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Abstract—Digital Image Correlation (DIC) has been used as a tool to determine the full-field displacements and strain 
fields. It is required that, for soft bodies like gelatin samples which are mainly used as a tissue simulants in impact studies in 
aerospace engineering, the measurement of displacements and strains under these loads  be measured through a non-intrusive 
technique. An intrusive technique like strain gauge will result in erroneous measurement of strain as its stiffness is 
comparable with respect to that of gelatin. DIC provides such an opportunity for the measurement of displacements and 
strains without being in contact with the samples during testing. Hence DIC technique has been adopted in the present work 
and applied to both hard material (Aerospace Aluminum 2024 T3 alloy) and soft material  (gelatin samples of 1G:2W and 
1G:3W ratio) for the measurement of displacements and strains. An open source MATLAB code for DIC through the 
Normal Cross Correlation method was acquired. Due to the need of better correlation techniques which would take care  of 
images with scaling effect and offset, different correlation criterion such as Zero-mean Normalized Sum of Squared 
Difference (ZNSSD), Squared Sum of Difference (SSD) and Zero-mean Sum of Squared Difference (ZSSD) have been 
implemented and compared these criterion in terms of their computational time and pixel resolution. This DIC technique has 
been validated by finite element analysis of low-velocity impact of gelatin samples. Two finite element solvers namely LS-
Dyna and ABAQUS have been used for the simulation of LVI of gelatin samples by considering the Mooney-Rivlin as the 
material model for gelatin samples and it observed that the results from these FE analysis are well matched with the results 
of DIC for 1G:2W samples than 1G:3W samples. The Mooney-Rivlin solid considered as material model for the analysis of 
gelatin samples can be a better material model only for the gelatin sample with 1G:2W ratio and for 1G:3W gelatin sample 
this material model doesn’t hold good as the results obtained by DIC and FE analysis have more difference and error 
between them.  Low-strain rate compression test conducted on Aerospace Aluminum 2024 T3 specimen of 10mmX10mm 
cross-section by using Split Hopkinson Pressure Bar.  The resulting strains of this of low-strain rate compression test are 
compared with that obtained by DIC and it has been observed that, in this case also DIC results are well matched with 
experimental results.Overall, it is concluded that the DIC is a versatile technique which can be used for determining the 
displacements and strains of soft materials like gelatin and hard material like aerospace Aluminum 2024 T3 alloy. 
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I.  INTRODUCTION 
 
In experimental mechanics, determination of 
displacements and strains of the objects which are 
undergoing deformation for the applied loads is very 
important. Available methods for the measurement 
include both traditional and non-traditional methods 
aka optical methods. In traditional methods, 
displacements are measured by extensometers and 
strains are measured with the help of strain gauges or 
by other means. Whereas the non-traditional method 
seems to be very simple because in this method, 
displacement of an object can be measured by 
tracking a point on the object’s image taken before 
deformation and the same point after the deformation. 
Hence by adopting such non-traditional or optical 
methods in experimental mechanics helps in instant 
determination of displacements and strains. One more 
advantage of these methods is no contact with the 
objects being measured and this makes no damage to 
the objects during the measurement. 

Optical methods of deformation measurement include 
interferometry techniques, digital image correlation 
technique, speckle interferometry, electronic speckle 
pattern interferometry, photogrammetry etc. Each of 
these methods have their own advantages over other 
methods in their application. In the present work, 
Digital Image Correlation (DIC) technique has been 
adopted and developed for the measurement of 
displacements of gelatin samples (referred as bird 
simulant in aerospace engineering) under low-
velocity impacts in LVI test rig and strain field of 
Aerospace Aluminum 2024 T3 under low-strain rate 
in Split Hopkinson Pressure Bar (SHPB). 
Digital image correlation (DIC) is a well-known 
method for the measurement of full-field 
displacements and strains; this method is most 
suitable to determine the strains of both Aerospace 
Aluminum material and Gelatin samples (tissue 
simulant) as it make no contact with these samples 
during the measurements. The advantage of using 
DIC is, it can be implemented anywhere as 
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sometimes it is necessary to measure the deformation 
and strains of the objects outside the lab. The DIC 
technique is easy to implement and results obtained 
by this method will have more accuracy as compared 
to other techniques. These advantages have made the 
DIC more popular and this method has been using by 
most of the aerospace and other industries like 
construction, bio-engineering et al. 
 
