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Abstract 

The objective of this work is to test the FRAGTrack™ Mobile in various operational scenarios and to compare its 

results with the Modified Kuz-Ram and KCO empirical blasting fragmentation prediction methods. 

The FRAGTrack™ Mobile unit is a portable, stereo image analysis alpha prototype developed by Orica Limited. It 

allows users to capture images of in situ muck pile rock fragmentation and automatically analyse those to produce 

the projected area size distribution. Fragmentation assessment is essential for both blasting and for downstream 

mining operation optimization. 

This work is organized in three main sections: 

1. Ascertaining the basic functioning of the prototype and reporting all defects found to its developers until correct 

functioning was established. Despite initial software setbacks, collaboration insured full apparent functionality 

of all tested elements; 

2. Testing its preciseness in one specific blast design optimization in which the proposed solutions would 

guarantee a subtle improvement in fragmentation. Not only was the equipment able to document this 

improvement, but FRAGTrack™’s results pointed to a finer fragmentation than the predicted by the Kuz-Ram 

and KCO models (with a Mean Absolute Percentage Error of 35% and 17% with the Kuz-Ram and KCO 

models, respectively), a positive result considering the geological nature of the quarry; 

3. Testing its correct functioning and usefulness in various operational scenarios. Generally, the FRAGTrack™ 

results are very similar to the Kuz-Ram and KCO models’ prediction (with around 8% and 4% and Mean 

Absolute Percentage Error, respectively) in scenarios in which these models are known to perform admirably. 

Keywords:. FRAGTrack™ Mobile, fragmentation, image analysis, empirical fragmentation models (Modified Kuz-

Ram and KCO), Field-testing

1. Introduction 

Generally, the mining operational cycle is roughly the 

same throughout the industry: drilling, blasting, 

loading, hauling and crushing (Hustrulid, Kuchta, & 

Martin, 2013). Size reduction of run-of-mine rock or 

comminution is a priority in the mining operations 

while also representing a large portion of mining 

operating expenses (Rothery & Mellor, 2007). By 

opposition, rock blasting is relatively cheap, and its 

primary objective is to attain a successful 

fragmentation, which affects all downstream 

operations and can be used to minimize these costs 

(Dinis da Gama & Jimeno, 1993). 

On that account, a rapid and reliable technique for 

assessing the degree of fragmentation is essential for 

accurate quality control and optimization of the 

blasting process. Several methods of particle size 

distribution estimation exist but the most used are 

sieving, observation, empirical, and image analysis 

methods; all of these have notable upsides and 

downsides (Sudhakar, 2006).  
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Sieving is the most accurate method of evaluating 

fragmentation—however, it is expensive, time-

consuming and operationally problematic (Thurley, 

2013). Observational methods serve only as a first-

approach, being widely and very unreliably used as an 

approximate size distribution prediction. Empirical 

methods are mostly mathematical or statistical models 

that do not assess but predict the size distribution of 

blasted rock based on the blasting and 

geomechanical parameters (Sereshki, Hoseini, & 

Ataei, 2016); these methods provide predictable 

results to which other methods can be compared with, 

despite being linear and not entirely accurate (Jahani 

& Taji, 2015). Finally, image analysis methods make 

swift and relatively accurate blast fragmentation 

distribution assessment possible, having become the 

industry’s main tools for fragmentation assessment 

(Bamford, Esmaeili, & Schoellig, 2017); the downside 

of this type of technology, according to (Thurley, 

2013), lies in quality of the results (stemming from the 

errors consequential to the complexity of the method), 

and in their subjectivity (regarding what is required 

from the user to counter these errors and in the power 

that it gives to the user). It is in this context that the 

FRAGTrack™ Mobile appears. 

The FRAGTrack™ Mobile unit is a newly developed 

portable image analysis camera system and 

complementing software developed by Orica Limited. 

It allows users to automatically capture and analyse 

images of in situ rock fragmentation to produce the 

projected area size distribution.  

