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ABSTRACT

In this thesis, an image-processing oriented multiple choice checking system is developed
based on PC-typed microcomputer connecting to a flatbed scanner. The input of the system is an
binary image from the scanner by mean of threshold. This system is classified into 2 steps. First,
Noise Reduction and Skew Detection are processed for preprocessing step. Second, the multiple
choice checking is processed. There are 3 substeps. To start with, Model of form is constructed,
and stored to form library. Horizontal lines are used for classify a form document and cross-lines
are located to form rectangular area. The next step, correct answer database for e‘a;:'h's'ubject is
created. The number of black pixels for each circle in each answer block are counted, and selected
the maximum position stored to list of correct answer database. Finally, multiple choice checking
step, it is the comparision choice marking position between list of correct answer database and
input form document. From this thesis, we obtained an efficient and flexible multiple choice

checking system. Such a system can support many styles of choice marking, and also varity of

answer sheets.
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Ne Pyl s(r cos(9—¢),rsin(8;¢))

N

A\ 4

MFHYUNTNATIAN LT

i 21 desmsmdumiisves P'(x”, y") vin P(x, y) Taomsnyu

¥ v
ANAMTUUITNT W TTUADUMTAIUIB ATl
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y = rsin(0)
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X' =XCOSQ+ YSIN@ ......ooooom (2.13)



36

o "= rsin(0 - o)

b
I

= rsin@cos® —rcosOsin ¢

’

y = ycos@—xsing............ (2.14)
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x" =rcos(6 +¢)

= rcosfcos@ —rsinfsin g

2P AN0SY Fessit A e, B s\ (2.16)
oz y' = rsin(6 + ¢)
= rsin@cos¢ +rcosOsin ¢
Y& yeos@ £t 1.2 e J.. (2.17)
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AAULAAININD 26

NINN 26

cornerLT  cornerLB eftT topT Cross bottomT rightT cornerRB  cornerRT

UnuunsAanuvaaduas

" kol
MINAIBEININA 25 AniunfAnumAumiinsaanuia 9 3uuy 12 1dnams
a & oy 4 v 2 wyda o ' o
naasInaA lumi1ei 4 Fadeyaiindesnsny e dumiagada (X Y) uazgduuy

MIAANY (CornerType)

A15190 4
Point X Y CornerType Point X Y CornerType | Point X Y CornerType
1 1 2 comerLT 5 20 12 cornerRB 6 38 12 comerRB
2 20 2 comerRT 5 20 12 comnerLB 6 38 12 comerRT
2 20 2 cornerLT 5 200 12 cornerRT 6 38012 rightT
2 20 2 topT 5 20 12 comerLT 7 2 22 comnerLB
3 38 2 comerRT 5 20 12 rightT 8 20 22 comerRB
-+ 1 12 cornerLB 5 20 12 leftT 8 20 22  cornerLB
4 1 12 comerlLT 5 20 12 bottomT 8 20 22 bottomT
4 1 12 leftT 5 20 12 topT 9 38 22 comnerRB
5 20 12 Cross
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v 4 fuilumsdinnamphuumsdasuveaduasanulng lundas
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For the same Coordinate (X, Y) Of LineCrossing Position
1) IF (cornerLB and cornerRB) THEN bottomT.
2) IF (cornerLT and cornerRT) THEN topT.
3) IF (cornerRB and cornerRT) THEN rightT.
4) IF (cornerLB and cornerLT) THEN IefiT.

5) IF (cornerLB and cornerRT) or (cornerRB and cornerLT) THEN cross.

