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Abstract: This review paper provides a thorough examination of compiler 

building parsing methods. It emphasized the significance of parsing in compiler 

construction and the requirement for effective and precise parsing algorithms. 

The paper examines a number of parsing strategies, including top-down and 

bottom-up parsing, discussing both traditional approaches and more 

contemporary developments. The evaluation considers variables including time 

complexity, error recovery, support for ambiguous grammar, and simplicity of 

implementation. Additionally, the effects of grammar traits and problem-solving 

techniques are covered. In order to increase the effectiveness and dependability of 

compiler construction, this paper offers researchers and practitioners useful 

insights and recommendations for selecting and implementing parsing strategies 

in compiler projects. 

Keywords: Parsing, top-down, bottom-up, semantics, syntax, compiler, 

predictive parsing. 

1 Introduction 

Compiler converts a high-level language program to a low-level language program 

which a computer can understand and interpret. To achieve this conversion, the compiler 

passes the program through various phases. Each one of these phases has a unique role 

to play during the conversion. One of them is Parsing. Parsing in simple English 

language means to break down the sentence into grammatical parts and then identifying 

those parts and their relation to one another just like that, Parsing in Compiler 

Construction is breaking down the program into the grammatical rules of the high 

language to identify the syntax of the program.  

Parsing is done in order to generate the syntax of the targeted grammar and then the 

syntax can also be verified using the same technique. Parsing is done by a part of the 

compiler named Parser. According to Hassan. Et. Al [2]. The main aim of parsing is to 

determine whether the string is part of the grammar or not. This can be achieved 

through various parsing techniques. 
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Out of all the parsing techniques two which are most widely used and discussed 

are top- down parsing and bottom-up parsing, based on these approaches the parser 

designed are either top-down parsers or bottom-up. Both the techniques are different 

depending on their names, the top-down parsing starts tracking down from the start of 

the production to the bottom whereas the bottom-up technique winds up the tracking 

from the end of the production to the start. Different techniques of parsing having 

their own pros and cons are not only used in compiler construction but are widely used 

in other fields of computer sciences such as Natural Language Processing (NLP), 

Robotics, Machine Learning(ML), Databases and even in Web Development. Due to 

the importance of parsing in multiple domains of Computer Science it is one of the most 

researched topics of Compiler Construction. 

2 Literature Review 

A. Parser 

The role of the parser is to verify the syntax of the language used. The main function 

of the parser is to take in the final output from the lexical analyzer and then it uses the 

parsing techniques to verify the syntax. If the program is not syntactically correct, then 

the parser throws out the syntax error and if the syntax is verified then it generates the 

parsing tree of the CFG. The parser must have an error detection mechanism to detect 

errors in the syntax. 

There are two approaches to define the grammars: 

i. Context-Free Grammar, 

ii. Parsing Expression grammar. 

Parsing Expression grammar or PEG is a formal grammar to define formal languages 

using a set of rules to recognize that the string belongs to the language. PEG has only 

one valid abstract syntax tree for each grammar. This makes sure that the grammar is 

not ambiguous [4]. 

The work of the parser can be visualized. 

 

Fig. 1 Sequence of tokens returned by the scanner. 
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B. Top-Down Parsing 

Top- down parsing is the parsing technique in which the parser starts to match the 

statement from the top of the parse tree and tries to match with the rules of the grammar. 

Top-down parsing involves the left derivation of the tokens and utilizes the expansion 

of terminal symbols. Backtracking is vital to have optimal solution using the top-down 

parsing. 

Following are the types of top-down parsing techniques: 

a. Backtracking 

Backtracking is a technique in which the alternatives are used to expand the non- 

terminals. If one alternative does not work the other one is adopted. The mechanism is 

that if the opted set of rules does not verify the syntax, then the analyzer restarts, this 

time with a different set of rules which weren’t used before. Consider the 

following grammar: 

Input:  S → aAd 

            A → bc | b 

“abd” is the required string and “abcd” is not required. 

