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Abstract 
The development of grasping is an important milestone that infants encounter during the first months of life. A new 
sensorized wireless toy can be designed and developed with embedded pressure sensors. The results confirm the 
hypothesis that this typology of instrumented toys could be useful for quantitative monitoring and measuring infants’ 
motor development and ready to be evaluated for assessing motor skills through appropriate clinical trials.This paper 
will describe about the hardware setup in  different sections and results obtained  for developing the real time toy.   
 
Keywords:  ARM Microcontroller , Sensor ,  Chamber,Zigbee. 

1. Introduction 

The starting point of development is not a set of reflexes triggered by external stimuli, but a set of action 
systems activated by the infant. Thus, from this perspective the development of grasping is an important 
milestone that infants encounter during the first months of life and this enables them to explore and learn 
about their environment. The functional skills such as handwriting and self-care’s activities are necessary 
for  an object to be more efficiently positioned in the hand. All these manual capabilities are damaged or 
delayed in infants and children with neurodevelopmental disorders; thus, from this perspective emerges the 
need to quantify this manual development and grasping capabilities in a rigorous way in order to 
objectively assess motor impoverishment in pathologic cases. 
 
 
The use of specific instrumented tools could be useful for supporting the diagnosis and consequently the 
therapy of such diseases. Engineering has brought supports in this field also in terms of devices and 
instruments for quantitative analysis of neuro-motor development, named Neurodevelopmental 
Engineering. The main goals of this field were to propose instrumented tools for monitoring infants’ neuro-
motor development and to provide a new quantitative approach for diagnosis and rehabilitation of 
neurodevelopmental disorders.Specifically for the perceptual and motor domains, recent studies on tool-use 
development in infants found that achievement of certain developmental milestones involves coordination 
of multiple and mobile frames of reference. Preliminary quantitative experiments have been performed 
using a commercial device  embedded into a soft cube large enough to contain it. Such experiments showed 
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that: children were often distracted by the wire, so a wireless connection would be highly preferable,the 
cube was too large so that children would rather adopt a bimanual manipulation, or use the wire to lift up 
the toy, a ball, because of its symmetry, would be preferable to a cube in order to reduce the number of 
possible grasping patterns[3]. 

2. Block Diagram 

The air chamber will enable the pressure applied by the infant to reach the sensor, the sensor will give the 
corresponding ouput voltage which is then filtered mainly to avoid the noise affects. Then the filtered 
signal will reach the controller for processing through the channel for adc values. ARM processor takes 
analog signal from its input pin and translates it into a digital value. Basically, you can measure any analog 
signal that fits in range acceptable by LPC2378.That range is 0V to 3.3V.After that the UART in the 
microcontroller will transmit the data through zigbee modem . 
  

 
 

Fig. 1 Block Diagram 

The receiver zigbee modem will receive the data  and the details will be displayed in the front panel of the 
labview.The equivalent pressure applied by the infant and the current motor condition will be displayed. 

3. Design Consideration 
 
The system has mainly three different sections with it,they are sensor,microcontroller and wireless data 
collection section.The figure below shows the sensor part which have been used to acquire the pressure 
signal applied by the infant. 

                                  
                                                  
                                                Fig. 2 Schematic setup for sensing pressure 
 

The analog signal which is obtained from the sensor needs to be tested,because the sensors should be very 
sensitive, to detect palmar grasps by four to none month-old infants. Previous works of your group revealed 
that infants’ grasping pressures were in the range of 0–3 psi [7]. These data are partiallyconfirmed by some 
works reported in literature  and a final range of 0–5 psi in terms of hand pressure has been chosen as 
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appropriate for this application. First of all it is important to underline that these tests showed a good grade 
of acceptance and involvement by the infants that played with the toy with pleasure. 

         

          Fig. 3 Experiment setup 

3.1 Pressure Sensor 

The MPXx5050 series piezoresistive transducer is a state-of-the-art monolithic silicon pressure 
sensor designed for a wide range of applications,but particularly those employing a microcontroller or 
microprocessor with A/D inputs.The below table shows the calibrated values of the sensor. Calibration 
means linking your real world data with the virtual data. 

