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Abstract

Recently, input methods based on handwriting like traditional handwriting recognition system or
Swype has made great progress. But drawing distortion problem due to device shaking 1s still unresolved.
To solve this common issue, the study developed “Drawing Distortion Recovery System”. By combining
data from phone sensors, the system estimates mobile motion in space and recover distorted handwriting
using the proposed screen-finger motion model. To calibrate sensors, the system collects sensor values of
the device 1n six poses and calculate calibration constants. The project also tried different approaches to
estimate motion. After three generations of evolution, the system can successfully recover distorted
strokes and be able to handle different situations. The system was proved to be effective and useful under

daily use.
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a® = K%a® + b® + v%) 1D
a® :3x1 PR EREATIIRE EME - K% 3x3 ELEIRF4E » af : 3x1 SHIS-AYEESEUEE -
b® :3x1 REFEIERE » v : 3x1 JEESHEHAEE

(5 EF MR ST RE E R
L B > 5 6 (HSHHEEEHETE - SRR LUFRR R

A% = [sg, 58,8, bg, by, bg] & 2)
2. EBEEREAL ARG
a° = h(a®,A%) = K(a® + b%) #3)

3. AT R AR RA R A B ] -
(2% 4) T SRS B R I M g IR B A A/ N2

L(A%) = Y= (I g IP=1 h(ag, 1) 1%)? &t 4)

Algorithm 1 EUFEZSKEIE

Require: Tinic(Wait before start acquiring data),a®

datasetNum (number of cycles to collect data)

1: Wait for Tj,;; seconds

2:fori = 0: datasetNum

3: if static == true

4: dataset; < average of array of a®
7: end

8: end

9: Params < optimize using dataset and Levenberg — Marquardt algorithm

10: a® « calibrate a® using Params




— ~ Euler Integration:
Euler Integration & & N2 5T E 2R M BV E G BRAY 74 -
(—) N £y Euler Integration E{E /R FZ:

L RYIREHYESEN G S)EETR:

Z=v & 6)
Z=a &7

2. EAINIIIRAA BRI
x(0) = x, v(0) = v, = 8)

3. ARG FEMEMHE NEXOMEWEE B EEWEHFFER > Bl
FIEREEv(0) = OB%A -
4. EA /NG (EE LR EESS TR ERR):
dt = At =9

5. (I EBFRIHREO EEE

% o x(t+AAtZ—x(t) & 10)
6. RN & IR
% ~ v(t+AAti—v(t) (;—Ct 1)
7. HNYIRIEENIER T R R B A
x(t + At) = x(t) + v(t)At (=X 12)
v(t + At) = v(t) + a(t)At (= 13)

(—) Euler Integration Y /&R &k 5% 7 (Local truncation error, LTE):



Yn+1-+
slope T
f(tn} yn) ETH'I
y(tn+1)__ * i
Yn —+
En
y(tn) T J_T A |
: : t
tn tng1

(B =)—REhI i 57 AR
I % TR Euler Integration 7yo fiisty: 2 {H:
Y1 = Yo + hf(to, yo)
o R BL A B AT h = e —
2. §yr = y(to + h) » RSB Ry, BT
y(to +h) = y(to) + hy' (o) + 5 h2y" (o) + O(R®)
3. IEWEEPERE(ELY (to + h)JKZS Euler Method fOfEHE yo PSS ALE
LTE = y(to +h) —y; = 2h?y" (o) + 0(h%)

4. HEXATH - EF

&t 14)

& 195)

A‘

i

(&t 16)

£ h fR/INEF » Buler Integration FY/& k2 s 2= B h2 R LA -

Algorithm 2 Euler Integration

Require: v, (previous velocity), p, (previous position), a (measured acceleration),

o (high pass filter coefficient), dt (time elapsed since previous measurement), SD (static detector status)

I vp+= axdt

2: ppt= vy xdt

3:1f SD == true

4: set vp anda  zero

S5:end

Vg~ Mass-Spring-Damper Model:

Mass-Spring-Damper Model J&{E#7EEER » HEE 52K H Mass-Spring-Damper System ° 325y

B EFERAE T LRI HITT R AR IR AR B i —(EE

ﬁ
HE

K j%/ﬂ?



