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Abstract

With the development of the e-book industry, the application of OCR technology is becoming more
and more widespread, but formula recognition has not been popularized. The main reason is the
lack of regularity of formula. At the same time, the paper review has become more and more strict,
and it has also proposed new formula recognition claim. This paper mainly studies the recognition
of printed mathematical formulas in the form of pictures. For character segmentation, a combina-
tion of projection line segmentation and connected domain segmentation is used. For character
recognition, template matching is adopted, and then the relative positions of characters are used
for structural analysis. The segmentation method adopted by the system improves the segmenta-
tion accuracy while ensuring the operation speed, and has a good effect on the segmentable char-
acters. The adopted character recognition method makes full use of the regularity of printed
mathematical characters. The algorithm is simple with the low computational complexity, and the
recognition accuracy is higher than 97%. The common formula structure is taken into account in
structural analysis, and the classification discussion is without repetition or omission. The system
can identify clear printed mathematical formulas, and computational complexity and character
sticking problems need to be further optimized.
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Figure 1. Horizontal projection segmentation
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Figure 2. Vertical projection segmentation
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Figure 3. Projection segmentation cannot
segment nested structure
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Figure 4. Eight connected neighborhoods
4. )\EBLB

FEE R 1

Table 1. Connected domain segmentation algorithm

=1 EBESEER

Input: AR A F

Iteration:

L E s A PO= 00 %) i v

2. T4k point0 ¥ /\iZ @45 pointl~point8;

3. HHE/UEBGUE AR AR R, W R NES X b R point2,
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4. XTEFRF, GREAEIAEA X AR AL AT 2~3, HE X AT

5. 5 XHMGEAEN L Wpoint2(x,,y,)=1. 5% X, EHAMHENAF,
F4k point0, AT 1~4, EHEF 4R 1 (EIFH).
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Figure 5. Connected domain segmentation
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Figure 6. Combining characters cannot be segmented
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Figure 7. Conglutination caused
by parallel character
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Figure 8. Conglutination caused by image processing
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Figure 9. Commonconglutination
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2.3. FFFH7

BT S RAagE A, HEFRBEEN, MIFEF/HFREA. Bk, TR, %4
BSEBR, X R SLRR E
2.3.1. {EiRERNT

Bl AR A R [ RIS, FrL, ARSI R, DARGHE. 2ty AR, 8 H LI 5k
Fa, W PRI, L 2.

Table 2. Requestof drawing template library
2. EIREMEEK

et IEREN RS
LLES KEFRE NEFEE B, TR FRIRCLM) TR (A RHE. R )
RR(FCIES). ik, Times New Roman. Calibri (7 3C1E30)

T Calibri Light (Fi 347 /8). Cambria Math. mathtype &, latex =&
T AR T~ N U N T = e N |

IR EE AR, NI L AR ILIA] 10:

Word Word PDF | Fof

AR A7 A Kl A G

FIF Hpdf Sy HHHY PR
FIF

Figure 10. Process of drawing template library
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Figure 11. Locationof 16 neighborhoods
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Figure 12. Extendto square matrix
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2.3.2. FHAA
KRRV ACIZHEAT A5 R0, RITHEEARR R 4 X ) 16*16 4Eds SA0R% 1745 Y I RRER
1, U S /N (KRR % ARF SR D X o B
dmin[zz |X(:,:)—Yij(:,:)

i=1j=1

label :1(dij:dmm) xi

oA i $858 MR, e m R JIRTR R AR, S Fh.
2.3.3. FRAABILER
M FEALEE A ARBIE(ANEKR, BHRTRL), T 7R, 58045 8 0% 3.

Table 3. Character recognition experiment

%= 3. HEIREEAEEK

B S8 RBIESHS RAERE EHER &1
1 223 208 15 93.27% e AN 1 (66.7%), 1 A5 IRIVAIR |, SEF S U |
2 307 294 13 95.77% EEREAA L, 1R R RS, L BRI Ln R .
3 126 122 4 96.83% 18R 1 (100%)
4 161 153 8 95.03% 1R 1 (100%)
5 145 140 5 96.55% 1 85 1 (100%)
6 347 333 14 95.97% 1 8RR 1 (100%)
7 264 255 9 96.59% 1R 1,0 H RN R O
8 239 233 6 97.49% 1R 1) R 3
9 221 212 9 95.93% 18R 1 (100%)
10 175 172 3 98.29% 18R 1 (100%)
11 431 431 0 100.00% /

MULTF B T UKL, ORI L E B IR A7 | b, —J7 i, #7 1 5/NE TR LB
K, 53— 771 Calibri #4& T~ | 5|8 H .

2.4. XA
gERY AT, BDEGR A ER R, RPN E, B AN, EHR/8A, HH latex &5
HATERIR.
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Figure 13. Row formula tree
13. {TATHIR S5

BRI RARATER : AT LT 5, WlE 14 Firos:

e bu(xi,0') — F(xi +€|6’)

- n + (mllmZ)
e F(xi +€l0') — F(x; —€l0)
Mg T T T T e T T

Figure 14. Boundary line location of row formula
14 TARMLETRUE

RIFILF BN TR EGE, DUKCPRAMACE N ESLABPR R, 0 TR LA RUE T A2k
B (%0 Y10 %00 Y, ) o BT 15 P
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Figure 15. Location imformation of single
character
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HE AR BN L EZRFHBR 7R/, e ‘=7, “=7, “27, “x7, “<r, “ 7y
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>l cragm i :
%R T [

if ((data(l,i}{6,j} == "~ & j < n & data(l, i} {6, j*1} == "-")

(data{l, i} {6, j} == "\frac” && j < n && dataf{l, i} {6, j+1} == "-")
(data{l, i} {6, j} :% "~" && j < n & data{l, i} {6, j*1} == "\frac”) ...
(data{l, i} {6, j} == "\frac” && j < n && data{l, i} {6, j+1} == "\frac”)) ...