The FRAGTrack™ Mobile unit (Figure 1) 

encompasses three main elements: a battery-

powered binocular stereo portable camera system, an 

extensible carbon fibre monopole to hold the camera, 

and a small sturdy tablet lodging the software. This 

software is employed to control the camera settings 

and therefore adjust the automatic image acquisition 

profile (which will determine the trigger conditions 

because it imposes a priori image quality conditions to 

an image sampling operation, therefore reducing user 

influence). Additionally, it is capable of automatic 

image processing (according to user-selected, 

software-predefined, expected particle size range) 

and subsequent result display. 

 

Figure 1: Top, the three main elements of the FRAGTrack™ 
Mobile prototype—the carbon monopole with the camera 
mount head, the MESA2 tablet with its cradle and attachment 
to the monopole and the FRAGTrack™ Mobile camera unit; 
Bottom, the binocular FRAGTrack™ Mobile camera unit. 

2. Methodology 

The testing methodology of the FRAGTrack™ Mobile 

will be presented in this section. This prototype is in 

an alpha stage of development, in which software may 

be unstable, cause crashes or data loss, and most 

times does not contain all the features that are 

planned for the final version (Khan, 2010 ).  

Therefore, it is not only necessary to ascertain that the 

equipment functions but also that it functions with 

precision and accuracy in one specific operational 

scenario as well as in diverse ones. In this scope, the 

FRAGTrack™ Mobile protype testing methodology 

was divided into three subsections: basic 

functionalities testing, “intraquarry” testing and 

“interquarry" testing. 

2.1 Basic Functionalities testing 

This subsection focuses on the correct functioning of 

the protype’s indispensable functions, encompassing 

both hardware and software functions, including: 

availability of all the components, mechanical coupling 

of the various pieces, battery, software installation, 

camera/tablet Wi-Fi connection bridge establishment, 



3 

GPS integration, camera display on screen, measured 

distance to the muck pile, automatic image acquisition 

profile, automatic image acquisition, image transfer 

from camera to tablet, image processing (of both 

individual images and image sets), result files creation 

and display, ventilation capacity and temperature 

adjustment capacity. In this testing phase, accurate 

processing and analysis of images sampled from 

graded rock was performed in the Pedreira do 

Calhariz quarry. 

2.2 Intraquarry testing 

This subsection focuses on the accurate and precise 

functioning of the equipment. For this purpose, the 

prototype was used in a blast design optimization 

application in which the blast design options were 

predetermined to guarantee that a subtle but 

noticeable fragmentation improvement would occur.  

The blast optimization process was called the “Cheap 

Rock” project at the Cimpor Alhandra limestone 

aggregate quarry and had for goal the optimization of 

the blasting operation, mainly by reducing the amount 

of boulders in the inefficient blasting design, hereafter 

designated as the reference situation.  

The Cheap Rock Project process proposes two 

alternative solutions: increasing the explosive charge 

height (and, thus, the amount of explosive) or 

introducing a pocket charge in the stemming material. 

Image sampling was carried in the laterally dug 

exposed portions of the muck piles, the active rill, 

mainly to diminish the size segregation error (Thurley, 

2013). Imaging was done by walking along the front of 

the exposed rill surface and using the monopole to 

elevate the FRAGTrack™ camera unit above and 

perpendicularly to the rill surface. Ideally, one should 

attempt to capture images over the entire exposed 

surface of the pile in one continuous section to ensure 

that the results are not biased by omission or by 

repetition. Additionally, images were sampled at noon, 

while the sun is at its zenith, to guarantee that 

shadows and direct sunlight interfered as little as 

possible.  

The image processing of the sampled images was 

much simpler, as it is without a doubt one of the 

advantages this protype offers. The prototype offers 

the possibility of processing each image individually 

according to a selected processing “bin size” (from 

“very fine” to “oversized” fragments) guiding the edge 

detection delineation software according to the 

perceived particle distribution of the fragments in the 

image(s). Special attention in the processing phase 

was given to the correct delineation of boulders 

without affecting the fine portion of fragments as much 

as possible. After every image has been processed, 

the blast average distribution curve was plotted. 

