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CHAPTER 1

MedCV: &7 Python HIEZF R[4k EE

1.1 XF=E MedCV

MedCV J&— R A EE PTG, MedCV 46 Python %5 5 Ifii -3 T Numpy . OpenCV 5¢ i EHZ 1) 7] L
b, $EAEPYQLS W5 HMEE(E. MedCV Jyfifigk OpenCV X PR IR 2R AE, REAS IRV 45 SRR i WAL,
WSRARA AR RK, 58 MedCV:

o fi A MPGE RSO (MedCV BA W BB Bl 1, BT, FnT 9 st

« BV PEFEBRZLHANG

MedCV 3§41 Python 74 : Python3+

1.2 g it R

o P KA MedCV 220 N\ KM A EANE AT APL, JH PR F RIS G 2 2 30 112 SR A o AT
WZE . MedCV A5 I/ DA XE A A 52 1 - MedCV M —20m &35 1) APT, Pt 5 i nT AT 55 .

o BiMelE: BRI S, MedCV GRIHML. THE. GUI £ =A sy b, /R DA &A1k & Hl E
R AT B B B H T .

* L Python Pipff:: MedCV ¥4 B AL AL B SCPRRAY, YR Python fUADHA, (HHITEERNTY)
debug, FFEML T4 AL



https://github.com/numpy/numpy
https://github.com/opencv/opencv-python
https://pypi.org/project/PyQt5/
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1.3 SmRASEH

AICHYE MedCV BIH3CCRS, A4F MedCV B4 EBINZE, VAREZHIBI T ARRERIEI

HTFEEKCERIBF R T TR, JoiEx BE e G rT AL B EER IR R 10, Rtk MedCV AL A1 SCRY H A 7] 3k
R AR IR, BN R Ak R AR AR L . EERCREE ), WG A&k HR 3]
moyan_work @foxmail.com 53 HISEL R .

TR SRR AT Tk, R SCREAO BRI . e . AR SRRE. RPN 8. STERBIRERSE, Wah
TOSRAES, 4 B A% MedCV 1) BTk !

1.4 LK

TEAEHE MedCV 2R, 15408 A NG -
« Numpy (fIFEURHFERIZHE)
* OpenCV (e S T #AL )
« PyQt5 (& il BRI G UA I B TH45 1)
NGRS T DA% MedCV A5 1. IFFI 7 124 MedCV :
* {31 PyPI 2% MedCV (#E47)

sudo pip install medcv

ANSRAREE A virtualenv FEIERET, /RTTDAEEGL (] sudo:

pip install medcv

o % : fdi}{] Github J§iidZ23: MedCV
B, i git BT MedCV:

git clone https://github.com/szuboy/medcv.git

e, cd B MedCV HspIf His T2 ain

cd medcv

sudo python setup.py install
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1.5 HARXZH

PR PATE T 21 R ) 50 A MedCV I &2 35018 -
* MedCV Google group

© VRULTTDALE Github issues HUR IS SRBTRE (FE32 00 2 BIE B BRI BLE RATHIFE T, RANSEH
JRKIRE)

1.5. FARZH 3


https://groups.google.com/g/medcv
https://github.com/szuboy/medcv/issues
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CHAPTER 2

AL LED

2.1 EfR53E

2.1.1 image_with_heatmap

medcv.visualize.cls.image_with_heatmap (image, heatmap, alpha=0.8, beta=0.3,.

—colormap=cv2.COLORMAP_JET, width=None, level=None)

R AR BT IR, Bl PR~ 73RN 251 Grad-CAM # P B finAe BRI g _EtA Tl #iAk .
ARERENFBR cv2.addwdighted BRESEEL, B—FEGEG T A, XTEGIKTARPRE, PAEHLA
AR A EEIRCR . AREAT S TRl

dst = « - image + 3 - heatmap + vy

S8

+ image (np.ndarray): —ZERESURY BE A FRE

* heatmap (np.ndarray): image XLV EIHEE

« alpha (float): image XMWV FAE, BUETEE MO ~ 1, BRIAKM 0.8
* beta (float): heatmap XWHFE, BUYETERE N0 ~ 1, FIAm 0.3

