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Abstract. In this paper we propose a robust approach that combines classical 

computer vision with a smart setup that enables a NAO humanoid robot to play 

with children. Blocks are adopted as playing objects as they are widely used and 

are a highly versatile support. This approach addresses the challenges of object 

reaching and grasping, by allowing the robot to approach the table over which 

activity is carried out, orient appropriately, plan the reaching movement that is 

executed partly through direct and partly through inverse kinematics, grasp the 

block, moving it over the table and releasing it into its target position. By inte-

grating visual information provided by the robot cameras into a closed-loop con-

trol system, no additional sensors are required. This approach enables not only 

children to play with a Humanoid robot in a richer way, but also to be used to 

treat cognitive / motor deficits inside what is termed Robot Assisted Therapy. 
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1 Introduction 

Recently, humanoid robots, and NAO robot in particular, have been successfully pro-

posed as an effective companion especially for children with cognitive or social disa-

bilities. These children generally find NAO enjoyable and non-threatening possibly due 

to its human-like shape and its predictable movements [1], [2], [3]. Such type of inter-

vention, that goes under the generic name of Robot Assisted Therapy (RAT), is still at 

an initial stage and mainly relies on a Wizard of Oz approach in which NAO interacts 

through gestures and voice [2]. This is quite far from traditional interventions, in which 

the therapist plays with children with toys or table-top games.  

We show here how combining classical computer vision methods with a smart set-

up enables NAO to play with children in an interactive way. To the aim we have se-

lected blocks as these are the most used and versatile playing objects and a robust meth-

odology to reach and grasp them on the playground, typically a table, and to move them 

to their target position over the table is described. 
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2 Related work 

The ability to grasp objects of different sizes and shapes is one of the most important 

skills for a humanoid robot. A variety of reaching and grasping approaches has been 

described for NAO robots in different scenarios [4]. Proposed an adaptive grasping for 

the RoboCup1 competition by replacing NAO’s fingers with a flat gripper on both hands 

with a force sensor embedded. The grasping task is performed with both hands ap-

proaching the object from both sides through vision. Once the hands are positioned at 

the two sides of the object, grasping is obtained moving the two hands one towards the 

other until the required target force is measured by sensors. In [5] objects are recognized 

through stereo-vision obtained introducing two cameras inside NAO’s eyes. Stereo-

vision is used also to plan robot motion. These approaches are based on a modification 

of the hardware and firmware that makes them less attractive. [6] proposes a solution 

based on deep learning and NAOmarks [7]. The latter are azure markers on a white 

background (cf. Fig. 1). Each marker has its own shape and it is recognized robustly by 

NAO basic software. In [6] one NAOmark is placed frontally on the opposite side of a 

table with respect to NAO. The robot first moves towards the NAOmark thus walking 

towards the center of the table. Once arrived close to the table, object to be grasped is 

recognized through Yolo3 computer vision model and the 3D position of the object 

with respect to the robot is computed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1 http://www.robocup.org 

Fig. 1 A table covered with a checkerboard is used as playground (left) here. Blocks with 

a cylindric handle are positioned and moved over the checkerboard squares (right). The 

borders of the checkerboard are marked with a thick black line and a thick red line is 

drawn centrally. These lines are used for fine centering and orienting NAO. On the table 

side three different NAOmarks are attached and are used by NAO to approach the table 

and for gross orientation. Pose data are expressed in NAO RobotFrame, centered be-

tween the two feet, with the Z axis vertical, the Y axis in the sagittal plane and the X axis 

in the coronal plane.  
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3 Method 

We have created a playground constituted of a table, with the child at one side and the 

NAO robot at the opposite side of the table. A checkerboard is painted over the table 

and the blocks have to be positioned inside its squares (Fig. 1). Given its limited work-

space, NAO will be able to reach blocks in the first two lines. On one side of the table 

three different NAOmarks are attached. 

