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Your Webinar Host | ViQi

ViQi provides large-scale image analysis and visualization expertise and
cloud-based software for scientific researchers and developers.

Our partners use ViQito . ..
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Your Webinar Host | ViQi

=> Visualize, analyze, annotate, and store over 250 types of image and data formats in
one central repository (including individual files over a terabyte in size)

= Automate and scale unique research workflows through machine learning and Al (we
can help build them or integrate our partners' existing analyses)

-> Problem-solve complex image and data challenges (we have a team of experts who
have been developing this infrastructure for over 15 years starting at UCSB in addition
to 20+ years in bio-imaging informatics and Al that Dr. Goldberg brings to the table)



The Speaker | Dr. llya Goldberg

Dr. Goldberg has a long career that lies at the intersection of
biology, imaging, and Al.

e Co-founded a company that developed the first medical device
to receive regulatory clearance for using an Al to predict
malignancy in lung nodules in CT exams.

e The research group he led at the NIH National Institute on Aging
developed machine learning software for image processing in
biology and medicine.

e At MIT he co-founded the OME project, which is still used for
imaging infrastructure in large image repositories.

e He has over 60 peer-reviewed scientific articles from time at
Johns Hopkins, Harvard, MIT, and NIH in molecular and cell
biology, pattern recognition, image informatics and the basic
biology of aging.
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What You’ll Learn

Different kinds of Als

How to train an Al to perform a
simple classification task

How to evaluate Al performance

What to look out for



Let’s start with an audience poll
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A series of webinars for experimental biologists

How to use Als for imaging problems in an experimental setting
Not focusing on the details of how Als work

e Introduction to Al & classification
o Simple classification problems e.g. Live/dead assay
o Multiclass problems
¢ Quantitative problems
o Ordered class problems, regression, dose-response
e Phenotypic similarity
o Clustering, dendrograms
e Localization
o Al-based segmentation, heat-maps, etc.



Two types of machine learning

Supervised: Training on known answers, controls
e Typical experimental setups are a natural fit
e Positive and negative controls
e Standard curves

Unsupervised: No known classes/groups
e Open-ended, Exploratory, Clustering, PCA
e Completely different Al technologies

Semi-supervised: Really just supervised, but bootstrapping from known
classes to new classes/clusters



Two Al systems: Deep-learning and Feature-based

Deep Learning Feature-based Als

Neural networks, "Perceptrons", the first Als "Handcrafted features"

Feature extraction: Numerical representations
of image content

Dimensionality reduction

Classification

1961 Bernard Widrow. Earliest learning rule for
networks with multiple elements.

1971 Paul Werbos. Backpropagation, multilayer
networks. Published in his doctoral

dissertation, remained almost unknown until 2001 Boland and Murphy. Bank of feature
1986! algorithms + neural network. Superhuman
2010 Dan Ciresan. Backpropagation on GPUs. subcellular localization.
2011 "Superhuman" handwritten digit recognition 2002 Murphy lab: PSLID
2012 Alex Krizhevsky ImageNet Large Scale Visual 2008 Goldberg lab: WND-CHARM

Recognition Challenge 2008 Carpenter lab: CellProfiler-Analyst



Two Al systems: Technology overview
Deep Learning
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Two Al systems: Technology overview

Feature-based Als
e Feature Extraction & Normalization
o Statistics, texture descriptors, shape descriptors, etc.
e Scoring, Weighting, & Reducing
o Pearson correlation, Fisher discriminant, mRMR, etc.

e Classifying
o Random Forest, Support Vector Machines, Distance methods, etc.



Two Al systems: Pros and Cons

Deep Learning

Pro: No feature algorithms, no feature reduction
algorithms, no classifier algorithms.

Pro: Feature reduction occurs in-network.

Con: Classification prone to over-training (too many
degrees of freedom). This requires a lot of
data to overcome.

Con: Hard to train. Need GPU clusters.

Con (for now): Still requires manual model assembly

and training. No "push-button” Al. Yet.
Pro: Large community of developers.

Feature-based Als

Pro: Lots of 2D features. Decades of digital signal
processing for 1D and 2D data.

Con: 3D+ requires "tricks" to extract features.

Con: Fast feature reduction uses filters - each
feature evaluated one-at-a-time. Features
are not evaluated in-classifier.