                 Table 1 Calibrated values of the sensor 

PRESSURE(kPa) OUTPUT(mV) 
0 200 

0.5 245 
1 290 

1.5 335 
2 380 

2.5 425 
3 470 

3.5 515 

       
                 

                                                     Fig. 4 Cailbration curve for the sensor 
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The MPX5050/MPXV5050G series pressure sensor operating characteristics, and internal reliability and 
qualification tests are based on use of dry air as the pressure media. Media, other than dry air, may have 
adverse effects on sensor performance and long-term reliability. It has 2.5% Maximum Error over 0° to 
85°C which is ideally suited for Microprocessor or Microcontroller-Based Systems.Temperature 
Compensation of the sensor is about  –40° to +125°C.It is Patented for  Silicon Shear Stress Strain 
Gauge.It’s body is Durable Epoxy Unibody Element.It is  Easy-to-Use Chip Carrier Option.The below 
figure shows the curve drawn for the pressure values applied by the infant and the equivalent voltage 
obtained. 

 

3.2 Microcontroller 

The LPC2378 microcontroller is based on a 16-bit/32-bit ARM7TDMI-S CPU with real-time emulation 
that combines the microcontroller with 512 kB of embedded high-speed flash memory. A 128-bit wide 
memory interface and a unique accelerator architecture enable 32-bit code execution at the maximum clock 
rate. For critical performance in interrupt service routines and DSP algorithms, this increases performance 
up to 30 % over Thumb mode. For critical code size applications, the alternative 16-bit Thumb mode 
reduces code by more than 30 % with minimal performance penalty.The LPC2378 is ideal for multi-
purpose serial communication applications.It incorporates SPI interface an improved 10-bit ADC, 10-bit 
DAC, four UARTs, two CAN channels and up to 104 fast GPIO lines with up to 50 edges and up to four 
levels sensitive external interrupt pins make the LPC2378 particularly suitable for industrial control and 
medical systems. 

The LPC2378 contains one ADC. It is a single 10-bit successive approximation ADC with eight channels.It 
has a measurement range of 0V to Vi(REF). The LPC2378 contains four UARTs. In addition to standard 
transmit and receive data lines, UART1 also provides a full modem control handshake interface.The 
UARTs include a fractional baud rate generator. Standard baud rates such as 115200 can be achieved with 
any crystal frequency above 2 MHz. 

3.3 Zigbee Modem 

The third section of the design is wireless data collection which is performed through zigbee 
modem.Zigbee is a technology and standard for global wireless sensing and control network.It focuses on 
relatively simple devices and low cost,low data rate,low power.It is robust,reliable,simple deployment and 
maintanence.The purpose of zigbee is to creat a much needed global wireless sensing and control network. 
 
ZigBee is a technological standard, based on the IEEE 802. 15.4 standard,which was created specifically 
for control and sensor networks. Within the broad organization of the Institute of Electrical and Electronics 
Engineers (IEEE), the 802 group is the section that deals with network operations and technologies. Group 
15 works more specifically with wireless networking, and Task Group 4 drafted the 802.15.4 standard for a 
low data rate wireless personal area network (WPAN). The standard for this WPAN specifies not only a 
low data rate but also low power consumption and low complexity, among other things. 
 
It is a support for multiple network topologies such as point-to-point, point-to-multipoint and mesh 
networks.It has low duty cycle and  provides long battery life.It has data rates of 250 kb/s (2.4 GHz) and 
20/40 kb/s (868/915 MHz).It have fully handshaked protocol for transfer reliability.It has very low power 
consumptionand have a network range of  upto 70m and typical network join time of about 
30milliseconds.The wireless data received via modem will be published in the front panel of the labview. 

4. Results 

This section presents the results of the above design considerations. 
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                                        Fig. 5 Disorder condition shown in front panel  
 
 

 
 
                                           Fig. 6 Range (5-10)  shown in front panel 
 
 

 
            
                                                      Fig. 7 Normal condition shown in front panel 
 
  

5.Conclusion  
 
In conclusion, the challenges and the efforts of this work are offset by the hope that this new family of tools 
could represent an important contribution in the development of auxiliary diagnostic devices used by 
clinicians in ecological environments that can be exploited for the screening of a wide number of infants 
with diagnostic and rehabilitation  purposes.Next steps will exploit this tool in clinical trials that involve 
also infants with neuro developmental disorders with the aim to validate it as an auxiliary screening tool 
used by clinicians to have more data during the diagnosis evaluation. In a qualitative data scenario, as it 
often happens during the investigation of early diagnosis of neuro developmental disorders, this kind of 
device could be considered a supplementary tool that could give to clinicians quantitative information 
useful to make the clinical case more clear. 
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