Features Extraction for Sketch-
Based Recognition

Lecture #8: Feature Extraction
Joseph J. LaViola Jr.
Fall 2015
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‘ Recall Pen-Based Interface Dataflow
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Feature Extraction and Analysis

What came first, the feature or the machine learning
algorithm?

Want to distinguish sketch components from one
another

Good features are critical

Extract important information

o geometrical, statistical, contextual

Examples include
o arc length, histograms, cusps, aspect ratio
o self-intersections, stroke area, etc...
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Finding Features

Challenging problem
o need fast algorithms for gathering information
o features must be good discriminators

Often trial and error
Can be domain specific
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Geometric Features (1)

Fall 2015

Number of strokes

o if you know how many strokes a symbol has, you
can break up your recognizer into pieces (i.e.,
recognizer for 1 stroke symbols, recognizer for 2
stroke symbols ...)

Cusps
o smooth vs. jagged strokes

o distance between cusps
useful for when cusps are
close together/far apart
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Geometric Features (2)
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Aspect ratio (width / height)

o tall vs. flat | E W
Self Intersections

o loops vs. no loops

o strokes with write over

o distance between self intersections also useful
o use line segment intersection algorithm

loops
\g\ 3 b 6P T write over
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Geometric Features (3)

First and last distance

o Strokes where first and last points are close
together vs. far apart O

o simple computation — | p, — pl“

Arc length
o many different symbols have varying arc lengths
o simple computation as well —

| = ;Hpi - pi—lH
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Geometric Features (4)

Stroke area

o area defined by the vectors created with the initial stroke
point and consecutive stroke points.

o good discriminator for straight vs. curved lines

Givenl;, = p,, —p,andV, = p,, — p,
n-2

Sarea = Z%(UI ><\_/'i)'sgn(ui ><\_/'i)

i=1
where U, x V. isa scalar
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Geometric Features (5)

Fit line feature
o sophisticated approach to finding how close a stroke

is to a straight line

o finds a least-squares approximation to a line using

o outputs a value in [0,1]
What is another name for this approach?
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principal components and then uses this
approximation to find the distance of the projection of
the stroke points onto the approximated line
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Fit Line Feature Implementation

Input: A set of stroke points P. (18)  else

Output: A distance measure “—Q) if ryp =0

FITLINE(P) (im a—b—c—0

(1) =—Yr, X(P) Dy e

2) me— S V(P e

(3) w23, X(R) (24) be— —1

@ XL Y(ER)? (23)  mag — VAT

(5)  ry = Sy X(P)Y(R) (26) o (zomtuyn

(6) w3 —xy—xi/n o o

- 2 (“') = mag

() ys—y2—yi/n (28) be

(8)  wy2 — zy1 — (za)/n 5 . mag

(9) ?'r;uf — j“a E yé‘ ) T 4__‘{,.“_2? (29)  miny — 4+

10 o Y M . g ,; (30)  mary — —o0

(.J_. ) ,f TOoT “— [\.I.gi:k.:a;:g.— rad)/2 (31) fori=1ton

(11) fm‘“_ yerror/n (32) err— aX(B) +bY (P) +
(12) if e3>y (33) pX — X(P)—a-err
(13) a — —2rys (34) pY —Y(F) —b-err
(14) b—rg—ys+rad (35) ploc — —b-pX +b-pY
(15) else if o3 < 3 (36) ming — min(ming, ploc)
(16) a — yg — rg+ rad (37) maxy — max(mary, ploc)
(17) b— —2ryo (38) return Tig?l’;fjn
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Statistical Features (1)

Side ratios

o first and last point of strokes have variable
locations with respect to the bounding box

o Approach

take the x coordinates of the first and last point of a
stroke

subtract them from the left side of the symbol’s bounding
box (i.e., the bounding box’s leftmost x value)

divide by the bounding box width.

1st and last point on 1st and last point on
right side of bbox > left side of bbox
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Statistical Features (2)

Top and Bottom ratios

o similar to side ratios except we are dealing with y
coordinate
o approach
take y coordinate of the first and last point of a stroke

subtract from the top of the symbol’s bounding box (i.e.,
the bounding box’s topmost y value)

these values are divided by the bounding box height.
1st and last points 1st and last points are
close to top of bbox at the bottom of bbox
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Statistical Features (3)

Point Histogram

a distribution of point locations in stroke bounding
box

o discrimination where point concentrations are high

o approach
break up box into n x m grid
Count number of points in each sub box

divide by total number of points C 7
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Statistical Features (4)

Angle Histogram
o similar to point histogram except dealing with angles
o Approach

Givenv; = p, — p;, for2<i<nand X = (1,0)

Y
o =arccos X-r—
vl

put angles into bins of n degrees 3 {'
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' The Rubine Feature Set (Rubine 1991)