Pro: Modern classifiers are robust to overtraining
(too many features). Can use less data.

Pro: Conventional CPUs, fewer resources.

Pro: Several models can be tried and parameters
optimized automatically.

Con: May be considered "retro".



Hybrid and Ensemble Als

Why not take the best parts of each?
e 2D Features + Deep Learning dimensionality reduction + Classifiers
e Multi-D CNNs + dimensionality reduction + Classifiers

e Multiple Als "voting"



ext. 1raining Als.
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How to train an Al - binary classifiers

Live/Dead

Positive/negative controls
Treated/untreated
Case/control: benign/malignant

Tag areas of an image (e.g. cells) with labels
Tag whole images with class (e.g. treatment)
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object mask X (px) y(px) area ( perim A2P  diame regulz eccen' solidit radial euler_ exteni major minor orient class confid chi.m chi.sk chiki chi.er chihc chi.er chicc chiin ch2.m ch2.sh ch2.ki ch2.er ch2.h ch2.er ch2.cc ch2.in ch3.m ch3.sh ch3.ki ch3.er ch3.h ch3.er ch3.cc ch3.in chd.m chd.sh chd.ki chd.er cha.he chd.e
0 @ 854. 2663 97 3531 27. 1111 09. 02. 06. 15. 1 08. 1385 89. -155 367.. 06.. 408.. -174 10.. 40. 04. O01. 07. 883. 3%. -175 10.. 28. 06. 02. 07. OM4. 372.. -175 10. 40. 04. 01. 07. 895. 445. -175 10.. 41. 04. 01
1 @ 200 4142 145 4380 33.. 1359 09.. 07.. 09. 12. 1 07.. 1390 1336 -0.70 367.. 08.. 312.. -1.09 081 37. 05. 02. 06. 11l. 292.. -1.09 081 31. 05. 02. 06. 113. 299.. -1.09 081 33.. 05. 02. 06.. 110.. 348.. -1.09 081 39.. 04. 02
2 @ 246.. 87.76 5607 569.. 98.. 8449 04.. 06. 07. 12. -9  06.. 97.77 9156 13.. 367.. 06.. 286.. -0.69 -152 38.. 06. 3. 09.. 33.. 26l. 060 -152 29.. 0. 3. 09. 345. 272.. 069 -152 35. 06. 03.. 09.. 340.. 309.. 069 -152 38.. 05. 03
3 @ 786 6088 128 4121 31. 1277 09.. 03. 07. 14. 1 07. 1450 1142 -003 367.. 07.. 340.. -123 -049 40.. 04. 02. 07. 862. 300.. -123 -049 31. 05. 02. 07. 893. 319.. -123 049 37. 05. 02. 07. 87L. 383. -122 -049 44. 03. 0.1
4 @ 4595 6849 415 7370 56.. 2299 09.. 05. 08. 1l. 1 08.. 2456 2153 -0.04 [4524 | 07.. 441. 04. -132 56. O01. 01. 09. 117. 38.. -1.60 08.. 46. 04. OL. 07.. 466.. 766.. 085 030 57. 02. 01. 08. 169.. 748.. 00.. 0.8 56. 02. 0.1
5 @ 654. 7143 106 4301 24.. 1162 08.. 03.. 07.. 12. 1 06.. 1385 1043 096 367.. 06.. 276.. 054 -171 34.. 05.. 02. 07. 127.. 257.. 054 171 3 05.. 03.. 07.. 127.. 258.. 054 -171 31.. 06.. 03. 07.. 127.. 3ll. -054 -171 36.. 05. 02
