oba] At Hetel= Ag
2 A 2ol s Ax7k golsto] Bha o]
2 Ay, BeRlEe] 49 AE &

f
e
2

H
o
o
op
<

;T

)
o

BN
of.
ilE)
e
-

oy, 1
2
2N
"‘_Q\. L
2
o é.ﬁ
N 8
4 &£
%
) o I
£ 4
=
>,
o &
8 +
g .1
5 o
ok %

-

oM. ot
il on
=
o
o

L 3%

o
re
-1
<
>
2
Bl
o ‘
o
!
|
&
-0
I
i
e

N
lo
=
=
z
_?_\',
2
it
2
>,
N
)
Uy g
N
2
2
oo
i
T
il
i
EY
rO
_C‘JL
2
H
f
Rl
fo
X
iy
r
>
re
2
ot
tlo
et
4
Ay
\[r r
o

Oz
~

i)

= 2
g
&
=
o
o
T
o
(el

)
1
=
>
ol
o
)
o
1>i H:( J
o
LI

2
>
| =
R
o 1o
182
~
T ol
Jo
jinss
oY, flo
!
i
18
o
2o
i{,‘
Q
NS
ot
1o
e
iy
~
]
R
o
3!
38
k1
2
)
o
mo
Kl
ach

o o
-

go 4
E

my

flo

in)

r

AAApe] i
B A4
2 uehgch w3
BeRIES u]485 490 uas EL Ao gy Azt 1.6m @ &l o] zfol7} A

2 o] 2L 2 104, 28 144, 81 104], 8% 14
s ek Anks Aot Eat owaé% A8 B8
A A9l PEURIES A8 e H9ol uls

O

A
=)
lo
Jo
]
=
o
)
o
o
ne
2
L
i
to g
o
b
O
N
B
A
n)
o
2
il
) S
Lol
iz E{
n 2
lo 10
Nl
ho
iy
IR 2
r\r PSP JFE
1—N !O i3
HU i

i
iu
i
R
==
Ni
o‘r’
Mo oJ
=2
)
=
q>
&~
=4
=)
©
)
hI
11%1
. 3
12
2

21, 54 124011 7] v
S8 B8 u 4uS AR o Yrekls
dolHet WE AP F& FARE Holl Jo

lo 11 >1>
HU ﬁd
v
u)
59
i

A5 vERlTh A7t 2
Faeplee] A9 A 2,68 dobe
o0 ulaf §457} Bt 0.97THE A=
% o6HliLt == Adfolrt, o]

z1g el g7l

iyl
B
2
kl
o
N
o
MH'
oh
kel
2
2
o
e
ot
=
o
o
<
o
*(:3
ﬁ
e}
o
2
i)
B
©
o
>
2
ot
w
o oy

'N

o

oo

oy, o
ol

)
Lo
-
i
fr

‘q

o
" >i 4
Nl

2o
o
l[‘l
i
ﬁ!‘
o

! ﬁ,
Ho
é
i)
e}
ﬂl

e
X
us
1o
o
1
fr
il
o
ro
[rt
m[m
=
o
R
s

_\;
o
|
e
rl—r
o u B
il
=2
ol
>
o
ol
-
il
ilid
=
o,
I
jas)
o
]

H
2

[ ox
1
ot
l-ﬂ
N
OJ

*lgi’ilOWOﬂ A e Auet gk gom o

S AlEHol L] Avks AAR Bl Aol

of rr lO mr ox
4
319

ook
WP

0
&

=
] o =2
ojN
flo
:
% |
ol
s
)
o
n
N
El
ruz
5:

A, AQAFS Bl D oA AEES AN Avh FHol 308 W, shHolt 317W, el 311
W, EAolt 325 WE At Ao® ehdth o]F 1dom HERE DI
e 82X1002 S A 288 AGHOR Awe Ad W) 810 AU A FaE Mol Ao u
Ehdet

G5 Al Aol LEDS] oW /)5S A dEak AfdolAe BalA AHS o8¢ ) LED 2w
AUl oA MAsh= o] uikAgAe] Wk Fvt At Wag Ao AzHch @A) w4 LED 23
o A9t AoAFE wefetA b AeolA AAElel oleh AARFES AFHom Iefet LED £ UA
ag Ao A2 Egk PHeelse] 242ke] &9 Aol Mrt WabA AT 4 At APt ast

9 Ao FAS] 95 22ke] LYol BEE ddsks A9 AFel wmFelo] wol £eE wol
Uetedeh, ol sjlasakis 3ol qlojok k2] LS A Fietolet AAR Te Hlolet Azt



= 1 = u
(2] ]O %](2015), ‘St Aol el i ofjuEe H% XPO'JXH“* *] E‘n]o AY) AR 2 A A7
AAFEr 91t
[3] ZENE(2006), “Stad®m AAATE FANE Alxdo] AsBEIE A7, AAlSH =it
[4] 9-8-%(2010) “stiAld dwiiAle] A% fIas flet HAg 2k o] wet A7, AAlSke
(5] AAE, sl 71332(2012) “EBelRlE 2% Aole] WAA” Korean Institute of Architectural

Sustainable Environment and Building Systems, A 6% 1%, pp.12—13.
[6] 71, o] (2006). St wAle] Weld Woh W AjAeie] Wk Ay gHreekouA|ats)
She RS, pp. 231-236.
AAfa, AT, o A|% (2008). BHL Aol A ol% AjaF AX ol W o
TRt At S A EE]| A Al15d A2%, pp.4-15.
[8] ©lF%, 435 (2011), SHLa ol ofUEel FeE Aage] A Ned 2 Egolux g o),
hebdu] 3ot shAe 8] =4, pp. 377-380.
[0] B85, 22, 24H(2010). RADIANCES ol o]F Hellte] Aijs 4% %7t
e e ek e] sherthaethe] =iy, Al 185 ppl91-195.
[10] Al=td, A (2007). =3 XHJ*ZX‘”KI/P AWgrte] gzt uxl= JFe] ¥ Mockup
A7t e A EetE] =i AT AlLE, pp. 23-31

i
=
Kl
iitad

‘U:

u Bekd

Jlm

Aol

UL (Woojae Kim, QIMIISHO&HEAE W, alchemistry987@naver.com) Z=X{Xt

O|MZE (Sukjun Lee, IXMTISHO|=HRNSH R, kevin7598@hanmail.net) ZSA{Xt

B7I2 (Kieun Park, Ql&ntstollaZxlStm, shastar01@naver.com) AKXt
(Yejun Kim, QIMmStofl&FRiStn, 0214david@naver.com) SSA{X}

Z=IH7| (Daeki Cho, °|.'7<_ tatoll& RIS, hotkirara@ice.go.kr)
XE@d$ @ BEF (Hyoju Kong, SHEZHHTY, hikong@kilt.re.kr)


mailto:alchemistry987@naver.com
mailto:kevin7598@hanmail.net
mailto:shastar01@naver.com
mailto:0214david@naver.com
mailto:hotkirara@ice.go.kr




UR|H|OIE HIEE 0123 284 HIZ XHHIIE FIEQ| Mt o 0|52 9| 421 o AMFIMMSIISSm | 151

2X|H|0IE HI=S 0I8et S8+ Mx HFTIE 7|EQ| M

OISE! - 2Lt - MR - AXIR - HXIS — QIHEWITSLISS}

— Ol — = =

El

Development of Appropriate Technology Kit for Drinking Water using Alginate Bead

Seungmin Lee - Nahyun Kim - Yoojeong Jeong - Jiwon Shin - Jiwoo Bae - Incheon Jinsan Science High School

nEEE

L Qs GAHO)E BIEE o] g5t A4 VR S AR 7IEE MEshs e HEOR S 5849 oY 218
e, A, SEEHoR 7MYl 29w AAT 4 e =Y S SRk A s A2 AAE SlEl eAvlolE
Hl=9] ¢ FA 22 20e dopry] 97 MelE skl Adle AAstlon Fago] wElo] e FAvo|ES} A4t
o] Q= VIEAME EET NES AESH datadt AdS Ak, SAMOIE N EY F5E FA sEle Yok
98l Cd 84 o83 Fud FH AR Adde st BEFd dw AAE S8 7Bl =Yk fIRt niAeE
ARshs ddE Addskict. 919 dedss S8 dofd dar /el Rad & e &84 Az ARVE VIES
FEBERLTE, ool o]o] FF 3DEYUEE o]Esto] AAlEE AlAEiE AL gy

This study aims to develop a making potable water kit which contains alginate beads, An experiment was designed
for the development of beads which can eliminate some contaminants such as bacteria and heavy metals, An
experiment was conducted to find out an optimal condition of the alginate beads for salinity removal, To search
an antimicrobial properties of alginate beads, an experiment, using an chitosan—alginate bead, was conducted,
Verification experiment for adaptability of heavy metal was carried out with cadmium solution, Also, there was
nanofilter producing experiment, which would be instituted on the water kit, to increase the efficiency of salinity
removal, Based on the above experiments, we have formulated a technical kit for the manufacture of potable water
that can be supplied to developing countries. The potable water kit was consist of alginate beads, chitosan—alginate
beads and nano filter, Also, additional tools were developed together, We plan to build prototypes using 3D printers,
This study hopes to provide potable water all around the world including many developing countries,

Key words . portable water, Appropriate Technology, alginate bead, nanofilter

|1. v

A 39 AA B2 & drof UM oA st Haa] wjElE Yot A5, Wslsle 7| FoAe] Eit
ofglo] (FUAIZ, 2017)ehs BEarAol= @A 3670=o] STl =xpel 117e] 9)7]of 3| 9Ll 20404
o] ¥ AlA 69 el olsEe] & 5 el Al E Aolgle A UEo] FAdL X d Ao
40%°) SFE= AE7F vhA = Qs Bo] REete] Al W 9ty B RS 71X 7|30 UEHER ofy
g} o] L-EjutekE S A AAAR] EAR FEc B R A S5 UIe R AYEL 9= W
k2 Al o], QlF -, a4 west 3] il

ol
21
o Hargol W 4 ek wilol i, AF A9 4¥ wA A 9l u)


http://endic.naver.com/enkrEntry.nhn

ARl A97) wol sieeesl SUEAy AU o AdEe] et /%] | =
b Slek, webA Mo okl vlgat BAw A B FoIA 97.5%F AASe A sk 4 g A

% 7149] Apare] A4t

EG AREATl s SRS Wol Aot B shat] oF Falq Aol §ANE § $REo] S84
2] OS2 ) Fohs AR W W Sols $RE G2 4 el o

o
=

At sk, Ao

e T A

AEIO 0] VI A WAIRE A 4 i stel Aol o ?H‘éﬂiﬂfé stk ofelat
HAEslal e84 AZ 7|E pS °

=>é
:0.2
x
-
~Of
&
e
o
X,
N
==

~

go & ox ﬂﬂo
i

o T = =
G S ARET 50 90 HEsiel 47T B84E TS A

e
N
itk

ATEEL USSR A B FE viStRRNE AR E3E 86 BAS Asl] SE Be o

=

= ==
o B AR, 308 55 dolvle 499 A S T, sias @R Aaksked AN
q =

(ir

dlreeste] Bhale 24 sjEdele] uep EREc Y olgste] dl4E vtEstal WS S8 S5
AA s de SUHE A4EAS(Osmosis)S 9o ogslo] 45 RWIHEEH(Semi-permeable
Membrane)& FIAAH ©gE BAkete d4HEH(Reverse Osmosis)©o| dflg=g4=3te] th 2]l #4]olct, o]
o= ARy, o]2umghuty gA|=EH, TS Sol EH?**—‘@M] gL glovt, | de| A8t

Sfek=at WA MSF, MED®F ROS| 37h4] 7|oln], MSF ¥ MED$ ROE Z83t0] @45 Aish=
Hybrid ®4o] Ag5= 49-= Arh2].

o GaEY

S} B Sl solo] Wielel Se ) Ytses e} fe Sol G9l Sl pt 2
o



UR|H|O|E HIEE 0123 284 HIZ XH7IE 7|EQ| 7t o 0|50 2 491 o AXMZIMTSnSSm | 153

2, gX|H0|1E

7t 2 A0 E((C,oH,4Ca0,5),)

2 S GAMO|ES] 7FRRA|9L Sto]EFAY] A

&F AUIE Sgoe dsta Sgont wgAs
ool LHEF ol 23t 2 ol &0 X3 Hhgo] edojutt +§A4el 4 WAolEet @stiae A ol 2ol

ehds] WhgshH =80 e dAYo|EZF FAE et o] S Fal 6&“51 ey GAMo)EE ke
Tdm FEE 7 "ek SEME Bl de GAMICIE HEE wEste] B wl=o] WhRYE 53T
oju] g Frehs A U & Ut AE AAUOIES Ysits 4%04134 HEgAA FehE Wb
G 2 AAUlOIES} AR Folata A Aol Sst thEy] Hhe e /D ga oE

Z] 1 o} 1)

FHe BRI AWl st 29luct Srhsks Ayolch uilE FAsm gl Bao] Aol iy

NS Tt RET 44 Aol B2 el AlF Aol Lk &F AHyol=o) smsA)
719} SolEEA7|oA LhEg ot Zroleo] XEEL vkl Slofibn] U AXYol=st WHEeIAA =
o olgA wEeldl 44 UAUPIES Fah FHES 99 AGeH WY E chl 24 ol&dt 4 o] 2ol
gl

upe] FRHE 1 AR GAT B4 elw Az gy Sl vk RS S ek 94 w3 Sl o
¢} chgdubet nohR Ao R THel 4 glom] ub o) ol wheh oiguts wojduoR TRa 4 9l
o Azl olgH AR Yol uket 714U RO R PR, Bate] Hst ofito] uf

Hejuke Aef| whet {7)A4gue frjguto s Bast o glon ARSEE= Azlof wheb Aol Hebi
> E 5 FE polymer AE2 &AYE o]&5}od
A WgoR gagt & Old 43 Z(cast)°ﬂ*1 A7

., Absiis, ASHElst Se) 4 Aol ol vl s s
spiel, of Aol T Hgo] s diel B/145rol Halel Ao WA FolAA Hel. Eat
SR FEAAE olgste]l AAEY] tiel f714ue] Hlstel Y, ekEAlel At eldel A

ISR

A5 7bAo] gk wao] sleHs).