Reaching and grasping by NAO can be subdivided into the following subtasks; A) 

move towards the table center. B) orient parallel to the table and raise right or left arm 

to get the hand over the table. C) Now NAO is ready for grasping: position the hand 

over the chosen block, orient the hand properly to have a stable grasp and close the 

fingers. D) translate the block to its target position and release it there, and E) get back 

to the starting position. 

All these tasks are mostly based on vision information captured by the two NAO’s 

cameras, thus realizing a closed-loop control of robot movement (cf. [7]). 

3.1  Moving towards the table center and orienting parallel to it 

As suggested in [6], [7], NAO computes its 3D position with respect to the central 

NAOmark from the images of its upper camera, and moves towards it. At each time 

step NAO measures its actual 3D position with respect to that of the marker and recom-

putes its path thus realizing a closed-loop gait control. The 3D NAO Robot Frame solid 

with the feet (cf. Fig. 1) is used here as this is the reference frame most frequently used 

for gait. Closed-loop control can be used until the marker can be viewed by the NAO 

camera, until a distance of about 300 mm from the table. Afterwards, the marker cannot 

be seen anymore and from then on the movement control becomes open-loop: the robot 

walks towards the last 3D position computed for the NAOmark. To avoid hitting its 

feet against the table, the robot stops at a distance of 150 mm from the marker, that is 

the length of its feet with respect to the NAO Robot Frame plus a margin.  

To avoid hitting the table during subsequent arm reaching, NAO raises its arms 

above the table level, when it switches from closed to open-loop control gait. To this 

aim it moves arms from parallel to the body to the NAO StandInit position, with arms 

slightly folded (Fig. 2a, shoulder roll = 45 degrees and shoulder pitch = 15 degrees). 

From there, direct kinematics is applied to reach a final pose with shoulder roll = 45 

degrees and shoulder pitch = 70 degrees to center the hands with respect to the working 

space (Fig. 2b) 

The two lateral markers on the table side are used to orient the robot parallel to the 

table. To this aim, the yaw rotation angle (around z axis) is computed as 𝜃 =

arctan (
𝑥𝑅−𝑥𝐿

𝑦𝑅−𝑦𝐿
) where {xR, yR} is the position of the right marker and {xL, yL} the 

position of the left one. This rotation is applied to NAO before starting moving forward 

towards the table to start as parallel as possible with respect to the table. 

To increase the accuracy of the final 3D position of the robot with respect to the table 

the stride length in the open-loop phase of gait is reduced by setting a maximum for-

ward translation of 20 mm for each step. 
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3.2  Pose adjustment 

Once the table has been reached the parallelism between NAO and the table may has 

got lost, so we perform a final adjustment of NAO orientation. To this aim, we first 

filter the image provided by the lower camera by a Canny edge detector [8]. We then 

apply the Hough transform to the edges detected to calculate the tilt angle of each line 

on the image. In this process we filter out all the lines close to vertical (a threshold of 

50 degrees was used). We compute the NAO rotation as the median angle of the re-

maining lines and we rotate the robot around the vertical z-axis by this angle (Fig. 2c). 

After this rotation, the line becomes parallel to the horizontal axis and the robot be-

comes oriented correctly in front of the table and it can proceed with grasping. 

3.3 Grasping 

We start from the observation that given a 3D point on the checkerboard and the check-

erboard 3D orientation, the 3D position of all the squares is defined. Therefore, the 

grasping and the release position of a block can be defined simply specifying the raw 

and column of the desired square. To design an effective grasping, the structure of the 

NAO hand has tbe taken in consideration; this has three fingers: a shorter thumb and 

two longer fingers. It has only one motor that allows opening and closing synchronously 

the fingers, thus enabling a grasping that can be classified as Power grasp through palm 

opposition [9]. To allow a firm grasp, we have also worked on the design of blocks. 

