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Figure 4.5 Three auto-correlation surfaces Esc(Awu) shown as both grayscale images and
surface plots: (a) The original image is marked with three red crosses to denote where the
auto-correlation surfaces were computed; (b) this patch is from the flower bed (good unique
minimum); (c) this patch is from the roof edge (one-dimensional aperture problem); and (d)
this patch is from the cloud (no good peak). Each grid point in figures b—d is one value of

Au.
[Szeliski2010]
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Harris corner detector

¢+ BBERLWARAIC "R>T1 WTIELW
— MERENEBICKESH>THRLL
Harris-Stephens(1988): det(A) — atrace(A)? = Ao\ — a(Xg + A1)?

det(A) o )\0)\1

Brown-Szeliski-Winder(2005): =
trace(A) Ao+ A1

harris.py
while 1:

stat, image = cap.read(9)

gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)
gray = numpy.float32(gray)
resp = cv2.cornerHarris(gray,2,3,0.04)

resp = cv2.dilate(resp, None)
image[resp > resp.max()*0.005] = [0,255,0]

cv2.imshow('Camera’', image)
key = cv2.waitKey(10)




SIFT (Scale Invariant Feature Transform)

Lowe, Object recognition from local scale-invariant features, ICCV99
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SIFT: Keypoints

e F—IRA Vb= AT—=I]ILAR—ATD DoG DB
— DoG: Difference of Gaussian
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SIFT: Descriptors
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Image gradients Keypoint descriptor

Figure 7: A keypoint descriptor is created by first computing the gradient magnitude and orientation
at each image sample point in a region around the keypoint location, as shown on the left. These are
weighted by a Gaussian window, indicated by the overlaid circle. These samples are then accumulated
into orientation histograms summarizing the contents over 4x4 subregions, as shown on the right, with
the length of each arrow corresponding to the sum of the gradient magnitudes near that direction within
the region. This figure shows a 2x2 descriptor array computed from an 8x8 set of samples, whereas
the experiments in this paper use 4x4 descriptors computed from a 16x16 sample array.




SIFT: d—Fk

sift.py

def drawKeypoints(image, kp, color):

for

p in kp:

pos = (int(p.pt[@]), int(p.pt[1]))

posl = (int(p.pt[@]+p.size*math.cos(p.angle/180*math.pi)),\
int(p.pt[1]+p.size*math.sin(p.angle/180*math.pi)))

scale = int(p.size)

cv2.circle(image, pos, scale, color=(0,0,255), thickness=1)

cv2.line(image, pos, posl, color=(90,0,255), thickness=2)

sift = cv2.0RB_create(100)

while 1:

stat, image = cap.read(9)

kp, des = sift.detectAndCompute(image, None)
drawKeypoints(image, kp, color=(255,0,0))

cv2.
key

imshow('Camera', image)
= cv2.waitKey(10)

if key == Ox1b: # ESC

break
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RFFEX T : 3—K(1/2)

surf_bfmatch.py
# SURF with the Hessian parameter

sift = cv2.0RB create(300)

bf = cv2.BFMatcher(crossCheck=False) # Bruteforce matcher

descO = None # To store descriptors
color = numpy.random.randint(@, 255, (max_pts, 3)) # Random color for kp
while 1:

stat, image = cap.read(9)

# Find keypoints and their descriptors
kp, desc = sift.detectAndCompute(image, None)
image = cv2.drawKeypoints(image, kp, color=(0,255,0))

if descO != None:

cv2.imshow( 'Camera'’, image)
key = cv2.waitKey(10)
if key == Ox1b: # ESC
break
elif key == 0x20:
desc® = desc.copy()
kpo = kp[:]
print 'Target updated!’




RFFEX T : O—K(2/2)

surf_bfmatch.py
image = cv2.drawKeypoints(image, kp, color=(0,255,0))

if desc@ != None:
# Match the saved and the latest kp's
matches = bf.match(descO, desc)

for i in range(min(max_pts,len(matches))):

# Matched pair: kp@[m.queryIldx] <--> kp[m.trainIdx]

m = matches[i]