> L
o Lo
2 o
h‘ur
N \
= o
_?L
_&
J{x
:L
]
>,
N
4
2



% nmole] We AR JHd som FE BEolty BA A

A2E

4 nmo|ake] AlgE 7Rl wom oy Aol A AASHA] Jehe 7] ool

spo] 144 ofiti ol Alze] AGE Aol o AgEch MEA At fel F FHNOR Az
uhe A4S A Snl, QEPIFE), F¢) 28(PP) FOR wEold s a4 A ek duroR A
Gure] adegutel Hls) ure] miglo] e AL wlEstel T2 WA AE A ol gl elsich 18] W] &
G4 e ol g B A9 Bkt AelE Batol EWS A48t A ook 497} Hrls),

1, wo] A3 279 Be B3

A 5HE A uEe] B 8 Aol AR Bl A%t mv)o] T RS b e st
e o

£ Ao] Fasich Hejue o)
(NF), 71%AuHED) 505 85 & 4 9lov] Zze] B4e chewt guh A4 24 34 uhel
ol 83 A9l AAY

39| 2710 ukeh HolTuHME), 2elolul(UF), SAHESHRO), Lheolstul(NF), 7|FAt (ED) %
< Z

Adofafure. 0.05~10¢ mo| 574& 7™, 7}f

grejoapule Aol apul B 242 0.001~0.1x m2] ¥78& 7 thg vl HlOH 732 ek \e
2l

ofch, i Mgy whow Meld R @ 4 Qs BWEI oF NS AAFOE LhrolA glof
shup ek op ) @Abel A Urehdch Mok ulARE A AAR 4 glout woqm—w u]afol
So] A3 Al GFelo] A £ wojok ahrHa),

)

3) Yi=o]@ut (Nanofiltration)

2F InmAEe] A= AA7F 7FsstH BEARFS 200~400Daolch, whol wab tha zjo|7f
DOCS] 90%, Na'52] 17} o]&2] 60%, Ca’' 52 27} o]L2] 90%71&e] #7217} 7Festam 43}
#-g-o] 7l5strH8].

4) AMEYr (ReverseOsmosis)

GAEME B sle] PostE BHOR AgHom, DS, Fi4 o2, NOM 5o Al Aga
uo] Ftol uj§ 27| ujo] upe] o] gom Kt Gl the A3 e oA o] B ol
250 Axel7t apsieh ueby AHg Hop AlgHdoln] xad A% B AL Hopo] & ol§um gk

[}
A9 9 270 AP AT /M U APsHe o] Fasheh Helupe ot 4

el A HME), R} A R(UF), S4AFIHRO), tHeofabu)
p

.]ltHO
H=

O &7

] T = = %ﬂq 0.2¢ molct, FEo|=e} H|asle]
Al whgElot, clay, silt, cysts, algae 5] & AAHC thZ dhof u|ste] Fo] A7] ufjite] vl
& 4& S 9lon} Ehate) HEte] Fujro] vl "o lLﬂ TRol=A 23 Sof ot uo)

=]
=

P2

A
w3}

4 32
2

of
o,
2 2



UR|H|OIE HIEE 0123 284 HIZ XH7IE 7|EQ| 7t o 01501 @ 491 o AXMZIMTSnSsm | 155

Y AAE gole] AREE skl YEg AN gt e drt 2T 9Pl Sool S §
9] Wepom orch, © Aol MBS Aslol SAMol= WES] S 5 YEE Aol

AollAl Y g Sk doks w) o8-kt 13].

U, MP-AES(Microwave Plasma Atomic Emission Spectroscopy)

MP-AESE 97 W 8% HuA(ABS)R =8 vlo|Aws gr Zelxute TAE 24e Fa

O At 8450 BA 1A AYS Slo) ABHC, TDSE ATt ol A2 Agelel BeEol §2e -
U o Blmie 22 dag A8 Eekl Ye R, o Akl el o)
&A% Hark gy MEL AdVHoR g -NLS S0 daute] A o] oA LashEc,
e e P | Ak Wow whtE 45704
3 £t 2 E2(ppm)E 24T 4
A AAS ABSS} HILE 4 ol Zl&ol Ak e 29 ulgal ApA kAol AA aae

o

o

~
>
i)
©
lo qo mM
oy
i
Hu
rll
Lp pac _{INr
.—E oﬁ
= ﬂ
s, _11\‘. >
N Oz l)’
i o w mn v B

I
et
s
e

N
N

MP-ABSE= Ak oS Agsiol el Ba SUPA o $olmie] SaE A4 A0l el
ol WS U B 801 S Beleuich 4ERger] Aol LYEH, S e MP-ARSE %3
o A FRE Aol SEch WEE A o vhjEe Aavlold 25 2 WA ehels) BEs o)
sic} opro] oz Ags it $o uERppm)E S4stel 243 4 9lrHi1]

t}, FAA A&7 (Scanning Electron Microscope, ©]3F SEM)

1) SEM&| 4

AR AL A7) mAReh AZIARRE FAEe] otk BRI AFeld e A4S The A
Sole] Am 91 2helAen TN BAsks A4 BoAs B Ang Hsks As seleld, A
29 HRel A ot AEE A&shs 4E7), ARAdolXet A%71% makshe ARA W AAH B2E 2
o WATE WA AR FAEIT WAL BARE Aolshs 4% AUCHEH A, A= A,
A AR, AR AU P A7)0 Aol W AEE FEsH A& A, NES ST Cathode Ray
Tube: CRT) §lo] Aoz HASH: A BAN 9 A4S 7|Ssks splel gxeh 4714 A4S 28517 §1e
2AR (22 )R FAEo] Qo).

rLlo

2) SEM 9] 25

FAPAAR e Aol o] YHE ARl AAFe] QbE Al s ofUXE A AR E
B Y R e AU Ben Y R o elamide) 498 e el ol
e I e LS
Arpyle] AQetE wwsl Foh AR Aol HYlo) ofs) A Ew

b AEe AR B9 el #3894 W A5 4ege] o
NEE, 2% A Wb AR Rak s oA A% ol Wk ®ck olefat 414



156 | ZHAUA apshaEte|eiTL o The Journal of Youths in Scientific Research ® Vol. 3 © No. 1

5 FollA A ELET o|qx7E 2 23 AAE HESke] JgAER HEkstn FAStE=d olHd S
AA AR mHE W 4 A =oH9l
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1. S=0 o2 Zs LX|U0IE bl=2] ¥y &l

7h @AY|OIE s ©E HEQ] Y4 vn

AAYO|EQ] EEE 2.5% 3.0% 3.5% 4.0%% slo] HEZS AAste] 1 EHS SEMOR e 2
DI Zrh (Table DA & 4= Qe A Po] srt MeideE vs ZHe] @3o] Hojfg o 4= it =,
AAYo|E HlEol= Yt do] & el Fo| EAsler 2% Tkl @57} =7} ZloHéH% ol & = 9
Ak ERE ARG 2R AR AR Aoz yeiyth 539 Fatele GAYCIE HEZE A gAdelet
= o] Folstn R o] Aukg Hol mWe| F3o] A FErt @2 HETE 2 Ao A3 Aojehs RS A
o} whehA 25 AsREl 2500 nEE y)H uER ASS| R ko] oTE Xaslaln)

(Table 1) Surface of 2.5%, 3.0% alginate bead

2.9%

2.5%—1(604H) 2.5%—2(50041) 3.0%—1(604H) 3.0%—2(50041)

(Table 2) Surface of 3.5%, 4.0% alginate bead

3.5% 4.0%

4.0%—1(604H) 4.0%—2(5004})

3.5%—1(604H)

2. Helo| ME & YX|U0|E HIES HE &3 S8 o

7k pHO| @E Za EAYO|E vE9 dE FF 59 &4

alginatels F4THE FI2RAY|S 2w, FU pHAF W AP 1§ 7 padgel fAE 1
PH7} S0kl 74284717} o] 2stelo] COO™ Hevt |3t o] 2 o] osiA T A
2k Ael7k Wolditks 4AE AT Glek. oloh e AR s YA UlolE M= pHel uhel wAe] et
A3 EAso] eebiA Hi Aol
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ofi= ARle AABIIY AdEA] pHe 4R, F42UE pHY, ¥V 2402 pHI00R AAsieioh 7}
F ador dis SARE 23S olEi O 2704 pHE AR Lo Y Skl 2 |
pHE ZolR=Es 3h3lth, pHe gibAte HM*—EM % o]-g3lo] Yol
1 pH 4 H= 92 32 A=
pH 48] gHol A AFE AAYolE HEY ¢t F2F s ST AY AW [Figdlold & & 8= A
I Zo] AF 9 52t 35,122ppmeoll A 33,935ppm 74l wE7E skl o] AZEE 214Kkl A&
v =7t 33,728ppm /M4l ARt AL WH @ 4 QS o8 FE pH4AR AlF E ACIE HEE fE
S2k] t o]l A& 9 Abolofl HRIESIthE & & 4 A
33,935ppm
[Fig. 4] Salt adsorption capacity of pH 4 bead
2) pH 7 HIE 92 F2 A
pH 79] s AZHE FAHo]E H=9] it FAF TS 4% AF A3t [Fig. 5]l & 4 =
AT} gFo] & 38,908ppmol Al OF 8E QF 36,956ppm= FFASIAIL o5 AGHE oF 23X)7ko] X uf
36,616ppm7HA] FFAagh s W o 4= QUlek olF §sho] pH 4= ARME FAO|E W=} H|WSES
o AA FaREel ¥ BieE o o i Aol HAdivt e ARt " WA e e B2 pH 4Rt
pH 7oA dAYo|E =S Alxdh= Zlo] Hit S&tol felsithe 2e & & Ak
l 36956ppm

[Fig. 5] Salt adsorption capacity of pH 7 bead
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[Fig. 6] Salt adsorption capacity of chitosan bead

QAUlo]= W T0gS T o] FtsHz WAl Uelol o 208uie 1094 LhA Holte] S B2 A
A= Aol et G SAREsl debd Aloleks S A9 ol AEH] Slal Aol danks Shelskic

1) 2.5% ZAHolE HE= T0g H& &2 Jx
dAHolE HE 70g9] dE FH wHE %Xéﬂ a4 A3 [Fig. 704 = & ‘Zl»t— A ol A&

37,626ppmol| Al 278 59t 27, 455ppm7HA| 7F =t 27, 116ppm7/}Z

e o 5 4
G qolk T0g9] WSS QR A ol8IR A7t 102 ol8SAL BPuL A FA At SAss,

°
2
N}
N}
>
N
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[Fig. 7] Salt adsorption capacity of alginate 2.5%
bead(70g)
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2) dAMo|E HIE 70g o] FE FA Ak

AAYo|E H|= T70g "ol R Tz AY At

2 Al ads [Fig SlelH B 4 gl AR ol A
37,524ppmell 4] o 2*]7} 208 Fob 26,655ppm/bA] AT A& WA 4 UUTE F 208 AR 10g
2 dolglir), W HolE uukth gito] FAsHA FAsHs kol Ui A% WA 4 it

[Fig. 8] Salt adsorption capacity of 2.5% alginate bead — relay

2t GAY|0|E HIE 7)o W dE FF Y &

Aol = vjme] A7]ef et @it 2 welo] ek Alojehs S Al$X olE A 918 M=
o ABE Welow el 24 Hmel WE B 53 A4S s

1) 2.5% & 271 (KF @ 6mm) YAYIE H= Hi FF Y=

2 379 GAYelE HE AR T SEE 249 AF 27 [Fie 9lol4 A& 38,043ppmol A 675 FoF

35.048ppm7H QA A BT 4 Agirh Bl WEH e 27/(B0] oF 3mm)e] FAYo|E HEe} 2

A7)(A 5] oF 6mm) =S ulasluoke u ulE ofo] @R FawH d Wash Al o gol Aelis Aow

TAHGh ol 27 g of] 2 A7) vlme} AL A7) MES waRg u, 2 27 vse] Tudel o W)
O

wjFolefal Azbekoitt, wheba] -2 oFe] & A7) H|ERT A o] o Y 22 A7) HES] Ja&o] o Frh=s A
=AU}
35048ppm

[Fig. 9] Salt adsorption capacity of 2.5% alginate bead - large size



164 | ZHAUA apshEte|¢iTL o The Journal of Youths in Scientific Research ® Vol. 3 © No. 1

SHAYo|E HES olgsto] B B AFS A
1

A} AR AsAon 98 g3 A, Fol WUl HEe] EW 9 o)
wishE ololny] $18] G B3 AHo] A8 B M=) Euid URe SEMS olgslel mASin ER A 3%
A, ol wlEe] 94 ol thE Alolela Azshn SEM-EDSE

[Fig, 10] [Fig 11] [Fig. 12], [Fig. 13], [Fig. 14], [Fig. 15], [Fig. 16],
[Fig, 211 9l &2 & pH ¥ w=o] Zuy) this SEME o]8a}e] T3k

e
WIS i) o] YRkOnE p/E e vlSsh @R A Selo] o %S

[Fig. 171, [Fig. 18], [Fig. 19], [Fig. 20],

3 AbHlolct, Aol # 4 9o pEVE s

e AOR o sl W=l i BlRRE EABISITE

- mo=

SU3500 15.0kV 9.3mm x60 SE " 13500 15.0kV 4 8mm x60: SE\ 500um
[Fig. 10] pH 4alginate bead [Fig. 11] pH 4alginate bead
after salt adsorption after salt adsorption
experiment(x60) experiment(x500)

[Fig. 12] pH 4alginate bead
after salt adsorption
experiment—section(x60)

SU350015.0kV 9.6mm %500

[Fig. 13] pH 4alginate bead
after salt adsorption
experiment—section(x500)

[Fig. 14] pH 7 alginate bead
after salt adsorption
experiment(x60)

[Fig. 15] pH 7 alginate bead
after salt adsorption
experiment(x500)

[Fig. 16] pH 7 alginate bead
after salt adsorption
experiment—section(x60)
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[Fig. 17] pH 7 alginate bead
after salt adsorption
experiment—section(x500)

(RRREE s = 7 [
kV 11.2mm x60 SE 00y 5 0 5 s 7400pm:4 SU3500 15.0kV 7. 1mm x60 SE

ity

[Fig. 18] pH 10 alginate [Fig. 19] pH 10 alginate [Fig. 20] pH 10 alginate
bead after salt adsorption bead after salt adsorption bead after salt adsorption
experiment(x60) experiment(x500) experiment—section(x60)

8U3500,15.0kV 12.4mm 500 SE

[Fig. 21] pH 10 alginate
bead after salt adsorption
experiment—section(x500)
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(Table 3) Ultimate analysis of pH 4, 7, 10 alginate beads’ surface before salt adsorption experiment(x60)

Cl Ca Na

Na Kal 2

pH4

pH7

pH10

(Table 4) Ultimate analysis of pH 4, 7, 10 alginate beads’ surface before salt adsorption experiment(x500)

Cl Ca Na

Na Kal_2

pH4

50um

Na Kol 2

pH7

50um

Na Kal 2

pH10

50um
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(Table 5) Ultimate analysis of pH 4, 7, 10 alginate beads’ surface after salt adsorption experiment(x60)

SEM Cl Ca Na

pH4

pH7

Na Kal_2

pH10

5004m

(Table 6) Ultimate analysis of pH 4, 7, 10 alginate beads’ surface after salt adsorption experiment(x500)

