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In [1]: import sys

sys.path.append('../demAnalysisComponents/') #Add the path to the demAnalysis scripts


import os


import baseGrid as bg

import dem as dpy

import flowRoutingGrids as flw

import networkGraph as ng

from matplotlib import pyplot as plt

from matplotlib import cm

import numpy as np


from importlib import reload

%matplotlib notebook


In [2]: #First, lets open an example real DEM just to remind ourselves what we are working with

#Define a path to some data to test out functions

testDataPath = os.path.join('..','testData','rasterData','OD_10mTest.tif')


#Load the grid in

testDEM = dpy.demGrid([],rasterPath = testDataPath)


#Check to make sure it looks right

hs = testDEM.calcHillshade()

hs.plotGrid(cmap = 'gray',vmin = 0, vmax = 255)


#Load in the flow grid as well

testFlowGrid = flw.flowRoutingGrids(filePath=testDataPath)


In [3]: reload(ng)


In [8]: '''Here we will find just the largest basin, and create representation of this network as a graph. '''


maxOutlet = np.argmax(testFlowGrid.areaGrid)

maxOutlet = np.unravel_index(maxOutlet,testFlowGrid.shape)

#Create an instance of a network graph, that extends all channels up to the specified minimum area
#Alternatively we could specify a channel mask if we wanted to use a more sophisticated

#identification of channel networks


channelNetwork = ng.networkGraph(testFlowGrid,maxOutlet[0],maxOutlet[1],Amin = 1e5)


Out[3]: <module 'networkGraph' from '../demAnalysisComponents/networkGraph.py'>
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In [9]: #Now we can preform operations on this network or visualize it in a few common ways

f,axs = plt.subplots(2,1, sharey = True)


channelNetwork.plotValues('upstream_distance','elevation',axs = axs[0],color = 'mediumseagreen',alpha = 0.25)

axs[0].set_ylabel('Elevation')

axs[0].set_xlabel('Upstream distance')


channelNetwork.plotChiProfiles(axs = axs[1],doAdjustOutletElevationToZero=False,A_0 = 1e6, theta = 0.5,

                             color = 'mediumseagreen', alpha = 0.25)


plt.tight_layout()


In [6]: '''Can plot map coordinates to look at the map view shape of the drainage network'''

f,axs = plt.subplots(1,1)

#Check to make sure it looks right

hs.plotGrid(axs = axs,cmap = 'gray',vmin = 0, vmax = 255)


#Can manually plot the x-y coordinates of the grid

channelNetwork.plotValues('x_coordinate','y_coordinate',axs = axs,color = 'r')


#Or can plot the links between nodes as lines

# channelNetwork.plotMapRepresentation(axs = axs, color = 'r')


Out[6]: <matplotlib.axes._subplots.AxesSubplot at 0x1024edc510>
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In [7]: '''Sometimes having the full network results in a lot more data than we really want to store, because

a node in the graph is made for every point in the DEM. We can reduce the complexity of these networks by

'dissolving' them. This is a process by which we pluck out a key subset of nodes that we deem important in

order to construct a new graph. 

'''


dissNetwork = channelNetwork.dissolveNetwork_PreserveTributaryJunctions()


f,axs = plt.subplots(1,1)

#Check to make sure it looks right

hs.plotGrid(axs = axs,cmap = 'gray',vmin = 0, vmax = 255)


channelNetwork.plotValues('x_coordinate','y_coordinate',axs = axs,color = 'r')

dissNetwork.plotValues('x_coordinate','y_coordinate',axs = axs,color = 'darkorchid')


In [8]: '''There are a variety of functions for preforming this 'dissolve' procedure. They generally operate by search
ing up

the network from the outlet, and creating a duplicate network with those nodes that meet certain criteria.


This cell highlights a version identical to the one above, with the additional constraint that the maximum alo
ng flow

distance between any two cells cannot exceed some specified distance.

