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a b s t r a c t 

MirBot is a collaborative application for smartphones that allows users to perform object recognition. This 

app can be used to take a photograph of an object, select the region of interest and obtain the most likely 

class (dog, chair, etc.) by means of similarity search using features extracted from a convolutional neural 

network (CNN). The answers provided by the system can be validated by the user so as to improve the 

results for future queries. All the images are stored together with a series of metadata, thus enabling a 

multimodal incremental dataset labeled with synset identifiers from the WordNet ontology. This dataset 

grows continuously thanks to the users’ feedback, and is publicly available for research. This work details 

the MirBot object recognition system, analyzes the statistics gathered after more than four years of usage, 

describes the image classification methodology, and performs an exhaustive evaluation using handcrafted 

features, neural codes, different transfer learning techniques, PCA compression and metadata, which can 

be used to improve the image classifier results. The app is freely available at the Apple and Google Play 

stores. 

© 2018 Elsevier B.V. All rights reserved. 

1. Introduction 

Object recognition is a highly active topic in computer vision 

and can be particularly useful for mobile devices [1,2] as regards 

retrieving information about objects on the fly. Visuall y impaired 

persons can also benefit from these systems [3] . 

MirBot is a smartphone app that users can train to recog- 

nize any object. The objects are categorized according to lemmas 

(such as chair, dog, laptop, etc.) selected from the WordNet lexical 

database [4] . A user can employ MirBot to take a photograph and 

select a rectangular region of interest (ROI) in which the target ob- 

ject is located. The image, the ROI coordinates and a series of asso- 

ciated metadata are then sent to a server, which performs a simi- 

larity search using k-Nearest Neighbors (kNN) and returns the class 

of the most likely image, as shown in Fig. 1 . The app users can 

validate the system response in order to improve the classification 

results for future queries, and this feedback allows the database to 

grow continuously with new labeled images. 

MirBot is designed as a pedagogical game in which a simu- 

lated robot can be trained in order to involve users in an auto- 

matic learning process. As pointed out in [5,6] , developing machine 
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learning tasks through games has proven to be a successful ap- 

proach to make users enjoy labeling data. From the users’ perspec- 

tive, the main distinctive feature of MirBot with regard to other 

apps is that it allows them to train a personal image search sys- 

tem, thus making the dataset dynamic and user driven. 

This work extends the contents of the MirBot system for object 

retrieval introduced in [7] , which initially used handcrafted visual 

descriptors. The main contributions of this paper with regard to 

the initial work are a detailed description of the user interaction 

process, the statistics related to the database gathered after four 

years of usage, a new classification methodology based on CNN 

features (neural codes) obtained from pre-trained and fine-tuned 

models, the study of PCA compression on different neural net- 

works, the inclusion of metadata to complement the neural codes 

and the evaluation results and conclusions. 

When a user submits a photograph, visual descriptors are ex- 

tracted and compared to the existing prototypes in the dataset in 

order to predict the class of the object. In the initial MirBot ver- 

sion [7] , both local features and color histograms were extracted 

and combined to obtain the most likely class. In this work, sev- 

eral convolutional neural network (CNN) features have been added 

to these descriptors for use in evaluation. The gap between the re- 

sults obtained using handcrafted descriptors and features extracted 

from convolutional networks led the traditional image descriptors 

in MirBot to be replaced with neural codes in June 2015. 
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Fig. 1. Architecture of the iOS app. This example corresponds to the longest user interaction sequence. 

As pointed out in [8] , finding images within large collections 

is an important topic for the computer vision community. Recent 

progress in object recognition has been built upon effort s to cre- 

ate large-scale, real-world image datasets [9,10] that are crucial for 

developing robust image retrieval algorithms, in addition to con- 

sidering the large amount of data required in recent deep neural 

networks [11] . 

One of the main contributions of MirBot is a dataset with a 

similar structure to that of ImageNet [10] , with the exception that 

all the images are gathered with smartphone cameras and stored 

with their associated metadata and with regions of interest. In Oc- 

tober 2016 we had 25,292 validated images distributed in 1808 

classes. Although the MirBot dataset still cannot be considered 

a very large collection, it is incremental and grows continuously 

thanks to its users’ feedback. One important difference with re- 

gard to other datasets such as [8] and [10] is that, rather than 

employing images downloaded from the Internet, users take pic- 

tures specifically for object recognition. This signifies that MirBot 

images are focused on the target objects and gathered with min- 

imum occlusions and plain backgrounds. Our team reviews the 

new images on a weekly basis in order to avoid inappropriate, un- 

focused or wrongly labeled samples, thus ensuring good quality 

data. 

The MirBot dataset also includes a series of metadata that could 

be used to constrain the search space. These metadata, which are 

detailed in [7] , are extracted from the smartphone sensors (an- 

gle with regard to the horizontal, gyroscope, flash, GPS, etc.), and 

have reverse geocoding information (type of place, country, closest 

points of interest, etc.) and EXIF camera data (aperture, brightness, 

ISO, etc.). All the images are stored with their associated metadata. 

We have evaluated the performance using these metadata in order 

to complement the image information. 

This work begins by describing the user interaction interface 

in Section 2 , and the methodology ( Section 3 ) used for similarity 

search on the server side. The evaluation results are described and 

discussed in Section 4 , followed by the conclusions in Section 5 . 

2. User interaction 

As stated in [12] , beyond the one-shot queries in the early 

similarity-based search systems, the next generation of systems at- 

tempts to integrate continuous feedback from the user in order to 

learn more about the query. MirBot is designed as an interactive 

game and the objective of its interface is to minimize the number 

of user interactions. 

In order to avoid the dispersion that can be caused when using 

free object identifiers, users can only assign class names selected 

from the WordNet ontology. The main advantage of WordNet is 

its semantic structure, which prevents ambiguities in the labels. 

WordNet synsets (synonym sets) are unique identifiers for mean- 

ingful semantic concepts, and each of them is linked to a defini- 

tion, although they can be related to different lemmas. Similarly to 

ImageNet, we use the WordNet synsets as class identifiers. 

In MirBot, only portrayable objects can be chosen from the 

WordNet hierarchy, including the following root categories: ani- 

mals (lexicographer identifier: (5 ), food/drinks (13), plants (20), 

and objects, which include both WordNet natural objects (6) and 

artifacts (17). WordNet considers that an artifact is man-made 

whereas a natural object is not, but they have been merged in Mir- 

Bot in order to simplify this concept for its users. 

Fig. 2 shows the block diagram of the user interface. Before 

sending the query image to the server, users can find settings in 

the app that allow to choose whether they wish to perform the 

classification by considering only their own images, so as to con- 

strain the search space, or by using the whole dataset. 

Once the query has been submitted, the classes of the K most 

similar images are retrieved using the methodology described in 

Section 3 , and the class of the first image in this ranking is given 
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