* colormap: Hifi[&2%, ¥kl cv2.COLORMAP_JET , P¥IESH# I Y



https://docs.opencv.org/master/d3/d50/group__imgproc__colormap.html
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 width (int): Z/REIE T, BRIAKH “None*, N “width=max(image)-min(image)*

e level (int): FoRIENL, BRIAKH “None™, N “level=((image)+min(image))/2“

fE RAxRBI

import numpy as np

import matplotlib.pyplot as plt

from medcv.tools.transform import med2rgb

from medcv.data import chest_dcm, chest_heatmap

from medcv.visualize.cls import image_with_heatmap

# load chest dcm image and its heatmap
chest_dcm_image = chest_dcm()

chest_heatmap_image = chest_heatmap ()

# dcm to rgb image with image window width and level

chest_rgb_image = med2rgb (chest_dcm_image, width=22135, level=122009)

# dcm with heatmap
chest_image_with_heatmap = image_with_heatmap (chest_dcm_image, chest_heatmap_image,

—width=22135, level=12209)

# plot visualize
plt.figure(figsize=(15, 5))
plt.subplot (1, 4, 1)
plt.title('origin image')

plt.imshow (np.squeeze (chest_dcm_image))
plt.subplot (1, 4, 2)

plt.title('rgb image')

plt.imshow (chest_rgb_image)
plt.subplot (1, 4, 3)
plt.title('heatmap image')

plt.imshow (chest_heatmap_image)
plt.subplot (1, 4, 4)

plt.title('chest with heatmap image')
plt.imshow (chest_image_with_heatmap)

plt.show ()
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CIEN A
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B #riaill

2.2.1 image_with_bbox

medcv.visualize.det.imag_with_bbox (image, bbox, bbox_ids=None, colors=None, .

—thickness=1, width=None, level=None)

K H AR ISR S5 _ BT E, @id 4552 bbox_ids SHCCRFZ AN RHER ML

S8

image (np.ndarray): 2L R G R A
bbox (list): FMfES R, Xk [(x, v, w, h), (x, v, w, h), ...]

bbox_ids (list): #:MAHERY id 512, BEAAGIHER Y —A~ id, AR ARFEINER, BN None |, RIEEA>
AGLAE X AN [ A 0F 52

colors (list): AN[A] id X} R rgb Bia )%, X h [(r, g, b), (r, g, b), ...1, WHE KN None,
iR E i

thickness (int): HHERBRE RN, Rl h 1
width (int): B/RHIE T, ZRAH “None*, N “width=max(image)-min(image)*

level (int): E/RMIE I, BRIAH “None“, N “level=((image)+min(image))/2*

2.2,
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fE AxRBI

import matplotlib.pyplot as plt
from medcv.tools.transform import med2rgb
from medcv.data import chest_dcm, chest_bbox

from medcv.visualize.det import image_with_bbox

# load chest dcm image and its heatmap
chest_dcm_image = chest_dcm()

chest_bbox_dict = chest_bbox ()

# bbox list, because chest_bbox_dict has left-lung and right-lung bbox
bbox_list = chest_bbox_dict.values/()

# dcm to rgb image with image window width and level

chest_rgb_image = med2rgb (chest_dcm_image, width=22135, level=12209)

# dcm with bbox, default is different bbox id.
chest_image_with_bbox = image_with_bbox (chest_dcm_image, bbox_list, width=22135,.
—~level=12209, thickness=10)

# dcm with bbox with thickness=20
chest_image_with_bold_bbox = image_with_bbox (chest_dcm_image, bbox_list, width=22135,.
—~level=12209, thickness=20)

# dcm with same bbox id
chest_image_with_same_bbox = image_with_bbox (chest_dcm_image, bbox_list, bbox_ids=[0,_

0], width=22135, level=12209, thickness=10)

# plot visualize

plt.figure (figsize=(15, 5))
plt.subplot (1, 4, 1)

plt.title('chest rgb image')
plt.imshow (chest_rgb_image)
plt.subplot (1, 4, 2)

plt.title('bbox image')

plt.imshow (chest_image_with_bbox)
plt.subplot (1, 4, 3)

plt.title('bold thickness")

plt.imshow (chest_image_with_bold_bbox)
plt.subplot (1, 4, 4)

plt.title('same bbox id')

plt.imshow (chest_image_with_same_bbox)

plt.show()
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2.3 I3

2.3.1 imag_with_mask

medcv.visualize.seg.imag_with_mask (image, mask, alpha=0.5, colors=None, width=None, .