These average results were compared with two 

empirical methods of predicting fragmentation, 

namely the Modified Kuz-Ram model and the KCO 

model. Cunningham developed the Modified Kuz-

Ram (Cunningham, 1987), now known as the Kuz-

Ram model. The Kuz-Ram model has been and is 

used as a common—if not the most common—model 

in the mining industry for predicting rock fragmentation 

size distribution by blasting (Gheibie, Aghababaei, 

Hoseinie, & Pourrahimian, 2009). It starts by 

predicting the median fragment size as displayed in 

Equation 1. 

𝑥50 = 𝐴 × (
𝑉

𝑄
)

0,8

× 𝑄
(

1
6

)
× (

115

𝑆𝐴𝑁𝐹𝑂

)

19
30

 (1) 

Where 𝑥50 is the median fragment size (cm), V is the 

rock volume blasted per hole (m3), 𝑆𝐴𝑁𝐹𝑂 is the 

relative weight strength of an explosive when 

compared to ANFO, in which TNT is 115 (since ANFO 

is equal to 100) and 𝑄 is the mass of explosive per 

hole (kg). 𝐴 is the rock factor, given by an adaptation 

of the Blastability Index proposed by Lilly (1986), seen 

in Equation 2 (Gheibie, Aghababaei, Hoseinie, & 

Pourrahimian, 2009). 

𝐴 = 0,06 × (𝑅𝑀𝐷 + 𝑅𝐷𝐼 + 𝐻𝐹) (2) 

The rock factor parameters of Equation 2 are detailed 

in Figure 2.  
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Figure 2: Rock factor parameters and rates necessary for 
rock factor (A) estimation. Adapted from (Gheibie, 

Aghababaei, Hoseinie, & Pourrahimian, 2009) 

The Kuz-Ram uses the Rosing-Rammler distribution 

to plot the remaining particle size distribution (Rosin & 

Rammler, 1933), sometimes called 2-parameter 

Weibull, given in Equation 3(3) (Kulatilake, Qiong, 

Hudaverdi, & Kuzu, 2010). 

𝑃(𝑥) = (1 − 𝑒
−0,693(

𝑥
𝑥50

)
𝑛

) × 100 (3) 

Where 𝑃(𝑥) is the fraction (%) for which size is less 

than some specific value 𝑥, 𝑥 is the diameter of a 

fragment (cm), and 𝑛 is the uniformity exponent (or 

index of uniformity), which is given in Equation 4 if the 

hole is loaded two types of explosives, as was always 

the case. 

𝑛 = (2,2 − 14
𝐵

𝜙ℎ

) (
1

2
+

𝑆

2𝐵
)

0,5

 

(1 −
𝑊

𝐵
) (

𝐿

𝐻
) (0,1 + |

𝐵𝐶𝐿 − 𝐶𝐶𝐿

𝐿
|)

0,1

 

 

 

(4) 

Where 𝐵 is the hole burden (m), 𝑆 is the spacing 

between holes (m), 𝜙ℎ  is the hole diameter (mm), 𝑊 

is the standard deviation of drilling accuracy (m), 𝐿 is 

the total charge length (m), 𝐻 is the bench height (m), 

and BCL and CCL are the bottom charge and the 

column charge length (m), respectively (Gheibie, 

Aghababaei, Hoseinie, & Pourrahimian, 2009). 

Although the Kuz-Ram model has been used broadly, 

it has some deficiencies like all models are bound to 

have, such as an underestimation of fines (Hall & 

Brunton, 2002) and an overestimation of large 

boulders, both weaknesses offered by the Rosin-

Rammler distribution (Ouchterlony, Sanchidrián, & 

Moser, 2017). 

These issues were addressed by replacing this 

distribution by the Swebrec distribution (Ouchterlony, 

2005), therefore creating the KCO model (Kuznetsov-

Cunningham-Ouchterlony). The Swebrec distribution, 

displayed in Equation 5, effectively diminishes the two 

above stated drawbacks and seems to be the new 

staple in the industry for predicting fragmentation. 

Even though the KCO model is by far more accurate 

(especially in the fines range) of the two, comparison 

with the Kuz-Ram model can be seen as useful mainly 

because the Kuz-Ram model is very well-established. 