= Part of Rubine’s gesture recognition system

o we will see this next class

(L omar - tmar )
u Stroke (re—1-Me-a)
o P = total number of points
o p = middle point Tl
o first point (X,,Yo.to) AN
(ra. i)
. o,
o last point (Xp.1,Yp.1,tp.1) S
y (rp4p )
0 compute Xpin, Ymins Xmaxs Ymax "
s (Fp-1tp-a)
(& min s Ymin )
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‘ Feature f,
(Fmar- Ymar)
= Cosine of starting angle (ep—1.9p-1)
fs
(X, —X,) S
f, =cos(a) = 22 0 = '
\/(Xz_xo) +(Y, = Yo) by
(rpsi Ypgr)
h ! +( Fpolp)
I (Fp-1-p-1)
(Fmsin « Y
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‘ Feature {,

= Sine of starting angle

(Fmar- Ymar)

(rp-i.yp-1)

Js
()
3
fz :Sin(a): (yzz yO) - \;
\/(xz—xo) +(Y, = Yo) \ (o
(Fpartps
5 (Ip-Yp)
/s (Fpa1-tn—1)
(Tonin s Yorain )
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‘ Feature f,

f3 = \/(Xmax o Xmin)2 + (ymax o ymin)2

= Length of diagonal of bounding
box (gives an idea of the size

of the bounding box)

(£mar- Ymar)

(#r-1.¥r-1)

fe

fa

Ja

(ra2.am)
i
o
(ro.m)
7
()1 Wpsr)
(rp.up)
(Fp-1-4p—1)

(& pin « Yrrwim )
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‘ Feature £,

(£mar. Ymar)

= Angle of diagonal {Lr-1.0w-1)
= gives an idea of the shape I
of the bounding box (long,
tall, square) (#2.42)
)
)
ymaX - ymln (ro.m)
f, = arctan| —"& =M
X _X (Fper-tipsr)
max min (ry.4p)
(Tp-1.4m-1)
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‘ Feature f.

fy = \/(Xp—l - Xo)2 +(Ypy — YO)Z

= Distance from start to
end of stroke

(Fpm1tp—1)

(£mar. Ynar)
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‘ Feature f;

= Cosine of ending angle

fe =cos(p) =

(Lmar. Ymar)

(+r-1.yp-1)

Is

— (raNp)
(XP—l XO) 3
f '
5 (ron)
(rper-Yps1)
5 (rp.up)
fa (£ye1-tp—1)
(i« W
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‘ Feature £,

= Sine of ending angle

f, =sin(B) =

(Femar. Ynar)

(XP—l B Xo)
f5

Ja

(rp-1.4p-1)

f

Is

(rawn)

(ro i)
n
("H-I‘.'I;-H]
(rp.up)

(Fpa1-Yp-1)

(X min s Yrrwan )
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‘ More Definitions (before we continue)

LetAXp = Xp+1 — Xp and Ayp = yp+1 o yp

Let ¢9p = arctan

Let Atp =

AX Ay, —AX, LAY,

Directional

t - t Time delta
p+1

p

AX,AX, , +AY Ay,

angle
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‘ Feature fg
- rmar )
= Total stroke length (Frmrs gr)

P2
f, = Z\/Axﬁ +Ay?

p=0

S

(ra.)

) (ro. )
s
(st Ypsr)
(rp.up)

(Fp=1-Up—1)
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‘ Feature f,
(Lrmar. Ymar)
= Total rotation (from start to rr-1-vp-1)
end point)
= (not the same as B-a — think S
of spirals) (ra.m)
i
P-2
f 0 (ro.m)
= 7,
9 P i (rpaik tpsr)
p:]_ (rp.up)
I (Fpm1-Yp-1)
(& ain « Yrmvine )
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| Feature t
(Lrmar. Ymar)
= Absolute rotation Lr-we-n)
= How much does it P
move around -
ran
P-2 /
flo = E ‘ep‘ ) (ro. i
p:]- (ki Ypsa)
5 I ' (Ip.up)
I (Fp=1-tip=1)
(L in « Yine )
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| Feature t

= Rotation squared
= How smooth are the turns?
= Measure of sharpness

(Femar. Y.

(r-1.yp=-1)

fe

S

Js

(ra.)

(ro. )
5
(s Ypsr)
(op.up)

[ I-HI--!)

(X main « Yimin )
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| Feature £,

= The maximum speed
reached (squared)

P-2

f, =max
12 e A'[i

2 2
AX, + Ay,

(Fmar. tm

(+r-1.yp-1)

Is

(ra )
5
1
(ro.m)
T
(Fpsr Ypsr)
‘f‘ (rp.up)
1o ('r;-—lv.'l;'—!)
(4 main  Yrmwin )
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| Feature f 5

= Total time of stroke

(r Hmar)
(rr-1.4p=1)
fs
(ra.)
3
"l
(ro. )
s
(st Ypsr)
h (rp-up)
fa (-";--IJI;--!)

(Fmin o Y

vin )
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‘ Next Class

= Papers Discussion then Symbol Recognition

Fall 2013
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