6 @ 456.. 7477 220 5536 39.. 1674 09.. 03.. 07.. 11. 1 06.. 1088 1439 -105 367.. 06.. 503.. -0.06 -149 47.. 03. 02. 09. 220.. 307.. -061 -162 40.. 05. 02. 07. 794. 508.. -0.60 -1.62 44.. 04. 02. 08. 720.. 188.. 00.. -129 47.. 03.. 02
7 @ 287.. 8494 123 4004 30.. 1251 09.. 04. 08. 1L. 1 06.. 1380 1146 -1.06 367.. 07.. 314. 075 -144 37. 05. 02. 06.. 11l. 268.. 075 -144 32.. 06. 02. 06.. 113. 288. 075 -144 34.. 05. 02. 06.. 112. 3%6. 075 -144 37.. 05. 02
8 @ 450.. 9463 208 7018 42.. 1948 08.. 04. 07. 1i. 1 05.. 2193 1821 14.. 367.. 07.. 3%. 02.. -152 45. 03. 03. 09. 160.. 304. 039 -184 40.. 05. 03. 08. 5/9. 532. 037 -184 44. 05. 03. 08. 533. 272. 014 -166 45. 04. 03
9 @ 466 9416 257 5653 45.. 1809 09.. 06.. 09. 1l. 1 07.. 1866 17.63 12.. [45241 08.. 57.. 0.16 -123 51. 02. 01. 09.. 14L. 399.. -115 066 47. 04. 02. 07.. 479.. 968.. 079 094 50. 02. 0l. 08.. 248.. 2iL. 026 -1.02 50. 02. 0.1
10 @ 4371 9273 184 4780 3 15318008 03+ 07..; 11 08.. 1750 1340 15. [4524 | 07.. 697.. 079 -046 50. Ol. 013 08. 237. 420.. -171 10.. 42. 04. Ol. 07. 374. 869. -162 08. 50. 02. O0L. 07. 430.. 178. -122 03.. 49. 02. 01
11 @ 666.. 143.. 5448 679.. 80.. 8329 03.. 06.. 07. 12. -11  05. 9704 9255 -0.09 367.. 06. 263.. 040 -184 35. 06.. 03.. 09. 375. 245. 040 -184 34.. 06.. 03.. 09. 379.. 245.. 040 -184 3 06.. 03. 09. 378.. 295.. 040 -184 36.. 06. 03
12 @ 80. 9513 139 4238 3. 1330 09.. 02.. 07.. 14.. 1 07. 1580 1127 -125 367.. 06.. 349.. -130 032 40.. 04. 02. 07.. 85L. 304. -130 032 34. 05. 02. 07.. 850. 32%6.. -130 032 3, 04.. 02.. 07.. 853.. 387.. -130 032 39.. 04.. 02
13 @ 405. 102. 503 8584 58. 2531 09. 02. 06. 1l. 1 07. 3045 2168 14.. [4524| 06.. 327.. 06.. -101 52. 03. 02. 09. O977. 35. -090 -119 45. 05. 02. 08. 504. 845. 006 -1.14 53. 03. 02. 09. 104. 816. -0.13 -148 51. 03. 02
14 @ 6. 106.. 685 9691 7.0.. 2953 09.. 05. 08. 10. 1 07.. 3135 2797 -154 [6330M 07.. 110.. -123 046 51. 04. 02. 08. 320. 778.. -059 097 58. 02. O0l. 09. 134. 192.. -072 089 57.. 03. O0L. 09. 131. 123. -117 049 52.. 04.. 02
15 @ 478.. 100.. 105 3614 29.. 1156 09.. 04.. 08.. 1Ll. 1 07.. 1280 1054 05.. 367.. 07.. 103.. -146 O1. 44. 03.. Ol. 06. I04. 406.. -146 O.1.. 3 04.. Ol. 06.. 105. 7M. -138 00.. 45. 02. Ol. 06. 778. 277.. -101 039 45. 0l. 01
16 @ 401. 113. 208 6170 48. 1948 09.. 05. 08. 11. 1 07.. 2077 1827 00.. [45241 07.. 548.. 067 -1.04 53.. 02. 01. 09. 24. 365. -135 005 44. 04. OL. 07. 309. 114. 089 070 53. 02. 01. 08.. 24L. 247.. 084 -064 53. 02. 0.1
17 @ M. 114. 202 7136 40.. 1928 08.. 04. 07. 10. 1 06.. 2156 1821 05. [4524 07.. 461. -0.16 -138 50.. 02. 02. 09.. 215. 417.. 071 -125 46.. 05. 02. 07.. 345.. 605. 082 -129 48. 04. 02. 08.. 580. 262.. 046 -137 50 3. 02