It is used and the string abcd is formed, which is not a required string so it backtracks. 

Fig.2(b) shows that the alternative production which is A → b is used to obtain the 

required string “abd”. 

Backtracking is easier to implement. To backtrack to the previous state the 

backtracking technique keeps the states saved. The code is also small in size. Solving 

the large problem with backtracking is not effective as the technique becomes quite 

slow for the large problems and also it requires so much space to store all the states to 

backtrack the alternative rules. Due to the investigation of several paths, backtracking 

parsers may behave in a non- deterministic manner. As a result, the parsing outcomes 

could be less predictable. The chosen alternative might rely on how the options are 

explored or on other variables. Error reporting and recovery may become more difficult 

as a result. Due to all these reasons parsing techniques without backtracking are 

preferred. 

b. Predictive Parsing 

 

 

 

Fig. 2(a) shows the first production 

i.e., a Ad. 

 
Fig. 2(b) shows that the production A → b c. 
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Predictive parsing is recursive descent parsing with the aim of predicting which of the 

productions is best to substitute the input string. Parse tree is constructed from the 

topmost symbol, input string is read from leftward side towards right side. This 

technique iteratively construes the input string and then the parsing tree is generated [5]. 

Predictive parsing has a stack to store the production symbols in the stack, whereas 

the input contains the input string that has to be verified. The third thing that the table 

contains is the production. If the top of the stack and the top of the input stack are the 

same, then we pop it out from both stacks and this way if both stacks have $ sign left 

then the string is verified and if input stack contain one or more than one such symbol 

which cannot be popped when compared with the stack then the string cannot be 

verified using the grammar. 

Predictive parsing does not need backtracking and thus it uses only grammar which 

are backtrackless. To achieve this, the left recursion and the left factoring has to be 

removed from the grammar, basically making it backtrackless, which makes the process 

extensive. The only grammar that predictive parsing can use is LL(k) grammar where 

there is no ambiguity and left recursion. 

Predictive parsing is a strong tool and provides flexibility to try out other alternatives 

but the fact that it cannot use all the grammar makes it to be used in certain cases only. 

 

 

Fig. 3. Shows the predictive parsing components. 

 

Fig. 4. (a) shows the grammar which 

can be used in predictive parsing 

 

Fig. 4. (b) shows grammar which cannot be 

used in predictive parsing. 
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c. Recursive Descent Parsing 

Recursive descent parsing is the type of parsing in which the parser is implemented 

using a set of recursive procedures, each corresponding to the non-terminal of the 

grammar. The parser starts with the top-level non-terminal and recursively invokes the 

corresponding procedures to parse the input string, making decisions based on the 

current input symbol. 

Predictive parsing can also be called a special type of recursive descent parsing in 

which the backtracking is not possible. But both techniques have few differences such 

as the predictive parsing use of the first and follow sets, also the table is required to 

parse and predict which of the next production has to be used.  

The recursive descent can or cannot use backtracking depending on what kind of 

grammar is being used to parse, whereas backtracking is not possible in predictive 

parsing. The recursive descent parsing use the left most input symbol to recursively 

analyze and then the parse tree is generated [5]. 

For instance: 

Input string:  

adxb S → aAb|aBb 

A → cx | dx 

B → xe 

A → cx is used but this production does not verify the production so in Fig.5(c) 

shows that the backtracking is done and in Fig.5(d) the next production i.e. A 

→ dx is used which verify the input string. 

By using this technique, we cannot use objects other than global semantics, as recursion 

is to be done so the previous state has to be stored which requires memory. 

 

 

Fig. 5. (a) shows that the first 

production is used to start the 

parse tree. 

 

Fig. 5. (b) shows that the next production. 
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d. LL Parsing 

LL parsing is the left-left parsing, in which the first left defines that the input will be 

scanned from left to the right and the second left shows that the left derivation is used 

for parsing trees. 