Cl Ca Na

Na Kal_2

[

Ca Kal

pH4
e 50um
Ca Kal Na Kal 2
sopm 50um
Ca Kal __ NakKal 2
pH10

o

(Table 3), (Table 4y, (Tableb), (Table 6y pH4, pH7, pH10 H|E9] HE &
Asfolet. SEM-EDSE olgslo] EMAX TS $of AuE BAstgon He A 5 247l o

e
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sk Mo] SEM AMol A5 gl 2 o 4 9la, Kb WA Ba Hel we sld 4+ gk o
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(Table 7) Surface of chitosan bead after salt adsorption experiment and before salt adsorption experiment

7| EA =

oo
L
2

7| &b =

7| EA4H-5(604) V l/‘JG(GOHH) 7| E4E=7(500uH) 7| E4H=8(5004H)
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(Table 8) Ultimate analysis of chitosan beads’ surface after salt adsorption experiment(x60)

Z}

AR Cl Ca Na

oy

Ca Kal Na Kal 2

[ ]

500um 500um

Cl Ca Na

Cl Kal Ca Kal

(] o1

50um 50um

Na Kal 2

SEM-EDS¢] EMAX Zg27IHE o]&slo] UA|Yo|ER 183}t 7| EAL
Agt Adb= (Table 8), (Table 9¢} Arh pH ¥ HIEL}L v 8 &2 & UER o]

ore-s BT 4 Uk,

5. 7|E4 AX|Y|0|E HIES| 7 57 &l

NEAL AAIE HI=8] ot 58 29l Aele] A= (Table 10)3 Atk

o

(Table 10) Antibacterial effects of chitosan beads

ST At
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EXpertg ARt [Fig, 23], [Fig. 2512 MP-AES® 343t $a4 w0 AA gk Hola= ARxlo]
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7k 2.5% LAYOIE H|ES FF&

% 59 g4

MP-AESE o83 2.5% AAMO|E v=9] S 32 5 o0l Ao dv= [Fig. 22] @ [Fig. 239 2
Tube m” 226 562 m
1 Blank 0.00
2 Standard 1 25.00
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5 pure water 0471
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7 Sample 1 200.74 lo
2 Sample 2 75.07!
3 Sample 3 25.68!
10 Sample 4 30.84
11 Sample & 2020
12 Sample 6 29.23
13 Sample 4{2) 32.33
14 Sample 6{2) 2872

[Fig. 23] Concentration of Cd
aqueous solution

[Fig. 22] MP Expert program

w. 71BA HEY FE4 FF
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5 pure water 053!
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10 Sample 4 10553 0
11 Sample 5 76.54
— 12 Sample & 113.06 0
Cd 13 Sample 4{2) 52000
265020m
o tin 14 Sample 6(2) | 106310

Sonad 1@ [

[Fig. 25] Concentration of Cd
aqueous solution

[Fig. 24] MP Expert program
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[Fig. 27] Concentration of Mn
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[Fig. 28] Plan of kit 1 [Fig. 29] Plan of kit 2 [Fig. 30] Plan of kit 3
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(Table 10) Comparison of strengths and weaknesses in the kits
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[Fig. 31] Plan of portable kit

[Fig. 32] Plan of
portable kit

[Fig. 33] Plan of part of pushing water

[Fig.

34] Plan of storage
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[Fig. 36] Plan of Folded storage

container
[Fig. 35] Plan of frame

[Fig. 37] Storage container

7L Fd8 7

o
lrrl

Fg EL J1E 19 @ F AAHO|EE wAT 5 Gk HS Esk) I8 [Fig. 31l 2ol we)
sfo] 2 4= QU AsteEh, AOIETL BANE e At Ao ol A SubE 4 o o
AgEIR Sk, E dAdlolE NS Wb WA & UwE BEe| ok PR Ui du v

4> 1o

piv =i

U AZE 71E

1 8 7B J1E 20] g ARgekE A2HI A1E 39 A3 ALEE SRS YIE 29 71 39 @S

H57] Slaf AAolE MES He S gl UoR o|Rojxl WAUolE HE AFEY|S WEUT Eat v]E A
% %71‘2 22 G2 ) A §7VE AN RS Fol/] Sla) A §71E Ww MolH & 4 A wEsi ®
oHIE A §712 F2 4 ol B wHEel B 7IE Kol Al golelo] A8 A8 5 A wEtt

et

A 2 Aol vlEe] B2 Helstn ey 2 1Y
B W BT 5 A AE B 4

)2 Adsteln skl A7E Bl choat g

L Aol =g HE 52 YUlS dobly] 9fste] SEM-EDSE o8t a4 £4% AT A dAPo|E



UR|H|O|E HIEE 0123 284 HIZ XH7IE 7|EQ JHdt o 0|50 2 491 o AXMZIMTSDSSmM | 175

HES i 52 el o Helth Aol M= Ca?tol SR(ATE)] NaClg el Nateh Jgut ¢
H

e | 222 g2 S

3. QPO = WlEe] GREL 2 Sel 4 A3} NaCI§ole] %57k 24,000ppm7bd] WolAll A& eelshoict
St Afgtol ub 4+ 9lts £-849] A9 NaCl9] FFo] v)S- Holokspy] wlite] WAMolE vlERO R 2
BB WS 4 Grh s, olol ket o 4t o]t Alo] thal olat Azt eAulolE vl=e} b
ol 3] ofgjule] ;YL so] uAHe) WeE ROUHS 0|52 slolch. Wz LS ol§F ] wy 2
grefo] Waste] A4ge] Y olgstol who) AW Lhebd 4 gl el el Azl w12 et

2 208 Ao mAE FUR AdelA g
ERA, Az GAYelE WEe] g AZElRgm rslesle st wa
A 1LY 4 st 3 o vkt e ofo) UulolE vlsst Wa

H o
4, Aol WEe] FEEA el gl AHeld AAYolE v= 2+
7 37

=
E 3o AS olBelel A HAE BB O AT 4 b BROIS WAk fef A
T
6. 71iAte] 7|52 ol2st | ofn]ter|(-NH)of ﬂ"H g Ao A sl eleat o ol o

o) e gsr»b QA 50| mpoluy Al 1k oleAgte] Uolvkt, 1L Aal AlxEut o] w1
2 Q8] AW o] Euo] nabge] ) Em 7EALe] ofolo] ul4ie] WED 4 Qs o F
a3k ek 71 ALo] ofefah 42 uhio] 7[EA} W] Flelu chgatol A ke Ao malt),

&2 A fiol Mol AL & 4 Asln, b0

By
>
=

I
T
g

il ) = ] a4E

8, 2a4 TA A% AW 7|EAF uEe} 250 SHAUo|E HE RE 234 52 o] 2Rel o Uyt
AAL MEL GRET B ole} FR4E S st

9. AFFolE Tejojaputel sy wWAlE o]&sto]l AR Ayl 4 H Mno sEe 2® A, Fol A FUg

& [Fig. 2715 &3 & & iodeh, wheba] 14 2"nt AAISHE Alolle 99 anp) vj¢ vjujsith= 4&

S el A B A AR olel Wel HYsE AHok T Aoleln ARSI

|v. #aza

[1] 75121 (2016) B4R 7IEA-SAMo|En=S o) Faeal. AAsheleE Adtst,

[2] FAbHa} (2015), 4phes
http://terms.naver. com/entry nhn?docld=1162075&cid=40942&categoryld=32335

[3] £840 (2001), A4 BEFHNE olfeh olaur Azo] Thet o, Al kst

[4] 9b71e) (1998), 71EA/SAOIE o] BaAE oot A Fad Batae] A, HAshele,
gk,

[5] $-28, #4131 (2011). 71558 a7k =g o) gole] a4 ool AR et mA}

°
S5t A7, 17(2), 150-155,

[6] o] 93t (2009). 7]%A4 Hejul Az @ He|=gEa ot wkalehe|wR slokgjstn ojshy.
194 (2006), Ak SA|lol= R A x5 & . .
[8] o374 (2014). RO S o §5hz ARIGS Al4e] Sxie] HZst Halslelei, neijslin sl



[9] AF2 (2010). FARAAF Aujgeol Aol oot o|n|A] gpoll et AT, AAlSHelet, Algatelr]stheh,
[10] &3 (2010). SEM-EDSE o|&¢h Ade 7| &t g dA=e] 1 du 1. AAshe] =g, shaoigta,
[11] Agilent (2015). 4100 MP—AES,
https://www.agilent,com/en/products/mp—aes/mp—aes—systems/4100—mp—aes
[12] FAFHIE (2017), AR
http://terms.naver.com/entry nhn?docld=1221753&cid=40942&categoryld=32335
[13] KOREA SCIENTIFICS(F2)gk=tu}s), = AlA]
http://www koreasci.com/product/detail, html?product no=4184&cate no=31&display group=1
[14] 9719M1H(2018). &2k https://ko.wikipedia,org/wiki/%ED%9D%A1%EC%B0%A9
[15] 71742(2014). A& Hejuf AERg7|olA vk o AZRS st A574 A vjdEe] agste

Sy uEY] Alx, A AeTieh ek

| 3%
ojsq
2L}

o
g

ATfStTISSh seung6706@naver.com) ZAA} w AKX}

Seungmin Lee, 91X
Nahyun Kim, QIZ!

o
T

X
— = =
-<
o
S
D
o
>
Q
-

D
o
3
Q@
ro

X|=wA} @ 8ROl (nsuk Park, QIEEIAIISITISStN  ditmf0730@ice.go.kr)


http://terms.naver.com/entry.nhn?docId=1221753&cid=40942&categoryId=32335
http://www.koreasci.com/product/detail.html

HIECESA A2[7H Lioll 7IF01E! 2 L FoKo] STt 0l 025 UMBIEL Zoi Atst HHS o AS3| 9| 101 ¢ MZusoieristm | 177

HIZCISS &27t Lol 7F=01E! = Lt =oHe| st
OIS O|Zgt Litalets: =0 Aks} HiS

ME3| - 293 - METRoEMEm

Synthesis of Gold Nanocatalysts Confined in Mesoporous Silica and their use in
Catalytic Oxidation of Carbon Monoxide

Donghee Seo - Yuhyeon Kang - Sejong Academy of Science and Arts

AT teAlo]] 22 2 Wzoiy ATzke] 713 g F et AE HRolA, heslAt 4% 7t &S
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ABSTRACT

In this study, we have confined gold nanoparticles in the nanocage—structured pores of mesoporous silica to
prohibit the contact of neighboring gold nanoparticles, and simultaneously to allow reactant molecules easy access
to the surface of gold nanoparticles through the interconnected pores, We have also examined their catalytic activity
and the thermal/chemical stability under catalytic oxidation of carbon monoxide which is a representative toxic
compound of automotive emissions, and confirmed the possibility of gold nanocatalyst as an alternative to platinum
group metals,

Key words . Gold, nanocatalysts, mesoporous, silica, CO
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[Fig. 2] Mimetic diagram of platinum nano—catalyst using SBA—15 mesoporous silica with
hexagonal channel structure(a) and Transmission electron microscope(TEM) picture(b) [6]
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[Fig. 6] Preparation process of TEM specimen
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[Fig. 10] Reactor and Gas Chromatography(GC) for analysis of
carbon monoxide oxidation method
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[Fig. 11] TEM Image of synthesized Gold Nanoparticles
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[Fig. 12] Diameter distribution of Gold Nanoparticles analyzed by TEM
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[Fig. 13] Absorbance spectrum of synthesized Gold Nanoparticles
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(Table 1) Gold content, specific surgace area, volume of pores per unit mass
according to the samples

Au Loading BET Surface Area BJH Pore Volume
(Wt%) (m*/g) (em®/g)

Gold—Cat—1 0.12 441.5 0.05769
Gold—Cat—2 0.17 424.4 0.05339
Gold—Cat—3 0.23 425.2 0.05748
Gold—Cat—4 0.31 411.5 0.05682
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[Fig. 16] Distribution of pore volume according to the size of pores
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[Fig. 17] Carbon monoxide(CO) conversion rate of each sample
according to the temperature (Flux of injected gases ; He: 79cc/min,
CO: 1 cc/min, 02: 20 cc/min)
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[Fig. 18] Carbon monoxide(CO) conversion rate of each sample according to the reaction time at
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[Fig. 19] TEM Image of the catalyst after a long reaction
at high temperature
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Neuropeptide S2=29| EiLl 0= Mo OiXl= Hek

HOHLI - M2A - A% - N - ZilsinSstn

Impact of Neuropeptide Hormone on Biological Activity of Microflora

Daniel Jeon - Eunseo Seo - Myeongguk Son - Jehyeon Kim - Gyeongsan Science High School

TEXE

WAL AL ARA, WA, WA 3Gl ofsh SARL, A Fol gL AEA B ulgEe] F4o] 4]
weleol] Al 99 ATk Aol Wal A3 gle, webA] & ole] BAe yg@% Aol WA £222] Neuropeptide7h
wolA 2ol YRS BlAE  oh2 I HSRA, neuropeptideo] oJ B BTl WSt of ol et JH54 S Yol
Aclct.

o] §J3to] H A= 3714 79 A& thE neuropeptide (Neuropeptide Y, Neuromedin B, Oxytocin)< 2}2¢

Skl °]§ oA E°1 oFA] o2tk 3ubefe} HlwskoITE, FARRE FHEEE v dES E5H9] nutrient
broth, MacConkeyQP MRSH| Ao Z+zF H&3fo], A njAlEESe HA o, 1% SAF, A CFUS 2Hzh 24351900}
T ufeFet U]AH:.;-;—O 16s rRNA9]| IHO]' 0:]7]/\'] S Rk I“Ojr/] CFU &4 /ﬂJ—}‘ = -—rvL>~9—]‘ T8 SAHF T =7} Oxytocin
ol Z1FollA 7Hg =93, Akt 43 neuropeptide F0] LEo] 74 %9k, 1 th&o] Oxytocin o] 1HoA FAkatol
FAE L, 53] Oxytocin F0] g4+ staphylococcusAlE wldEo] @A 5] F7lstolct, whebA] & A5 538 Oxytocin
TEEo] U uE 2o nAe FAAD Gkl dis) gl 4 Qe

54/0] . neuropeptide, AUn|AE, Hel &4, Oxytocin, sequencing

ABSTRACT

Proper interaction among nervous, endocrine and immune system maintains life of living organism, Recent
research results has found that composition of rumen microorganism has a significant impact on the immune
system, Hence, in this study, our research investigated possibility that neuropeptide, a neurotransmitter and
hormone, has an impact on the rumen microbial population as another mechanism affecting the activation
of immune system. To do this, we put three different neropeptides (Neuropeptide Y, Neuromedin B, and
Oxytocin) respectively into each group of three rats, and compared the groups with a drug—naive group. For
comparisons, we extracted excretes and cultured them to nutrient broth, MacConkey agar, and MRS agar
respectively, They were used to measure the microorganism total count, gram—negative bacteria and lactic
acid bacteria, Also, 16s rRNA sequencing for the cultured microbes was done. The result of CFU measurement
shows that the microorganism total count and the number of the gram—negative was highest in the
Oxytocin—inoculated group, lactic acid bacteria was highest in the Neuropoptide—Y—inoculated group and second
highest in Oxytocin group. Particularly, staphylococcal microorganisms increased remarkably in the
Oxytocin—injected group. Therefore, the study identified the positive effect of Oxytocin hormone on the activity
of the rumen microorganisms,

