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Abstract

In this paper, we investigate the problem of predicting peo-
ple’s professions under social context. Previous work consid-
ering clothing information as well as fore/background context
preliminarily proves the feasibility of predicting professions.
In this paper, we discuss this problem in a more general case
— multiple people in one photo with arbitrary poses, and ar-
gue that with appropriately built partial body features, spatial
relations, and background context, more appealing results are
achieved by a probabilistic model. We conduct experiments
on 14 representative professions with over 7000 images, and
demonstrate the model’s superiority with impressive results.

Introduction

In modern society, social status, connections, and people’s
roles in a particular situation draw great attention since they
are fundamental elements of daily life. To automatically rec-
ognize the social roles, researchers propose to determine
single person’s demographical information by face at first,
e.g., identity (Zhao et al. 2003), gender (Bourdev, Maji, and
Malik 2011), age (Fu, Guo, and Huang 2010). Then more
complex models considering pair-wise connections between
people or context are introduced in (Naaman et al. 2005;
Gallagher and Chen 2009; Wang et al. 2010; Berg et al.
2004; Xia et al. 2012).

In this paper, we describe an application scenario that can
potentially boost the performance of social characteristics
analysis — parsing the professions of people in a photo. Peo-
ple tend to make friends with those of the same professions,
and any social website could utilize this for friend recom-
mendation or professional services. We argue that the pro-
fessions in a photo can be more precisely parsed by social
context in a probabilistic model.

Our contributions  First, we use poselet (Bourdev and
Malik 2009; Bourdev et al. 2010), to capture the low-level
feature, so we can deal with non-frontal upper body. Second,
we use visual attributes (Farhadi et al. 2009; Kumar et al.
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Figure 1: Poselets detection and masking. In the left figure,
we detect several poselets and face from the center image.
The poselets in blue frames are what we defined as “head
poselets”, while those in red are “upper-body poselets”. In
the right figure, we use different masks to post-process one
poselet to remove irrelevant factors. (a) hat mask, (b) upper-
body mask, (c) and (d) results after masking.

Table 1: Selections of poselet/region, mask type and feature
type for each attribute. Note that “U-Body” means upper-
body, and “Dense Grid” means the dense grid descriptions
of HOG, LBP, and CIELAB color histogram. The numbers
after “Uniform” and “Hat” denote the numbers of detailed
attributes in these categories.

Attribute Name Poselet/Region Mask Type Feature Type
Uniform (11) U-Body Poselet U-Body Mask Dense Grid
Hat (7) U-Body/Head Poselet Hat Mask Dense Grid
Skin Color Body Region N/A Skin Feature
Skin Fraction Body Region N/A Skin Feature
Age Face Region Face Mask Raw Feature
Gender Face Region Face Mask Raw Feature

2009), instead of low-level features as the input of person-
level professions classifier. Third, we consider multiple peo-
ple in a single photo and jointly determine their professions
at the same time via a Bayesian network. This is inspired by
the observation that people of correlated professions appear
in the same photo with high probability.

Data Representation via Attributes

Poselet body-part detectors (Bourdev and Malik 2009; Bour-
dev et al. 2010) and their relevant works have been suc-
cessfully applied to many problems (Brox et al. 2011;
Maji, Bourdev, and Malik 2011; Bourdev, Maji, and Malik
2011). In our framework, we mainly use poselets scheme for
two tasks: first, to extract local body parts; second, to lo-
cate entire body region. We group the poselets into two sets,
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Figure 2: Graphical model of the profession prediction with
social context.

Table 2: Notations of the graphical model.

a;: i-th person attributes A: all persons attributes

0;: i-th person profession all professions

fij: spatial relation features

all spatial relation features

O:

r;;: relation type between two professions R: all relation types
F:
B:

b;;: shared background features all background features

m; = j: i-th profession is assigned to j-th person M: variable for assignments

namely, head poselets and upper-body poselets, as shown in
Figure 1. Head poselets are responsible for attributes such as
“hat”, while upper-body poselets for attributes such as “hat”
or “uniform”. In addition, to remove noise, background and
irrelevance, we design two masks to fit head and upper-body
poselets, as in Figure 1.

We design 6 attributes to represent the semantic-level fea-
tures that can fully or partially determine the professions of
people in a photo. All attributes are listed in Table 1. We
categorize them into two classes: (1) strong attributes; (2)
weak attributes. Strong attributes can be utilized to deter-
mine the professions directly, i.e., uniforms, hats. Weak at-
tributes, i.e., skin color and fraction, gender, age, are relevant
factors to some professions but not sufficient.