'''


maxSegmentLength = 100.0


dissNetwork = channelNetwork.dissolveNetwork_PreserveTributaryJunctionsLimitLength(maxSegmentLength)


f,axs = plt.subplots(1,1)

#Check to make sure it looks right

hs.plotGrid(axs = axs,cmap = 'gray',vmin = 0, vmax = 255)


# channelNetwork.plotValues('x_coordinate','y_coordinate',axs = axs,color = 'r')


dissNetwork.plotMapRepresentation(axs = axs,color = 'darkorchid')

dissNetwork.plotValues('x_coordinate','y_coordinate',axs = axs,color = 'darkorchid')


Out[7]: <matplotlib.axes._subplots.AxesSubplot at 0x1024f78c90>

Out[8]: <matplotlib.axes._subplots.AxesSubplot at 0x1028eda2d0>
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In [11]: '''

'''

%matplotlib notebook


maxSegmentLength = 100.0


dissNetwork = channelNetwork.dissolveNetwork_PreserveTributaryJunctionsLimitLength(maxSegmentLength, doPreserv
eChannelHeads=True)


f,axs = plt.subplots(1,1)

#Check to make sure it looks right

hs.plotGrid(axs = axs,cmap = 'gray',vmin = 0, vmax = 255)


# channelNetwork.plotValues('x_coordinate','y_coordinate',axs = axs,color = 'r')


dissNetwork.plotColorizedMapRepresentation(axs = axs,colorizeParameter = 'chi',colormapname = 'Blues',doLogTra
nsformValues = True)

# dissNetwork.plotValues('x_coordinate','y_coordinate',axs = axs,color = 'r')


In [10]: '''Sometimes we want to look at a suite of catchments. One strategy for this is making a list of different

networks. Here we will just store a dissolved version of each network that drains to an outlet in this map exa
mple'''

reload(ng)

outlets = testFlowGrid.findBoundaryOutlets()

basinNetworks = []

maxSegmentLength = 200

for o in outlets:

   

   #Lets restrict this to some of the largest basins

   if testFlowGrid.areaGrid[o[0],o[1]] > 5e5:

       channelNetwork = ng.networkGraph(testFlowGrid,o[0],o[1],Amin = 1e4)

       

       #Limit segment length


#         basinNetworks.append(

#             channelNetwork.dissolveNetwork_PreserveTributaryJunctionsLimitLength(maxSegmentLength,

#                                                                                  doPreserveChannelHeads=Tru
e))

      

       


#         #Preserve minimum structure of network

       basinNetworks.append(channelNetwork.dissolveNetwork_PreserveTributaryJunctions(doPreserveChannelHeads=
False))


Out[11]: <matplotlib.axes._subplots.AxesSubplot at 0x10226a4950>
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In [11]: f,axs = plt.subplots(1,1)


#Check to make sure it looks right

hs.plotGrid(axs = axs,cmap = 'gray',vmin = 0, vmax = 255)


for dn in basinNetworks:


   dn.calcChannelSteepness()

   dn.calcSegmentDirections()

   dn.plotColorizedMapRepresentation(axs = axs,colorizeParameter = 'channel_steepness',

                                              colormapname = 'Reds',doLogTransformValues = True,

                                       vmin = 5, vmax = 50)


In [12]: allInts, allDirections, allIDs,allLengths = [],[],[],[]


for i,dn in enumerate(basinNetworks):


   dn.calcSegmentDirections()

   dn.calcSegmentIntercepts(interceptCoordinate = testFlowGrid._xllcenter)

   dn.calcSegmentLengths()

   

   allInts.append(dn.flattenNetwork('downstream_line_intercept'))

   allDirections.append(dn.flattenNetwork('downstream_direction'))

   allLengths.append(dn.flattenNetwork('segment_length'))

   allIDs.append(np.ones_like(allInts[i])*i)

   


allDirections = np.hstack(allDirections)

allInts = np.hstack(allInts)

allIDs = np.hstack(allIDs)

allLengths = np.hstack(allLengths)