#if m.distance > 0.3: # thresholding

# continue

(a, b) = kp[m.trainIdx].pt

(c, d) = kp@[m.queryIdx].pt

cv2.circle(image, (int(a), int(b)), 5,\
color[m.queryIdx%max_pts].tolist(), -1)

cv2.line(image, (int(a), int(b)), (int(c), int(d)),\

color[m.queryIdx%max_pts].tolist(), 2)

cv2.imshow( 'Camera’, image)
key = cv2.waitKey(10)
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1. descriptorfEE ICREZERE (O—K:T)
2. A MY = BFMatcher(crossCheck=True)
3. Ratio-test
- (1BBICEVWR X TOEEH) / BB ICEVWR T TOIER) ZE
(UL

4. EfREMAMAZFALZRANSAC
- TER—FHRMAP 2 RITHB LR

surf_bfmatch.py
for i in range(min(max_pts,len(matches))):
# Matched pair: kp@[m.queryIdx] <--> kp[m.trainIdx]
m = matches[i]
if m.distance > 0.3: # thresholding
continue
(a, b) = kp[m.trainIdx].pt
(c, d) = kp@[m.queryIldx].pt




(1EBICEVWS

Ratio test: d—FF

E COiERE) / (2BBICEWR T TORERE) > a

if desco !=
# Match
matches

surf_bfrtest.py

None:
the saved and the latest kp's
= bf.knnMatch(desc@, desc, 2)

for i in range(min(max_pts,len(matches))):
# Matched pair: kp@[m.queryIdx] <--> kp[m.trainIdx]

m =

matches[1i]

if m[@].distance > m[1l].distance*0.7:

(a,
(c,
cv2

cv2.

continue
b) = kp[m[@].trainIdx].pt
d) = kp@[m[@].queryldx].pt

.circle(image, (int(a), int(b)), 5,\

color[m[@].queryIldx%max_pts].tolist(), -1)
line(image, (int(a), int(b)), (int(c), int(d)),\
color[m[@].queryIldx%max_pts].tolist(), 2)




RANSAC

RANdom SAmple Consensus
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RANSAC+2XRTTHEEIR > ANEFRE

surf_bfransac.py

if desco != None:
# Match the saved and the latest kp's
matches = bf.match(desc@, desc)
src_pts = numpy.float32([ kpO[m.queryIdx].pt \
for m in matches ]).reshape(-1,1,2)
dst_pts = numpy.float32([ kp[m.trainIdx].pt \
for m in matches ]).reshape(-1,1,2)
H, mask = cv2.findHomography(src_pts, dst pts, \

cv2.RANSAC, 5.0)

for i in range(min(max_pts,len(matches))):
# Matched pair: kp@[m.queryIdx] <--> kp[m.trainIdx]

m =

matches[1i]

if mask[i] ==

(a,
(c,

cv2.

CcVv2.

continue;
b) = kp[m.trainIdx].pt
d) = kp@[m.queryldx].pt
circle(image, (int(a), int(b)), 5,\
color[m.queryIdx%max_pts].tolist(), -1)
line(image, (int(a), int(b)), (int(c), int(d)),\
color[m.queryIldx%max_pts].tolist(), 2)
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kd K (kd-tree) : O(logN)
I LIERIEERERR (ANN: Approximate Nearest Neighbor)
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KFEMWEESE - J—F

surf_recog.
X, ¥y, W, h = 320-150, 240-150, 300, 300 - ZHEY
num_objs, desc = @, None
kp 1lbls, target imgs =[], []

while 1:
stat, image = cap.read(9)

# Find keypoints and their descriptors

kpl, descl = surf.detectAndCompute(image, None)

disp = cv2.drawKeypoints(image, kpl, color=(0,255,0))
cv2.rectangle(disp, (x, y), (x+w, y+h), 255, 2)

if desc != None:

matches = flann.knnMatch(descl, desc, 2)
#matches = bf.knnMatch(descl, desc, 2)

hist = [@] * num_objs
for m in matches:

if m[@].distance > m[1].distance*0.7:
continue

hist[kp 1lbls[m[@].trainIdx]] += 1




KFEMWEESE - J—F

surf_recog.py
print 'histogram = ', hist
pred = max(enumerate(hist),key=1lambda x: x[1])[9]
cv2.imshow( 'Reconized’', target imgs[pred]);

cv2.imshow( 'Camera', disp)
key = cv2.waitKey(50)
if key == Ox1b: # ESC
break
elif key == 0x20:
kp_1bls = kp_1bls + [num_objs]*len(descl)
if desc != None:
desc = numpy.concatenate((desc, descl))
target _imgs += [image]
else:
desc = descl.copy()
target_imgs = [image]
flann.add(desc)
flann.train()
num_obijs = num_objs + 1
print 'Target updated!'’