—level=None)

FEARYER Mask 7EJ5 & EFEATRIAL, B0 X5 b A28 RS b 1) B B R B Y T A

S8

* image (np.ndarray): —ZEREI ) BE ARG R A
» mask (np.ndarray): image XTR/ [ mask, BRiA 0 Ay E:, JEZA{H N ROI
+ alpha (float): mask %R AIIIEUE, BUETERE RO ~ 1, BRA K 0.5

* colors (list): AN[A] ROIL X LY. rgb Bifa 5158, % ROI ARE(EIEATTHF RS, XK [(x, g, b),
(r, g, b), ...]

 width (int): B/REIE T, BRIAN None, NI “width=max(image)-min(image)*

* level (int): EI/RIGEN, BRIAKN None, N “level=((image)+min(image))/2*

2.3. =HIsE 9
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fE AxRBI

import numpy as np

import matplotlib.pyplot as plt

from medcv.tools.transform import med2rgb
from medcv.data import chest_dcm, chest_mask

from medcv.visualize.seg import image_with_mask

# load chest dcm image and its mask

chest_dcm_image = chest_dcm()

chest_mask_image = chest_mask()

# dcm to rgb image with image window width and level

chest_rgb_image = med2rgb (chest_dcm_image, width=22135, level=12209)

# visualize colors

colors = [(0, 255, 0), (255, O, 0), (0, O, 255)]

# alpha=0.2

chest_image_with_maskl = image_with_mask (chest_dcm_image, chest_mask_image, .
—colors=colors, alpha=0.2, width=22135, level=12209)

# alpha=0.5 (default alpha=0.5)

chest_image_with_mask2 = image_with_mask (chest_dcm_image, chest_mask_image, .
—colors=colors, alpha=0.5, width=22135, level=12209)

# alpha=0.8

chest_image_with_mask3 = image_with_mask (chest_dcm_image, chest_mask_image, .

—colors=colors, alpha=0.8, width=22135, level=12209)

# plot visualize
plt.figure(figsize=(15, 5))
plt.subplot (1, 4, 1)
plt.title('chest rgb image')
plt.imshow (chest_rgb_image)
plt.subplot (1, 4, 2)
plt.title('alpha=0.2")

plt.imshow (chest_image_with_maskl)
plt.subplot (1, 4, 3)
plt.title('alpha=0.5")

plt.imshow (chest_image_with_mask?2)
plt.subplot (1, 4, 4)
plt.title('alpha=0.8")

plt.imshow (chest_image_with_mask3)

plt.show ()
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2.3.2 image_with_contours

medcv.visualize.seg.image_with_contours (image, mask, colors=None, thickness=1, .

—width=None, level=None)

ARENFR A cv2.drawContours BRESEIL, FFARVERT Mask 1130 2648 BEAE )R & _ ATtk Bian: Xt
b B2 5 A bR UE R 1 245 B AT Ak

S8

« image (np.ndarray): —ZEFEI A BE ARG R A
* mask (np.ndarray): image XfV[ mask, ZRiA 0 KiFs5t, dEZ(E N ROI

* colors (list): AN[A] ROI X5 rgb Bia 5155, % ROI AREEIEATTHF RG], XK [(x, g, b),
(r, g, b), ...]

* thickness (int): ZRFLBER RN
o width (int): B/RIE 75, ERIAN “None, N “width=max(image)-min(image)“

o level (int): T RAIENL, BRIACKH “None, N “level=((image)+min(image))/2“

23. xHIRE 11
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fE AxRBI

import numpy as np
import matplotlib.pyplot as plt
from medcv.tools.transform import med2rgb

from medcv.data import chest_dcm,

from medcv.visualize.seg import image_with_contours

# load chest dcm image and its mask

chest_dcm_image chest_dcm ()

chest_mask_image chest_mask ()

# dcm to rgb image with image window width and level

width=22135,

chest_rgb_image

med2rgb (chest_dcm_image,

# ground truth

gt_mask

np.zeros_like (chest_mask_image)
gt_mask[np.logical_or (chest_mask_image == 1,

chest_image_with_gt
—width=22135, level=12209)