𝑃(𝑥) =
1

1 + [
ln (

𝑥𝑚𝑎𝑥

𝑥
)

ln (
𝑥𝑚𝑎𝑥

𝑥50
)

]

𝑏 × 100 

(5) 

Where 𝑥𝑚𝑎𝑥 is the maximum fragment size (Equation 

6), 𝑏 is a curve-undulation parameter (Equation 7) and 

𝑥50 is the median fragment size (Equation 8). 

𝑥𝑚𝑎𝑥 = min(𝑆𝑓 , 𝑆, 𝐵) (6) 

Where 𝑆𝑓 is the in situ block size determined by the 

narrowest fracture or discontinuity family 

(Ouchterlony, 2005). The curve-undulation parameter 

is: 

𝑏 = 𝑛 (2 × ln(2) × ln (
𝑥𝑚𝑎𝑥

𝑥50

) )  (7) 

Where 𝑛 is still the index of uniformity of the Kuz-Ram 

model (Equation 4).  

𝑥50 =  𝐴 × 𝑞−0,8 × 𝑄
1
6  × (

115

𝑆𝐴𝑁𝐹𝑂

)

19
30

 (8) 

Where 𝑞 is the specific charge (kg/m3), seen in 

Equation 9. 

𝑞 =
(𝐵𝐶𝐿 × 𝜌𝑒𝑥𝑝𝑙𝑜𝑖𝑣𝑒(𝐵𝐶) + 𝐶𝐶𝐿 × 𝜌𝑒𝑥𝑝𝑙𝑜𝑖𝑣𝑒(𝐶𝐶)) × 𝜋 × 𝜙ℎ

2 

4 ×  𝐵 ×  𝑆 ×  𝐻 ×  sin 𝛼
 (9) 

Where 𝜌𝑒𝑥𝑝𝑙𝑜𝑖𝑣𝑒(𝐵𝐶) and 𝜌𝑒𝑥𝑝𝑙𝑜𝑖𝑣𝑒(𝐶𝐶) are respectively 

the bottom charge and the column charge explosive 

density (kg/m3), 𝜙ℎ  is the hole diameter and 𝛼 is the 

hole inclination (in degrees to the vertical) 

(Ouchterlony, 2005).  
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For each blast, both empirical models were compared 

to the FRAGTrack™ results through statistical means 

(Statistics: How To, 2016) displayed in Equation 10 to 

19, considering the error as the difference from each 

empirical model to FRAGTrack™ data. The quartile 

distribution, weighted average and the Interquartile 

Range are also useful for describing the curves’ 

progression.  

𝐸𝑟𝑟𝑜𝑟𝑖 = 𝑥𝑖,𝑚𝑜𝑑𝑒𝑙 − 𝑥𝑖,𝐹𝑟𝑎𝑔𝑇𝑟𝑎𝑐𝑘 (10) 

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐸𝑟𝑟𝑜𝑟𝑖 = |𝐸𝑟𝑟𝑜𝑟|𝑖 (11) 

𝑆𝑞𝑢𝑎𝑟𝑒 𝐸𝑟𝑟𝑜𝑟𝑖 = 𝐸𝑟𝑟𝑜𝑟𝑖
2 (12) 

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐸𝑟𝑟𝑜𝑟 𝐷𝑖𝑣𝑖𝑑𝑒𝑑 𝑏𝑦 𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒

=
|𝐸𝑟𝑟𝑜𝑟|𝑖

𝑥𝑖

 
(13) 

𝑀𝑒𝑎𝑛 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = 𝑀𝐴𝐷

=
1

𝑛
∑ |𝐸𝑟𝑟𝑜𝑟|𝑖

𝑛

𝑥𝑖=1

 
(141) 

𝑀𝑒𝑎𝑛 𝑆𝑞𝑢𝑎𝑟𝑒 𝐸𝑟𝑟𝑜𝑟 = 𝑀𝑆𝐸 =
1

𝑛
∑ 𝐸𝑟𝑟𝑜𝑟𝑖

2

𝑛

𝑥𝑖=1

 (15) 

𝑅𝑜𝑜𝑡 𝑀𝑒𝑎𝑛 𝑆𝑞𝑢𝑎𝑟𝑒 𝐸𝑟𝑟𝑜𝑟 = 𝑅𝑀𝑆𝐸

= √
1

𝑛
∑ 𝐸𝑟𝑟𝑜𝑟𝑖

2

𝑛

𝑥𝑖=1

 
(16) 

