
I want to serve by saving people time while improving their work

Collect plant traits manually or by machine?

Aerial portion
Leaf 

count
area
color
angle

Stalk
diameter
color
strength

Root portion
density
length
shallow or deep
diameter

Reproductive portion
Flower 

count
size
time

Fruit
size
color
firmness



Integration of multi-omics techniques and physiological 
phenotyping within a holistic phenomics approach to study 
senescence in model and crop plants
https://academic.oup.com/jxb/article-abstract/69/4/825/4372214

Traits observable
with imaging
sensors 
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Image analysis – the basics

Experiment: Do our treatments have an impact on biomass compared to a control?

Control Treatment 1 Treatment n

…

Biomass
measurements
of each plant

87.9
92.1
91.9
93.1

91.1
90.8
90.9
91.2

95.0
96.1
95.7
98.8

Input to statistical analysis



area_px2(circle) 11001646
area_px2(contour) 929423
area_px2(ellipse) 5639055
area_px2(hull) 5989246
area_px2(sum) 939472
area_px2(triangle) 7029336
centroid_px(x) 2036
centroid_px(y) 3851
circle_px(radius) 1841
ellipse_px(MA) 1475
ellipse(eccentricity) 0.59
ellipse_px(ma) 1325
height_px 2855
perimeter_px 23998
primary_angle -76.7
width_px 3153

Step 1. Initial image
One of several angles

Image analysis – the basics

Step 2. Clean up image
Isolate the plant

Step 3. Analyze image
Measure and save results to DB



Image analysis – segmentation 

classify each pixel as plant or not based on color

Original image Mask Segmented image



3d color cube

Image analysis – segmentation

three histograms









Machine learning method Traditional method



Class 1. Green
Happy and healthy

Class 2. Yellowing
N deficit, soil wet or cool

Class 3. Browning
Heat stress, water stress, sugar buildup

Image decomposition by color



“plant hues”

Image analysis - color

Several RGB values have the same hue

Shift in color (hue) may be indication of stress
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“plant hues”

Plant colors occupy small region of hue axis
Poor use of available dynamic range
Large change required to detect

Construct a custom color space to increase the separation of phenotypes
Smaller changes are detectable

New color space

Image analysis - color



Image analysis - color

Image from http://plantphys.info/plant_physiology/light.shtml

Measuring plant color is attempting to measure the ratio of pigments – chlorophylls and 
carotenoids

Some wavelengths are more critical for the measurement than others

(This graph shows absorption, inverse of refection captured by cameras)



Image analysis - color

A color camera is a grayscale camera with a Bayer filter attached



Image analysis - color

Plant pigments absorption vs. camera sensitivity vs. light source

Camera cameras have good 
sensitivity over the range of colors 
that plants reflect.

Light source has impact. 



Setting sun, more red, less blue

Image analysis – color – impact of ambient lighting



Treatment clustering by color



Clustering of a group of mutants by day

Day 11

Day 22



Image analysis – size

width = 396 px

height = 214 px

width = 396
height = 214
volume = 84,744
pixels = 10872
occupancy = 12.8%

Pixels can be converted to actual 
lengths units by 

scaling factor= length (mm) / # pixel

Changing camera-subject distance or 
camera-lens magnification will change 
scaling factor.



135°

Image analysis - morphology

skeletonization attempts to represent 
centers of plant structures with lines, 
which can be measured

noisy when 
overlaps present



trait treatment stddev(treatment) stddev(not treatment) stddev(all) mean(treatment) mean(not treatment) mean(all)) count(treatment) count(not treatment) count(all)
area_cm2 A 22.0 19.2 23.6 143.5 89.9 93.5 24 332 356
area_cm2 B 18.4 23.8 23.6 84.5 94.1 93.5 22 334 356
area_cm2 C 22.0 23.7 23.6 88.7 93.9 93.5 26 330 356
area_cm2 D 16.4 24.0 23.6 85.9 94.1 93.5 24 332 356

Metric name Metric description
angle_deg - Angle of the principal axis of the plant, an approximation of the angle of the stalk
area(sum)_cm2 - The area (cm2) of the image identified as plant (Synonym metrics: area, area_cm2)
area(contour)_cm2 - The area of the enclosing contour of the plant (similar to area(sum)_cm2)
area(hull)_cm2 - The area of the convex hull (the area inside of a stretched rubber band) around the plant (compare to area(sum)_cm2 for “fullness”
area(ellipse)_cm2 - The area of the ellipse enclosing the plant
area(triangle)_cm2 - The area of the triangle enclosing the plant
area(circle)_cm2 - The area of the circle enclosing the plant
area_red - Similar to area(sum)_cm2 but only over “red” pixels
area_yellow - Similar to area(sum)_cm2 but only over “yellow” pixels
area_green - Similar to area(sum)_cm2 but only over “green” pixels
width_cm - The width of the plant between extreme points, along an edge parallel to the “ground”
height_cm - The height of the plant between extreme points, along an edge perpendicular to the “ground”
circle(radius)_cm - The radius of the circle enclosing the plant
ellipse(eccentricity) - How “oval” the ellipse is enclosing the plant
ellipse(ma)_cm - The length of the minor axis (shortest axis) of the ellipse enclosing the plant
ellipse(MA)_cm - The length of the major axis (longest axis) of the ellipse enclosing the plant
perimeter_cm - The distance (cm) around the outermost enclosing contour
scaling_factor_px/cm - Conversion factor from pixel to cm (set during instrument calibration)
version - Version of the analysis software used to create these metrics
bgr_histo - Histogram of Blue-Green-Red color space usage (as a tuple, i.e. <B,G,R>:count)
hsv_histo - Histogram of Hue-Saturation-Value color space usage
pro_histo - Histogram of projected color space usage