These are generic blocks that mount a cylindrical handle on their upper face, slightly 

longer than the NAO hand width (Fig. 3).  

Fig. 2 NAO raises its hands at the end of its closed-loop walk from the NAO StandInit posi-

tion (a) to the final position well over the table (b). When NAO is not parallel to the table it 

sees the checker-board at an angle (left). NAO rotates around the vertical Z axis to bring the 

thick horizonal line parallel to the horizontal axis on the image provided by its lower camera 

(column c). This allows orienting NAO parallel to the table. 

a b c 
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To grasp a block, NAO first opens its fingers maximally, it than reaches the handle 

and positions its thumb and the two fingers on the opposite sites of the handle, and 

lastly it closes them around the handle. To grasp the handle, NAO hand is positioned 

with fingers and thumb parallel to the plane on the opposite sites of the handle. Such 

pose allows tolerance for height position error of the hand as the block can be grasped 

at any height of the handle. It is also tolerant to errors parallel to the plane on hand 

position as fingers are spaced apart 50mm before starting to close. 

Grasping is planned and executed using the NAO Frame_Torso reference frame, 

located in the NAO torso, with axes parallel to the NAO Robot_Frame, as this is stable 

reference frame for arms and hands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To get robust grasping we need to refine the position of the robot with respect to the 

block. In particular, the robot position can be offset laterally with respect to the table 

center at the end of gait. To correct this such offset has to be identified. This is the role 

of the thick vertical red line (Fig. 1), whose offset on the Y axis represents exactly such 

offset. Its detection is carried out with the same procedure used above to detect the thick 

horizontal border. 

3.4 Translate the block in its target position and release it and go back  

After the block has been grasped, NAO first raises it vertically, on the Z axis, by raising 

its hand 40 mm above the table plane and then moves the handlaterally on the X axis 

and Y axes to the target position using inverse kinematics. The vertical position remains 

constant in this latter phase. 

When the target position has been reached, NAO lowers its hand by the same 40 mm 

to put the block over the table and opens it to release the block. After the block has been 

released, NAO raises its hand again, this time higher to get above the handle of the 

block, translating it vertically by 80 mm on the Z-axis. Afterwards, it translates the hand 

externally in the X and Y directions by 20 mm to move the hand away from the block. 

From this position the arm, through inverse kinematics, is brought back to its starting 

position, memorized before grasping was initiated.  

Fig. 3. Grasping a block (a). Raising the block (b). Translating it to the target position 

(c), and releasing it there (d). Afterwards NAO raises again its hand and moves it away 

from the playground. NAO Torso Reference Frame, shown in panel (a), is used to 

control this movement. The handle has a height of 50mm and a radius of 10mm 

a b c d 
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4 Results 

We tested this reaching and grasping approach with a NAO robot V6 and a host PC 

Dell with Intel core i7-1255U and 16 GB of RAM, and Windows 11 Pro. 

The NAO robot was positioned on the floor approximately at 1 meter from the table 

at a small angle (< 20 degree) with respect to the table side. The table has a height of 

25cm and a 8x8 checkerboard with squares of 5 cm was printed on an A3 sheet attached 

over its surface. The block prototype was realized with cardboard and can be positioned 

in any square of the first two rows of the board, as NAO is not able to reach further.  

A total of 20 experiments were carried out. The robot succeeded in reaching and 

grasping a block 100% of the times. The mean error in hand grasping position was of 

13,76 mm ± 23,1 mm in the lateral, Y, direction that is the most critical direction, that 

explains the success rate and shows the robustness of the method.  

Before final refinement of its orientation, NAO was rotated with respect to the table 

of an average angle of -4,68 degrees ± 6,45 degrees. Open-loop gait started at an aver-

age distance of 347,3 mm ± 13,5 mm, that indeed requires a further refinement of its 

position and orientation. 