18 @ 419. 121.. 455 8298 54.. 2407 09.. 06.. 09. 10. 1 07. 2526 2327 -029 [GE3M 08.. 233.. 0.1.. -134 53. 03. 02. 09. 117. 650.. 047 -138 54. 03. 02. 09.. 133. 248.. O1. -148 54. 03. 02. 09.. 100.. 10l.. -103 -091 50.. 04.. 02
19 @ 0. 121. 277 60.04 46.. 1878 09.. 06.. 09. 10. 1 08.. 1949 1838 -13c [EESM 0s.. 352.. 036 -118 53.. 02. O1. 08. 233. 445. -103 030 53. 02. Oi. 08. 27L. 308. 023 -151 53.. 02. Ol. 08. 252. 140.. -133 02.. 50.. 04. Ol.
20 @ 463. 127.. 389 7194 54. 2226 09. 06.. 09.. 10.. 1 07. 2304 2165 09. [622M 08.. 302.. 00.. -123 55. 02. O01. 09. 139.. 686. 084 077 55. 02. Ol. 08. 242. 362. 00.. -141 55. 02. O0l. 09. 124. 140.. 074 -002 46. 05. 0.1
21 @ 398. 1%6. 279 5970 46.. 1885 09.. 06.. 09. 10.. 1 07. 1953 1821 -062 [4524 | 08.. 524.. 020 -15 52. 02. 01. 09. 199. 350.. -130 031 41. 04. Ol. 07. 63L. 619 -126 035 51. 03. 01. 07. 513. 469.. 091 -065 52. 02. 0.1
2 @ 409. 13L. 387 7325 52. 2220 09.. 05.. 08. 10.. 1 06.. 2397 2077 -0.44 [4524 07.. 395.. 03.. -137 5.1 3. 02. 09. 1. 355.. -0.69 -146 47. 05. 02. 08. 42.. 708.. -054 -146 50.. 03.. 02. 08. 324. 779.. 041 -L51 50 3. 02
23 @ 403. 128.. 339 7336 46. 2078 08. 03. 06.. 10.. 1 07.. 2525 1806 13.. [4524) 06.. 478.. 04.. -130 49. 03. 02. 09.. 135. 359.. -0.86 -L11 46. O05. 02. 08. 349. 635. 089 -113 50. 04. 02. 08. 498.. 319.. 02. -125 51. 03. 02
22 @ 4. 130. 263 6677 3 1830 08.. 02.. 06.. 10. 1 06.. 2215 1581 -042 [630MN 06.. 334. 015 -174 46.. 03. 03. 08. 346. 340.. 01. -112 46. 04. 03. 08. 263. 365. 00.. -170 46. 3. 03.. 08. 284. 105.. 049 -172 44.. 05. 03
5 @ 437. 130.. 263 6053 43.. 1830 09.. 05. 08. 10.. 1 06.. 1949 17.53 -041 [4524 | 07.. 397.. 037 -147 48.. 03. 02. 08.. 25l. 43.. 078 -131 47. 04. 02. 08. 497.. 620.. -0.82 -131 44. 05. 02. 08. 562. 336.. -0.65 -138 48.. 03. 02
% @ 4. 132.. 224 5828 38.. 1689 09.. 03. 07. 10.. 1 07. 1948 1514 -026 [G3AM 06.. 312.. 045 -132 51. 02. 0l. 08. 40L. 398.. -1.07 -085 46.. 04. 02. 07. 888. 235. 06.. Ol. 51. 02. 0L. 08. 239. 540.. 05 -115 51. 02. 01
27 @ 406.. 137.. 488 8243 59.. 2493 09.. 06.. 09. 10.. 1 07.. 2585 2431 -098 [62200 05.. 343. 023 -120 57. 02. 01. 09.. 109.. 478.. -0.68 080 57. 02. OL. 09. 177.. 37L. 002 -148 57. 02. 01. 09. 121. 113. -134 018 5 04.. 01
8 @ 42. 139. 592 8925 66. 2745 09.. 04. 08.. 10.. 1 07.. 2071 2546 -0.27 [{iGH 07.. 323.. 036 -142 57. 02. Ol. 09.. 115. 783.. 093 087 56. 03. Ol. 09.. 210. 137.. 078 -102 57. 02. O0l. 09.. 202. 115.. -1.08 -062 54. 04.. 02