Key words : neuropeptide, microflora, immune system, Oxytocin, sequencing
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A4k w0} 215k neuropeptide’t A o7k Ha i AW wAERe] AR BA vAE ol
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sko] thyel glEwl(Daniel R, Littm an)o] Fulels B Ao P& Afo)
S W (2013.11.5.)3F Hl7F QUEHsl ARATE zaleln <a)
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o Al AL A Lo e e Al
A #HAALE 37 Y@l neuropeptideE AFHESFY] neuropeptideZl Ul wAEOl WA= FEFE A

31, neuropeptideol] g W] T Ao WAUSS vt R Al gt
227} AFESE neuropeptider= Neuropeptide Y, Neuromedin B, Oxytocin® Neuropeptide Y,
Neuromedin Bi= 7} ¥HlA 2l Neuropeptide©]il, Oxytocin o}2 wWHAZAo| st AHE7} Qo] & o
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1. Neuropeptide Y(NY)
Neuropeptide Yi= | W QIZRO] AEAIA AN 417 Ad 42 Z%‘ } 360t Al Al HEro] 2o
o), ol ASIROA] HHIEL oja AAAY BA F AR e A
7M7) §IE SR SE fusa ANRES 1

& sk Aolnt4l.
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Nenb mRNAL 74 AL SIS WAL, e HelNE 2k 2o SR vEen
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[Fig. 1] Animal and drug inoculation pattern diagram
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R 15ul, DW 690ulE E—tube°l Yl vortex® 4=t} Oxytocine primer F 10ul, primer R 10ul, DW
460ulE E—tubeol Wil vortex® A1+t template 2ul?} ZH2Fo] Mastermix 48ulS pre—mix tubeo] Hal
vortex® 401 F spin downglth, PCR7IAloA =& AAalle F(HA 95ToA] 44, 122 WA 95T
oAl 45%, 55TOIA 14, T2TolA 18 30%5 34% ¥hEsich REE 5 72ToA 10%, 4TE FAH)
PCR7]Al°ll Dye tubeE Weolttt, L8]l PCR7ZIAIE A5A1A Colony &Y DNAE SHAXItH
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9. M7I1BS

7}. agarose gelWtHE7]

3
H=E O - [

Agarose 1g Buffer 100me MicrowaveOiLH

1~2& 7t8 =
50 CHEZ A3

= . = FHEETTELT
DNABHAIZ S agarose 89 S0f combS

[Fig. 10] Agarose gel making diagram

agar powder 1g2 buffer 100ufel YWil =H11F A=t} agar £HE microwaveo]| ¥l
IR SOCMEE A5k, Feizl agar aHol DNAYMAIF buls Hols § combs

J ER §HE R Rl

H
4

[\

g

>%‘rﬁ
lo
10 offf
i
©

L

U, 47195 9 &)

]

100mv 0| A 20= 2F
Xd‘rr = E‘JFEI'

Agarose gellOf
1018 5 {

Gel imager0ff 10 =0l
[Fig. 11] Gel electrophoresis and reading diagram

A7195 80| agarose gell9]S Wil buffersS 83| T}, agarose gel?] Zof PCR3F &S 77}
10w =t} 7"]7]"35‘%430”*] 1002 A4 & 208 ARE SHETh 208 & gelE AW Gel

imagerel| ¥al &gt}
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10. PCRet M= FA|

Solution &7}

\\_
+ + ~ Q

PCRg} sample sample@| 5H{Q|
Volume2| WB Spin 2 2mé collection tube 21423 (7000rpm, 30s)

oy

ad v ad e -
WB(80% Of EH&)
& +&2|(13000rpm, 30s)

750ml ®7t

Solutlon HAH =
spin ZH CfA| B2
‘ e '

- u\‘ F " - . 4

HAE2((13000rpm, 3min, Z[T) Collection tube M# = spinZ
1.5ml microtube®i| Z&

Ll
&

2

Solution &7 = e
spin Z& CHA| Z&

[
— \ .'K-i;l (o= .......Em

i ds] =3
=) Buffer — =) - i

o d20M 322 '
& = . :
Incubation \/ 24 olg

Buffer EB 30ue E7t
YA E2(13000rpm, Tmin) 3‘?;} ZE; gij} e

[Fig. 12] PCR sample refinment sequence diagram

PCRE izl MEoA EAAIZ] DNATE ==317] 98l SpinZdH-& ARH&gltt PCR AMEQ] 5ujjol sidsh=
Volume?| binding bufferS Y=t} SpinZ#-S Collection tubeo| #2F3Ich SpinZ#o] PCR AHZy}
s

binding buffer?] TFNE SErt, YRS Fall Collection tubeo] XQI 8H-& w=CE, =



Neuropeptide S2220| Ef 0|MS 2Mof D|xl= Hat o FCHLIA 2| 301 o HAtntstnsstn | 205

Collection tubeE A oz wASlaL SpinZAdel| Washing BufferE FIgicl YAlE71E S35
Collection tube°l] ®Ql f-oHe wHe|al 9|9 Washing?dS oF ¥ ¢ ¥HEskc}h Collection tubed nLA|SFIL
AR 7oA F3]AS th2, SpinZdHL AMZ-E microtubeoll A2gtc} Elusion Buffer® 30wl H7Fshal
oA 38ZF Incubationdr ¥ WHELECE SpinHYs AAT F ofgf AL Hygich o] &
agarose geloll Wil A7|F5o 82 2RRIg & Q7IAd HAS =gt

11, E7IME 21 24

et )1 Rt g

SigrnioicEl

BLAST *» bsinsure

SavedSietegies Hep
Standard Nuslectide BLAST
IStk s bsts st tinss

Bessicage Eovionast
Erter Quary Sequance o Fessizage.

Algn bwo or mare sequ

Clioose Search Set

Databise. Human e

S
[ b @
wisesrom
_

oiors
s
Orto
Sy
opins T

scveroes fam ypa mataral.

Frogram Selecton
Optmize o

Show results na v wiscaw

At vameters

4

supericerir gt
ELAS eyt ademar e Natnal Utrry o Vs ? =@

% \Jﬁ Ush.aoy

e, Naihil ooy o s

[Fig. 13] Base sequence analysis process picture

A7 Y B4 Ay 9+YS Finch TVE lshc), 1=jar o & AAHQl 9714 E-& NCBIC| Nucleotide
BLASTOA] AAsle] 11 A7AGES 71K vAdES ARSI

|v. a7 23

1. CFU &% Zu
7h 23 2 2 WiEE FA

7} AR 2 ujEe) RS 24e A9 oh (Table AW L),
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(Table 2) Each group’s excreta weight

Asl 1(mg) 2(mg) 3(mg)
Control 0.33 0.36 0.28
Neuropeptide Y 0.27 0.65 0.25
Neuromedin B 0.52 0.59 0.35
Oxytocin 0.26 0.75 0.25

Y. CFU Z3} colony 7|4

Nutrient agarijx|ol|4e] CFU Z3} (Table 3) A8 vepytct,

(Table 3) The number of each group’s colony in Nutrient Broth medium

A 1(7H) 2071 301
Control 123 127 88
Neuropeptide Y 251 53 48
Neuromedin B 154 503 67
Oxytocin 232 18 241

MacConKey agartjZ|o|42] CFU A3} (table 4)* % e}t

(Table 4) The number of each group’s colony in MacConKey medium

A 1(7H) 2071 3071

Control 21 46 27
Neuropeptide Y 45 7 23
Neuromedin B 11 2 23

Oxytocin 126 158 5

Lactobacillus MRS Hj#|o|412] CFU A} <(Table 5y & e



7
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(Table 5) The number of each group’s colony in Lactobacillus MRS medium
A 1071 2071) 3(7H)
Control 14 10
Neuropeptide Y 22 656 31
Neuromedin B 817 1538 508
Oxytocin 162 689 72
(Table 3)¢] CFUZIE 7z} A o] wjds YIS sl mg/md « 5 5783 A3t (Table 6)A
o et
(Table 6) The number of each group’s colony per mg/ml in Nutrient Broth medium
Ad 2 1(mg/me) 2(mg/me) 3(mg/me) Avg(ng/ml)
Control 3727 3528 3826 3693
Neuropeptide Y 9296 815 1920 4010
Neuromedin B 2962 8525 1914 4467
Oxytocin 8923 240 9640 6268
10000 9296 9640
8923
5000 8525
2000
7000 65268
w6000
E
{ 3000 5 4010 R
™ 4000 37235,3328693
3000 I I I
1920 1914
2000
81
Control Neuropeptide Y Neuropeptide B Oxytocin
Bl W2 N3 Navg
medium Graph
ool mg/me o 55 545 43 (Table 7)

211»/\

e FAE

4g 2ol

1000
[Fig. 14] The number of each group’s colony per mg/md in Nutrient Broth
a

(Table 4)¢] CFU%F A=

4% ek,



(Table 7) The number of each group’s colony per mg/ml in MacConKey medium

A 1(mg/me) 2(mg/ml) 3(mg/mb) avg(mg/ml)

Control 636 1278 1174 1029

Neuropeptide Y 1667 108 920 898

Neuromedin B 212 34 657 301

Oxytocin 43846 2107 2000 2984

5000 4846

4500
4000
3500

25984
3000

2500
107000

2000 1667

1500 127’1'317f(]29

92898
1000 63 : 657
500 o 212, iﬂl
0

Control Neuropeptide Y Neuromedin B Oxytocin
W] E? W3 Havg

T /mg

[Fig. 15] The number of each group’s colony per mg/ml in MacConKey medium Graph

(Table 5)¢] CFUR 25 2t A7 ¢ wjde FAE atesto] mg/md o 5 ST 23} (Table 8)
A1 UeERRE

(Table 8) The number of each group’s colony per mg/ml in Lactobacillus MRS medium

AF &+ 1(mg/me) 2(mg/m@) 3(mg/me) avg(mg/ml)

Control 424 194 435 351
Neuropeptide Y 815 10092 1240 4049
Neuromedin B 15712 26068 14514 18765

Oxytocin 6231 9187 2880 6099
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-
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-
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H] H? B3
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1571 i
I 4514
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I 230,
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[Fig. 16] The number of each group’s colony per mg/ml in Lactobacillus MRS medium Graph

AR ER Adgko] wrhe A

ARl A AWE B Oxytocin®] Nutrient agarifAolA= th2
<= ¢ & ok MacConKey agardl#[ol4% Oxytocin®] A@gko] 7 &34l Neuromedin B A@gko]
7V we AvE Hdrh 183l Lactobacillus MRS agardf#]o A= Neuromedin B2 A#gho] 2Hs}A|
=3 1 22 & Oxytocin®] A& 7ho] =3k},
2, 83z £d 2
2 A9l 39 spectrophotometrydt A¥ t}5¢] [Fig, 17], <Table 9y, [Fig. 18]A% th7f w3t &2
s H3lch
1 2 3 4 5 6 7 8 9 10 11 12
A | ooas | 0oas | ooas | ooas | 0045 | 00s6 | 0047 | ooss | ooes | ooes | ooer | ooss I
B | ooss | 0301 | o382 | 037 | ooe6 | acss | coas | ooss | 0214 | ozos | 0211 | ooes ’
C | om47 | 0361 | 0347 | 0363 | ooas | ooa7 | ocoss | ooss | oser | oast | o3 | oot
D | o047 | o33z | 0345 | 0343 | coas | 00a7 | coss | ooss | o3se | o347 | o3 0047
E 0.087 0378 0386 0374 0.047 0odE 0338 0324 0331 [
F 0.0s8 0403 Q.400 0381 0.045 G048 £3ig 0.318 0327 0.028
o047 | ‘0366 | o087 | o386 | 0046 | 0046 | coss | ocoss | p32a | o3sz | ocdss | ooes
H | ooss | oods | opss | 0047 | Co6 | 0047 | 004 | cods | ooes | ooss | oods | ooes

[Fig. 17] The result of spectrophotometry picture
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(Table 9) The result of spectrophotometry

740X-1,2,3 28:NY-1,2,3

[spectrophotometry Z23}]

+:C-1,2,3 22:NB-1,2,3 53 : NBHj A

1 2 3 4 5 6 7 8 9 10 11 12
A 0.045 0.046 0.045 0045 0.045 0.046 0047 0045 0.046 0.046 0.047 0.046
B 0045 0391 0382 0373 0045 0045 0045 0045 0214 0206 0211 0046
C 0047 0361 0347 0363 0045 0045 0045 0045 0361 0431 0329 0046
D 0047 0332 0345 0343 0045 0045 0045 0045 0359 0347 0346 0047
E 0047 0378 0386 0374 0045 0054 0055 0045 0336 0324 0331 0046
F 0046 0403 04 0381 0045 0055 0055 0045 0324 0318 0327 0048
G 0047 | 0366 0387 0386 0045 0045 0045 0045 0324 0352 0433 0046
H 0046 0046 0045 0047 0046 0047 0048 0046 0049 0046 0046 0.046

0.45

0.39
0.4 0.372 0.375
0.35 0.3230.32 0.319 0.332 oo
— : =~ 0.29

0.3 = 0280560 =
025 Pepo i ! R ‘
0.2 ] - B ]
0.15 - | B ‘
0:1 i | || 0.055
0.05 i B : . .

1] | | R )

Contraol Neuropeptide Y Neuropeptide B Oxytocin No

HlE2 E3

[Fig. 18] The result of spectrophotometry Graph
3. M|1gs dut

7}. Control A7|9% ZAx

Control& 7|95 ¢ 23} [Fig. 19]A% etk

S

1: C1-1
2: C2-3
3:C24
4. C 3-6
5:C 3-7
6: C 3-9

[Fig. 19] The result of Control's gel electrophoresis picture

M: Size Marker
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U, Neuropeptide Y A7]|9% Z2x}

Neuropeptide Y& Z17]9%53st A1l7} [Fig. 20]4¥ YERGth Neuropeptide Y 1-1, 3—10%= A7} o
2/(] ol—ol—

SM: Size Marker
1: NY 1-1
2: NY 1-3
3: NY 1-4
4: NY 1-5
5: NY 2-6
6: NY 2-7
7: NY 3-8
8: NY 3-9
9: NY 3-10
10: NY 3-11

[Fig. 20] The result of Neuropeptide Y’s gel electrophoresis picture

t}, Neuromedin B A7|49% A3}

Neuromedin BE #7]%9%

st A [Fig. 2119 [Fig. 22]4%8 yePdtt, Neuromedin B 1-1, 2-10,
2-11, 3-159 A3}t LheA] 2 ‘ikb}.