II. METHODOLOGY 
 
The present work involves the preparation of two 
different materials namely soft material like gelatin 
and hard material like aerospace Aluminum 2024 T3 
alloy for performing the Digital Image Correlation 
(DIC). Gelatin (Bloom number 120) samples with 
two different ratios such as 1G:2W and 1G:3W ratio 
were prepared in a required sizes namely 
40mmX40mm and 70mmX70mm. To obtain a better 
speckle pattern, dairy whitener was added at 5% of 
the solution of gelatin and water the 40mmX40mm 
sample was tested in UTM at a constant strain rate of 
1000mm/min to obtain the stress-strain curve. The 
other sample 70mmX70mm was tested in two-
column guided drop tower to perform the low 
velocity impact test. In the case of low velocity 
impact the sample was randomly speckled using 
black color spray paint for the purpose of DIC. On 
the other hand the Aluminum 2024 T3 sample of 
square cross-section was prepared using the 
aerospace Aluminum 2024 T3 material. The material 
properties of this sample as given by the manufacture 
include the density 2780Kg/mm³, Young’s modulus 
is 71 GPa and Poisson’s ratio is 0.33. The sample was 
prepared with a size of 10mm x 10mm and the height 
was 10mm. The prepared sample was machined 
completely and a smooth surface was obtained. 
 
2.1 Speckling of samples 
The specking of samples has to be made for digital 
image correlation. Speckling the samples in a random 
way has the advantage of solving the correspondence 
problem along with aperture problem [1]. According 
to M. A. Sutton et al. [1], the aperture problem is the 
special case of correspondence problem and it is 
associated with finding the gray value of single pixel 
in the deformed image. The correspondence may not 
be unique as the gray value of a pixel in the first 
image can be found at thousand positions in the 
second image. They solved this problem by finding 
the correspondence of a single neighborhood around 
the pixel of interest. This can be either solved by 
increasing the aperture or by making the surface 
speckled randomly. The aperture problem limits the 
motion vectors to the component orthogonal to the 
structure. Hence the surface of the sample should 
exhibit certain properties. In order to overcome this 
problem, the samples are speckled in such a way that, 
the markers on the samples must be random in nature 
unlike the lines. The speckle pattern must adhere to 

the surface while the deformation of samples takes 
place. 
The speckling has been made on gelatin samples as 
well as Aluminum sample by making use of black 
color spray paint. Gelatin samples were kept at a 
distance of 500mm away from the tip of spray paint 
bottle and sprayed slowly to obtain the required 
pattern on the samples. The speckled samples were 
allowed for 10min to make the paint adhere on to the 
surface. 
 

 
Fig.1: Speckled gelatin sample 

 
2.2SplitHopkinson Pressure Bar 
The apparatus consists of an impact bar or striker bar 
(20mm dia.) usually propelled by gas chamber, an 
incident bar (20mm dia.) and transmitted bar (20mm 
dia.). Strain gauges are mounted on both incident and 
transmitted bar. Fig.3 shows the apparatus from the 
striker bar end, in this a reservoir, pressure gauge, 
valve and air cleaner are connected to the barrel end 
are shown. Required amount of pressure is filled in 
the reservoir with the help of external air compressor 
and then released through manual valve. 
 

 
Fig.3: Split Hopkinson Pressure Bar 

 
High speed motion pro camera placed at a distance of 
1m near to the setup that records the event of 
compression of specimen in SHPB. Camera was used 
for the purpose of digital image correlation; the focus 
was adjusted for the clear visualization of the sample. 
The sample was made of aluminum 2024 T3 alloy 
and the dimension of the sample is 10mm X 10mm X 
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10mm. The speckled sample placed in between the 
incident and transmitted bar. 
 
2.4 Experimental Results 
Experimental results obtained by all the tests 
(Compression, LVI and SHPB) along with the 
density measurement of gelatin samples are described 
in this section. 
Uniaxial compression test on gelatin samples of size 
40mmX40mm was conducted and the load v/s 
displacement data was recorded. From this data 
stress-strain curves are drawn for 1G:2W and 1G:3W 
samples as shown in fig.4 and fig.5 respectively. 
 

 
Fig.4: stress-strain curve for 1G:2W sample 

 

 
Fig.5: stress-strain curve for 1G:3W sample 

 

 
Fig.6: Acceleration-Time curve of 1G:2W sample 

 
Fig.7: Acceleration-Time curve of 1G:3W sample 

 

 
Fig.7: Incident bar signal 

 

 
Fig.8: Transmitted bar signal 

 

 
Fig.9: Strain data obtained through strain gauges in SHPB 

 
III. DIGITAL IMAGE CORRELATION 
 
This section deals with introduction to the basic 
correlation toolboxes in MATLAB,  digital image 
correlation of gelatin samples, aluminum 2024 T3 
sample and implementation of different correlation 
methods. Digital image correlation (DIC) is a 
technique for the computation of deformation and 
strains of the object by using the digital images of the 
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object captured during the time of deformation. Series 
of images taken consists the data in terms of pixel 
movements, and hence these would be the source for 
the determination of displacements and strains. In 
order to carry out DIC, software used in the present 
work is MATLAB. The basic toolboxes in MATLAB 
such as image processing toolbox, parallel computing 
toolbox and optimization toolbox have enabled the 
method of digital image correlation.  
DIC can be performed in MATLAB by adopting 
certain open source codes available on ‘MATLAB 
CENTRAL’, the website of Mathworks Inc. [2]. 
Generally full-field displacements can easily be 
determined by using such non-contact methods. The 
output of DIC is usually contours of displacement and 
strains can easily be analyzed and improved as well. 
 