29 @ 285. 172.. 5787 487.. 1186 8584 05. 08. 07. 1L1. -4  06. 9619 9473 14. 367.. 07.. 340.. 078 -138 46.. 05. 02. 09. 2/0.. 272.. 079 -138 3, 06.. 03. 09. 295. 302. -0.79 -138 41.. 06. 03. 09. 283. 340.. -0.79 -138 43.. 05. 02
30 @ 457.. 134. 250 5863 42. 1784 09.. 04. 07. 10. 1 07. 1997 1623 02.. [{6H 0.7.. 387.. 050 -122 52.. 02. 01. 08. 288. S6i.. 099 050 51. 02. O0i. 08. 300.. 325. 038 -141 51. 02. 01. 08.. 246.. 141.. -127 -025 49. 0d.. 0.
31 @ 294 134. 200 5311 39. 1631 09.. 04. 08. 1l. 1 060 1789 1517 13. 367. 07.. 34l. 081 -135 37. 05. 02. 07. 692. 273.. -081 -135 28. 06. 03. 07.. 707.. 303. 081 -135 3 05. 02. 07.. 70L. 345. -081 -135 37. 05. 02
32 @ M6. 138. 284 6253 45. 1902 09.. 04. 08. 10.. 1 07. 2071 1769 03.. [6274] 07.. 498.. 0.6 -147 S51. 02. 02. 09.. 25L. 337. 072 -117 Si. 03.. 02. 08.. 3495 259.. 024 -150 5.1 3. 02. 09. 352. 193.. -0.08 -115 50.. 04.. 02
3 @ 435. M0.. 401 7677 52.. 2260 09.. 05. 08.. 10.. 1 07. 2427 2122 02.. [Hi6H 07.. 419.. 021 -144 53. 02. 02. 09.. 15. S597.. 072 -1.08 53. 03. 02. 08.. 23L. 302. 006 -156 53. 02. 02. 09.. 2I5. 133.. 081 -095 04.. 02
34 @ 41l 138. 302 6511 46. 1961 09. 05. 08. 10. 1 07.. 2092 1865 -103 [4524 07.. 373.. 07.. 087 S51. 02. 01. 09. 122.. 397.. -116 050 48. 04. O1. 07. 5%. 140.. 04. 073 52. 03. 01. 08. 182. 404. 033 -100 53. 02. 0.1
35 @ 617. 141. 280 6615 42.. 1888 08.. 04. 08. 1l. 1 06.. 2108 17.64 -0.03 367.. 07.. 292.. 043 -181 38. 05. 03. 08. 697. 258.. -043 -181 35. 05. 03. 08. 707.. 264.. -043 -181 36.. 05. 03. 08.. 706.. 312. -043 -181 38. 05. 03
%6 @ 40.. 143.. 417 7536 55. 2304 09.. 05.. 08. 10. 1 07.. 2484 2155 -0.13 [61) 0.7.. 363.. 005 140 55.. 02.. Ol. 09. 125. 819. -0.62 -096 55. 02. Ol. 09.. 183. 25.. 00.. -118 55.. 02. O0l. 09. 953. 103.. 086 -044 50.. 04. 0.1
37 @ 402. 145. 380 7077 53. 2200 09.. 06. 09. 10. 1 07.. 2290 2112 -002 [4524  08.. 395. 049 -140 53.. 02. 02. 09. 208. 357.. -1.17 061 46. 05. 02. 08. 487.. 635. -115 063 50.. 04. 02. 08. 358. 388.. -073 -1.02 54.. 02. 02
3 @ 423. 14. 306 6346 48. 1974 09.. 04. 08. 10. 1 08.. 2180 1794 -0.06 [4524 | 0.7.. 464.. 075 084 54.. 02. Ol. 08. 264. 489.. 146 03.. 51. Od. Ol. 07.. 348. 706.. -154 0d.. 50.. 03. O0l. 08. 462.. 640.. -074 -070 54.. 02. 0.
39 @ 0. 142. 153 4521 33.. 1396 09.. 02. 06.. 10. 1 07.. 1672 1176 03.. 367.. 06.. 701. 021 -129 48. 02. 02. 08. 327. 652.. 08. 20.. 42. 05. 02. 06. 198. 758. -101 089 47.. 03. 02. O07.. 684. 287. -067 -107 48. 03.. 02