Image analysis – basic metrics



"measurements":{
"angle_deg":-65.01419967899282,
"area":563967.0,
"area_circle_mm2":5141.65550550244,
"area_circle_px2":1653203.8861323274,
"area_contour_mm2":3023.982685403116,
"area_contour_px2":972305.5,
"area_ellipse_mm2":3953.3538819156774,
"area_ellipse_px2":1271127.5568433197,
"area_green":1705.6901314491042,
"area_green_mm2":1705.6901314491042,
"area_green_px2":548433.0,
"area_hull_mm2":3023.982685403116,
"area_hull_px2":972305.5,
"area_mm2":1754.0026700854198,
"area_px2":563967.0,
"area_red":1.3902217568194286,
"area_red_mm2":1.3902217568194286,
"area_red_px2":447.0,
"area_sum_mm2":1754.0026700854198,
"area_sum_px2":563967.0,
"area_triangle_mm2":4035.1019322960356,
"area_triangle_px2":1297412.125,
"area_yellow":46.922316879496016,
"area_yellow_mm2":46.922316879496016,
"area_yellow_px2":15087.0,
"barcode":"1057600",
"bounding_box_mm":[

37.08599404001703,
33.07066836951894,
59.8395061728395,
77.18348233290762

],
"bounding_box_px":[

665,
593,
1073,
1384

],
"circle_radius_mm":40.455404815089196,
"circle_radius_px":725.4179077148438,
"days_after_planting":0,
"days_after_recovery":0,
"days_after_stress":0,
"days_after_treatment":0,
"ellipse_angle_deg":28.863731384277344,
"ellipse_eccentricity":0.7588709316454764,
"ellipse_major_axis_mm":43.95790889345366,
"ellipse_major_axis_px":788.2223510742188,
"ellipse_minor_axis_mm":28.627194875146337,
"ellipse_minor_axis_px":513.32275390625,
"expt_name":"HTP19-21",

"geometry":{
"bounding_box_px":[

665,
593,
1073,
1384

],
"center_of_mass":[

1102.5208407584132,
1339.6166690604236

],
"moments":{

"m00":143811585.0,
"m01":192652396470.0,
"m02":275817454412130.0,
"m03":4.158714820637631e+17,
"m10":158555269605.0,
"m11":208551259552890.0,
"m12":2.932050222419861e+17,
"m20":185132703886635.0,
"m21":2.4048311525530634e+17,
"m30":2.281696167612561e+17,
"mu02":17737092766480.47,
"mu03":-1139987745836352.0,
"mu11":-3852022577337.5312,
"mu12":-569002183923808.0,
"mu20":10322214735053.531,
"mu21":970129481715694.0,
"mu30":1296038683924736.0,
"nu02":0.0008576195880822423,
"nu03":-4.59637549819493e-06,
"nu11":-0.00018625205717493864,
"nu12":-2.2941893069982486e-06,
"nu20":0.0004990972120246541,
"nu21":3.911515186124355e-06,
"nu30":5.225565338980068e-06

}
},
"height_mm":62.24489336594362,
"height_px":1116.1317138671875,
"imaging_date":"2019-04-05.0",
"imaging_datetime":"2019-04-05 16:56:20",
"insert_index":0,
"last_process_error":"",
"n_contour_pts":57,
"perimeter_mm":211.87355322054265,
"perimeter_px":3799.167759656906,
"planting_date":"2019-04-05",
"recovery_date":"2019-04-05",
"rep":1,
"scaling_factor_px/mm":17.931297709923665,
"stress_date":"2019-04-05",
"treatment_date":"2019-04-05",
"treatment_desc":"APT LA CM",
"treatment_name":"A",
"valid":true,
"version":"tg_2019-04-12",
"view":"tv",
"width_mm":66.62750631294234,
"width_px":1194.7176513671875,
"zoom":{}

},











Crop Nitrogen Uptake and Partitioning
https://apps1.cdfa.ca.gov/FertilizerResearch/docs/N_Uptake.html

Best Management Practices for Nitrogen Fertilizer in Missouri
https://plantsciences.missouri.edu/nutrientmanagement/nitrogen/practices.htm

Image analysis – time series



Image analysis – time series

11 Days after planting 26 Days after planting 34 Days after planting





Image analysis – one source of variability - poorly placed plant



Internal depth map















Original 50% JPG 25% JPG

Red channel:

Green channel:

Blue channel:

Other thoughts – image storage (don’t use JPEG)



www.confluencerd.com

Introduction meeting
Xi’an, China
December 3, 2019



www.confluencerd.com

Shandong Shunfeng Biotechnology (Bellagen)
Introduction meeting
Jinan, China
December 6, 2019
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