A5 5
Point X Y CornerType | Point X X C(;rnerType Point X Y CornerType
1 1 2 comnerLT & 20 12 comerRB 6 38 12 comerRB
2 20 2  cornerRT 5 20 12  cormerLB 6 38 12 comerRT
2 20 2 comnerLT 5 20 12 comerRT 7 2 22 comerLB
3 38 2 cornerRT 5 20 12 cornerLT 8 20 22 comerRB
4 | 12 comerLB 8 20 22 comerLB
4 1 12 cornerLT 9 38 22 comerRB

o ] o e E o e
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M3NN 6
Point X Y CornerType Point X Y CornerType Point X Y CornerType
1 1 2 cornerLT 4 1 12 leftT 7 2 22 cornerLB
2 20 2 topT 5 20 12 Cross 8 20 22 bottomT
3 38 2 cornerRT 6 38 12 TightT 9 38 22 comerRB
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Mt aauedvevvaveInAaz laaiuaad lmuneIny (Overlap) na1Ine auFnUed
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Hanaealaanaanudeslinamsoumes sty uﬂuuﬁmmﬂ%’ﬁummqmﬂnmﬂuqﬂqu
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0 = cornerLT 1 = comerRT 2 = cornerLB

3 = cornerRB 4 =topT 5 =bottomT

6 =lefiT 7 =rightT 8 = cross

GﬂiNﬁ 8

Point X Y CornerType | Point X Y CornerType | Point X Y CornerType
1 10 19 0 21 )859 > A3 8 41 33193 6
2 309 19 4 22 372 43 8 42 56 193 8
3 322 19 4 23 385 43 7 43 184 193 7
4 334 19 4 24 10 124 6 44 33 205 6
5 347 19 8 25 309 124 7 45 56 205 8
6 359 19 4 26 10 168 6 46 184 205 7
7 372 19 4 27N 33\ "168 4 47 33 218 6
8 385 19 1 28 56 168 4 48 56 218 8
9 388 19 I 29 184 168 4 49 184 218 5
10 309 26 6 30 309 168 5 50 388 218 7
11 322 26 8 31 322 168 5 51 33 230 6
12 334 26 8 32 334 168 5 52 56 230 8
13 347 26 8 33 347 168 5 53 388 230 7
14 359 26 8 34 359 168 5 54 10 243 6
15 372 26 8 35 372 168 5 55 33 243 5
16 385 26 7 36 385 168 3 56 56 243 5
17 309 43 6 37 388 168 i 57 388 243 Z
18 322 43 8 38 33 180 6 58 10 617 2
19 334 43 8 39 56 180 8 59 388 617 3
20 347 43 8 40 184 180 7
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TopX,TopY BottX,BottY TypeField Format | TopX,TopY BottX,BottY TypeField Format

19, 10 124,309 3 0 43,372 168, 385 0 1
19,309 26,322 3 0 124,10 168, 309 3 0
19,322 26, 334 3 0 168, 10 243,33 3 0
19,334 26,347 3 0 168, 33 180, 56 3 0
19, 347 26,359 3 0 168, 56 180, 184 1 1
19,359 26,372 3 0 168, 184 218, 388 3 0
19, 372 26, 385 3 0 180, 33 193,56 3 0
26, 309 43,322 3 0 180, 56 193, 184 1 1
26,322 43,334 3 0 193,33 205, 56 3 0
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26, 347 43,359 3 0 205, 33 218, 56 3 0
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26,372 43,385 3 0 218, 33 230, 56 3 0
43,309 168, 322 0 1 218, 56 230, 388 1 0
43,322 168, 334 0 1 230,33 243, 56 3 0
43,334 168, 347 0 1 230, 56 243, 388 1 0
43,347 168, 359 0 I 243,10 617, 388 2 0
43,359 168, 372 0 I
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43,309 168, 322 0 1 180, 56 193, 184 1 1
43,322 168, 334 0 1 193, 56 205, 184 1 1
43,334 168, 347 0 | 205, 56 218, 184 1 il 1
43, 347 168, 359 0 1 218, 56 230,388 1 0
43,359 168, 372 0 1 230, 56 243,388 1 0
43,372 168, 385 0 1 243,10 617, 388 2 0
168, 56 180, 184 1 1
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1 225,329, 50%% 34,45, 57 47, 58, 59 60, 70, 56 72,82, 55