SM: Size Marker
: NB 1-1
:NB 1-3
: NB 1-4
NB 1-5
: NB 1-6
: NB 2-7
: NB 2-9

[Fig. 21] The result of Neuromedin B's gel electrophoresis picture

SM: Size Marker
1: NB 2-10
2: NB 2-11
3: NB 3-12
4:NB 3-14
5: NB 3-15
6: NB 3-16
7: NB 3-17

[Fig. 22] The result of Neuromedin B's gel electrophoresis picture
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2}, Oxytocin A7|9F 23
Oxytocing 7|95 3 A3 [Fig. 23|14 YeRITh Oxytocin 3-9+ ZAy7F LheA] oot

M: Size Marker

1: Ox 1-1

2: Ox 1-2

3: 0Ox 1-3

4: Ox 1-4
D — e G S e e 5: Ox 2-5
6: Ox 2-6
7: Ox 3-7
8: Ox 3-8
9: Ox 3-9
10:0x 3-11

[Fig. 23] The result of Oxytocin’s gel electrophoresis picture

4. M = MVIFS
7}, Control A ¥ A719% 2%

Control& AA & A7 3 Ayt [Fig. 24149 Epst

SM: Size Marker
1: C 1-1

2: C2-3
3:C2-4
4
5
6

[Fig. 24] The result of refined Control's gel electrophoresis picture

Y. Neuropeptide Y AA| & A7|4%5 2

i)

Neuropeptide Y& BA & #A7¥s & A [Fig. 25|47 udebdoh 919 A7|ds 23A
Neuropeptide Y 1-1, 3—-109] ZAil= fox] kot

=S
=
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SM: Size Marker
:NY 1-1
:NY 1-3

SM123 4 56 78910

1
2

3:NY 1-4
4: NY 1-5
5: NY 2-6
6: NY 2-7
7: NY 3-8
8: NY 3-9
9: NY 3-10
10: NY 3-11

[Fig. 25] The result of refined Neuropeptide Y’s gel electrophoresis picture

t}, Neuromedin B ZA| & A7|9F A%

Neuromedin BE HA & #A7|9s A [Fig. 26], [Fig. 274" depdot $9] Ar|ds AaAH
Neuromedin B 1-1, 2-10, 2—-11, 3—15% AW o] okorct,

SM: Size Marker
1: NB 1-1
2: NB 1-3
3: NB 1-4
4: NB 1-5
5: NB 1-6
6: NB 2-7
7: NB 2-9
8: NB 2-10
9: NB 2-11
10: NB 3-12

[Fig. 26] The result of refined Neuromedin B's gel electrophoresis picture

SM: Size Marker
1: NB 3-14
2: NB 3-15
3: NB 3-16
4: NB 3-17

[Fig. 27] The result of refined Neuromedin B's gel electrophoresis picture
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2}, Oxytocin AA ¥ A7|9F Z3t

Oxytocing A4 ¥ H7]94% o A [Fig. 28149 Uepdeh, $lo] 17195 274% Oxytocin 3-99|
Ak veA e,

SM: Size Marker
1: Ox 1-1
2: Ox 1-2
3: Ox 1-3
4: Ox 1-4
5: Ox 2-5
6: Ox 2-6
s
8
9
1

1 Ox 3-7
: Ox 3-8
: Ox 3-9
0:0x 3-11

[Fig. 28] The result of refined Oxytocin’s gel electrophoresis picture

5. €71 Mg B4

7}. Control €7]X%¥ chromatogram

Control® 97]4¥ chromatogram Z¥} [Fig. 29]4% yelytct

plied 010005-8A-03:
BiOSyStEmS 010005-8A-035-1-C1D-1652
Signal G:2854 A'3196 T 2610 C:3001 AvgSig: 2077

(RN RRY
|TTGCACAATGGGCGCA

340 £ 350

KB1418 KBbep

KB_3730_POP7_BDTva.mob

0 Diate Mame 170

TSi41 CRL112

V20411210

MMJWW«%

/\/\M\IW\/\/\W W\/\ﬂ W

0 00

Inst ModeliName 3730x/PC3730XL-22167-008

Sequence Scanner Software 2v2.0 Electropherogram Deta Pege 2 0f §

[Fig. 29] The example picture of Control's base sequence chromatogram
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1}, Neuropeptide Y €7]-4 ¥ chromatogram

Neuropeptide Y2] ¢17141¥ chromatogram ZA¥} [Fig. 30 e},

A% ||ed 010005-BA-008-1-NY7GUH. 16527F b1 KB1418 KBbep
Biosystems 010005-BA-008-1-NY7GIH-18S27F KB_3730_POP?_BDTvamad
Sigrat G3370 A4441 T 4483 C.4891 AvgSig 4321 C#34 WHB Piais Name:170905-18 TS40 CRL1088 QV20+1186

lIIIIIllII!lIIIlIll IlIlIIIIIIIIIIIIllIIIIII|IIIIIIIIIIIIIIIIIIIIIIlIlIlIIllIIIlIII
TGGGCGCAAGCCTGATGE CATGCCGC CGGGGAG

335 3‘0 3as 380 385 380 385 3 375 !M 305 390 395 JW ADE 110 415

xxxxxx 400 a4 A0 4580 L)

s
IlIlllIllIlIllll|llllIIIIIIIIIIIIIIIIIllllIIIIlllIlIIlllIlIlIllIlIlIIllIIlIIlIIIllll

IGAAGGGAG GTT CCTTTGCTCATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGT
430 435 440 448 450 456 480 468 470 476 480 485 490

llllllllllllll l
GGAGBGTBCAAGC AATCBG ACTGGGBCGTAAAGCGCACGCAGGBCGGT

505 510 515 520 525 530 535 540 545 550 555

8450 6800 am oA G0 e

150 6200 A20 6300 B Gdi0 A4S
IIlIlIlIIlIIIIIIIlIIIIIlIllIllIllllllIIIIllIlllIlllllllllllll!lllllllllllllllllllll
TGGGAACTGCAT CTGATACTGGCAAGCTTGAGTCTCGTAGAGGGGGBTAGAATT AGGTGTAGCGGTGAAATGCG

590 588 800 808 810 815 820 828 830 83 820 845 850 L 880 885

BE85

mR W TEY 0 mN R0 ™R WO NR Iw0. T me M MW MM me me  me e

Inst ModelNemae: 37 30x/PCITI0XL-22167-008 Fure tave Qs - — Printed on 93 06.2017 174302 KST
Sequence Scanner Sofwars 2120 o fase s [ Elsctraphercgeam Data Paga 2o §

[Fig. 30] The example picture of Neuropeptide Y's base sequence chromatogram

t}, Neuromedin B €97]4 ¥ chromatogram

Neuromedin B2 #4714 ¥ chromatogram 23} [Fig. 31|x% YeERt)

A% App lied 010005-8A.014.1-NB4SES-18527F ab1 KB 1418 KBbep

Blosystems 010008-8A.014-1- NBASES-16627F K8_3730_POPY_BBTv3mob
Signal: G 2648 A:3430 T:3123 C 3834 AvgSig 3309 C#.48 WHT Plate Name:170805-16 TS:40 CRL-1106 QV20s:1175
llllllllllllllllllllllllllll|l|lllIIIIll||Il|l|IllllllIllllllllllllllllllllllllll n
TGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCT AAGTACTTTCAGCGGGGAG

B3 30 M5 0 355 30 3§ w0 8 M0 388 st m w00 s 410 a1

™m0 w0 w0 a0
lIIIIIIIIIIIIIIIIIlllllllllllllllllllIIIIIIIIIIIIIIIllllllIlIllIIIlIIIllI'lIIIIIIIII
TGCTCATTGACGT AC:CG AGA AG AGCACCGGCTAACTCCGTGCCAGCAGCCGCRGTAA

420 Azs n:a 438 u» a8 480 480 470 478 480 488 490 498 500

m.Lluuuu uummhuxnzu;munhmmumtmmumm i

IIIIIIIIIIIIIllIIlIlIIII lIIlIlIIllI!II
AT GCGCACGCAGG
515 ssn 535 540 545 850 555 580 %5 510 575 580

) G100 @50 6200 (20 300 GM0  RA00  GAM)  AG00  4E0
llIIllIIlIlIIlllllIIIIIIIlIllllllllllIllIlIIIIllIlIIlIllIllllIIllIlIlll
TCAACCTGGGAACTGCAT ACTGGCAAGCTTGAGTCTCGTAGAGGGGGGT A6

590 595 €00 805 €10 €16 620 625 830 835 840 845 850

800

800

400

200-

S v

Inst Modelame IT30:/PCI7I0XL-22187-008 Pun Base @V - _ Frinted on 9 062017 1743 19 KST
Ssquence Scanner Software 2120 e Erscropherogram Data Page 2615

[Fig. 31] The example picture of Neuromedin B's base sequence chromatogram
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Oxytocin®] 7|4 < chromatogram ZI} [Fig. 32]4 ¢ uElth

pplied
A= Blosystems

Signal; G 4013 A'5275 T.4795 C:5590 AvgSig: 4918

010005-8A-027-1-OX-3S4K-16527F ab1
010005-8A-027-1-OX-3SHK-18S27F
C#71 WiES Piate Name 17080516

K81418 KBbep
KB_3730_POP7_BDTy3mab

TS:40 CRL1178 QV20+:1195

TTGCACAATGGGCGCAAGCCT GA
335 340 345 350

TGCAGCCATGC
355 360

800

S50 sfoo 510
(LR N RN
ACGGAGGGTGCAAGCG
500 505 510 515 525

6650 6100 6150 6200

IlIllIllllIlIlIIIlllI
TCAACCTGGGAACTGCATCTG

800

585 550 595

805

800
800
400—
200—

IIIIIIIIIIIIIIIIIIIIlllIlllIlllllIlllllllillllllllllllll mnn
4G

85

GCCTTCGGGT

370 375 380 385 3%0

535 565

IIIIIIIIIIIIIIIIII
&1 TCcA

GCGGGGAGE

400 405 a0

CAGATGT GAAATCCCCGGGC

570 575 580

m.h.humuuuuhmm i iy mu

T T T T T T T
w70 s 0

Inst Modet/Name: 3730x/PC3730XL-22 167-008

Sequerice Scanner Software 2v2.0

(e |

7800
Printedon: 2 06,2017 17:4347 KST

7850 950

Electropherogram Data Page 2 of §

[Fig. 32] The example picture of Oxytocin's base sequence chromatogram

6. O¥E Sd dux
9] chromatogramo.& vy

ol mdE Fol FHH.

1% 5

ydl

Ay} t}2 (Table 10y, {Table 11), (Table 12), <(Table 13)1} 7

(Table 10) The result of naming Control’s microbe

Controll

Control3

Control4

Swine manure

Morganella morganii

Escherichia coli

Morganella morganii

Morganella sp.

Escherichia fergusonii

%%
’ Morganella sp. Shigella sonnei
Endophytic bacterium Shigella flexneri

Control6 Control7 Control9
Swine manure Escherichia coli
=5 =A4&87} Morganella morganii Shigella sonnei

Morganella sp.

Shigella sp.
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Neuropeptide S229| Z|
(Table 11) The result of naming Neuropeptide Y’'s microbe
INentopepiide Neuropeptide Y5
Y4
Escherichia
ferqusonii

Escherichia

ferqusonii
HEscherichia sp

Neuropeptide
Y3

Escherichia

Neuropeptide Y1
ferqusonii
Shigella sonnei

Escherichia coli

HEscherichia sp
Shigella

flexneri
Shigella flexneri

Shigella sonnei
Escherichia sp

Escherichia coli

Shigella
flexneri
Corynebacteriu
m
pseudotuberculo

{3271
Shigella sp
sis
Enterobsacterale Photorhadus
. luminescens
bacterium
Shigella sp

Photorhadus
cronobacter sp

Z A

luminescens
Shigella sonnei
Neuropeptide Y8
Escherichia coli

Escherichia sp

HEscherichia coli

Neuropeptide Y7
Escherichia coli
Escherichia ferqusonii
Shigella flexneri
Streptomyces sp

Neuropeptide Y6
Shigella sp

Escherichia ferqusonii

Escherichia ferqusonii
Shigella sonnei
Shigella flexneri

Corynebacterium
pseudotuberculosis

Escherichia sp

Enterobacterales
bacterium

HEscherichia coli
Corynebacterium

Shigella sonnei
pseudotuberculosis

Shigella flexneri
Enterobacterales

Enterebacteriaceae
bacterium

bacterium
Streptomyces sp

Streptomyces sp
Enterebacteriaceae

Shigella sp

Enterebacteriaceae
bacterium
HEscherichia sp

bacterium
Neuropeptide Y11
Escherichia coli

Shigella flexneri

Shigella sp

Neuropeptide Y10

Escherichia ferqusonii

Escherichia sp

Neuropeptide Y9
Escherichia coli
Shigella flexneri

Corynebacterium
pseudotuberculosis

Enterobacterales

bacterium

Escherichia ferqusonii
H 2]
Bl

Enterebacteriaceae

bacterium

Streptomyces sp

Corynebacterium
pseudotuberculosis

Enterobacterales
bacterium

o
4

Enterebacteriaceae
bacterium

Escherichia sp

Shigella dysenteriae
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(Table 12) The result of naming Neuromedin B's microbe

Neuromedin Bl Neuromedin B2 Neuromedin B3
Escherichia coli Escherichia coli
Shigella flexneri Shigella flexneri
Streptomyces sp Escherichia ferqusonii
Shigella sp Streptomyces sp
Corynebacterium Corynebacterium
pseudotuberculosis pseudotuberculosis
54 =487t
Enterobacterales Enterobacterales
bacterium bacterium
HEscherichia sp HEscherichia sp
HEscherichia ferqusonii
Enterebacteriaceae
bacterium
Neuromedin B4 Neuromedin B5 Neuromedin B6
Escherichia coli Escherichia coli Escherichia ferqusonii
Shigella flexneri Shigella flexneri HEscherichia sp
HEscherichia ferqusonii Escherichia ferqusonii Escherichia coli
Streptomyces sp Streptomyces sp Citrobacter koseri
Shigella sp Shigella sp Shigella flexneri
Corynebacterium Corynebacterium Shicella s
pseudotuberculosis pseudotuberculosis o b
=5 Enterobacterales Enterobacterales Enterobacterales
bacterium bacterium bacterium
S Enterebacteriaceae Enterebacteriaceae
HEscherichia sp ) )
bacterium bacterium
Shigella dysenteriae HEscherichia sp Shigella sonnei
Shigella dysenteriae lfho‘gorhadus
uminescens
Leuconostoc lactis
Neuromedin B7 Neuromedin B8 I enrommeehn Wnromnegli
B9 B10
Shigella flexneri Morganella sp
HEscherichia ferqusonii Morqaneua
morqanii
Escherichia coli Enterobacter
Sp
Shigella sp Lactobacillus
sp
=45 Enterobacterales =487} =X 87}
bacterium
Photorhadus
luminescens