𝑀𝑒𝑎𝑛 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐸𝑟𝑟𝑜𝑟 = 𝑀𝐴𝑃𝐸

= 100 ×
1

𝑛
∑

|𝐸𝑟𝑟𝑜𝑟|𝑖

𝑥𝑖

𝑛

𝑥𝑖=1

 
(17) 

𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 =  ∑ 𝑥𝑖 × 𝑝(𝑥𝑖)

𝑛

𝑥𝑖=1

 (18) 

𝐼𝑛𝑡𝑒𝑟𝑞𝑢𝑎𝑟𝑡𝑖𝑙𝑒 𝑅𝑎𝑛𝑔𝑒 = 𝐼𝑄𝑅 = 𝑑75 − 𝑑25 (19) 

2.3 Interquarry testing 

This subsection focuses on the correct functioning 

and usefulness in various operational scenarios. For 

this purpose, the equipment was subjected to the 

widest variation of possible locations by bringing the 

FRAGTrack™ Mobile to as many different quarries as 

possible; therefore, being an “interquarry” testing.  

The visited locations were the Pedreira Do Calcário 

quarry, the Pedreira do Sicó quarry and the Portela 

nº7 quarry (all limestone quarries but with enough 

geological differences between them to remain 

interesting). Otherwise, the methodology remains the 

same as in the last subsection. 

3. Results 

3.1 Basic Functionalities testing results 

In general, all the aforementioned aspects tested were 

fully functional. However, software installation proved 

troublesome. Nonetheless, collaboration with the 

developers allowed for correction of several problems 

such as inadequate wireless bridging and excessive 

image contrast, this last aspect displayed in Figure 3. 

 

Figure 3: High contrast due to incorrect shutter parameters 

Regarding the correct processing of graded rock 

images samples, it was intended to test the variance 

from material that, within expectable bounds, does not 

differ much from a fixed size range. That said, three 

different materials were sampled: “Brita 2”, ranging 

from 31 to 50 mm, “Castina”, ranging from 50 to 80 

mm and “Gabião”, ranging from 90 to 250 mm. All of 

these originate from greyish white limestone rock. 

Table 1 presents the FRAGTrack™ measured size 

fragment distributions for all three types of sampled 

graded rock based on multiple images, averaged from 

multiple angles as to eliminate bias, from each 

corresponding pile of rock size type.  

Table 1: FRAGTrack™measured size fragment size bins for 
all three types of graded rock. 

“Brita 2” “Castina” “Gabião” 

Size 
(cm) 

% 
Passi-

ng 

Size 
(cm) 

% 
Passi-

ng 

Size 
(cm) 

% 
Passi-

ng 

0 0 0 0 0 0 

2 20,6 2 4,2 2,5 3,6 

4 76,4 4 20,1 5 7,5 

6 97,4 6 55,1 7,5 15,7 

8 99,3 8 78,7 10 27,0 

10 100 10 90,2 12,5 46,6 

  12 94,2 15 64,3 
  16 95,3 20 89,0 
  22 95,4 27,5 97,5 
  40 100 37,5 100 

10 samples 9 samples 9 samples 
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From the values of Table 1, the lower and upper limits 

of the graded rock size intervals were linearly 

interpolated and the difference between these limits 

was obtained to determine the percentage of rock 

between them. Therefore, for the “Brita 2” rock, 

graded between 3,1 cm and 5 cm, we have: 

𝑃(5) − 𝑃(3,1) = 86,9 − 48,5 = 38,4% 

For the “Castina” rock, graded between 5 cm and 8 

cm, we have: 

𝑃(8) − 𝑃(5) = 78,7 − 37,6 = 41,13% 

For the “Gabião” rock, graded between 9 cm and 25 

cm, we have: 

𝑃(25) − 𝑃(9) = 94,7 − 22,5 = 72,22% 

As can be seen from these numbers, the precision of 

the equipment seems to dramatically increase from 

the smaller rock size intervals to the bigger ones, 

being relatively accurate for the “Gabião” rock size. 

