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Abstract

A cost-sensitive extension of Real Adaboost denoted
as asymmetric Real Adaboost(RAB) is proposed. The
two main differences between Asymmetric RAB and the
naı̈ve RAB are (1) a Chernoff measurement is used to
evaluate the best weak classifier during training, rather
than a Bhattacharyya measurement used in naı̈ve RAB,
and (2) the weights are updated separately for positives
and negatives at each boosting step. The upper bound
on training error is also provided. Experiment results
are shown to demonstrate its cost-sensitivity when se-
lecting weak classifiers, and also show that it outper-
forms previously proposed cost-sensitive extensions of
Discrete Adaboost(DAB) and several extensions of Real
Adaboost. Besides, it also consumes much less time
than previously proposed DAB extensions.

1. Introduction

Rare events detection has become a universal con-
cern in computer vision and pattern recognition, espe-
cially in detection problems, such as face detection [9],
pedestrian detection. For all those problems, the num-
ber of uninterested areas is often millions of times more
than that of the target area. Cost-sensitive classification
methods, which pay unequal attention to different kinds
of samples, are more suitable to those problems.

Adaboost [1] is one of the most successful algo-
rithms in computer vision, especially in detection prob-
lems. Various cost-sensitive extensions for Discrete Ad-
aboost [1] have been proposed, including asymmetric-
Adaboost [10] and Cost-Sensitive Adaboost(CS-DAB)
[6] etc. All of these algorithms are heuristic methods,
trying to achieve cost-sensitivity by direct manipula-
tion on the weights and confidence parameters of Ad-
aboost. Masnadi-Shirazi et.al [7] recently proposed a
new cost-sensitive method for Discrete Adaboost called

Asymmetric Boosting and achieved better results than
those heuristic methods. However, there is no analyt-
ical solution for the parameter α used in Asymmetric
Boosting for weight-updating, and a time-consuming
and imprecise bisection search is used to find the op-
timal α. Compared with so many cost-sensitive exten-
sions of Discrete Adaboost, few has been done to Real
Adaboost[8]. In this paper, we propose an asymmetric
extension for Real Adaboost. A theoretical analysis is
provided, showing that a Chernoff distance is used to
select the best weak learner during training, compared
with a Bhattacharyya distance used by naı̈ve Real Ad-
aboost.

The rest of the paper is organized as follows: Section
2 introduces the Asymmetric Real AdaBoost algorithm
and provides the new upper bound on training error.
Section 3 compares our method with several previously
proposed cost sensitive DAB methods and several ex-
tensions of RAB methods. Section 4 gives conclusions.

2. Asymmetric Real Adaboost

AdaBoost, mainly developed by Freund and
Schapire [1], is a general method for improving the clas-
sification performance of any given learning algorithm.
Schapire et.al [8] extended discrete weak classifiers to
real-valued confidence-rated classifiers. Friedman [2]
showed the Real AdaBoost algorithm fits an additive
logistic regression model by stagewise and approximate
optimization of the loss function

J(F ) = E [exp(−yF (x))]

where F (x) is the strong classifier of Adaboost, and y
is the label.

For an asymmetric loss, we pay different attentions
to different training sets, with cost factors of C1 for
misses and C2 for false positives. And the new asym-
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metric loss function is

J(F ) = E[I(y = 1) exp(−yC1F (x))
+I(y = −1) exp(−yC2F (x))] (1)

We propose an Asymmetric Real Adaboost (Asym-
metric RAB) to minimize this asymmetric loss with nor-
malized costs of c1(c1 = C1

C1+C2
) and c2(c2 = 1 − c1),

as shown in Algorithm 1.

Algorithm 1 Asymmetric Real Adaboost

• Given dataset S = {(x1, y1), ..., (xm, ym)}, where
(xi, yi) ∈ χ × {−1,+1}, the weak classifier pool
H and the number of weak classifiers to be selected
T .

• Assign different costs c1, c2(c1, c2 ∈ (0, 1), c1 +
c2 = 1) to S+ = {(xi, yi) | yi = 1}, S− =
{(xi, yi) | yi = −1}

• Initialize the sample distribution D1(i) = 1
m .

