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Synopsis 

Segment inertial parameters are necessary for modelling and analysing human motion. Due to differences between toddlers and adults, measurements 

must be done specifically for toddlers. Using Jensen’s photogrammetric method, a pilot subject’s body segment parameters were determined. The 

overall height and mass values corresponded with those directly measured. As the toddler had some difficulty with the protocol, a mat with footprints 

and a toddler support was fabricated to improve the feasibility of collecting body segment parameters for toddlers. The adjusted protocol will be used 

to collect segment inertial parameter data for 20 subjects (10 male, 10 female) aged 1.5-3 years. 

  

Introduction 

Body segment parameters (BSPs) are used in kinetics of human motion and in modeling the human form. The differences in the relative size of body 

segments between adults and toddlers show the importance in measuring directly from toddlers and to develop a BSP database. There is little 

information on toddler BSPs. Imaging, such as MRI and CT, is expensive, time consuming, and is used on toddlers only when medically necessary. 

The photogrammetric method is an alternative for determining subject specific BSPs. Jensen’s protocol [1], suitable for adults and children, calls for 

the subject to stand in the anatomical position on a sloped surface and stay parallel to the cameras. A pilot study was done to determine the feasibility 

of Jensen’s protocol with toddlers and modify the methods so toddler BSPs can be collected. 

     

Methods and Results 

A pilot subject was instrumented with reflective markers on the joint centres (Figure 1A). The subject stood in the anatomical position and 

simultaneous front and side images were taken. The photos were digitized and the segment lengths and volumes were determined. Using average 

segment densities and assuming uniform density across each segment, the mass and centre of mass locations were calculated. The subject analyzed in 

Figure 1 was 2.8 years old. The digitized image, showing joint centres, can be seen in Figure 1B. The measured height and weight were compared to 

the values calculated using the photogrammetric method (Table 1). The pilot subject had difficulty following multiple instructions at once. She had 

difficulty maintaining feet and shoulders square to the cameras while simultaneously keeping the head tilted to the correct position and arms in a 

position to ensure visibility of the markers. For future collections, a mat with footprints will be used to help align the feet. A supportive handrail was 

built to keep the toddler’s arms in the correct position, keep the toddler’s body square to the camera and help maintain overall posture (Figure 2).  

 

Table 1: Measure and calculated height and mass of pilot subject 

 

 

Conclusions and Future Work                                                                                                              

The height and mass values calculated using the photogrammetric method agree with those measured. In the literature, children (3-12yrs) had a mean 

error of 0.23% with a standard deviation of 2.3% for the subject’s total mass [2]. The pilot study results are promising with 2.8% error in total body 

mass with the subject having difficulties staying square to the camera. It is visible in the processed image as the digitizing software assumes right-left 

symmetry in the arms and legs. In Figure 1B, the thighs and feet overlap and the left arm does not connect properly to the upper trunk. The pilot 

study demonstrated that the photogrammetric method is feasible in a toddler population and allowed us to make adjustments based on observed 

behaviour that should reduce error. Using the modifications in Figure 2, BSPs of twenty toddlers (1.5-3 yrs. 10 male, 10 female) will be collected to 

form a toddler BSP database. This information will serve to develop a toddler automaton to be used in daycare studies. Other potential uses include 

expanding the data used for crash test dummies and for gait analysis of toddlers. 
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 Measured Calculated Error 

Height 96 cm 97.5 cm 1.5% 

Mass 14.25 kg 14.65 kg 2.8% 

Figure 1: A) Pilot subject with rotated trunk finding it difficult 

to stand square to the camera. B) Digitized and segmented 

images of the subject 

 

Figure 2: Mat with footprints and a support to help the toddler 

maintain posture and remain square to the camera 

 