Leuconostoc lactis

Cronobacter sp

Enterebacteriaceae
bacterium
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Neuromedin B11 Neuromedin B12 Neuromedin B13 Neuromedin B14
HEscherichia coli HEscherichia coli
Shigella flexneri Shigella flexneri
Escherichia Escherichia
ferqusonii ferqusonii
Streptomyces sp Streptomyces sp
Shigella sp Shigella sp
I . Corynebacterium
. orynebacterium S 2] pseudotuberculosi ES LY
it pseudotuberculosis A=t < =487t
Enterobacterales Enterobacterales
bacterium bacterium
Enterebacteriaceae Enterebag:terlacea
bacterium b .
acterium
Escherichia sp Escherichia sp
(Table 13) The result of naming Oxytocin’s microbe
Oxytocin 1 Oxytocin 2 Oxytocin 3 Oxytocin 4
staphylococcus Enterebaectenacea staphylococcus
lecntus b . nepalensis
acterium
staphvlococcus s Enterobacterales staphylococcus
phy P bacterium cohnii
5 A5} ) .
Shigella flexneri staphylococcus sp
HEscherichia staphylococcus
ferqusonii bacterium
Streptomyces sp
HEscherichia coli
Oxytocin 5 Oxytocin 6 Oxytocin 7 Oxytocin 8
Shigella flexneri Staphy}ocpccus Shigella flexneri Morqaneua
Sclurl morganil
E.SCheHCh@ Staphylococcus sp E.scherlch}g Morganella sp
ferqusonii ferqusonii
Streptomyces sp Bacterium peng—1 Streptomyces sp Swine manure
HEscherichia coli Bacterium TT4 Escherichia coli Enterobacter sp
55 Enterebaectenacea Staphylococcus Shigella Endophytic
. lugdunensis bacterium bacterium
bacterium
Entel"obaqterales Staphylococcus Escherlchla/ Lactobacillus sp
bacterium lentus Shigella sp
Escherichia/ Bacterium TT3 Shigella a
Shigella sp
Bacterium F7—-12 Shigella sp
Escherichia sp
Oxytocin 9 Oxytocin 10
2.5 w487} w487}
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Studies on the Symbiotic Interaction between Microalgae
and Associated Bacteria Application for Algal Growth Enhancement

Jaesung Park - Sungil Lee - Yewon Jeong - Seoyoung Kang - Busan Il Science High School

IEXE

UAER SO MAE TP FR % RS s 51 9F Age F9 dohe e F shuold mjE vlole
iz Soll A7 ol 7hett A2 Zan gk, o|AY o8] FEUE v ERE hFeR Y259 4s A8 T
56| nlAlERet Ao 3 WAIS golral, of2fdt WAE ol gste] nMERY AFE SAAE = A2A goprilzt
atolet, $-2ji= vl 245 Chlorella sp.(AG60058)7t A5k 4572 AliH(Y,, Yo, W, B)S @eiaty] E4& 7o ujizx

2458 welehal YA el Aejof ejsto] Alsto] AlAE vA et wot st Ak Yy, Y, o] uHEFe] BabE Sl
Am Ao 7 Aeket NS Zohlgld. o8 Ao 16S rRNA §dx} E443} Y, Y,7} 27 Paenibacillus,

Micrococcus 450 &3tth= A& FQlshoin,

of

Fyol 1 AR, AR, B, HEAE

ABSTRACT

Microalgae with assimilatory pigment are living under water. They are one of the protist living through
independent nutrient and get their attention that they will be greatly available in bioenergy in the future. For
this reason, we will investigate the interaction between microalgae and the symbiosis between microalgae and
bacteria, We will also look into the possibility of promoting the growth and development of microalgae by using
this interaction. We extracted 4 kinds of bacteria(Y,, Yo, W, B) from microalgae Chlorella sp.(AG60058) based
on behavioral characteristics and finally found Y;, and Y, are the fittest bacteria to the effective growth and
development of microalgae by culturing germ—free microalgae with antibiotics, We discovered Y, Y,, belong to
Paenibacillus, Micrococcus Genuses each by analyzing 16S rRNA genes of these bacteria,

Key words . Microalgae, Bacteira, Symbiosis, interaction
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3. 45X30| 9
AEsd 79 A 44, X4, 34T 22 o ATAES Bk nAdRR YA FHY deE
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bacterial
communities

B
Microalgae Q Associated
A.'I

[Fig. 2] Interaction between microalgae and
[Fig. 1] Bacteria in microalgae bacteria



DIMERS} M@t B4 B0 7 % 012 OISt DIMAR A% B71 « 8ixiy ©f 39! » Bnstnsstn | 225

Ju a7 9w 2 23

1. ONIERE2RE Mz I
Sy et ol A BFS Chlorella sp.(AGB0058)S ;M%EH?L HE7) o)) M RRRERE AW
o Reshs e A, 01 o] A% AN Agale] BG-11MAe] 27 wjefels 54 wj4: 1072 ~ 1077
T ko [Fig, Gk 2o] SHeHc. SAg AR LB A HAe 74 94 9 T 50u0, 100,04
ARE BRUN Fesdon pREE AR o2

[Fig. 4]e} Zo] m=wale] 37CollA 18417k wiekalltt, =
ZEYE LB A HjAo] &elsto] &4 wjdet & LB HA iAo FEsto]
Bejgl AlakS Ao wel Y (yellow), Y,, B(beige), W(white) 2 443}

Bt

QoA Bkt
FEARE ste] 40N

=

I=
<]

Serial Dilution
/‘T\ /‘Iﬂ“\/""ﬂ‘\ /‘u‘\/"ﬁ‘\l-.

§ mi Brotn |
I gach tube
CHitions |nnm | 1:100,000
lml

l..m

S~

"\/\/\’/ \f‘\‘

\/\/\)\ A 4

(A1 1:100 111000 1:10,000 1:100.000

[Fig. 3] Serial dilution method

[Fig. 4] Smear process
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. S0l chSt Mizel Z+d Sl
AT S olgdte] AR

Kanamycin®| gt Z-2}2] 7

Tetracycline, Doxycycline, Chloramphenicol
F2ax) o 5

Tds 2R

447 H2aE [Fig sl e
Al dhat Aol vz

, Penicillin, Streptomycin,
ATt LB 1A wiAlo] AltAlRE 100 =2t & 2 FAE 10ul
o WaoR 3tk 37TANM 16~1847 A= wjekeh
=5 Hlu

5 FydE sl
sp7] Stol Eehe) A4ES S4stnt,

ol

Tetracycline(T), Doxycycline(D), Chloramphenicol(C), Penicillin(P), Streptomycin(S), Kanamycin(K)

[Fig. 5] Identification of bacterial susceptibility to antibiotics
Aol et ojMI=Re| #

O I_
AFA 7L B4 ke vldlzRe] 2 A
myto] ofuje} ujyz

o As F R Aol
A%

w8 2ol BAAVL AT

< A ZRlskent, BG-11 4ml, 27 100w et A 4us

[Fig. 6]3F Zo] &dato] 1423k widet § =7 A5 vjusieleh, oju] v AL ofyet 2f 34l
58 7 /A 29sto] Adskeld

[Fig. 6] Antibiotic iniection process
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[Fig. 7] Bacteria removal confirmation process
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[Fig. 8] Result of separation of bacteria from microalgae
a) Dilution factor : 1072 b) Dilution factor : 1072
¢) Dilution factor : 107* d) Dilution factor : 107°

W Y3

[Fig. 9] Result of single culture of isolated bacteria
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2. A0l chgt Mizel Z+d =l

FAYA gt Alite] HdS BARE AukE Algto] Aebx] Jek Bdiel A5S S4s)
Al High Aol | A B AFe] Uit ZA et By 259 dolg A5 B A
2 *o g FAEket, FHUe xFo] 2w Al gt vdEY Ardo] & AolBE YA AT £
Aoletal et 4= Qi) webA [Fig, 105 W 9% AeHe 278 59 Al Y, Yo, B, W 3l AS &
3L, 2P, C, T/ D, K, S 9 JAAIE Fofst AS FRIT 4= ATHEHAA W), o] HRel (Table
DO g dAAsk] AiE m=Es] Hu i Aletel ik oAlaIE £ FWAIES Tetracycline
Penicillin, Doxycycline, Chloramphenicol®]2til & = it}

[Fig. 10] Antibiotic susceptibility test results of bacteria

(Table 1) Antibiotic susceptibility test results of bacteria

(Sl = mm)
s " W i "
Tetracycline 30 27 35 36
Penicillin 27 * 50
Doxycycline 40 26 37.5 45
Streptomycin 30 16 43 38
Chloramphenicol 42 32 40 34

Kanamycin 20 27 35.5 36




230 | HAS niskEte|HT o The Journal of Youths in Scientific Research © Vol. 3 ® No. 1

3. el chet ojM=ERe Z4 &l

Aol 7ol & FAAR vARF T44dS E9Igt A} Tetracycline|tt Penicilling A28k v
oA mzH7F 7P Z A5kal, Doxycycline©ltt Chloramphenicol #2|8F vjA] 9] wM 2R 22 Ak
©1 Streptomycin®|t} Kanamycing A 2gk sjzol A= v 277F AebA] o A& 2ld 4= A%l 1
T A oM A Eah £ FAASS meele] ool TS ukms) wokth ol A Aole]
S AL BQle B Z1 92 Tetracycline¥t Penicillin, Doxycycline, Chloramphenicols Zg15l0] AR
et Aot olF AR Aehx] gF2 tixato] AW A AFSEAl Tetracycline®} Penicilling 2|3k Hl %]
of mAlxF7t 2 AL WA= AepA] ok A1 R1EE 4= 9lgicHFig, 11], (Table 2).

[Fig. 11] Growth of microalgae treated with antibiotics

(Table 2) Growth of microalgae treated with antibiotics

A A nAEF A% F=
(A1 2) ++
Penicillin ++
Chloramphenicol +
. Doxycycline +
e Kanamycin -
Streptomycin -
Tetracycline ++
Penicillin + Doxycycline -
Chloramphenicol + Tetracycline -
ek o2 )| Doxycycline + Chloramphenicol -

Doxycycline + Tetracycline -

Penicillin + Tetracycline +




Sd 27 S A 0IE 0|8%! 0lMET Y

OIMEFLL Mt

4, ZRZRE Mz MAH Z A4S
iR el Al A Ak [Fig 123 S FusA Shelgr 4 gleh A Helael nlHa
dloFols LB Al wjdel SIS it we Al BRUsL BREAAN, A Hel Fo vz
A BRUZFSARA G A2 2 5 gdel, Aol AAR A& o & ol

[Fig. 12] Before(left) and After(right) Antibiotic Treatment
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[Fig. 13] Microalgae growth during mixed culture
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[Fig. 14] Bacterial growth during mixed culture
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[Fig. 15] Results of single cultivation of bacteria
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[Fig. 16] Results of bacterial cultures in LB plate
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ArE [Fig. 18]ol Wby gl ‘517]*105% n)==r ] A= BATE (NCBD Ol 4] BLASTSE A3t Y, 082 Jrdt Al
2 7]E HlojEHo] o) 5EE o] Q)& Paenibacillus rhizosphaerae strain CEAPO6 I} A &o] 99% A%
SFAAL [Fig. 19], Y,+= Micrococcus luteus strain NCTC2665 ¥ AHo] 99% Ux|stAcHFig, 20]. o5& &
of 9-27F HFH o R Fe 2 Z}7f Paenibacillus, Micrococcus &ofl &3th= 2S¢ 4= ot
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[Fig. 17] Electrophoresis result
Line 1: 1kb ladder, Line 2: Microalgae before antibiotic treatment
Line 3: Microalgae after antibiotic treatment, Line 4: Y, Line 5: Y,, Line 6: Negative control
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[Fig. 18] Y, Sequence analysis result of 1492R primer of Y, bacteria
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Paenibacillus rhizosphaerae strain CECAPO6 165 ribosomal RNA gene, complete seguence
Sequence ID: NR_043166.1 Length: 1547 MNumber of Matches: 1

Range 1: 687 to 1434 GenBank Graphics

E!il;ff blitSf?36'I?ETTETMMTOE'I"JEETEETETE:I;:I:EZZETzTQE;#«EMEAEEEEEE.;;:;F:'}I:UE:‘«EE 1] B
St ikttt bttt e
Ouery Bl BoRGCATRCTEATCCGCGAT TAC TARCAAT TCCGACT TCATRCAGGRCGAG T TECAGCCTE 120
Sy bbb
Query 121 CAATCCGAACT RAGACCARCT TTGATARGAT TRECTCCACCTCRCAGCTTCRCT TCCCET 180
S /it yitbatioretion it e
N iyttt ot fiiviiitot
Sy [ ittty ity i
Sty iyt RO
Query 361 AGCTEACGACAACCATECACCACCTRTCTCCTCTRTCCORAAGGAALGETACATCTCTAT 420
S et it sy i
Query 421 ACCARTCAGAGREATATCAAGAC CTRETAAGETTCTTCACETTECTTCHAATTAAACCAL 4580
SR ok it ittty
Query 481 ATA T AT T TR T GCRGETCCCCETCAATTCCTTTEAGTTT TEGACCGETA  B40
S ittty vttt itk vl e
Ouery &4 LT ARG GAA TR T TARTATRT TAACT TCGRCACCAAGEETATCEAAALCCCCTAAD  ROO
oyt iyttt iyt ity g
oyttt ooty it
iy ettt ot ydeciiie s
o e U o

[Fig. 19] Result of 16S rRNA gene analysis of Y, bacteria
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Micrococecus luteus strain NCTC 2665 165 ribosomal RNA gene, partial sequence
Sequence ID: NB_075062 2 Length: 1525 Mumber of Matches: 1

Range 1: 980 to 1362 GenBank Graphics
Score Expect Identities Gaps Strand

671 bits(363) 0.0 377/384(98%) 0/384(0%) Plus/Minus

(uery 1 GOGAACATATTCACCRCAGCRT TR TRATCTRCGAT TACTAGCGACTCCRACTICATERR 60

Shict 133 SWOSTATTEACLACACEHL TN IRCARHAE AR RC LSS 1a0s

Query 61 AT CGAGT TRCAGACCO AR TCCGAMC TRARACCAGECT TTTTRGRAT TAGCTCCACCTCAC 120

sict 10 GTCbHOLAGALCLAHLANEAMA A TG ALLEEEAL 1240

Query 121 ARTATCOCAMCCATTRTACCRRICATTAT ARCATACATOAMRCCCAAGACATAAGRREE 180

ict 1243 ASPATCRCRECAHEHLARIA TR AL TALACCOARELTAMGSREE 116

Query 181 ATGATGATTTRACGTCATCCTCALTTCCTCCGART TRACCCCRRCAGTCTCICATGART 240

Shict 1183 hHGhtG AL RO I HHEE T ILAAAL TS RAE 1124

Query 241 CCOCCACCATTACRTGC TRRCAACATGGAACRAGRAT TREGCTCAT TACRRGACTTAGCED 300

bict 1123 CLbAbATTACSHC TG CTSAA RGO AR LS 106

Ouery 3001 AGCATCTCADRACACGAGCTEACRACTACCATRCACCTTCTRTGAGCCCACCICALLGRT 36D

bict 1083 MOACICMMCASLAC TR Al AL s AL Rttt ML 100

Query 361 THAACCGTATTTCTACGRCGATCH 354

Shict 1008 GHWICHATCICTASCEME)  sen

[Fig. 20] Result of 16S rRNA gene analysis of Y, bacteria
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Design of Heavy Metal Absorption Model and Appropriate
Technology Proposal using Potato Starch

