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NoDistort: Drawing Distortion Recovery

System for Shaky Screens
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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 widespread 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 action 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 two 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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Microsoft Surface Pro 3

CPU:% 4 Intel Core i5-4300U 1.90 GHz, &t

15#8: 8GB RAM DDR3-1600, SSD:256GB

Samsung Galaxy Note 5

=5 2560 X 1440 QHD Super Amoled, &2

2% Exynos 7420 2.1GHz, c'2%% 4g LP-DDR4

Periodic Motion Generator
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Matlab R2016a
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Algorithm 1 RUFEZSHIIE

Require: Tjnic(Wait before start acquiring data),a’

datasetNum (number of cycles to collect data)

1: Wait for Tj,;; seconds

2: for i = 0: datasetNum

3: if static == true

4: dataset; < average of array of a®
5: else

6: retry

7: end

8: end

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

10: a® « calibrate a® using Params

Fi ~  Euler Integration:

Euler Integration J&{E MIZR & 5 T B2 E I B G 8B 7% -



(—) 1A & Euler Integration & {E R FE:
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dv
%=1
x(0) = x,

G IDEUR:
V(O) = Vy
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4. EM SN (ERR DR RS TR ER):

dt =~ At

5. (rEHSRAEy - HE
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dt
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At

x(t + At) = x(t) + v(t)At

v(t + At) = v(t) + a(t)At
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1. 4 T=4EHIH Euler Integration 12y, filizty, 2 (H:
Y1 = Yo + hf(to, yo) (= 18)
Hrp f BT BRIV ES > h =ty — t,
2. &y =y(te + h) > FIFHZRENREUE Ay B S HIRS R

y(to +h) = y(te) + hy'(to) + 5 h2y" (to) + 0(h?) = 19)
3. ERSEARETE Yt + h)JRZ: Buler Method f13 HA yo (S8R MBI 2
LTE = y(to +h) = y; = 3h%y" (to) + O(h?) (320

F_ A% > & 20 & h 1R/NEF > Buler Integration 1Y 53k R 722 B2 pRLEL G -
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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+= a* dt
2: ppt= vp*dt

3:if SD == true
4: set vp and @ zero
5:end

75~ Mass-Spring-Damper Model:
Mass-Spring-Damper Model & {E#7HEFERT » HER 55k H Mass-Spring-Damper System © 1254y

FIEGTRAE T IR T R IR R AR L AR GG o — (18728 16 2 B S JE A R v
ZERHYIRG o BRI R TR RS2 ) o H P B P TR A5 S  PHIEE A AL
(Y > (8 SBURARGHE— RV -

(& 6) Spring-mass-damper physical model in one dimension
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6= 2Vkm
(DVE <1 2 2B HERENAEKEEE E0> 1 K2R iRE B8
[EHFACE BRI R FPEGIRRG » ikl =1 > R EREFR RS - SR ErET -
fic = 2Vkm, T =1 - BEFIHE LG R TFR

= 2D)

j + 2vVkmy + ky = —A(t) (= 22)
(=) BEiEE — A (O B S4B B E s B H (O s T E G v] USRI 52
Y(t) = H(t) * —A(Y) (= 23)

(M) EESERHIEARRERY Mass-Spring-Damper System Y H 55 EE & e/ 25 5y

H(t) = te~tVk (=X 24)

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: for i= 0:bufferSize
i

2: t « (1 —bufferSize) * sampleDelay;

3: impulseResponse <« te tVCONSTK

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

6: return sum
1+ - Runge-Kutta Integration:

—[% Buler Integration fENIZRE “XEr B EFRANRZ » MK Z T Runge-Kutta
Integration 5 & = PEZRENAN BB HERE > 1 H P &K B PUFE Runge-Kutta Integration 55 i A HY °

(—) Runge-Kutta Integration 52 NAI[PU(E HFE:

Vuer = Yn + o Gy + 2k + 2kes + key) (£ 25)
o

T=f (£ 26)

ki = f(tn, ) (=% 27)

ky = ftn +5 90 +5 k1) (z 28)
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ks = ftn + 590 +5 k) (£ 29)

ko = Ftn + 590 + 5 ks) (= 30)
y ] AR i B B R
(Z)RK4 FEAYEEERE 2222 (Local truncation error, LTE) &0 (h®) » EhE%4/NiF » RK4 EL
Euler method A5 /NAY LTE -

Algorithm 4 RK4 &4

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 point at t=0

1
2
3: V,(velocity at position X,) < v, +V; *dt+0.5 //the 2nd point at t= 0.5 xdt
4: Vs(velocity at position X3) < v, +V, xdt+0.5 //the 3st point at t= 0.5 xdt
5

: Vy(velocity at position X,) « v, + V3 * dt //the 4th point at t= dt
1
6: Va“ «— g(Vl + 2V2 + 2V3 + V4_)

7: pp+= Vall * dt;
8: Vpt=  a x dt;

9: return p,

JU~  E5# Exponential smoothing Y& 25:
() KIEER #:
BN o5 Ry [ — BT 8 a AUE TR AR ERATSR » Se=a-
X+ 1—-aX,; G332 PEEgcEa oz
Ss=aXe+ (1 —a) X4 =X 3D)
(Z) =R 2
AT AA S SRR AEATRED 0 (E 1557 = R R YR
Ss=X,—(a- X, +(1—a) - X_1) (= 32)
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w1 =10 = [[VAR,, @] + [VAR, ()] + [VAR,, (at)] (5 33)
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Algorithm 5 FFE FIESS

Require: W (3-axis data observed in a rectangular window of t,, seconds at time t), T (static time required to trigger static

detector), threshold

1. for t=¢y:¢,

2 calculate the variance of data in the windows: var,(t), var,(t), var,(t)

3: if \/[varx(t)]z + [vary(t)]2 + [var,(t)]? > threadhold

static_start_time « ¢,

end

staticdetector. trigger()

4
5

6: if t,—t,>1 sec
7

8 end

9
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SERIAA R T —fEERG . Quaternion:
do = qolO0] + qol1]i + qo[2]j + qo[3]k
a1 = q1[0] + g1 [1]i + q1[2]j + q4[3]k

HU U T8 72

*

— -1 _ q0

R Es ¢ Android Rotation Vector BUH 27 PR Ay s &5 Fy 1 0 &

do1 = 9190

qo = qol0] = qol[1]i — qol2]j — qo[3]k
PR Iqe, NEET IS8T

T' = %1?%1_1
T' = qo1Tqor ™t (3t 45)) AT F el sEEr T 2 T
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(=L 39)
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[ N
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