AvEa1—9EI3Y
Y/



B E R D YMEDE D

o NEEBOBEUENZEKICBRIEMUEZHE : TV TL—hYvFT

2

Essp(u) = Z[Il (T; +u) — Io(wi)]2 = Z e?, sum of squared difference

Esap(u) = Z |I1(x; +u) — Ip(x;)| = Z €. sum of absolute difference

3 1

Eoc(u) =) Io(®:)I1(z; +u) cross correlation

Zi o (i) — E] (@i +u) - I_l] normalized cc

Encc(u) =

\/Zi[Io(mi) - I_0]2\/Zi[-[1($i +u) — —7_1]21




Template matching: 3—Fk

while 1:
ret,

frame_gray

temp_track.py

frame

cap.read()
cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

if templ != None:

cVv2.
CcVv2.

Kk =

resp = cv2.matchTemplate(frame_gray, templ,\
method=cv2.cv.CV_TM SQDIFF)

min, max, minpos, maxpos = cv2.minMaxLoc(resp)

X, Yy = minpos[@], minpos[1]

rectangle(frame, (x, y), (x+w, y+h), 255, 2)
imshow('Template tracker', frame)

cv2.waitKey(5)

if k == 0x20: # Space bar

# Capture the target
templ = frame _gray[y:y+h, Xx:x+w].copy()

elif k == Ox1b: # ESC

break




Mean shift tracker

[Comaniciu-Ramesh-Meer03]
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Mean shift tracker

+ Mean shift vector: v =" w(z:, y:)p(z:, ;)
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Mean shift tracker

« SOHMETmMean shiftRX7 MNILZEETEL, ZOMRZEIC
iz LUEIhT & RE

q(u) I‘ q | I
u u

»

>
i . l I _
i I

I—=TIhD REMETOD
EXANTS L EANITSL

IRTENETD
mean shift
N7 BRI




Mean shift tracker: Jd—K

mshift_tracker.py
# Initialization

x0, yo, w, h = 320-50, 240-50, 100, 100
track_window = (x0, y@, w, h)
roi_hist = None

# Termination criteria = 10 iteration or 1 pix motion
term_crit = ( cv2.TERM _CRITERIA EPS | cv2.TERM CRITERIA COUNT, 10, 1 )

while 1:
ret, frame = cap.read()
if roi_hist != None:
hsv = cv2.cvtColor(frame, cv2.COLOR_BGR2HSV)

dst = cv2.calcBackProject([hsv], [@], roi_hist, [0,180], 1)
ret, track _window = cv2.meanShift(dst, track window, term crit)

X, Y, W, h = track _window
cv2.rectangle(frame, (x, y), (x+w, y+h), 255, 2)
cv2.imshow( 'Meanshift tracker', frame)

k = cv2.waitKey(5)

if k == Ox20: # Space bar
# Create histogram for the target
hsv_roi = cv2.cvtColor(frame[y:y+h,x:x+w], cv2.COLOR_BGR2HSV)
roi hist = cv2.calcHist([hsv_roi], [©], None, [32], [0,180])
cv2.normalize(roi_hist, roi_hist, @, 255, cv2.NORM_MINMAX)
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Erx-ssp(u+ Au) = Z[Il (x; +u + Au) — Io(mi)]z

7

Z[Il (s +u) + J1(x; + u)Au — Ip(x;)]?

2

Q

I, 0I
Ji(x; +u)=V(z; +u) = %, aa—yl)(a:z +u)
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Erx-ssp(u + Au) = Z[Il (i +u) + J1(x; + u)Au — Io(mi)]2
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- Optical flows = B LDENERY NILHMESR IS

— Brightness constancy equation: I,u + I,v + I; = 0.

flow

layers with pixel assignments and flow
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Lucas-Kanade tracker: J—k

Ik_track.py
p@ = None
while 1:
ret, frame
frame_gray

cap.read()
cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

if po != None:
pl, st, err = cv2.calcOpticalFlowPyrLK(old gray, frame_gray,\
p9, None, **1k params)
# Draw the flows
for i in range(len(p@)):
if st[i] == 1:
a, b = pi[i,e,0], pl[i,e,1] #pl[i][e][e], p1l[i][e][1]
c, d = pe[i][e][e], pe[i][@][1]
cv2.line(frame, (a,b), (c,d), (255,0,255), 2)
cv2.circle(frame, (a,b), 5, (255,0,255), -1)

cv2.imshow( 'frame', frame)
if cv2.waitKey(300) & Oxff == Ox1lb: # ESC
break

# Find good feature points to track
old _gray = frame_gray.copy()
poO = cv2.goodFeaturesToTrack(old gray, mask = None, **feature params)




Tracking parametric motion

EEsTSHh o = (1+ hoo)z +hory + hoz ) = hioz + (1+ hi1)y + hia.
haoz + ho1y + 1 haoZ + ho1y + 1

hio 1+ hi1 P

1 4+ hoo ho1 hoo P = hoo, hot1, ho2, hio, h11, hiz, hoo, h21]T
H =
hao ha1 1

T op p=0_ 1 —zy —y?
Forward compositional: Inverse compositional:
Eix-ss(Ap) = > [L(&(zi; Ap) — (@)  Frx-su(Ap) = Z[fl(wd—foﬁ(wi;AP))]z

)

~ Z[j1 (i) Ap + ei]?

Q

Z[VIO x;)J 5 () Ap — e;)?

= Z[Vll x;)J 5 (x;) Ap + e;)?

EHX: p—p+Ap Ii(x)=I1(z(z;p))



Tracking parametric motion

Warped Template
I(W(x;p)) T(x)

Warp Parameters Template Gradients

Jacobian
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