#Mask out segments less than 2*dx

minSegmentLen = 100

goodSegs = (allLengths  > minSegmentLen) & ~np.isinf(allInts)


allDirections= allDirections[goodSegs]

allInts = allInts[goodSegs]

allInts-=np.nanmean(allInts)

allIDs = allIDs[goodSegs]

allLengths = allLengths[goodSegs]


../demAnalysisComponents/networkGraph.py:671: RuntimeWarning: invalid value encountered in log10

 paramValues = np.log10(paramValues)

../demAnalysisComponents/networkGraph.py:590: RuntimeWarning: invalid value encountered in double_scalars

 S = (parent.Z - child.Z) / (parent.L - child.L)


../demAnalysisComponents/networkGraph.py:567: RuntimeWarning: invalid value encountered in double_scalars

 m = (parent.y - child.y)/(parent.x - child.x)

../demAnalysisComponents/networkGraph.py:567: RuntimeWarning: divide by zero encountered in double_scalars

 m = (parent.y - child.y)/(parent.x - child.x)

../demAnalysisComponents/networkGraph.py:568: RuntimeWarning: invalid value encountered in double_scalars

 child.ds_lineInt = child.y - m*(child.x - interceptCoordinate)

/Users/sjohnstone/opt/anaconda3/lib/python3.7/site-packages/ipykernel_launcher.py:21: RuntimeWarning: invalid 
value encountered in greater
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In [13]: fig = plt.figure()

axs = fig.add_subplot(111, projection='polar')


axs.scatter(allDirections,allInts,[14],allIDs)

# axs.hist(allDirections,bins = 100)


In [14]: '''Exploring thinking about colinearity'''

xs = []

ys = []

angles = []

allLengths = []


for dn in basinNetworks:


   dn.calcSegmentDirections()


   xs.append(dn.flattenNetwork('x_coordinate'))

   ys.append(dn.flattenNetwork('y_coordinate'))

   angles.append(dn.flattenNetwork('downstream_direction'))

   allLengths.append(dn.flattenNetwork('segment_length'))


#Turn each of these into a np array

# angles = np.arctan(np.tan(np.hstack(angles))) #Transform this into an angle where sign of direction doesn't
matter


angles = np.hstack(angles)

xs = np.hstack(xs)

ys = np.hstack(ys)

allLengths = np.hstack(allLengths)


#Mask out segments less than 2*dx

minSegmentLen = 50

goodSegs = (allLengths  > minSegmentLen)


angles = angles[goodSegs]

xs = xs[goodSegs]

ys = ys[goodSegs]

allLengths = allLengths[goodSegs]


positions = np.vstack((xs,ys)).T


In [626]: positions[:,0]


Out[13]: <matplotlib.collections.PathCollection at 0x102ec62a90>

/Users/sjohnstone/opt/anaconda3/lib/python3.7/site-packages/ipykernel_launcher.py:25: RuntimeWarning: invalid 
value encountered in greater


Out[626]: array([433158.89013646, 433018.89013646, 432948.89013646, ...,

      433808.89013646, 431768.89013646, 431838.89013646])
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In [15]: f,axs = plt.subplots(1,1)


#Check to make sure it looks right

hs.plotGrid(axs = axs,cmap = 'gray',vmin = 0, vmax = 255)


angle_thresh = np.deg2rad(30.0)

distThresh = 100.0


colinVals = []


idx = 454


for dn in basinNetworks:


#     dn.calcColinearityScore(positions[idx:idx+1,:], angles[idx:idx+1], angle_thresh, distThresh)
   dn.calcColinearityScore(positions, angles, angle_thresh, distThresh)

   colinVals.append(dn.flattenNetwork('colinearity_score'))


   dn.plotColorizedMapRepresentation(axs = axs,colorizeParameter = 'colinearity_score',

                                              colormapname = 'Reds',

                                                 doLogTransformValues = False,

                                                vmin = 15.1, vmax = 22.17)

   


axs.plot(positions[idx:idx+1,0],positions[idx:idx+1,1], '*r')

colinVals = np.hstack(colinVals)[goodSegs]