The most logical reason for this is due to the sub-

resolution particle error, concerning the inability of an 

imaging system to see fine particles below the 

resolution of the sensor and grouping sub-resolution 

particles into larger regions and erroneously 

classifying them as larger single particles. This, in 

turn, determines the lower limit on particle size that 

can be reliably detected, and the resolution of size 

classes detectable.  

It can be noted that while the lower bound of each rock 

class (respectively 3, 5 and 9 cm) has values likely too 

elevated to be considered precise, the upper bound 

(respectively 5, 8 and 25) is rather precise, 

encompassing a large majority of the intended 

measured size rock, especially in the “Brita 2” and 

“Gabião” rock type sizes. However, the maximum 

measured fragment size of each category 

(respectively 10, 40 and 37,5 cm) is impossibly large, 

which suggests that smaller particles are being 

grouped into larger clusters in the processing phase. 

3.2 Intraquarry testing results 

The average FRAGTrack™ distribution curve for each 

blast design scenario is displayed in Figure 4 

(originating from 13 blasts in total); the reference 

situation does indeed display the occurrence of the 

problematic blocks over one meter, as shown by the 

reference curve increase in the 140 cm size range. 

 

Figure 4: Average FRAGTrack™ distribution curve for each 
blast design scenario 

It seems obvious from the difference between the 

reference curve and the high explosive column that 

this last situation has improved considerably the 

observed fragmentation as well as apparently almost 

ending the existence of the referred boulders. While 

the pocket charge situation also seems to have 

strongly diminished their existence, its curve presents 

nearly the same observed fragmentation as the 

reference situation, for this reason being less useful. 

The central tendency parameters of the above curves 

can be seen in Table 2. There, it can be confirmed that 

the weighted averages and initial curve progression of 

the reference and high column situations are very 

similar, only showing any difference after the 3rd 

quartile where the reference situation is very similar to 

the pocket charge situation. The high column situation 

also displays less data dispersion, as seen in its 

interquartile range, the lowest of the three, while the 

other two situations show almost the same amount of 

dispersion. 
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Table 2: Central tendency parameters for the average 
FRAGTrack™ distribution curve for each blast design 

scenario 

 

Weigh-
ted 

average 
(cm) 

d25 
(cm) 

d50 
(cm) 

d75 

(cm) 
d80 

(cm) 
IQR 
(cm) 

PC 33,1 9,5 18,2 32,9 39,7 23,4 

REF 26,1 9,0 16,8 32,5 40,7 23,6 

HC 26,5 8,7 16,1 28,3 33,6 19,6 

Even though the results presented above are 

interesting from an operational standpoint and are a 

testament to the equipment’s precision, they do not 

reflect the reality of the equipment’s results, which are 

better compared to both mentioned empirical models.  

The average results of both models computed from 

the tested blasts parameters can be seen in Table 3. 

There, the KCO model predicts on average a smaller 

x50 value than the Kuz-Ram model. 

Table 3: Results of both empirical size fragmentation 
models for each interquarry blast design scenario  

  AVG REF HC PC 

Kuz-
Ram 

n 1,288 1,374 1,378 1,148 
x50 (cm) 39,2 38,2 35,8 42,3 

KCO 

n 1,288 1,374 1,378 1,148 

SF (cm) 200 200 200 200 

xmax (cm) 200 200 200 200 
b -4,682 -4,890 -4,994 -4,286 

x50 (cm) 28,4 27,0 27,4 30,3 

The resulting curves are displayed in Figure 5 and 6 

for the Kuz-Ram and KCO models, respectively. 

In Figure 5, it is apparent that a discrepancy exists 

between Kuz-Ram and FRAGTrack™ data: the Kuz-

Ram model prediction appears to be much coarser 

than the observed (and likely realistic) finer 

FRAGTrack™ fragmentation. Unsurprisingly, given 

the mentioned Kuz.Ram general inability to correctly 

predict the quantity of fine rock fragments, this 

discrepancy is most notable in the 0 to 35 cm range, 

where the FRAGTrack™ values are almost double of 

the Kuz-Ram ones. In itself, that is a good sign, as is 

the size range of 90 cm in which these two sets start 

to approximate themselves, a region where the Kuz-

Ram model is perceived as somewhat precise.  

