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Introduction Example
o Patter recognition problems often exhibit high complexity e Artibcial fruit sorting probleragple bananalemonclasses +outlier

* Monolithic approach: Use large number of features and a complex moglghst set contains extra outliers not present in training set
e An alternative:
bDecompose complex problem into simpler sub-problems y
PSolve each sub-problem using simple features and model Bfruit detection (Parzen detector trained on fruit)
BConnect sub-problem classibers in a classiber hierarchy Pround fruit/banana discrimination (quadratic dis r.)“{ i
e Industrial pattern recognition requires performance optimization (ROC) Papple/lemon classibcation (linear discriminant):wamipg ;EE - .

e Problem: How to perform ROC optimization of hierarchical classibers? . . ]

ein this paper, we propose an al- input e Using a design set with 200 samples per class
gorithm for cost-sensitive optimiza-
tion of apriori-debPned hierarchical
classibers fruit

e Hierarchical classiber contains separate nodes for

¢ Validating two design strategies
BEstimate ROC on 50% of design set

fruit detector

PReuse design set for model training and ROC

o Features non-fruit
PAllows to optimize combination of de- 'GSOIUt'OnS_ ,
tectors and discriminants A B C

BSupports two- or multi-class ROC in  banana

node classibers
BScalable to general classiber hierarchit

and large problems apple  lemon

ROC for hierarchical classibers oA Hierarchical system was optimized.. 1 pacsers o om
. . . abels apple banana lemon outlier otals
on a design set withunit cost spec- oo 2
. . . . . . . apple | 0.793 0.046 0.118 0.043 | 1.00
e Assumption: Hierarchical classiPeleupled. This means that train-  jbcation. Confusion matrix is esti- e | 0155 063 0201 0051 | 100

ing/test sets of each node are known apriori. mated on on an independent test set ™" | 0% 00 oo osz 110

o System operating point ! sysis a tuple of node operating points. « B Optimizing the hierarchical classiPer on a design set with cost specipc

e System loss function: reducing the false rejections of fruit and lowering banana/lemon errors.
1C 1C 1C True ‘| Decisions | |
Labels | apple banana lemon outlier | Totals
| = ", . P " 1 1 1 5 B
L( Syg P( ') CM’J M"J P( k)CNk'kMk'k’ (l) i } f g apple | 0.879 0.083 0022 0.016 | 1.00
i=1 i=1,i%j k=1 H H H H banana | 0197 0.737 0052 0014 | 100

lemon | 0.260 0.073 0.606 0.061 | 1.00
outlier | 0.187 0.050 0.040 0.723 | 1.00

with CM is normalized confusion matrix at the system operatin int - . . . . ‘
. N . - Y P 999 ¢ C Monolithic classiber trained on all four classes including known outli
M the cost matrix anB (") the prior probability of class . . . . ;
) o ) o%tlmlzed using the same cost specibcationBas in
e The proposed algorithm does not explicitly construct the entire system ROC.

Instead it identipes system operating pejaminimizing the system loss, *-€amMing curves o

BStudying behaviour of cost-senstive op? Tammai

e Step 1. Estimate node ROCs timization varying design set size §'°® 5 iearcny (5050 9ty
BFor each node classiber (in arbitrary order), estimate ROC characterisf230-fold cross-validation ¢

Pincluding monolithic classiper with 782

e Step 2: Optimize system operating point ject option (optimal OBayesianO mO‘gdi?I) y

PlInputs: Trained hierarchical classiber with per-node estimated ROCSvé@stimating unbiased ROC using 50f§g05 '

1t cost spec.

103

&0-a

beled data set, cost matrix M split of design set is slightly bettef BEAR AR S
BFind initial system operating poing; by minimizing the loss for a set of  strategy than reuse. oS a0 50 & 70 80 80 10
K randomly selected system operating points. . e sase ercss
BCycle through nodes. Conclusions
B Compute the set of system loss valués all operating points at the « The proposed algorithm allows a designer to optimize classiber hierar
noden while Pxing the operating points at remaining nodes. with system-wide tool&xample: Minimize the banana/lemon error of the
D Update! sysminimizingL. entire system even if the two classes are not handled by any node clas

BRepeat until s,sdoes not .chang.e. _ e Speed: Optimization of a fruit problem on a design data set with 30C
DBOutputs: System operating poihtysand its loss.. samples takes under 5 minutes on 2.8 GHz laptop
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