• For t = 1, ..., T

1. For each weak classifier h in H do:

(a) Partition χ into several disjoint blocks
X1, ...,Xn

(b) Under the distribution Dt calculate W j
b

as Eq.3.
Set the output of h on each Xj as Eq.8

(c) Calculate the Chernoff measurement as
Eq.7

2. Select the ht minimizing Z, i.e.

Zt = min
h∈H

Z, ht = arg min
h∈H

Z

3. Update the sample weight distribution

Dt+1(i) =
{

Dt(i) exp [−c1ht(xi)] , i ∈ S+

Dt(i) exp [c2ht(xi)] , i ∈ S−

• The final strong classifier F is

F (x) = sign

[
T∑

i=1

ht(x) − b

]

where b is a threshold whose default value is zero.
The confidence of F is defined as

ConfF (x) =

∣∣∣∣∣
∑
T

ht(x) − b

∣∣∣∣∣

2.1. Criterion for finding asymmetric weak hy-
potheses

According to Schapire et.al, Adaboost greedily min-
imizes the upper bound on training error by minimizing
Zt on each round [8]. Thus, given the asymmetric loss
function in Eq.1, the weak learner for Asymmetric RAB
should attempt to find a weak hypothesis ht which min-
imizes (omitting t subscripts)

Z =
∑

i

[I(yi = 1)D(i) exp(−c1h(xi))

+I(yi = −1)D(i) exp(c2h(xi))] (2)

Using the domain-partitioning weak hypotheses
given by Schapire et.al [8], let

W j
b =

∑
i;xi∈Xj∧yi=b

D(i) = Pri∼D[xi ∈ Xj ∧ yi = b]

(3)
which is the weighted fraction of examples which fall
in block j with label b. Then Eq.2 can be rewritten as

Z =
∑

j

[
W j

+e−c1hj(x) + W j
−ec2hj(x)

]
(4)

Using standard calculus, Eq.4 is minimized when

hj =
1

c1 + c2
ln

(
c1W

j
+

c2W
j
−

)
(5)

Substituting it into Eq.4, then

Zmin =

[(
c1

c2

)−c1

+
(

c1

c2

)c2
]∑

j

(
W j

+

)c2
(
W j

−
)c1

(6)
This equation can be rewritten by eliminating the

constant factor as

Z
′
min =

∑
j

(
W j

+

)1−c1
(
W j

−
)c1

(7)

which is a Chernoff distance.
To limit the magnitudes of the predictions in Eq.5, a

“smoothed” value of hj is

hj =
1

c1 + c2
ln

(
c1W

j
+ + ε

c2W
j
− + ε

)
(8)

Substituting Eq.7 into Eq.4, then

Zmin <
[
(c1/c2)

−c1 + (c1/c2)
c2
]∑

j

W j
+

c2
W j

−
c1

+ 2Nc−cεc, c = min(c1, c2) (9)

where N is the number of blocks in the partition, and Z
will not be greatly degraded by smoothing if we choose
ε � (2N)−cc.



Asymmetric RAB will be the naı̈ve RAB with c1 =

0.5, c2 = 0.5, and Zmin =
∑

j

√
W j

+W j
− which is a

Bhattacharyya distance. If the underlying distributions
are Gaussian, the Chernoff error bound is never looser
than the Bhattacharyya bound. Thus we could get a
lower upper error bound by selecting optimal asym-
metric weak classifiers with appropriate cost factors.
Besides, Kullback-Leibler divergence [5] and Jensen-
Shannon divergence [4] have also been proposed for se-
lecting best weak classifiers for Real Adaboost on each
training round, as shown in Table 1. Further experi-
ments are provided to compare these measurements.

3. Experiments

We adopted Viola & Jones’s protocol to compare
Asymmetric RAB with several previously proposed
cost-sensitive Discrete Adaboost, and several exten-
sions of Real Adaboost algorithms. Haar features [9]
and LUT method [3] are used as weak classifiers.

3.1. Chernoff measurement to select asymmet-
ric weak classifiers

Using a training set of 10000 face images and 10000
nonface images and a test set of 10000 face images
and 10000 nonface images, we trained Asymmetric
RAB(C1 = 2, best performance on training set) and
naı̈ve RAB.