Hyungju Jin - Hojin Lee - Sejong Academy of Science of Art
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ABSTRACT

In this study, potato was chosen as a practical and economical heavy metal adsorption model, Purification
efficiency of heavy metals was measured qualitatively by sedimentation reactions. The removal efficiency was
quantified by using ICP—AES and the degree of removal was confirmed by Freundlich and Langmuir isothermal
adsorption models, The results of the sedimentation reaction showed that Pb and Fe had high removal efficiency,
but Co had low removal efficiency. By using ICP—AES to quantify the removal efficiency, Fe, Pb, Cu showed more
than 90% removal efficiency and Cd, Co showed about 80% removal efficiency and the removal model of Pb was
based on the Langmuir model rather than the Freundlich model and Cu, Cd, Zn fitted well in both the Langmuir
and Freundlich adsorption models, The adsorption strength and the adsorption affinity value of Fe were measured
as negative values, which indicates that Fe follows neither adsorption models, In conclusion, The adsorption model
using the potato follows the Langmuir model, which is normally applied to adsorbents having a uniform adsorption
energy and a nonpolar absorbate, Therefore, the removal model using potato starch is an eco—friendly heavy metal
removal model that can effectively remove various heavy metals,

Key words . heavy metal, starch, amylose, amylopectin, removal
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a5 A 22 MdE 2 HYrs Mt e TYF 2

Za40) A7 EES Bt 2ol AR (B/)5%)-(HESE)/E7 %5 *100%) aAaie]l a4
S AT F 27] FEoh UF o] KolS Aukste] Ak} gPabe] Fa4S FASHA BT 4
Qdoich, 7 B W FAERS MEL, A AR o U SRR wmd Aot
4, 334 53

Fo4 FLEAAL FAYAAIAC] FRE0] HEEES BAT FR5 AATS HESH: SH4ol

SRFHAS el A4 4 9ok Freundlich SEEAAS thawt o]

0]+= Freundlich®} Langmuir® 52

@ol 7hs3HH6].

_ 1/n

q=KC,)

A9 AA = FEAIY FA & S o]0 FEE A (mg/g)S ovlstil, Cx &7 § 3y sk
K& F28k= 59, 1/n2 329 ZEE Yehdr) ol& logd ol&ste] Agdtstd 1:}#44 2t

logg= logk + 1/nlong

Kol gro] 45 F&AY] FEo] Frksict ®gt, S ErE 71 ogho] 0.1~0.5 Qtofl &3 uf 22 st
= = FFAAE F2 mrt FaL, 2 olidold FEbo] ofgtt wieF 919 AloA] 1/no] 1Mt} 2o
Langmuird]& AMEE 4= Qlct. 9] 412 §7154E59 2o dist A9 A4S Ediz dA © Aojrt
9 AlofA] 712717k 1He) 22 A7t w2, 7I&7|7F 1heh 3 He= 49s 5EA e

Langmuir4] 9] 29 Ak £3xgt 4zt ol e¢wdo] ke Zo8 F2bebal, x3pgzefo] Qlrhal
7}g %t lJJ—HIO]‘:} o] Hel 29| Aeol= AAY] eAEH Faol= HEA1717] ofFATE o] 2t =gt

q bq’q
q, 1+0C,

= oo SHEme/g), ¢,> TEASS 0k 2352 (me/g), b AT A7,

KgselN waEshy et

G, = H2 359 B¥vEmg/LE nigt. o5

Foldl Aol g0 F4%F FAL & U

oufte},



AR o)l Fas AZSHE o] AAE A oA Awmght AhEB(CA), FelCu),
(P%), DUECG), AEE) S G ol AP wid 4 A olgeiel sl U

EiA 3o EéH
1= O
shelstgitt, Z42ke] 34 AUNG,),. Gud,, P(NO,),. o, Fed,Z olgslo] gold A x38l3it}, o
T FEE AREY S JFNINSE FalA FEH AAENEA] ARE dFVINES Tl KR
glstiTt,
7t SAA =
o we} Fo WO g Azt
(Table 1) Method of making solutions
o Azg goe) o o) Az
ANO,), 2.00mM 1L CU(NO,), « AH,0 0.617g + Z5% — 1.00L &
Gua, 2.00mM 1L CGud, « 2H,0 0.341g + Z5%= — 1,00L £
P(NO,), 2.00mM 1L P(NO,), 0.662g + ZFH4 — 1.00L &
cd, 2.00mM 1L A, « 6H,0 0,476g + 255 — 1.00L 4
Fed, 2.00mM 1L FeQl, « 6H,0 0.541g + %54 — 1.00L &
KT 0.100M 100mL KT 0.166g+23<4 — 100mL £
Na,S 0.100M 100mL Nay§ « 5H,0 1,681g + 554 — 100mL &
U, A& A8L o83 45 AA AE
HollAl AZeE Fa4 895 ol 8sto] A WS Sl A a4 AlA AYEE stk S5
SR §NS vAY 30mLA ottt 2kl v A AE-E 10g¥ Hial, o]l& 100rpmollA] 24A17Hs<t



5o WHRAFCE o]F, IR HMEE HHAIZIZ] 948 conical tube® &%l thE 4000rpmellAl 5 F<b
Centrifuge A% Tl Centrifugeo]® A& th2 Conical Tubeo] 15mL doj%:il, thE Conical Tubeol
Ao FuE §Ae HZo] 15mL HoUllel, o7|7hA9] S w3 AeFet wHeiel £ 709 tubeol
KT, Na2SE91S oml, H7kstel oA whos A
g

~

o
A e Baslel, A4Sl Sadel sl B 3
A, FEEY A o PAHHOR skt 24 FAL FR UR ol Hwe] AA AgS 2
W, GAE ol FEES A R ASHEA Slstact,

A AR FaH AA s8S AFHoR A5 6 Su5 S
+, ICP-AESE TH4£9 % ¥skE Z7439rt. (Table 1)ollA ARG Fa4 8
1.0g, 2.0g, 5 Og 10.0go 2 djste] =1 H2| g & S2Famdol| Hgsto] Aol w2 AR &
=4 AABES ALY ol 98l 33] RHRAFESIe], HitS ]88l Freundlich X@¥} Langmuirk @
of EAA E‘ikﬂk

B
o

7t 85 89 Ax B IS5 AA 23

Fagol dol (Table 1ol 5714 534 8% vzl 5o 22 smLA BE ¥ U ARS 10g,
2.0g, 5.0g, 10.0g= A& A ZF vl Ttk o] 100rpmollx 244]
tubeoll &7 ol Conical tubeE 4000rpmeoll4] 5% %9t centrifugedtal, A&
SlGlt, o] ICPE olgalo] A el* M50 T o9 & HskE SA%

12 N

U, ICP-AES AA7 ¢ &9

Tt &
= e

Centrifugedt o3 Gojl Aol Iml I

“
)
lo

& o]gsto] AA P plateo] Hal H4kE 10mL A

13

h=4 .
gol5e waL, &¢He] Wusiel Axe FvE viesidnt 579 89 F shiol &¥Hi Control
vessel2 o83l 2ANE @ 4 Qe &elH Wtk des il 2RAINE AR FAe adgt

2
Fl ool BES AlEste] 15% b AA=E At -, ICP-AES IS &dll ei=s 5789t ICP-AES
£ FFUehL FE A A5 OPTIMA 5300 DV(PerkinElmer)E ]3] =43t%ich.
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[Fig. 1] Result of Sedimentation Reaction Before and After Removal
(a) P*" (b)Fe*" (o) Ou*™ (d) Cd* T (e) Co* "

2, @xt MR F=£ MA 2 B
7t 388 R WE AA &8

|
2] 98 2mMe] S & 25mL

<
Ak AES 33] ¥hEsto] ICP-AESE S45191em, (Table 3)= Al 2ol Hatgholct.
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(Table 2) Average Concentration of heavy metals before and after
treatment of 10g potato powder(mg/L) and its removal efficiency(%)

A A =AY & T5(%)
ca* 124.9+0.142 23.17+£0.127 81.45
Fe 103,540,162  0.4062+0,0422  99.61
Pb** 385.3+£1.42 1.824+0.0342 99.53
Cu® 80.89+0.523  4.297+0.0229 94.69
Co™* 107.340.323  22.75+0,0543 78.80

(Table 3) Average of residual heavy metal concentration according to mass of potato powder(mg/L)

gzt Fed* Pb2* o2t o2t
0 48,764+0.0387 15.65+0.123 79,378 £0.263  28.21+0.211 26.52+0.163
1g 41,73£0.656 0.7982+0,132  58.83+£1.19 21.22+0.516 21.90+0.432
2g 36.00+1.26 3.346+0.255 31.63+1.48 17.64+£1.28 18.76+£0.652
5g 19.12+1.30 4.118+0.242 4,886+0,857 5.188+0.425 12.58+0.477
10g 6.704+0.511 14.05+£0.236 2.574+0.347 2.806+0.255 6.812+0.242

WA Aol $24 SR AARES (Table 29 Urh 2t F240) Solo] AAARS 10g99E v
AALEL F’HPH™HCu™HCd*HCo™ e =02 eyt 53] Fe’'of Pb*o] AAage 2tz .
99.5%% THE FH40 AZIE&Rt U958 Eth Cu¥ol ANEES 94.7%, Cdel AAEELS 81%,
Co™ o] AIAREL 78.8%% Lrehtt, olejat AL oh2 AMARS A7 biochar(8]E o83 H<e} 3
Z2RE ol &3IA[2,9] T4 FAY ux vepdth 3 B4R biochars o83t S AZAEe] &3
o A= Po™r el A7 EE] 99%, Cu™e] A|ZEEo] 67.2%0]%0Cm, Cd*ol A e 53.2% LIERITHS].
o]9} H]5=51A reed biocharE o]83t a4 A|AAEY] ZA M= Pb™ o A7 mgoe] 50.1%, Cu*2] A7
o] 12.8%, Cd*9] AAEEo] 10.8%= EPGTH10], TAF A9 S5 AALES Pb™ 99.5%, Cu™
94.7%, Cd*" 81%= 7)129] b= A ES A HAMHE biochar, reed biochar S3F H|WFH-S wf 2 LA
Fhol AR S] Fdy FaHselo] /P Hojuthe AL Bl 4= QIH8, 10). &, A A& & 7o) tf
= AANEE o83 FERAIEC vlg] anHor Fa&s At s o et

A7 mgo] T olgel, IAFESY FHE AV EALS o dolhy] sl S2Fatnde] H&s) ®olt

Aot

SeEudel 2§ A, (Table 3¢ *
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2] Linearization of Freundlich isotherm equation (a) G&*" (b)Fe** (c) PV’ *(d) Cu®* (e) Co**

(Table 4) Determination of the parameters for the Freundlich assorption isotherms

Freundlich isotherm
K 1/n R?

Ccq?* 2.59 0.264 0.9674

Fe’t 17.4 -1.57 0.8850

Pp* 7.26 0.299 0.7796

Ccu?* 1,92 0.402 0.8402

Co?t 0.483 0.716 0.9828
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(Table 5) Determination of the parameters for the Langmuir assorption isotherms

langmuir isotherm

am b R?
ca* 7.76 0.168 0.9922
Fe®* 0.138 4,04 0.9472
Pb* 22.3 0.439 0.9845
Cu®* 7.86 0.178 0.9036
Co** 11.8 0.0273 0.8031
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Study on the Evolution of the Stellar System through the Estimation
on the Mass of the Bright Globular Clusters

Hyeonsu Kim, Junhong Kim, Seongjun Moon, Jeongwon Ha, Serin Kim - Daegu Il Science High School

TEXER

HERS e Aol 2 A7lo] AAE 7] Mol thE WE A B 5 BelR SAel §d 4 Qo] AaAe)
ABhAS ATsHe dlo] glo] BTk wEThAolch Sl Lake] PAGS B3] we(dul ) o) WEe] wis T4
a7z, olel Aol AR A7lel utel of® Aol7k Qi Awlwown $e| estel sk w4l vak S P
S 9le lolek, olo] Heksto] & Aol At AT A Belgkel Wk, LARTY Al ol Kol 4
QU= AEe] HF M4 Afolo] BAS Bskeich ATharel B AT whe ATl M2, ML3, M15, M56, ML,
MoZ ofth, WEslelA A ZAS Sla 2 AHgeH: vl AU olgsh] SslAE TAATY BT Su B4
oF sk oleh. uhebd, ZMAE S4S 918) Wt AdololAl o|u A% HASIA, SE BA S §I5) B BEE o]
TR A8 AMERS 9otk B, B, V AEE AHgste] 2 ofulxol 4 47 29 443 Aue BF AN+
ek, ol ueho R Ao w2 Arre] Auke ulmakeic el BRHOR T4 AR Bt AX4o] uhE ATl
Aep A mEste] A Astel Aw Ao AT o]F Fal AAE A odfEl Agke] Mol A Aape] olrhe
2S5 ek ERh 27 elest Aol AN Aeto] 25U W ARE Ariach o] ATkt NS FRT
S oglgich, WMok AR Qi ATE Y] AL FA44Y B3] Wag Ao avHh
F4lof 1 FAAY, A%, Ash 1y, A%, vol
ABSTRACT

Star clusters are important objects in study of the stellar system's evolution process because they show the
evolution of stars which have different intial mass created at the same time in the same interstellar cloud, The
globular clusters in our Galaxy consist of over hundreds of stars. By examining the differences of the various
globular clusters' physical properties, we can get a hint about the evolution of stellar system. In this study, we
investigated the relationship between the mass, which is a representative physical quantity of globular clusters,
and the mean color indexes of clusters that can show the approximate age of globular clusters, Targets used in
this study are bright globular clusters, M2, M13, M15, M56, M71 and M92, In order to use the virial theorem,
which is mainly used to measure the mass in astronomy, it is necessary to know the radius and the velocity dispersion
of the globular clusters, Therefore, we took images in optical domain to determine the angular radius, Through
the spectroscopic observations we could measure the velocity dispersion by obtaining the integral spectrum of
spherical clusters. The average color index of clusters were obtained by performing photometry on each of the
images taken using the B, V filters, With this, we compared the masses of the clusters according to the average
color indexes and derived the mass relationship of globular clusters with mean color index, The result shows that
older clusters tend to be smaller in mass and the clusters produced in the early our galaxy's nebula have a smaller
mass than the clusters generated when it collapsed, Additional observations are required to obtain more reliable
results,

Key words : globular clusters, color indexes, evolution process, mass, age
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(Table 1) Distance to globular cluster (program stellrarium)