In Figure 6, the previous discrepancy between the 

model and the FRAGTrack™ data is less noticeable 

but the FRAGTrack™ data remains finer than the 

KCO prediction until approximately 40 cm, where all 

curves start to converge with the exception of the high 

column observed by the prototype. Again, it is a good 

sign regarding the accuracy of the equipment given 

the established weakness of the KCO model to 

correctly predict fragmentation in the finer size ranges. 

Where the KCO model excels is in its precision related 

to the medium to coarse size ranges (starting from 50 

cm), which is precisely where the data from both sets 

starts to converge. This, in turn, points to the precision 

of the equipment since there is a general agreement 

of all three curves of both data sets. 

The error from the Kuz-Ram model and the KCO to 

the FRAGTrack™ data for each blast type (e.g., 

average reference Kuz-Ram and average reference 

FRAGTrack™) can be seen in Table 4. 

Table 4: Average errors types of the Kuz-Ram and KCO 
curves of Figure 5 and 6, respectively 

Kuz-
Ram 

MAD 
(cm) 

MSE 
(cm) 

RMSE 
(cm) 

MAPE 
(%) 

PC 11,7 283,6 16,3 28,6 

REF 9,7 293,2 17,1 42,1 

HC 12,8 316,9 17,8 35,8 

KCO 
MAD 
(cm) 

MSE 
(cm) 

RMSE 
(cm) 

MAPE  
(%) 

PC 4,9 87,7 9,4 16,3 

REF 5,4 119,1 10,9 17,7 

HC 5,1 102,6 10,1 18,5 

In Table 4, it can be seen that at any point of the 

curves there exists, on average, an absolute deviation 

of at least 10 and 5 cm to the Kuz-Ram and KCO 

models, respectively, the highest average value of 

absolute deviation being in the high column Kuz-Ram 

situation and the lowest in the pocket charge KCO 

situation. While this may seem significant, the 

variance in this error is considerable, as can be seen 

by the MSE and RMSE errors, which suggest a higher 

variance in the comparison of FRAGTrack™ data to 

the KCO model due to these values being the double 

of the MAD values, whereas in the Kuz-Ram model 

they are slightly less than the MAD values. 

Nonetheless, the RMSE errors for the Kuz-Ram 

model are objectively higher. Regarding the MAPE, 

the discrepancy between Kuz-Ram and KCO values 

is apparent, the absolute error being near half in the 

second model. It is also interesting to note that there 

is some considerable deviation in the MAPE of the 

Kuz-Ram model whereas the KCO model has little 

deviation for this type of error, indicating that the 

predictions made by the KCO model are more stable. 
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Figure 5: Comparison of the average fragmentation curve predicted by the Kuz-Ram model and the observed FRAGTrack™ 
data for each blast scenario of the intraquarry analysis. 

 

Figure 6: Comparison of the average fragmentation curve predicted by the KCO model and the observed FRAGTrack™ data for 
each blast scenario of the intraquarry analysis. 

The average error from the Kuz-Ram model and the 

KCO to the FRAGTrack™ data can be seen in Table 

5 and contains what is possibly the most interesting 

(if reductive) value of this work: the global mean 

absolute percentage error of these models to the 

FRAGTrack™ data. 

Table 5: Overall average error types of each empirical 
predicted fragmentation model to FRAGTrack™ data. 

 
MAD 
(cm) 

MSE 
(cm) 

RMSE 
(cm) 

MAPE 
(%) 

Kuz-Ram 12,0 273,9 16,7 35,5 

KCO 5,5 103,2 9,8 17,4 

It can be seen from the values of Table 5 that the 

equipment has a considerable value of error and 

variance to the two models. While the difference to 

the Kuz-Ram model is somewhat expected (and to 

some extent welcomed), the difference to the KCO 

model is more “dangerous” but, as it is in the size 

ranges where the KCO is generally regarded as less 

accurate, it is also an encouraging factor regarding 

the precision and accuracy of the prototype. 

Although, from what has mentioned above, the error 

and variance are significant, it should be mentioned 
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that both of these factors are so in the direction of 

finer fragmentation curves and, therefore, are likely 

to be considerably nearer the ground truth than 

results predicted by the empirical models. While it is 

probably impossible to determine how close to the 

ground truth the results are without a sieving analysis 

process, this testing allowed to ascertain that the 

results are at least precise and consistent.  