In [16]: f,axs = plt.subplots(1,1)


#Check to make sure it looks right

hs.plotGrid(axs = axs,cmap = 'gray',vmin = 0, vmax = 255)


axs.scatter(positions[:,0],positions[:,1], [12],colinVals,cmap = 'Reds')


Out[16]: <matplotlib.collections.PathCollection at 0x102cb432d0>
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In [629]: f,axs = plt.subplots(1,1)

axs.hist(colinVals[~np.isnan(colinVals) & ~np.isinf(colinVals)], bins = 100)


In [ ]: colinVals


Out[629]: (array([ 2.,  2.,  1.,  8.,  4.,  4.,  3.,  5.,  2.,  7.,  6.,  1.,  9.,

        5.,  6.,  6.,  4., 11.,  8., 12.,  8., 13., 14., 20., 20., 14.,

       14., 24., 20., 26., 26., 32., 25., 23., 32., 34., 29., 36., 33.,

       30., 33., 45., 36., 32., 41., 36., 31., 32., 27., 27., 26., 31.,

       23., 23., 24., 22., 25., 24., 14., 25., 12., 17., 13., 13., 12.,

        5., 10., 11., 11.,  8., 10.,  5.,  2.,  3.,  1.,  4.,  3.,  1.,

        5.,  5.,  2.,  5.,  2.,  3.,  1.,  2.,  0.,  2.,  1.,  2.,  1.,

        2.,  1.,  0.,  0.,  0.,  0.,  1.,  0.,  1.]),

array([ 1.73645649,  2.02180837,  2.30716024,  2.59251212,  2.87786399,

        3.16321587,  3.44856774,  3.73391962,  4.01927149,  4.30462337,

        4.58997524,  4.87532712,  5.16067899,  5.44603087,  5.73138274,

        6.01673462,  6.30208649,  6.58743837,  6.87279024,  7.15814212,

        7.44349399,  7.72884587,  8.01419774,  8.29954962,  8.58490149,

        8.87025337,  9.15560524,  9.44095712,  9.72630899, 10.01166087,

       10.29701275, 10.58236462, 10.8677165 , 11.15306837, 11.43842025,

       11.72377212, 12.009124  , 12.29447587, 12.57982775, 12.86517962,

       13.1505315 , 13.43588337, 13.72123525, 14.00658712, 14.291939  ,

       14.57729087, 14.86264275, 15.14799462, 15.4333465 , 15.71869837,

       16.00405025, 16.28940212, 16.574754  , 16.86010587, 17.14545775,

       17.43080962, 17.7161615 , 18.00151337, 18.28686525, 18.57221712,

       18.857569  , 19.14292087, 19.42827275, 19.71362462, 19.9989765 ,

       20.28432837, 20.56968025, 20.85503212, 21.140384  , 21.42573587,

       21.71108775, 21.99643962, 22.2817915 , 22.56714338, 22.85249525,

       23.13784713, 23.423199  , 23.70855088, 23.99390275, 24.27925463,

       24.5646065 , 24.84995838, 25.13531025, 25.42066213, 25.706014  ,

       25.99136588, 26.27671775, 26.56206963, 26.8474215 , 27.13277338,

       27.41812525, 27.70347713, 27.988829  , 28.27418088, 28.55953275,

       28.84488463, 29.1302365 , 29.41558838, 29.70094025, 29.98629213,

       30.271644  ]),
<a list of 100 Patch objects>)
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In [594]: fig = plt.figure()

axs = fig.add_subplot(111, projection='polar')


axs.hist(angles[colinVals>0],bins = 100,weights = colinVals[colinVals>0]/np.sum(colinVals[colinVals>0]))
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/Users/sjohnstone/opt/anaconda3/lib/python3.7/site-packages/ipykernel_launcher.py:4: RuntimeWarning: invalid 
value encountered in greater

 after removing the cwd from sys.path.