M2 M15 Mb56 M71 M92 M13

Distance

11.5 10.3 9.7 4.0 7.98 7.0
(kpc)
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[Fig. 5] M2 spectrum [Fig. 6] M15 spectrum
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[Fig. 8] M2 spectrum graph [Fig. 9] M15 spectrum graph

(Table 2) Photograph Information

[Fig. 7] M92 spectrum

Globular cluster date exposure time
M2 10.30 (10min)x (12pics)= 120min
M15 10.29 (10min)x(15pics)= 150min
M92 11.08 (10min)x(7pics)= 70min
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[Fig. 14] Optical image of M2

[Fig. 15] Optical image of M15
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[Fig. 16] Optical image of M56

[Fig. 17] Optical image of M71

[Fig. 18] Optical image of M92

[Fig. 19] Optical image of M13



(Table 3) Photograph Information for GC's Optical Images

Fig. 14 Fig. 15 Fig. 16 Fig, 17 Fig. 18 Fig. 19
Date 2017.10.31 2017.10.31 2017.10.31 2017.10.31 2017.10.31 2017.11.08
Filter None None None None None None
Expose .
time 120s*5=600s  120s*5=600s 120s*5=600s 120s*5=600s 120s*5=600s 120s*5=600s

[Fig. 14]~[Fig. 19]= Filter glo] &g -3 ete] st Q4o =& AR 600s2 FYstA st
Act.
Maximum brightness according to M2 radius Maximum brightness according to M15 radius Maximum brightness according to M56 radius

20 2 50 109 150 200 250 300 o 50 100 15 200 250
Radius of globular cluster (pixel) Radius of globular cluster (pixel) Radiis ofglabilar cldster (pixel

[Fig. 20] Maximum brightness [Fig. 21] Maximum brightness [Fig. 22] Maximum brightness
araph (M2) graph (M15) graph (M56)

Maximum brightness according to M71 radius Maximum brightness according to MS2 radius Maximum brightness according to M13 radius

50 100 150 200 250 300

[Fig. 23] Maximum brightness [Fig. 24] Maximum brightness [Fig. 25] Maximum brightness
graph (M71) graph (M92) graph (M13)
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(Table 4) Radius and mean color index of globular clusters

M2 M15 M56 MT71 M92 M13
Radi 100 pixel 350 pixel 320 pixel 270 pixel 240 pixel 200 pixel
adius
(33.7474Ly) (52.8953Ly) (37.4807Ly) (13.0410Ly) (56.2026Ly) (45.0160Ly)
Mean
color
. 0.27147 1.27612 1.06301 1.10240
index
(B-V)

£ ool B, VHEE sl o, PAAT AAS shiel AYUoR MM P dus] 53
A5 ol gl MASE Foldeh, ol THNUES LHSH: W] P XS BE S ok FRYIA
s e BEel Aol Aol wer B4 2l L b sl AAHoR =
HEE MRt YT A QABESE AY Jlolekn sl 1o AnEE Fusk, Selrt 1 4
o) TAGOIA MI57 7V eE A olek TR, o] Fibs Mxfo] P i glo] 94 1
o {olek= 7 stellAut ATl M13, M719] ol dole Fol AR olu vt AR FAIEA]
O]’ }:HX]‘/I:E 45 —r‘ ﬁAME]'

3. Gaussian Function Fitting
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(Table 5) Gaussian Function Model's Parameter
M2 M13 M15 M92
A 23 400 470 25
B 485.7 491.7 490.3 486.7
C 1.08 0.38 0.76 0.9
D 120 660 3400 120
o 1.271603 0.251685 0.89483 1.059669
Y% 1.616974 0.063345 0.80072 1.122898
4, T4 MEio|
vgd gelE 7Hdstel M2, M15, M929] Hsks FAsugdct eHd A AE &8 9 vHAE 9 &
ZEA 3 o] 88kt M159] ARkE 18 Far, ZF Aol ARl AsulE (Table 6yl ekt
(Table 6) Mass Ratio of Globular Clusters
Globular Cluster Radius Velocity Dispersion Mass Ratio
M2 33.7474Ly 1.616974 22.6018
M15 52.8953Ly 0.800720 1
M92 56.2026Ly 1.122898 2.0896
M13 32.8439Ly 0.063345 0.0039
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Developing Algorithm for Collision Avoidance Swarm Drone using
Distance Measuring Sensors

Seokhwan Moon - Junhyeok Kim - Jiung Choi - Gwangju Science Academy For the Gifted

nEXE

ol e e 24 AAZ olgate] FohRe A, B S W Haeh AL o gk 35 23]
gmelEe MAR ES o2 FAlgol Ao 2o YEaz ddse] g 24 Eie] 484702 g v s
7 Bl tale AolstrA, Aok slulstul BAXIA s o F 4 YES b AmelHS WA o]
Sfal, ¥ ol me] AojE B9 GmelEu MY ATY AnelEe HlEoR B0l AojE Blu) duelEe A,
ol 24 BEow ST Be 2] WEYAR Ads] gt 21 Sro] d AolS Sla 4514 205 o},
A0z, o5 3A9 AR AE Fal TGO H AN AAG LB Fo] HEHOR 2 ErolA Agol
g 4 9le SRITT R ATE A A% 28 24 SRl Waw T A8E 4 U2 A0 Ay
F4lof 1 27 B, 0 Aol FolE 44, FE 29, A4E

In this research, we will develop collision avoidance algorithm for drone by using disassemble and synthesis
of drone's velocity vector, which only uses distance measuring sensors for obstacle detection. Also, we will apply
this algorithm to tree—connected swarm drones with low communication amount, in order to make autonomous
flight swarm drones fly safely to their destination while controlling the formation and avoiding obstacles, For them,
we will make obstacle avoidance algorithm based on insect’s obstacle avoidance algorithm and previous algorithms,
Also, we will expand those algorithm to swarm drones, Moreover, we will find about conditions for formation control
of swarm drones, Consequently, we will check that our algorithm can successfully apply to swarm drones, by using
3D simulation, This research is expected to be able to use in situations which needs swarm drone, such as disasters,

Key words . Swarm drone, Formation Control, Obstacle Detection, Collision avoidance, Autonomous Flight

2, =gl ojak walo] obdo] et EESe] bl wae el Aol salska o

Eol 2 5829 AFH iy Aol Ad W Wil a3t EAR oAAA gt @S Ao o5 iy
Aofof] Augi= Z& leader—follower”7|¥}t, behavior 7|¥F, 1)1l virtual structure”]¥k
H

o
reH5, 10, 13]. 183l Ren et al. 2 o] A 7}x|2] AJo] HFA]o] consensus



264 | AAWH ppstEto|HTL e The Journal of Youths in Scientific Research ® Vol. 3  No. 1

ol

mlo

problem= 7[WFo & Sh= td Aojo] EWst AU s 12]. ®39F Dong et al.-2 consensus 7|
Hke] 4] E3E formation theorys 7|WFOE dh= thy Aloje] ERgh Z9-9S skl 10].
7|E0] ATE2 o EESo] UnkEel HEQ AR Aduo] ookl 7pAstity, dRkAos 3 EE9)
J
%

oftt

HERZol= Er] vEHASt 287 HEYAZE o, 133 vENa9 ehgdol =50 &#A it 2

eu 25d vEYas 949 e 7] dieel YEHRY] BiErh srhe B
shute] =2of sl Aofes djulsh BgS & 4 s she A R AYEITE ol AW AT

oAe F=2 7ivlel, optical flow, lidar, 3D FAA &9 AvlSg olE3IIH2, 9, 11, 14]. 12y} o3t

AA S B Al gFo)] gol 28 A Altell ARgshrlols a7k Slt
kA 2 ATl Ale 2guh AL Aol Mol e gt AR 54 =

st H3E AR7HA] olFd 4 e A ERE A% daEEE e e HAeR i 2 d4te o

o]

I 2 22olA AEHAS AA, S ERE w50 SAANE bl Qlar, T Apelof ofil Aollmsol
PeAls WEL A, B2l AYil Qe Al wett A2 54 Al ftoloh ofefdt 2AdlA i B
o] NZ FEolA ki, AofES sluab BAN7A ¢AeA Hlgete® AEels due]ES el A
of ¥ Qo] Harolr}, Wk, AN el Aes Aol Fsto] Elditt
olF flal = A tellMs a5 ol Blv] darelsa AW o] dare]Es A4Skl darelge Y

o, Eel YESAR dHo] = w4 B2 g Alols flstel dnbel 2 B2 tiE AlolE ¢t
3k Eele] ehEepAloh Aol asghel HiRk e o=t

w Ate A H e R R

A, oy HEQAR ddE I =820 AW iy Aol ot 24w

. Ef] EYAR dA ﬂ°1 A= ole] o] E2o] A HF

AR, Bzl wtt Ae] 34 AN A8 SR Aol v dae]s Y

A AladloldE o8t Bl YEAR ddu] = 4 =2 Aole 29 vF 4%

| 1. o122 wz

— 1 o

1. E2|¥ UEMIZ HZE 28 =29 tfd Fof

7k aHZ o] EA Y 7t

ofil L G={V, B} BAME WA V= o, v, v, )0 T B ddshs B Wik Bo
((, v) ¢ v, v,€ VIZA Helgeh T3 o] IHE GO M WY W A9 Ak w2 olgsle] A
of 13} o] T 4 k.

Aol 1% WA ik j7h AAFe] U W w, =1, T84 % whis w,=0 0= Holsiet
S ok ol A A 1 els] B GAES fol ohd Ads Uelgoldct

D =diagldeg(v,), i=1, 2. - njo} o] ukSolrch A&siu,
d, =deg(v,) % LRI i= 9 whiz d,=00] Hch, oju, e GO} ehmebder AR Aol 20f Zol 1t

ﬂ



HelEE HME o183 FolE 2l

olf TAHo] EAste] A Aet WE IalPor dAAdwE 9o ARVE 24T o, = vt
spanning trees AHthil FICE WHOF 1 GV} spanning treeE AUW, o] T1efLo] ehEebAeh 9
ol g2 o olw AL FollA FPY 2R Fh 00 Hukes ARNE dElA Stk Pl olE
0=PRe(\ (@) <Re(M\,(G)) == Re(N,(G)) 9} o] EH3IAT

Ede, &7t gl §oF 2dEE ouieit Bl w7l BRI n—1708) WHoR o]folXit), Ed=
HE BAHOR T ARV A shAeE EARth B oA 2o g FFelr] ule] gZe] e
S48 OEth B 7w B2 SAES B Aol gk vIAA 7] el Akt

Y. Formation Theory9 A<
o 8 B2 AAHS AR}, o] A AHE nrlo] ER2ERE FAEY 9ok dg|al o]Eo] ddd HE
Q79 = g GERA FHE) JE]L G7} spanning treeS A|AThal AYZ}5HA},
E2E Zo| o 3t AV 22d u, (1)= Ay},
7, (t) =v,(t), v(t)=a,(t) (1)

0,(t)=[z;(t) ;)7 A =[10]", 2z 4,=[01]"2 Fou (e DI 2L 9uE 7HAch

0,(t) = A, A,70,(t) + Aya, (t) (2)

=
I
—
SV
b
oy
N
B
H
o

h(t)e =2 0o Sm Aeetar gesta, k) =[h, (#) by, @)
() nI@W)"5 FeJeiar, 2o, AW diE AolE Feldt 4= gl

n

¥
Bae(t) 33;:(’5)
P kd
el
7. B @\
60) % %
x B (t R
il 7 &) 2(t) @
or) hi}»(t i | hﬁx(t}
1?*@ > * e"‘;@ S
; b - ~
- é"+@
i P i S hix(t) R, (D)
(6] ” X

[Fig. 1] Time—varying formation of swarm drone
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(Table 1) Algorithms for this research
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[Fig. 5] Outline of the obstacle avoidance algorithm
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[Fig. 10] Simulation for algorithm 4

[Fig. 10]7} 2o] eritel% 37 A9 Ajol} gl A=g wolw B4 hggoz waksigrt, A7t =
HEE ON)oIATh v o ET} 5|4 ojFo] EAlo] NWHER ATH 1, 2] e 2~3ue] Akt FL 7}
Aol Agdolde] 4% & N=49] 7oA ATelH 3wt ALY o] o welth AWALE 85~107ips,
12ms ofs}2, The eraieEe] uls) ulHlEk A7} Exfshelt,

el glo) AgdloldES e Aaeld 39 47t AP mEEQlS e s}aauh 5k e
o 71 Alzke] A ESIAE, ol AR 4 9l Amole chyt o
Qe Whvle] el 32 Uy AN ke et 2 Aelst
TR H e AukEg wolvh AEdelde viEes A 38 Bl Ao
712 st

ol SR Tl MHE A ot TYFEL TRsAol USE Felste] el MAE 4 b Hob 5
g9 AR 15T 4 YRS FueF 32 2SI EY SEO| ofF JRE wekd

=
th HEHel AojE 3T dig]Ee] Ad A7 ZHe] § 85~105msE 12ms ©|atR ZA = et

[Fig. 11] Final result for the simulation of obstacle avoidance algorithm
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Algorithm ForSwarmDrone
While drone’s pos = destination pos
int k=0
if drone != root & distance between parent drone < 10 k+1
if drone != root & distance of same level drone < 10 & distance between parent drone <= 30 k+2
if 0 < distance between obstacle < 2 k+4

if distance between child drone > 30 k+8
1
if k=21 10 v:v0+§at, move by Droneldx

if k=135 7] 11 13| 15 v=wv,—at. activate collision avoidance algorithm

if k=01 4] 6] 14 v=v,+at. activate collision avoidance algorithm
ifk=819] 12 v, ¥07<v & v=v,—at. activate collision avoidance algorithm

[Fig. 18] Pseudo Code of the swarm drone algorithm
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A Study on Restoration of Ancient Buddhist Temples through Proportion
Analyses of Stupa and Temple Arrangement

Heesun Kim - Yeseul Yoon - Jiyun Hwang - Changwon Science High School
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ABSTRACT

Temples are the buildings that best display Buddhist culture, However, there are many ancient temples that
have disappeared or have been damaged by reckless restoration, so they are not able to have the same historical
significance, This research proposes the proper restoration plans, supposing that the temples built in same period
have similar shapes and rules, After sorting the temples, common characteristics were extracted through
proportional analysis of Stupa and Temple arrangement that are still intact. Also, the extracted characteristics
were applied to temples needing restoration, allowing Stupa or Temple arrangement’ restoration plans to be
proposed. After selecting temples from among those needing restoration, selected temples’ restoration plans would
be designed and be printed out using a 3D printer. By this, we are trying to help glorious ancient temples regain

their own original features and revive their cultural and historical importance,

Key words . Temple arrangement, Proportion analyses, Temple, Restoration, Stupa
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[Fig. 21] Result of drawing circles on
Bunhwangsa Temple arrangement plan
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[Fig. 31] Result of drawing circles on Mireuksa Temple Site
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[Fig. 34] Result of drawing circles on
Temple arrangement plan

Sachunwangsa Temple arrangement plan
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