& (data{l, i} {2, j} (2) == data({l, i} {2, j+1} (2)) &&(data{l,i} {2, j} (4) == ..
data{l, i} {2, j+1} (4)) && (data{l, i} {2, 3} (3) < dataf{l, i} {2, j+1} (1))
data{l, i} {6, j} = "= ;data{l, i} {6, j+1} ="";

end

Figure 16. The code of judging “="
16, “=" FIBAD

2.4.2. W FRNGHISHR
TS, RS TREZ ML E, SRre A, 5 IR 2 8Ei, s,
A Ei, FTTIIAR( LT RR)Z Y, RBRE Y. i 17:

X 3 2
— ,\[2XY, X ,yz,[2x—3]0
2y

5 10
_[ 2xdx, logz,hm,x,H

1 X—>00

i=1
Figure 17. Familiarformulastructer

A 17, % WA G

L8y B -
1) HEAKDI
TR, BRI =7 B, (M =7 B, e =7 AL YLy,

BEHIW Bk BB R ST, EERNEX REL  H 5 0 70 e B AT A — 47 701
DU IR (X B[R AT I BAT 0 RIMAT), LR ARSN D HIE, SOV WP AR L B LRI 76,

ﬁu&%ﬁﬁiﬁ}?ﬁz—); HIFAF AT R —2,x,y o PRICAT DRI A2 . P HE 25 4] 18:

Y1 X Y2

2X +y

Figure 18. Familiarformula structer
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T E AL E AT, WK PRGN, H latex 15 5 R N \frac{xH{2x+y}. JEK5T
SRR FRRE S, IR RS 53 BE I AR AR 2R 0 B

2) W5 AT

RS A AR LR, PUNIR S A — @b T [ —A17, HERZ MR AR ITA e, &35,
BRI S AL E y, FWHER TN ALRERNT Y, &2, WA T, BEERThH
Wy, RIE 19 fis:

2

V2X + 6

Figure 19. Right boundary of radical
19. RSEEF

3) EtraX
Fely, Thr, BUF LTS TR—FR, LRI, X BUSRITAE], BEAT T, BLx® i
(LK 20), HERBIFRF “37 (L4 B, HAT— D74 A, FIBr A5 “37 52 e LUR 261
B-y,>A-Y,
B-x, <A-X
B-X, <A-X +(A-X,—A-X)/2

v

Figure 20. Locationanalyse of superscript
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FERERGETE R, AT AR ISR P Be XA AR TS, 1 T DA 8 LR P i b o, 3
B -7 (ESERR <=7 A BUE) R AR NI B R A A, B EH BN T 13
HIAT. LI 21

Figure 21. Locationanalyse of markedsymbol
21 FRETF SNBSS

5) L NEitRIR AR
BTSRRI RR A BRI E] 22 th PRI E TR R A K

10 n
>, lim ] T .U
i—0 7 o0

Figure 22. Formulaof up-down structer

22. ETREHAR

PR R AT 5 G AT 738 o AT IBBIELSER) =745 “lim” i, AR E N TR EE 7 “—7, |’
FIWr P Z AR LB, — R LU PR O, ILIA] 23:

lim |
(= [0¢) xBl

v

Figure 23. Relative location analyse of “—” in “lim”
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R
when t0.x; < max(l.X,,i.X,,m.x,),
count if
Iy, <to.y, <m.y, or Ly, <to.y, <m.y,

FEHER “lim” &5 “—" REER T, R0

2.4.3. /\'ﬁi,ﬂ\%lléﬁﬂ
LB RE, XA RPEAREAT I8, B RIMR B S5 KB, 246000 (0L 24 i 25):

T 1 x T -
In(1* +2% #(lxlnl_'_lenz) Km m(17427) — lim o (171n142%1n2)
fim 42D _ iy 12t poo | ® e I
Xm0 X X0 1
x x 2 — 13 2°In2 __ 1: 2% (In2)?
—fim 22 o 2 s | = lim e = lim Tintens = n2

x=0 ¥ +2%  x501%In1+2%1n2

. x x\I/x _ g Iny _ In2 _ . 1 x X .
Ih_r:;(l +27) ")rll_l)ge =e " =2 lim (1% + 2%) /T — lim em¥ = ¢!n2 =2
- 00 r—00
e/ F SNSRI ER RS

Figure 24. Eg.1 Formula recognization
24. RIRAIRA 1

A =:f(—x2 —5x—6)dk

2
:[—l v3—§r2 6x}
3 2 3

(—-10+12) (9—£+18] l=0.17
2 6
Azt

JEL 2\

A
A= f j(—fz —bxr —6)dx
1, 5, -2

=[-32® - 32" 62 =

=(§ - 0+12) (9-2+18) =1~ 017

gt oy AR A T

Figure 25. Eg.2 formula recognization
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3. THMERE

A ZRGER ) 23 BT EAL 18 S BN 73 FIKE FE 2 (B AT, A BRI A7 1 R AR u**/@'j
PR L AT AR 2, R B v R A AR L i b AT U, SORDRE R e, 0 T IR B iR A P AT B AR
PIVE,  FREBU o O B R (AR v AR AL 1R 1, B A TR A AR, ORI PEAL B, SRATR) 45X
N2 AR5, B a4, PUNRCREUS » (H52 T PR RDE I TS DUE R #1 S BOR B R TS DUk
DAL PR SR 7 2 s S [RTFESF BB 5 5 J DR Bl B A R0 R 97 TR AR 2 T, IR
AL B, A RGO AT R ERARRE /N RS SUR AT, [R5 i TR 75 23— LAk
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