Out[594]: (array([0.00716085, 0.01367457, 0.01528513, 0.00912873, 0.00887813,

       0.01336738, 0.01381171, 0.01491233, 0.00893159, 0.01317069,

       0.0112523 , 0.01629666, 0.0017402 , 0.01578476, 0.01324761,

       0.01048234, 0.00647462, 0.0088895 , 0.01640714, 0.00898701,

       0.00968202, 0.01379835, 0.00946398, 0.0066605 , 0.        ,

       0.00979923, 0.01290029, 0.015136  , 0.00760574, 0.01065889,

       0.00742331, 0.00832821, 0.00786824, 0.00976204, 0.00570119,

       0.00916037, 0.00411336, 0.01283696, 0.00916149, 0.00871374,

       0.01085042, 0.00797325, 0.01033971, 0.00497641, 0.00489908,

       0.0074721 , 0.01130992, 0.00529089, 0.00845721, 0.01794455,

       0.00810482, 0.00969781, 0.00918199, 0.00675924, 0.00939359,

       0.01041686, 0.00855287, 0.01075465, 0.00950059, 0.01095112,

       0.0052955 , 0.00659021, 0.00992325, 0.01326379, 0.0148478 ,

       0.01339202, 0.01016825, 0.01080872, 0.01236136, 0.01150158,

       0.00718032, 0.01330891, 0.02006609, 0.01250855, 0.0023589 ,

       0.00659347, 0.00910699, 0.01391297, 0.00665899, 0.01012082,

       0.00916998, 0.00708736, 0.01068276, 0.0064791 , 0.01009128,

       0.01191184, 0.00658535, 0.00898624, 0.01140737, 0.01448512,

       0.01003205, 0.01262656, 0.00606714, 0.01223318, 0.00712281,

       0.00753617, 0.01054265, 0.00603743, 0.01219868, 0.01926417]),

array([-3.09995007, -3.03753465, -2.97511922, -2.91270379, -2.85028837,

       -2.78787294, -2.72545751, -2.66304208, -2.60062666, -2.53821123,

       -2.4757958 , -2.41338037, -2.35096495, -2.28854952, -2.22613409,

       -2.16371867, -2.10130324, -2.03888781, -1.97647238, -1.91405696,

       -1.85164153, -1.7892261 , -1.72681067, -1.66439525, -1.60197982,

       -1.53956439, -1.47714897, -1.41473354, -1.35231811, -1.28990268,

       -1.22748726, -1.16507183, -1.1026564 , -1.04024097, -0.97782555,

       -0.91541012, -0.85299469, -0.79057927, -0.72816384, -0.66574841,

       -0.60333298, -0.54091756, -0.47850213, -0.4160867 , -0.35367127,

       -0.29125585, -0.22884042, -0.16642499, -0.10400957, -0.04159414,

        0.02082129,  0.08323672,  0.14565214,  0.20806757,  0.270483  ,

        0.33289843,  0.39531385,  0.45772928,  0.52014471,  0.58256014,

        0.64497556,  0.70739099,  0.76980642,  0.83222184,  0.89463727,

        0.9570527 ,  1.01946813,  1.08188355,  1.14429898,  1.20671441,

        1.26912984,  1.33154526,  1.39396069,  1.45637612,  1.51879154,

        1.58120697,  1.6436224 ,  1.70603783,  1.76845325,  1.83086868,

        1.89328411,  1.95569954,  2.01811496,  2.08053039,  2.14294582,

        2.20536124,  2.26777667,  2.3301921 ,  2.39260753,  2.45502295,

        2.51743838,  2.57985381,  2.64226924,  2.70468466,  2.76710009,

        2.82951552,  2.89193094,  2.95434637,  3.0167618 ,  3.07917723,

        3.14159265]),
<a list of 100 Patch objects>)



7/2/2021 demonstrating networkGraphs

localhost:8888/nbconvert/html/demonstrating networkGraphs.ipynb?download=false 11/34