 
Fig.10: Comparison of strains by strain gauge and DIC 

technique 
 
IV. FE ANALYSIS OF GELATIN SAMPLES 
 
Selection of material model for the simulation of 
gelatin samples in FE solvers is important. The 
behaviour of gelatin at high velocities is modelled 
through hydrodynamic models [3, 4]. Common 
examples of the applications of gelatin at higher 
velocities include the use of ballistic gelatine in 
forensic studies [3, 5, 6, 7, and 8] where it is 
subjected to bullet impact at high velocities. Another 
example is that of bird stimulant [3, 28] where 
gelatine is used to simulate the behaviour of 
impacting birds on aircraft structures. The behaviour 
of gelatine in quasistatic and low velocity regimes is 
considered to be hyperelastic [8, 9]. Since the 
velocities in the present case can be categorized as 
low velocity (< 2.5 m/s), the hyperelastic models are 
used to model the behaviour of gelatin. 
There are different material models available for such 
hyperelastic materials and these include Neo-
Hookean, Mooney-Rivlin, Yeoh, Gent and Ogden 
[10]. Among these models, the two parameter 
Mooney-Rivlin model is chosen as the material 
model for the simulation. This involves the validation 
of experimental stress-strain values obtained by 
simple compression test with that by deriving the 
strain energy density function of Mooney-Rivlin 
solid. The validation of these stress-strain values has 
been through MATLAB programs. 

 
Fig.11: Mooney-Rivlin and Experimental curves for 1G:2W 

sample
 

 
Fig.12:Mooney-Rivlin and Experimental curves for 1G:3W 

sample 
 

 
Fig.13: % Error with DIC for 1G:2W sample 

 

 
Fig.14: % Error with DIC for 1G:3W sample 
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V. RESULTS AND DISCUSSION 
 
This section brings up the discussion on results and 
conclusions of the present work that includes result 
discussion stress-strain curves gelatin samples, 
validation of Mooney-Rivlin model, DIC and FE 
analysis of gelatin samples and DIC of aluminum 
sample. 

1. Stress-Strain Curves of gelatin samples 
(1G:2W and 1G:3W) 
The results of these stress-strain curves 
shows that, gelatin sample of 1G:2W ratio 
produces a stress of 0.85 MPa at 0.7 strain 
whereas the 1G:3W produces the stress of 
0.65 MPa at 0.7 strain. 

2. Low-Velocity Impact Drop Tests 
The plots of acceleration-time history were 
drawn and it is observed that, the range of 
acceleration is in between 270 mm/sec² to 
290 mm/sec² for 1G:2W sample and for 
1G:3W sample this range is 200 mm/sec² to 
305 mm/sec². These results are then 
compared with the acceleration data 
obtained by FE analysis and it is found that 
the results are well matched with the 
analysis acceleration of 250 mm/sec². 
Similarly the velocity of the samples was 
calculated by integrating the acceleration 
curve and the graphs were obtained. The 
graphs shows the change in velocity of the 
impactor from -2.18m/s to1.89 m/s for all 
the tests and the analysis shows the change 
in velocity of the impactor from-2.18m/s to 
2.00m/s for 1G:2W sample. For 1G:3W 
sample this range is from -2.18m/s to 1.5m/s 
for experimental results and for analysis this 
is -2.18m/s to 1.9m/s. 

3. Digital Image Correlation of Aluminum 
2024 T3 sample 
On comparing both the experimental and 
DIC results, it is observed that, both the 
results are well matched as in both the cases 
the strain-fields in the sample after 10ms 
was 0.06 i.e. 6% strain. Hence it is 
concluded that DIC can also be used to 
measure the strain-fields of Aluminum 2024 
T3 alloy. 

4. Validation of Mooney-Rivlin Material 
model 
It is observed that the Mooney-Rivlin 
material model well matched with the 
experimental values and for each case the 
Coefficient Of Determination (COD) was 
found. For 1G:2W sample this value os 
0.9934 and for 1G:3W sample this value is 
0.9929. 

5. Analysis in LS-Dyna and ABAQUS 
The Mooney-Rivlin material model was 
considered to model the gelatin sample. The 
analysis results of displacement of the 
gelatin samples (1G:2W and 1G:3W) were 
compared with that obtained by Digital 
Image Correlation. it has been found that the 
DIC results are well matched with the 
analysis results for 1G:2W samples as 
compared to that for 1G:3W samples.  
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