40 @ 104. 155.. 1004 175.. 57.. 3575 06.. 05. 08. 14. 0 06.. 3012 3521 -022 367.. 06.. 27L. -0.60 -152 3. 06.. 03.. 08. 634. 259.. -060 -152 31. 06. 03. 08. 636. 277.. 060 -152 35. 06. 03. 08. 636. 334. -0.60 -152 39. 05. 02
4 @ 4%. 143. 203 5587 36.. 1608 09. 03. 07. 10. 1 07. 1857 1434 14.. [4524 | 06.. 653. 0.17 -127 50. 02. O0l. 08. 25.. 483.. -1.04 071 49. 03. O0l. 06.. 538. 80. -L11 069 49. 03. 0l. 07.. 665. 440.. 0.11 -131 50. 02. 0.1
42 @ 467.. 147.. 426 7477 56.. 2329 09.. 06. 09. 10. 1 07.. 2425 2243 -042 [H61)] 08.. 225.. 040 -1.16 55.. 02. Ol. 09. 134. 812. -101 -067 55. 02. O0l. 09. 234. 179.. 042 -119 55. 02. 0l. 09. 135. 108. -119 -039 51. 04. 0.1
43 @ 48L. 148.. 500 8218 61. 2546 09.. 06.. 09. 10. 1 07.. 2631 2468 -0.84 [1614 08.. 382. O01. -126 57.. 02. O0l. 09. 695. 63L. -0.86 -0.84 57. 02. 0l. 09. 187.. 267.. 000 -137 57.. 02.. O0L. 09.. 987. 9%. -134 -0.15 52. 03.. 01
4 @ 465. 145. 21 5287 4l. 1677 09.. 06.. 09. 10. 1 07. 1746 1614 -143 [4524 | 08.. 551.. 093 077 S51. 02. O01. 08. 3%. 53 119 045 48. 03. 01. 07. 50. 652. -125 -041 46.. 04. O01. 07. 55. 40L. 074 090 51. 02. 01
45 @ 474. 150.. 446 7677 58.. 2383 09. 06. 09. 10. 1 07. 2445 2325 02.. [161) 08.. 306.. 027 -110 56. 02. 01. 09.. 120.. 765. -0.88 073 S56. 02. OL. 09.. 187.. 35.. 00.. -105 56. 02. 01. 09.. 945. 108.. -128 -029 53. 04.. 0.1
46 @ 9. 150.. 347 6936 50.. 2102 09.. 04. 08. 10. 1 07. 2313 1938 12.. [6220) 07.. 491.. 056 -1.07 55. 02. 0l. 09.. 184. 503.. -1.04 035 54. 02. Ol. 08.. 306.. 436. 050 -123 55. 02. 0l. 09.. 178.. 204. 061 -063 52. 04. 0.1
47 @ 389 151. 321 6736 47. 2022 09.. 05. 08. 10. 1 06.. 2150 1933 15. (4524 07.. 555.. 00.. -134 50. 02. 02. 09. 124. 339.. 083 -126 46. 04. 02. 08. 47L. 623. 081 -127 49. 03. 02. 08. 45L. 339.. 006 -103 51. 02. 02
48 @ 393. 153.. 406 7856 5.1.. 2274 09.. 07. 09. 10.. 1 07. 2332 2238 06.. [4524|08.. 383.. 025 -141 55. 02. 02. 09.. 159.. 343.. -1.06 086 46.. 04. 02. 07.. 693. 609.. -105 087 51. 04. 02. 07. 634. 684. -024 -129 55. 02. 02
49 @ A415. 154. 422 7501 56. 2318 09.. 04. 08. 10. 1 07.. 2519 2134 08.. [45241] 0.7.. 356.. 012 -145 55.. 02.. Ol. 09. 150.. 515. 16.. 1045 42. 05. 02.. 07.. 129.. 653. -115 050 50.. 04.. Ol. 07. 350. 873. -064 -092 55. 02. 0.1
50 @ 410.. 150.. 365 7253 50.. 2156 09.. 07.. 09. 10.. 1 07. 2223 2139 12.. [6230 08.. 208.. 043 -119 53.. 02. 01. 09.. 182.. 462.. -0.81 093 S54. 02. O01. 08. 247.. 285. 00.. -141 54. 02. 01. 09. 137.. 108.. -116 -062 50.. 04.. 0.1
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V|Q| @Create- @Upluad @Download- Analyze- Browse-