The first feature selected by each method is shown
in Fig.1. Feature (a) was chosen by the naı̈ve RAB
and feature (b) was chosen by Asymmetric RAB. The
middle plot shows the weight distributions on posi-
tive and negative samples of the two features. The
lower plot shows the values of Chernoff measurement
with different costs. When c1 = 0.5 it is a Bhat-
tacharyya measurement used in naı̈ve RAB. We can see
feature (a) achieves a lower value with a Bhattacharyya
measurement(c1 = 0.5). However, when a larger cost
is given on positive set(c1 > 0.55), feature (b) per-
forms better than feature (a). This means if the cost of
misses is much larger than that of false alarms which is
common in detection problems, a Bhattacharyya mea-
surement cannot select the optimal feature. The exper-
iment result also validates this: after selecting the first
feature, Asymmetric RAB achieves a FAR of 98.62%
while naı̈ve RAB still 100% when FRR is 0. This in-
trinsic asymmetric attention in feature selection results
in Asymmetric RAB’s cost-sensitive properties on dif-
ferent training sets.
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Figure 1. Different features selected by
naı̈ve RAB and Asymmetric RAB

Table 2. FAR of different boosting meth-
ods on training and testing sets

Features 10 70
Train Test Train Test

CS-DAB 0.5244 0.8690 0.0707 0.1898
ADAB 0.4981 0.4852 0.0576 0.3193
ARAB 0.3191 0.3549 0.0043 0.0833
RAB 0.6099 0.6544 0.0243 0.0587
KL-RAB 0.4067 0.8482 0.0004 0.0895
JS-RAB 0.4577 0.4955 0.0004 0.2198

3.2. Comparison with different boosting algo-
rithms

Using the same sets in last experiment, we trained
6 strong classifiers using CS-DAB(C = 3), Asymmet-
ric Boosting(ADAB, C1 = 3), naı̈ve RAB, Asymmet-
ric RAB(ARAB, c1 = 0.75), KL Boost(KL-RAB) [5]
and JS Boost(JS-RAB) [4] for 70 weak classifiers. The
number of bins for LUT method used in Real Adaboost
based methods is 16, and the best cost factors are se-
lected for each cost-sensitive methods when FRR is 0.

Fig.2 shows the error curves on training and test-
ing sets, and Table 2 gives the false alarm rate with
10 and 70 weak classifiers of each method respec-
tively. Compared with cost-sensitive boosting meth-
ods, ARAB achieves the best results both on training
and testing sets. ADAB converges fast during the be-
ginning stage of training, but in the end of training, it



Table 1. Different measurements for choosing weak classifiers

Measurements Description

Bhattacharyya BH(x) = − log
∑

j

(
W j

+

)0.5 (
W j

−
)0.5

Chernoff CH(x) = − log
∑

j

(
W j

+

)1−c1
(
W j

−
)c1

(0 < c1 < 1)

Kullback-Leibler KL(x) =
∑

j

(
W j

+ − W j
−
)

log
W j

+

W j
−

Jensen-Shannon JS(x) =
∑

j W j
+ log W j

+ +
∑

j W j
− log W j

− − 2
∑

j

(
W j

++W j
−

2

)
log
(

W j
++W j

−
2

)
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Figure 2. Error curves of different boost-
ing algorithms

converges slower on testing set. KL-RAB and JS-RAB
have comparable performances with ARAB on training
set, however the generalization abilities are not as good
as them on training set. ARAB converges faster than
naı̈ve RAB both on training and testing sets, and they
achieve comparable results during the end of training.
Besides, our method, ARAB, is much faster than CS-
DAB and ADAB. Our method needs less than 7s to train
a weak classifier on a PIV 2.6G PC, while CS-DAB and
ADAB needs 664.7s and 1019.8s respectively.

4. Conclusions

An asymmetric extension for Real Adaboost is pro-
posed in this paper. The new cost-sensitive algorithm
minimizes the asymmetric exponential loss function,
which leads to unequal attention to different samples

intrinsically. It is shown that this method uses a Cher-
noff distance to select weak hypotheses, and experi-
ment results validated this asymmetric feature selec-
tion criteria. Experiments also showed Asymmetric
RAB(ARAB) outperforms previously proposed cost-
sensitive extensions of Discrete Adaboost and several
kinds of Real Adaboost. Due to this, we believe that
asymmetric approach will promote Adaboost’s perfor-
mance in rare events detection and further applications
could be conducted in detection problems.
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