We use SVM (Burges 1998) to learn the first four at-
tributes listed in Table 1 by feeding it with features con-
structed by HOG (Dalal and Triggs 2005), LBP (Ahonen,
Hadid, and Pietikdinen 2004), color histogram and skin frac-
tion. We use the probabilistic outputs of SVM (Chang and
Lin 2011) as the values of attributes. For the last two at-
tributes ¢5(x) and ¢g(x), i.e., gender and age, we compute
through the framework in (Gallagher and Chen 2009), and
quantize them into bins to formulate visual attributes.

Predicting Professions with Context

We explain how to utilize contexts in a photo to predict
multiple people’s professions. We use three kinds of con-
texts, namely, (1) spatial relations, (2) co-occurrence, and (3)
background information. Based on the analysis, our prob-
lem is finally formulated as the graphical model in Fig-
ure 2 and its relevant notations are shown in Table 2. Our
aim is to maximize the following conditional probability
p(O, R|A, F, B), which can be written as:
p(O,F,A R, B)

According to the graphical model, the former expression can
be decomposed into the following formulation:

Z Hp(oi |G, ) Hp(fmimj |7i5)p(bijloi, 05)p(rizloi, 0)p(M),
M i i

which can be estimated by EM algorithm. After that, we use
the following objective function to infer on a test sample:

Table 3: Average precision (%) for attributes of uniform.
Uniform | CE CG CL DT  FF

AP 648 487 576 422 456
Uniform LY MM PM SD WT None

AP 651 299 429 592 328 187
Table 4: Average precision (%) for attributes of hat.
Hat | DT SD CF PM FF CL None
AP | 475 658 954 673 460 315 660
Table 5: Average precision (%) for weak attributes (WA).
WA [ SC SF GD (0-18) (I8-40)  (40-60)
AP | 781 654 669 713 63.5 42.1
Table 6: Experimental results of average precision (%). The
average performance of these methods are: Background
Features (15.4%), Method in (Song et al. 2011) (35.0%),
Person-Level Prediction (36.6%), Ours (40.4%).
CF CG CL CT DT

Background Features 10.3 10.8 11.4 7.4 9.6
Method in (Song et al. 2011) 40.8  34.2  42.8 19.2 449
Person-Level Prediction 40.6 34.6 43.7 21.3 45.2
Joint Prediction (Ours) 42.3 35.1 46.1 27.6 48.9
FF LY MM MR PM

Background Features 8.3 31.7 19.7 12.8 9.1
Method in (Song et al. 2011) 31.3 59.1 21.8 48.2 18.4
Person-Level Prediction 30.3 57.6 23.1 52.1 20.1
Joint Prediction (Ours) 36.7 60.1 27.4 57.3 21.5
SP SD ST TC WT

Background Features 28.8 31.5 14.8 7.8 17.6
Method in (Song et al. 2011) 48.2  60.1 21.5 13.6  20.6
Person-Level Prediction 57.1 68.9 20.1 13.0 21.5
Joint Prediction (Ours) 60.2 74.7 25.0 15.2 28.6

M* = argmaxp(M|O, F, A, R, B). 2)
M

Experimental Results

we collect more than 7000 images of 14 different profes-
sions from the websites, e.g., Google Image. This database
will be online publicly available soon. First, we evaluate the
performance of the proposed attributes. For each attribute,
we use half of images with/without this attribute as training
and the other half as test. We finally obtain the average pre-
cisions for each attribute shown in Table' 3, 4, 5, including
strong and weak attributes classification results.

Second, we evaluate the proposed probabilistic model in
Table 6, where four methods are compared with each other.
The person-level prediction is similar to the method in (Song
et al. 2011), but uses attributes as input. For the background
features, we use SIFT + BoWs model (Fei-Fei and Perona
2005) to train a multi-class SVM for all profession cate-
gories, and use background features in test images as inputs.
We can see that the proposed framework works comparably
with the state-of-the-art method and sometimes even better,
especially when multiple people are in a photo.

'Note we use abbreviation for each profession: CF-chef,
CG-clergy, CL-construction labor, CT-customer, DT-doctor, FF-
fire fighter, LY-lawyer, MM-mailman, MR-marathoner, PM-
policeman, SP-soccer player, SD-soldier, ST-student, TC-teacher,
WT-waiter, SC-skin color, SF-skin fraction, GD-gender.
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