Al Trainer

Version: 2 Authors: ViQi

Train ML classification models on various data types.

1. Select data for processing:

Input data:

Select an Image  or Select a set of images = or even Upload local images

2. Parameters:

Annotation level: Objects (cells)
Objects origin: cell_segmentation
Specific annotations:

Ground truth

Update training with latest annotations: (V|

3. Run algorithm:

STOP Progress: 80.0% of Testing on , (80/100)
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Al Performance: Things to look for.

Model score vs. samples

Training curve

C=22, gamma=0.092, % feat. =98
max=098 @ 0.9

C=1.7e+02, gamma=0.13, % feat. =86
max=098@ 1

C=3.4e+02, gamma=0.096, % feat.=37
max=096 @ 0.9

0.6
samples

Was there enough data? Is it saturated?

Error bars: Is each subsample substantially different from the others?

If so, not enough data, or too much variation.

Model score vs. # samples

o

o C=1.2e+02, gamma=0.32, % feat.=58

500

max=0.62 @ 3.84e+03

C=49e+02, gamma=0.096, % feat.=58
max=0.62 @ 3.84e+03

C=2e+02, gamma=0.11, % feat.=88
max=0.62 @ 3.84e+03

1000 1500 2000 2500 3000 3500 4000
# samples




Al Performance: Things to look for.

Parameter Sensitivity (feature-based classifiers)

Model score vs. % feat. Model score vs. SVM gamma

—®—= SVM C=12e+02, % feat.=68; 0.98 @ 0.1
SVM C=54, % feat.=80; 0.98 @ 0.1
®— SVM C=28, % feat.=66; 0.97 @ 0.1

SVM C=28, SVM gamma=0.024; 0.97 @ 78

—®— SVM C=12e+02, SVM gamma=0.18; 0.98 @ 67 g
SVM C=54, SVM gamma=0.37; 0.98 @ 67

107* 1072
SVM gamma

Are any parameters in sharp peaks?
May not generalize to a different sample.
Parameters in plateaus result in more robust models.

&

Model score vs. SVM C

—&— SVM gamma=0.18, % feat.=68; 0.98 @ 100

. 4

SVM gamma=0.37, % feat.=80; 0.97 @ 100
SVM gamma=0.024, % feat.=66; 0.98 @ 2.15e+03



Al Performance: Things to look for.

Confusion matrix

Normalized confusion matrix
Confusion matrix, without normalization

versicolor

True label

versicolor

7}
Q
)
v
=)
e
=

virginica
virginica

versicolor virginica
Predicted label

Predicted label

Source: Scikit-learn
Should confused classes be combined into a single class?
Should a confused class be separated into subclasses?
Should a classifier be trained just on the confused classes?



Al Performance: Things to look for.

Overtraining

How well does the predictor perform on new data?
Cross-validation.

Reserve some data and never let the Al see it during training: 10% at a bare minimum.
Especially important for Deep Learning, because it is more prone to overtraining.
Modern feature-based classifiers are very resistant to overtraining, or excess features.

Testing vs. validation in different fields.
e ML/AI/DL/DS:
e \Validation set: Internal subset used by the Al training algorithm.

e Test set: an externally withheld set used to test the final trained Al.
e Regulatory, common use:

e Validation is a higher standard than testing.
e Validation set: Used to validate the final product.
e Test sets: Used for "bench tests" - internal tests of the Al as it's being developed.



Al Performance: Things to look for.

Bias: Disproportionate class sizes

If a dataset is 90% Class A, and 10% Class B,
a predictor can be 90% accurate by always guessing Class A.

Some Als claim to compensate for this, but it requires making assumptions
that may not hold in your case.

Best defense is to force the classes to be equal sizes.



Al Performance: Things to look for.

Biases in data - hidden, known & unknown.
e Can result in biased models
e Random sampling may not be enough to correct for bias.

Measure the bias:

e Ask the Al if it can distinguish classes based on your bias variable
e |[fit can't then you have nothing to worry about.

Correct for known sources of bias:
e (Confuse the Al with regards to bias.
e Distribute the bias evenly in each class
e "Train out" known bias variables



An Al will only perform as well as
the accuracy of the class labels and
the degree to which the training set represents reality.

ViQl



Let’s have another audience poll

ViQl



Q8A |

We Will Now Answer Any
Follow Up Questions.. ..

Would you like to learn more?
Contact us at info@viqi.org or

visit viqgi.org.

Reminder: Please complete the
one minute survey when you exit
the webinar.


mailto:info@viqi.org