# model segmentation

seg_mask np.zeros_like (chest_mask_image)

seg_mask[np.logical_or (chest_mask_image

chest_image_with_seg
—width=22135, level=12209)
# difference between ground truth and model

diff_mask

np.zeros_like (chest_mask_image)

diff_mask[np.logical_or (chest_mask_imag

chest_image_with_diff
—width=22135, level=122009)

# plot visualize

plt.figure(figsize=(15, 5))
plt.subplot (1, 4, 1)
plt.title('chest rgb image')
plt.imshow (chest_rgb_image)
plt.subplot (1, 4, 2)
plt.title('ground truth')
plt.imshow (chest_image_with_gt)
plt.subplot (1, 4, 3)
plt.title('model segmentation')
plt.imshow (chest_image_with_seq)
plt.subplot (1, 4, 4)
plt.title('difference')

chest_mask

image_with_contours (chest_dcm_image,

image_with_contours (chest_dcm_image,

image_with_contours (chest_dcm_image,

level=12209)

== 2)] =1

gt_mask,

chest_mask_image

thickness=10, .

3) 1] 1

seg_mask,

, chest_mask_image

thickness=10, .

segmentation

2, chest_mask_image == =1

)]

diff_mask, thickness=10, .

Q3
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[CAWY)
plt.imshow (chest_image_with_diff)
plt.show ()
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CHAPTER 3

H
i
pi 2
E
ois

3.1 ERER

BB St 2 il S A B A LUT, o B G 5 i 38— A BRAR i A =X, W T B2 MG S 1 1)
P BR2E R A AR E A (WL 0- 255 2 JR)) 4545,

3.1.1 med2med

medcv.tools.med2med (med_image, width=None, level=None, dtype=np.float64, invert=False)

PR B T I TR RO PR A R SE s G IR, R LA S R R AR, SORe AR s A

S8

* med_image (np.ndarray): PE2EEIMR, T4k or —4EHRAT

o width (int): E/RME T, ERIAN None, N width=max (image)-min (image)
o level (int): E/RMENL, BERAN None, N level=((image)+min (image)) /2
o dtype: #iii0EdESEAY, BRAh np.float64

o invert: EMIEATREOBEEME, BEAEFEUE, BIACH False

15
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fiE =L

import matplotlib.pyplot as plt
from medcv.data import chest_dcm

from medcv.tools.transform import med2med, med2rgb

# load chest dcm image

chest_dcm_image = chest_dcm()

# width=50000, level=20000
adjust_imagel = med2med(chest_dcm_image, width=50000, level=20000)

# width=20000, level=15000
adjust_image2 = med2med (chest_dcm_image, width=20000, level=15000)

# width=20000, level=15000, invert=True
adjust_image3 = med2med (chest_dcm_image, width=20000, level=15000, invert=True)

# plot visualize
plt.figure(figsize=(15, 5))
plt.subplot (1, 4, 1)
plt.title('chest origin image')
plt.imshow (med2rgb (chest_dcm_image))
plt.subplot (1, 4, 2)

plt.title ('width=70000, 1evel=20000")
plt.imshow (med2rgb (adjust_imagel))
plt.subplot (1, 4, 3)

plt.title ('width=20000, level=15000")
plt.imshow (med2rgb (adjust_image2))
plt.subplot (1, 4, 4)
plt.title('invert=True')
plt.imshow (med2rgb (adjust_image3))
plt.show ()

16 Chapter 3. THZEF#
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CIEN A
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3.1.2 med2grey

medcv.tools.med2grey (med_image, width=None, level=None, invert=False)

KRR BB AR PR R B IK I, SRR DT A, AR [l RS K I, PARESR AT OpenCV
A
S8

 med_image (np.ndarray): —ZEFEZU) BE RIS
* width (int): Z/RAYE T, BRIAN None, M| width=max (image)-min (image)
e level (int): E/RMENL, ERAH None, M| level=((image)+min (image)) /2

o invert: ZHUATREOBME, BINEFBUE, BINH False

fsE AL

import matplotlib.pyplot as plt
from medcv.data import chest_dcm

from medcv.tools.transform import med2grey

# load chest dcm image

chest_dcm_image = chest_dcm()