ZE PRI RIS E TR RS2 7] > Hrh BRSSP THY RSBl 5E S  PHIE A B0
HY > (VDR S S A —HERY IR ©

([EPH) —4f Spring-mass-damper physical model
(—) B T B fcg L N REJELE:

(o

$= T = 17)
(D)E <1 ZEERXHEREBUAERKEESE 51> 1 242 BEMHERE > &
G AGACE B LI EE L EGRRE  Bil = 1 A EIREFRIHEREE  BRENER
ific = 2vkm, {=1 - EEFHIE 248 I F=om Fo:

N

j + 2Vkmy + ky = —A(t) (= 18)
(=) BEilEE — A() B S4B FE p B H (O S T EE 1 v USRI 2
Y(t) = H(t) * —A(t) (= 19)

(M) EESERHIEARRERY Mass-Spring-Damper System HYJHREEE FE o/ 25 5y

H(t) = te~tk (= 20)

Algorithm 3 Mass-Spring-Damper Model

Require: mBuffer(measured acceleration array in circular buffer), SD (static detector status), CONST_K (constant),

bufferSize, sampleDelay(time elapsed since previous measurement)

1: fori = 0:bufferSize

i

2 t « (1 - ———) * sampleDelay;

3 impulseResponse « te~tVCONSTK

4 sum+= (mBuffer[i] * impulseResponse); //convolve buffer with impulseResponse
5. end

6: return sum

. ~  Runge-Kutta Integration:



—P& Euler Integration {EANZRE ~XiETERGELRKNFRZ > HEK 2T Runge-Kutta
Integration A& & &= B4 EAVIGHREE » 1 H 4K #PUFE Runge-Kutta Integration &5 FHHY ©

(—) Runge-Kutta Integration ZE5% N 41| VU{E 2=

Yne1 = Yn t %Uﬁ + 2k; + 2k3 + ky) = 2D
/\EP

dy N

o=f (% 22)
ki = f(tn' yn) (fh 23)
ko = f(tn+ 59 + k1) (& 24)
ks = f(ta+ 5 9 +5 k) (% 25)
ko = f(tn+ 59 + 5k3) (= 26)

vy PFER B ES RS
() RK4 J57E09 & E & R 552 (Local truncation error, LTE) &0 (h%) » EhE %9/ NI » RK4 Eb

Euler method A5 /N LTE °

Algorithm 4 RK4 &7

Require: v, (previous velocity), p, (previous position), a (measured acceleration),dt (time elapsed since previous

measurement), SD (static detector status)

: //RK4 divides the integration process into 4 steps ° 4 positions.
: Vi (velocity at position X;) < v, + 0 %0 //the 1st pointatt=0

1

2

3: V,(velocity at position X;) < v, + V; xdt = 0.5 //the 2nd pointatt= 0.5 * dt
4: V3 (velocity at position X;3) < v, + V, *dt = 0.5 //the 3st pointatt = 0.5 x dt
5

: V,(velocity at position X;) < v, + V3 xdt ~ //the 4th pointatt = dt

)}

1
:Va]] <—6(V1 + 2V2 + 2V3 + V4)

~

pr+= Vall * dt;

o

(Vpt+= a x dt;

O

:return p,

7N~ ESA Exponential smoothing YRR 25:
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Ss=Xe—(a- X +(1—a) Xi_q1) (& 29)

FFERECHES:

BERCHTES AP B g5 sr = Y BB Rr 2 B R 25 i [ AV ERRTEE © N > BB ®

NAFREEEBIREIR R R > (AERFEIERE ty, > FEFFHE t (YR RIEEE B L N5

BHIE = (0 = VAR, @] + VAR, (a§)] + VAR, ()] (30

iR A (O LLR(E = BUE A U E 5F B RUE 25 2 S il 2 -

RN RS T IR
B P (AR ESS A E R R A F > EORR S AR - Ry TR GOERR

EWMESS I FTBRIED - ARSI T [FER P 4% E & (Ring Buffer) KB RdtE A
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