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1. Histogram of an Image

1.1. the histogram of race.tif and kids.tif

solution
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2. Histogram Equalization

2.1. the function equalize ()

solution
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2.2. the labeled plot of CDF E, (i) for kids.tif

solution
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2.3. the histogram of the equalized image for kids.tif

solution
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2.4. the equalized image for kids.tif

solution
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3. Contrast Stretching

3.1. the function stretch ()

solution
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3.2. the stretched image and its histogram for kids.tif

We set 77 = 70,15 = 180 for kids.tif, where 70, 180 are the minimal and maximum

pixel value in kids.tif

Stretched Image for Gray Scale Image kids.tif
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4. Gamma ()

4.2. Determining the Gamma of Your Computer Monitor

4.2.1. the image corresponding to the matching gray level g

256x256 Arrays whose Checkerboard Pattern Matches Constant Gray Level g
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4.2.2. the expression that relates the matching gray level to vy

By letting I, = I, where I is the perceived intensity of the checkerboard, I, is the
perceived intensity for gray level g

I — ﬁ Ic:Ig ]_ g Y
¢ 2

=1 ()
Ig :I255° (%)’Y} 2

Thus, we can estimate ~y based on the matched gray level g

_ log (%) _ log 2
7 log g — log 255 log 255 — log g

4.2.3. the measured gray level g and

We adjust the value of gray level g until our checkerboard pattern matches constant gray
level, and the matched gray level g = 185 for my monitor.

The corresponding estimated -y for the match gray level g = 185 is

log 2 log 2

= = ~ 2.1600
log255 —logg  log255 — log 185

fy
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4.3. Gamma Correction

4.3.1. the corrected image for linear.tif and itself

2.1600(right)

linear-tif(left) and its Corrected Image with Gamma


af://n65
af://n66

4.3.2. the formula 1., used to correct linear.tif

Suppose we apply the transform 7)., on the gray level gy of the original image linear.tif

to obtain the gray level g of corrected image

g := 1,(90)

We know that the mapping ., from the gray level g of corrected image to the perceived
intensity I, is given by

g \"
I = = I . (—)
Let perceived intensity I, be proportional to gray level gq of original image, where k > 0

Ig = Py (%(go)) =k - go

We conclude the relationship between our transform ., and the mapping of monitor ¢, ,
where id is an identity function

@70¢7:koid:>¢7:<p;10koid

So, the the transform 1., on the gray level g of the original image is

$(g0) = @ (k- go) = 255 (k ﬂ) '

Ios5

We can choose k to ensure ., (1),(255)) = 255

I
p(1h5(255)) = Inss = k := (%)

Final formula used to correct 1inear.tif is, where v = 2.1600 for our monitor

go \ 7
: 255-(—)
Yy i go = 255


af://n70

4.3.3. the corrected image for gamma15.tif and itself

2.1600/1.5=1.4400(right)

gammalb.tif(left) and its Corrected Image with Gamma
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4.3.4. the procedure 1 used to change the gamma correction of the
original image

Consider the gray pixel g of original image, the gray pixel g’ of corrected image with
initial yo = 1.5, 9,,, the gray pixel g of changed image after applying our procedure ),
and the perceived intensity I,

: /= 255 (ﬂ)%
Yy i go > g 5EE
Vg — g:=19(g)

g Iy I (L)
Py 9 g +— 14255 255

Let perceived intensity I, be proportional to gray level gg of original image, k = % >0

Iy = 0y (¥(1r,(90))) = k- g0

We conclude the relationship between our procedure %, and the mapping of monitor ¢, ,
the initial Gamma correction v.,,, where id is an identity function

pyop o, = koid:>¢:<p;10kod);01
notice in the previous section ¢ = ¢, 0 k' oid
Y= ($y 0k oid) o kot ! =, 0]
notice the properties of Gamma correction 1),y > 0

¢70—1 = @b,;ol, Yy 0Py, = Vyiyes VY0,71,72 >0

The procedure 1) used to change the gamma correction of the original image is

Y=ty 0uy) =¥a

70

P\
¢:¢%:g/'—>255-< J )

255

where vy = 1.5, the Gamma for our monitor v = 2.1600 and % = 1.4400
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Appendix

Python codes for functions

utils.py
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def equalize quick(x: ndarray) -> ndarray:

H, W = x.shape

cdf ref = hist(x).cumsum() / (H * W)
cdf = [(i+1l)/ (MAX+1l) for i in range (MAX) ]
correspond = match hist (cdf, cdf ref)

X _equ = zeros((H, W)).astype (np.uint8)
for 1 in range (H) :
for j in range (W) :
x equ[i] [j] = correspond[ x[i] []J] ]

return x _equ

"""the method in lab 4 instruction PDE"""
def equalize(x: ndarray) —-> ndarray:

H, W = x.shape

cdf ref = hist(x).cumsum() / (H * W)

X _equ = zeros ((H, W)).astype(np.float)

for i in range (H) :

for j in range (W) :
x_equli] [J] = cdf ref[ x[i][]] ]
max ref, min ref = x equ.max (), X equ.min ()
X equ = MAX * (x equ-min ref)/(max ref-min ref)

return x equ.astype (np.uint8)

def plot CDF(x: ndarray) —-> None:

H, W = x.shape

cdf ref = hist(x).cumsum() / (H * W)

plt.fill between (range (MAX+1), cdf ref, color = 'b', alpha=0.2)

plt.plot (cdf ref)

plt.x1lim ([0, MAX])

plt.ylim ([0, 11)

plt.grid()

plt.xlabel (r"pixel value $iS$")

plt.ylabel ("cumulative distribution")

plt.title("Cumulative Density Function " +

r"$\hat{F}_{x} (i)=\frac{\sum_ {Jj=0}"{i} h(J)}{\sum_{j=0}"{255}
h(j)}s")

# section 3
def stretch(x: ndarray, Tl: np.uint8, T2: np.uint8) -> ndarray:
H, W = x.shape
correspond = [0] * (T1+1) + \
[round (MAX* (e+1-T1) / (T2-T1)) for e in range(T1l, T2)] \
+ [MAX] * (MAX-T2)






Python codes for solutions

solution to section 1: soln_1.py
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solution to section 2: soln_2.py
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solution to section 3: soln_3.py
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solution to section 4: soln_4.py
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