# width=50000, level=20000
grey_imagel = med2grey (chest_dcm_image, width=50000, level=20000)

# width=20000, level=15000

(R akzn)

3.1. BgER 17
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grey_image2 = med2grey (chest_dcm_image, width=20000, level=15000)

# width=20000, level=15000, invert=True
grey_image3 = med2grey (chest_dcm_image, width=20000, level=15000, invert=True)

# plot visualize
plt.figure(figsize=(15, 5))
plt.subplot (1, 4, 1)
plt.title('chest origin image')
plt.imshow (med2grey (chest_dcm_image), cmap='gray')
plt.subplot (1, 4, 2)

plt.title ('width=70000, level=20000")
plt.imshow (grey_imagel, cmap='gray')
plt.subplot (1, 4, 3)

plt.title ('width=20000, level=15000")
plt.imshow (grey_image2, cmap='gray')
plt.subplot (1, 4, 4)
plt.title('invert=True')

plt.imshow (grey_image3, cmap='gray')

plt.show ()

CIEN A

chest origin image
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3.1.3 med2rgb

medcv.tools.med2rgb (med_image, width=None, level=None, invert=False)

PR BN RE A A PR R B O rgb A5 SXH BAR AR, SCRFA SE AT O0BE L, AR I RGB 1R, DA
BEORAEZE OpenCV Ak A% 2

18 Chapter 3. THZEF#
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S8

med_image (np.ndarray): —ZEREE ) BE2EEIB
width (int): BoRMIE G, ERIAH None, M| width=max (image)-min (image)
level (lnt) E%E‘j@'fi; %j(i/}\ﬂ‘j None, I)_\"J level=( (lmage) +min (1mage) ) /2

invert: JEMUEFTRABENE, RIVEIFBRES, BRACH False

fiE FA=C

import matplotlib.pyplot as plt

from medcv.data import chest_dcm

from medcv.tools.transform import med2rgb

# load chest dcm image

chest_dcm_image = chest_dcm()

# width=50000, level=20000
rgb_imagel = med2rgb (chest_dcm_image, width=50000, level=20000)

# width=20000, level=15000
rgb_image2 = med2rgb (chest_dcm_image, width=20000, level=15000)

# width=20000, level=15000, invert=True

rgb_image3 = med2rgb (chest_dcm_image, width=20000, level=15000, invert=True)

# plot visualize

plt.
plt.

plt

figure (figsize=(15, 5))
subplot (1, 4, 1)

.title('chest origin image')

plt.
plt.
.title('width=70000, level=20000")

plt

plt.
plt.
.title('width=20000, level=15000")

plt

plt.
plt.

plt

imshow (med2rgb (chest_dcm_image))

subplot (1, 4, 2)

imshow (rgb_imagel)

subplot (1, 4, 3)

imshow (rgb_image?2)

subplot (1, 4, 4)

.title('invert=True')

plt.
plt.

imshow (rgb_image3)

show ()

B ¥R 19
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CIEN A
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cHAPTER 4

PyQt5 54

4.1 QMedManger

medcv.gui.QMedManager ()

PRep A B, DA BB R AR R DA S it s . 3 It HoAth GUT 450 N B A HLE
SEMEEA RS PyQuS 1R LM -

411 APl 0

wE
e set_invert (invert): HENX @R
* set_medical_image (medical_image): ﬁﬁ:?ﬁﬂ@@#’@f?
e set_image_window_width (window_width): & EIEHE
e set_image_window_level (window_level): & HEUGHE

Py e AN

* set_image_window (window_width, window_level): & E & L

21
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* is_invert (): 2N AR

e get_medical_image () : #E " ZEpIEZEE B
e get_image_window_width (): FREUERE 5%
e get_image_window_level () : FREEMG %

e get_image_window () : Xﬁmﬁﬁ’ﬁ{ﬁ

Hith

* pixmap () : &[] pixmap P EH

e update_lut_array () : MG LUT

4.2 QMedLabel

medcv.gui.QMedLabel ()

RYRT PyQtS ) QLabel 38, B NEREEBRAY /AT, AIPRIESE M B 2.