5 Discussion 

The methodology described here opens the door for enabling NAO to play with blocks 

in a robust way. This is particularly important as blocks are a very flexible playing tool 

that is also widely used in cognitive / physical treatment in clinical domains [2]. Their 

faces can show symbols or colors that call for ordering, matching or composition. They 

can also be put in an ordered sequence to represent a sequence of actions typical of 

everyday life. Blocks can also work as cover for objects or tiles and be therefore used 

in a memory like games [10]. 

Enabling children to carry out these tasks with a robot would allow them to decrease 

the stress level often induced in the interaction with a Human partner [11] on one side, 

and on the other side allows the therapist on concentrate on the direct interaction with 

the child. Lastly, as the children have shown large appreciation for NAO [2]; this would 

possibly raise the engagement level in the therapy session, that is a critical factor for 

therapy success [11]. Lastly, when carrying out these tasks with a NAO robot, we can 

also envisage a cooperative and/or competitive playing modality that allows addressing 

different interaction modalities [10].  

The decomposition of the reaching and grasping task in sub-tasks over which we 

have full control allows to modulate each component of robot action to match actual 

task needs. We can for instance, increase / decrease the walking or reaching speed, we 

can insert pauses between one sub-task and another and so forth. This can be funda-

mental to match the state of the child [12], and in particular his/her stress level to pro-

vide an adequate challenge level [13].  

The number of blocks that can be used is limited by NAO arms structure and size. 

Given a working space with a radius of 265 mm, we could design a 8x4 checkerboard, 

with squares of 50x50 mm, so that NAO reaches with each if its arms, 4x2 different 

(c)                            (d) 
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positions on its side of the table and the child will reach 8x4 position on his/her own 

side. Given this, blocks side is set to 40 mm. This is a compromise between blocks side 

length and their number: blocks of a smaller sizes would allow for more blocks, but 

their face area would be smaller and images attached on them more difficult to be un-

derstood. 

Particular care has been put in obtaining a robust alignment of the robot with the 

table. In [6] this was obtained by putting one marker over the table but this would be 

intrusive as the marker would lay inside the checkerboard, the play area. We have thus 

preferred to put the markers on the side of the table and work open-loop from a certain 

distance onwards. Indeed, a drift in NAO position can take place as it approaches the 

table (we consistently measured a pitch of approximately 6 degrees when approaching 

the table for our NAO robot), but we can correct the error obtained through robot vision 

of the checkerboard when NAO reaches the table, as the path length of the open-loop 

walk is limited. We prefer to use the two thick lines for refining orientation and the 

lateral pairs of NAOmarks for orienting the robot parallel to the table for two reasons: 

NAOmarks can be detected only at a distance and the accuracy is limited. Nevertheless, 

this has allowed the robot to walk more easily towards the table center. Moreover, com-

putation of the orientation through lines is most accurate when the lines cover a large 

portion of the NAO camera image and therefore are seen from a close distance. Accu-

racy was verified for a reasonable large set of NAO initial positions and orientations. 

A critical issue is represented by charge level. A careful control of this level is re-

quired before the task is started to avoid that the robot shuts down before the end of the 

task or performs poorly: when NAO has low charge, it does not stand up completely. 

This would decrease the success rate and, in turns, the level of trust between the child 

and the robot [14].   

6 Conclusion 

This work proposes a robust approach for carrying out activities with blocks between 

a child and a humanoid robot, like NAO, without requiring to add special and costly 

hardware. However, this approach is not limited to this kind of applications but can be 

extended to all tasks that require interaction through objects that can mount a handle 

and use a board. It could be applied for instance to chess playing or to classical any 

board games, thus enlarging the domain of application and the users population. 

It presently requires that the robot approaches the center of the table and from there 

it reaches and grasps different blocks. As the NAO arms are quite short, the working 

space is limited and thus few blocks can be used. This approach could be enhanced 

setting multiple starting position besides the table and allowing the robot to move lat-

erally from one position to the other, thus increasing its working space. 
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