2 122, 134,79 136, 146, 71 148,159, 65 161,171, 56 173, 182, 51
3 223, 234,51 236, 246, 58 248, 259, 64 261,271, 49 273,283, 60
4 324,334, 50 336,347,772 349, 359,70 361,373,79 374,384, 66
5 22,32,37 34,45,42 47,58, 41 60, 70, 41 72, 82,36

6 122, 134, 51 136, 146, 48 148, 159, 43 161,171, 43 W3, 182,33
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typedef struct RunNode *RunPtr;

struct RunNode {
int BegX; //BeginX for each run-length
int BegY; //BeginY for each run-length
int LRun; // Run-Length |

RunPtr next;
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typedef struct Corner *CorPtr;

struct Corner {

int X; // Line-Cross Position in X-axis
intY; // Line-Cross Position in Y-axis
int Type; /I Line- Crossing Pattern from 9 type

CorPtr next;
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typedef struct Area *AreaPtr;

struct Area {
int TopX,TopY; // TopX and TopY Position
int BotX,BotY; // BottomX and BottomY Position
int fieldType;  // Field Type such 0=Studentld : 1=Subject etc.
int formatField; // Field Format such O=Character : 1=Integer
int OrderPosition;  // Order Sequence for Same Field Type
int NoCycle;  // Number Cycle for Each Field

AreaPtr next;
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typedef struct IdArea *IdPtr;
struct IdArea {
int OrderPosition;  // Order Sequence for Same Field Type
int Range; // Range Of each Cycle
int BegY; //Begin Y Position
int EndY; //End Y Position
int bPoint; // Number of Black Pixel in each Cycle

[dPtr next;
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typedef struct SubjectArea *SubPtr;
struct SubjectArea {
int OrderPosition;  // Order Sequence for Same Field Type
int Range; // Range Of each Cycle
int BegX; //Begin X Position
int EndX; //EndY Position
int bPoint; // Number of Black Pixel in each Cycle

SubPtr next;




71

¥ o ¥ d o '
T §1uﬂ]ﬂ¥ﬁma\1ﬁﬂﬂﬂ'}ﬂﬂu 1“31“1]81’“@'119@?4?1?1?11?‘31) ﬁ]zllll\‘lﬂﬂﬂﬁju 2

du Ao Pudeyavesdumisdoasuuaazde nazgudeyavesimiarnaunaaz e lude
douLAaz e
¥ ° v 3 ' ¥ ¥ o | J
7.1 §1uvoyaveddwnuIveaeuNAazYe  IugIuTayaveIdumte
' ) a Ao 4 ¥ d o ' ¥ ° 1
aounaazde dansuduizlivezlszneudie Aumisgmpuuudio uazdumiagayy

" YV - ) ;) Y a dy
ando annsadoulugl Tassadadoyauny struct voanun ¢ 18 dail

typedef struct Choice *ChoicePtr;
struct Choice {
int BegX,BegY; // TopX and TopY Position
int EndX,EndY; // BottomX and BottomY Position

ChoicePtr next;

7.2 gudeyavesdumisnauusazludeaeuudazde Tugdoya
yoad wni aananlud v ieasvudazde azdszneudrodoyavssdumiaanan
Aunuaauaulunny X dumdagamholunnu X uazsnnugamwilunanauusazaa

¥
ansadoulugilTnssaiadeyaunn stuct voaniw ¢ 18 fail

typedef struct Answer *APtr;
struct Answer {
int OrderPosition;  // Sequence of Answer Record
int Range; // Range Of each Cycle
int BegX; // Begin X Position
int EndX; //End Y Position

int bPoint; // Number of Black Pixel in each Cycle

APtr next;
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Record No. 2 2 =85 point [1,35] [2,90] [3,40] [4,42] [5,37] Correct Answer
Record No. 3 2 = 86 point [1,37] [2,88] [3.49] [4,43][5,51] Correct Answer
Record No. 4 1 =90 point [1,102] [2,51] [3,54] [4,57] [5,61] Correct Answer
| | | |

| | | |
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