4.2.1 APl 0O
wE
e setInvert (invert): HEROKER
* setMedicallImage (medicallImage) : WEH _ZEHEFE G
e setImageWindowWidth (windowWidth) : XBERKGE % 7%
* setImageWindowLevel (windowLevel) : {XE RS E

AN

* setImageWindow (windowWidth, windowLevel): B Jaii

» isInvert (): AR AMRK
e getMedicalImage () : IREN "4 EEE G
* getImageWindowWidth () : FRELEEH T

* getImageWindowLevel () : KRB G 1

22 Chapter 4. PyQt5 5244
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e getImageWindow () : FRHUH Tt

:—‘—ﬂ,—‘—»:—‘—‘/f.lA

A

4.2.2 {ERRBI

import sys

from medcv.gui import QMedLabel

from medcv
from PyQt5
from PyQt5

.data import chest_dcm
.QtCore import Ot
.OtWidgets import QApplication, QWidget, QVBoxLayout,

application = QApplication(sys.argv)

main_widget = QWidget ()

layout =

med_label

med_label.

med_label

QVBoxLayout (main_widget)

= QMedLabel ()
setMaximumSize (600, 600)

.setScaledContents (True)

med_label.

setMedicalImage (chest_dcm())

width_slider = QSlider (Qt.Horizontal)
level_slider = QSlider (Qt.Horizontal)
width_slider.setRange (1, 50000)

width_slider.valueChanged.connect (med_label.setImageWindowWidth)

level_slider.setRange (0, 50000)

level_slider.valueChanged.connect (med_label.setImageWindowLevel)

layout.addWidget (med_label)

layout .addWidget (width_slider)

layout .addWidget (level_slider)

main_widget.show ()

sys.exit (application.exec_())

QSlider

4.2. QMedLabel
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CHAPTER B

Utils E A3

5.1 LUT

#e4%¢ (Lookup Table, LUT) J2—/M4Cei, L4051 LUT B ZeOHLIE A AKCHRE (i 30
B, NIRRT, JCSCRAE S TSR S FE A0 e e e P ) PR
EEXTEESEIURIOALI, WA/ S12x512, BATRZSeFERAEt . At LUT, s i g v
B, DAREHQARSR RGN, O GUUES IS TR ARt T (R

5.1.1 BREHERH

BRI A R AT (Hn: CT OBhASslEl—A - 1024-1024) , LA WSH KOO 5 LR

WER. HIEDICOM iyt EFEEXN T =S K% LINEAR, LINEAR_EXACT, SIGMOID (MedCV
WEERAME A LINEAR), R4S v (B00) FfE N SERE (H9E) BUERFK, BARiESH Y

5.1.2 LUT 31

medcv.utils.generate_lut_array(image, width, center, y_min=0, y_max=255, dtype=np.

—uint8, invert=False, mode=medcv.LINEAR_MODE)

R BRI AT PR A L O W) LUT, SR IMECY: offset M lut_array, BAESHY

25



https://dicom.innolitics.com/ciods/ct-image/voi-lut/00281056
https://github.com/szuboy/medcv/blob/master/medcv/utils/lut_fn.py
https://github.com/szuboy/medcv/blob/master/medcv/utils/lut.py
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* image (np.ndarray): P24 PG, SORFT4E or Z4ERA
* width (int): &% 55

« center (int): FERE

* y_min (number): W EHON W ME, BRIAK 0

* y_max (number): BRGTEREO VR, BRUIAH 255
o dtype: lut_array Z{HEZRA, BAH np.uint8

* invert (bool): RN EAKK, BINH False

e mode: MLSfEREERE, Wik LINEAR. LINEAR_EXACT A1 SIGMOID, ZRiAN LINEAR

5.2 2B

medcv.utils.expected_type (*type_args, **type_kwargs)

ET Python s ¥UPHAAFERIREMI LA, 4564 inspect J signature Jiik, DUAEELfI i Hboe ek £E
SIANRE SR, BARIES% Y
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https://github.com/szuboy/medcv/blob/master/medcv/utils/arg_support.py

CHAPTER O
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CHAPTER 8

Bt 3%
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CHAPTER 9

Indices and tables

* genindex
* modindex

e search
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