In [203]: angle_mean = np.deg2rad(-60.0)

angleSigma = np.deg2rad(10.0)


fun = lambda t : (1.0/np.sqrt(2.0*np.pi*angleSigma**2))*np.exp(-(np.arctan(np.tan(t))-angle_mean)**2/(2.0*angl
eSigma**2))

maxVal = fun(angle_mean)


f,axs = plt.subplots(1,1, figsize = (4,4),dpi = 120)

#Check to make sure it looks right

hs.plotGrid(axs = axs,cmap = 'gray',vmin = 0, vmax = 255)

for dn in basinNetworks:


   dn.calcChildAttributeValue('downstream_direction',fun)


   dn.plotColorizedMapRepresentation(axs = axs,colorizeParameter = 'function_value',

                                              colormapname = 'Reds',

                                                 doLogTransformValues = False,

                                                vmin = 0, vmax = maxVal, linewidth = 0.7)
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In [312]: '''Lets make an animated Give highlighting channel orientations'''

import os


containingFolder = os.path.join('..','testFigures','OrientationMovie')

PNGFolder = os.path.join(containingFolder,'PNGs')

PNGnames = 'ColorizedOrientations_{:.0f}.png'

angle_mean = np.deg2rad(45.0)

angleSigma = np.deg2rad(20.0)


fun = lambda t : (1.0/np.sqrt(2.0*np.pi*angleSigma**2))*np.exp(-(np.arctan(np.tan(t))-angle_mean)**2/(2.0*angl
eSigma**2))


anglesToTest = [a for a in np.arange(-np.pi/2,np.pi/2+np.pi/40,np.pi/40)]


for angle_mean in anglesToTest:

   

   f,axs = plt.subplots(1,1, figsize = (4,4),dpi = 140)


   #Check to make sure it looks right

   hs.plotGrid(axs = axs,cmap = 'gray',vmin = 0, vmax = 255)

   fun = lambda t : (1.0/np.sqrt(2.0*np.pi*angleSigma**2))*np.exp(-(np.arctan(np.tan(t))-angle_mean)**2/(2.0*

angleSigma**2))

   maxVal = fun(angle_mean)

   for dn in basinNetworks:


       dn.calcChildAttributeValue('downstream_direction',fun)


       dn.plotColorizedMapRepresentation(axs = axs,colorizeParameter = 'function_value',

                                                  colormapname = 'Reds',

                                                     doLogTransformValues = False,

                                                    vmin = 0, vmax = maxVal, linewidth = 1.0)

       axs.set_xticklabels([])

       axs.set_yticklabels([])

   plt.tight_layout()

   plt.savefig(os.path.join(PNGFolder,PNGnames.format(np.rad2deg(angle_mean))),transparent=True)

   plt.close(f)
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In [313]: import imageio

from glob import glob


from PIL import Image


def gen_frame(path):

   im = Image.open(path)

   alpha = im.getchannel('A')


   # Convert the image into P mode but only use 255 colors in the palette out of 256

   im = im.convert('RGB').convert('P', palette=Image.ADAPTIVE, colors=255)


   # Set all pixel values below 128 to 255 , and the rest to 0

   mask = Image.eval(alpha, lambda a: 255 if a <=128 else 0)


   # Paste the color of index 255 and use alpha as a mask

   im.paste(255, mask)


   # The transparency index is 255

   im.info['transparency'] = 255


   return im


framePath = PNGFolder


filenames = glob(os.path.join(framePath,'*.png'))

filenames.sort(key=lambda x: os.path.getmtime(x))

images = []

with imageio.get_writer(os.path.join(containingFolder,'Test_VaryingOrientations.gif'), mode='I',duration = 0.2
) as writer:

   for filename in filenames:


#         image = imageio.imread(filename)

#         writer.append_data(image)

       images.append(gen_frame(filename))


       

images[0].save(os.path.join(containingFolder,'Test_VaryingOrientations.gif'),

                     save_all=True, append_images=images,duration=0.2,optimize = False, disposal = 2)
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