3.3 Interquarry testing results 

While all the aforementioned test sites provided 

interesting results, the ones from the Pedreira do 

calcário quarry are the most interesting—for reasons 

that will be made obvious ahead—due to the brittle 

nature of the rock in this quarry. The parameters used 

in the empirical models and the resulting curves are 

displayed in Table 6 and Figure 7; it can be noted that 

the x50 values of both models are very similar. 

Table 6: Results of both empirical size fragmentation 
models for the Pedreira do calcário quarry 

Kuz-Ram 
parameters 

n 1,281 

x50 (cm) 11,4 

KCO 
parameters 

n 1,288 

SF (cm) 100 
xmax (cm) 100 

b -4,128 

x50 (cm) 10,2 

 

Figure 7: Comparison of the fragmentation curve predicted 
by the Kuz-Ram and KCO models and the observed 

FRAGTrack™ data for the Pedreira do Calcário quarry 

In Figure 7, a similar scenario to the previous graphs 

can be seen: the FRAGTrack™ curve above the 

KCO model, in turn above the Kuz-Ram model. 

However, while the FRAGTrack™ curve may seem 

substantially above the other two, it is due to the 

horizontal scale being much narrower than in 

previous figures. In fact, this quarry presents a very 

brittle and soft limestone geology from which results 

a very fine fragmentation curve (80% fragments have 

their diameter under approximately 20 cm wide). 

Table 7 presents the error of each empirical predicted 

fragmentation model to FRAGTrack™ data.  

Table 7: Error types of each empirical predicted 
fragmentation model to FRAGTrack™ data of Figure 7 

 
MAD 
(cm) 

MSE 
(cm) 

RMSE 
(cm) 

MAPE 
(%) 

Kuz-Ram 3,99 48,99 7,00 6,94 

KCO 2,64 21,63 4,65 4,06 

What is most remarkable about these results are the 

overall considerably low values of MAPE. This low 

error is an extremely good sign regarding the 

prototype’s ability to predict blasts with a finer 

fragmentation: the brittle and soft geology allows the 

empirical models to easily predict the resulting blast 

fragmentation, as a blast in this type of quarry 

(provided that the blast design is correct) rarely is 

expected to produce a large amount of coarse 

particles and almost never produces boulders. This 

capacity in predicting this type of blast result is 

apparent in Figure 7, as the two model’s curves are 

very similar. However, there seems to be a significant 

amount of variance as indicated by relatively 

considerable RMSE values—probably due to 

insufficient sampling. 

Therefore, it can be admitted that the models are very 

close to the ground truth (especially the KCO model, 

by a small margin) and that the prototype, in matching 

their predictions, observed and classified the 

particles with remarkable precision and accuracy. 

4. Conclusions 

In short, the FRAGTrack™ Mobile prototype 

displayed what appear to be mostly positive results 

in both the field-testing and image analysis 

components, especially given its alpha stage of 

development. Furthermore, the prototype was 

compared to empirical fragmentation models and, at 

least, predicted finer rock sizes than these models, 
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which is certainly a good sign. While empirical 

models are useful for the scientific community to 

easily compare fragmentation results, they are still a 

work in progress and depend on qualitative 

information that had to be estimated.  

Regardless, and more objectively, the research and 

fieldwork from which this work stemmed served the 

undeniable purpose of putting a virgin prototype in a 

real and problematic operational situation with a 

tangible blast design-oriented objective and proving 

that it could reach that goal with a relatively small 

number of observations. This meant that the 

prototype was exposed to inexperienced users who, 

by constant contact with the prototype developers, 

provided insight on how other users might operate 

the equipment and revealed its initial development 

problems.  

On a more critical note, this work has many 

shortcomings that lead to possible future works. 

Without a doubt, the greatest flaw of this work is the 

lack of comparison of the FRAGTrack™ data with 

systemic and unbiased computer-based image 

analysis. Thus, image analysis comparison would be 

the most interesting future work regarding the 

development process of this equipment. 
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