In this parsing first the first and follow sets of the productions are formed and after 

that the table is formed in which the rows are composed of non-terminals whereas the 

columns are made up of terminals. Any cell with no entry corresponds to different firsts 

and follow sets. If any cell contains more than one production that means that the 

grammar is ambiguous, and the LL parsing can’t be done on that ambiguous 

grammar  [3]. 

Consider the following grammar: 

S → A | a A → a 

As one of the cells contains two production rules that means the grammar is 

ambiguous and the LL parsing of this grammar is not possible until and unless the 

ambiguity is removed 

LL parsing is also known as LL(k) parsing if it uses K tokens of look-ahead when 

parsing a sentence. Looking ahead at the next symbol helps in deciding which choice 

to make. The top-down parser does the prediction of input, and this prediction has a 

terminal symbol in front [6]. 

e. Bottom-up Parsing 

As the name suggests, bottom-up parsing is a parsing technique in which the grammar 

productions are used in the opposite way, i.e., starting from the right and working its 

way up to the starting symbol. Due to the bottom to top approach used in this parsing it 

is known as bottom-up parsing. It is commonly used in the implementation of compilers 

and language processors. Bottom-up parsing uses a stack- based approach to identify 

and reduce groups of terminals and non-terminals until the input string is fully parsed. 

It contains the following: 

 

Fig. 6. (a) shows the first and follow set 

of the above grammar. 

 

Fig. 6. (b) shows the table for the LL 

parsing. 
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 Stack (to store), 

 Output (provide results), 

 Input (given to parser), 

 Driver program (Same for all LR Parsers), 

 Parsing Table (has two functions “Action”, “Go To”, varies from parser to parser). 

Bottom-up parsing is often based on the shift- reduce parsing strategy. The parser 

scans the input string from left to right, shifting terminals onto a stack until it can reduce 

a production rule and replaces them with the corresponding non- terminal.  

The bottom-up parser maintains a stack to store the symbols encountered during the 

parsing process. It also maintains an input buffer containing the remaining input 

symbols that are yet to be parsed. Group of symbols on the stack to a non-terminal using 

a production rule [10]. 

It is required to have a handle recognizer which will assist in deciding appropriate 

action, by perusing the stack. FSM (finite-state-machine) operates as a recognizer. 

Nevertheless, here terminals and non-terminals are included in language symbols. Last 

state or final state indicates success or reduction by dropping it out, when following any 

rules [5]. 

There are two basic actions in Bottom-up- parsing: 

 Move present input token in stack also, read next token. 

 Reduce by rule of production. 

Bottom-up parsing is powerful and can handle a wide range of context-free 

grammar, including ambiguous and left-recursive grammar. It provides greater 

expressiveness and flexibility compared to some other parsing techniques. Bottom-up 

parsers are generally better at error recovery compared to top-down parsers. They can 

often continue parsing after an error and recover to a valid state, reducing the impact of 

syntax errors on the overall parsing process. 

f. Precedence Parsing 

Precedence parsing is a technique for code analysis that employs operator precedence 

to resolve conflicts between many potential code meanings. Because the order of 

operations and the associativity of operators must be considered when parsing 

expressions and arithmetic operations, it is especially helpful in these situations. 

There are two type of precedence parsing: 

a) Operator Precedence 

Operator Precedence Parsing is a method of precedence parsing that utilizes an operator 

precedence table. The table specifies the precedence and associativity of operators in the 

grammar. It is constructed based on the grammar's production rules and the 

operators  used. 
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b) Simple Precedence 

Simple Precedence Parsing is another type of precedence parsing that uses a simple 

precedence relation between adjacent non- terminals. It is a more relaxed version of 

Operator Precedence Parsing and can handle a wider range of grammars. 

g. LR Parsing 

LR parsing is the most commonly known bottom-up parsing technique used in compiler 

construction to construct the tree. It generally stands for Left Right derivation, it is of 

different types like LALR, SLR etc. [11]. 

1. SLR 

SLR stands for simple Left Right derivation and it’s the most simple and efficient one 

from the rest of the LR parsing techniques. It is based on LR(0) and uses a simplified LR 

parsing table. It is widely used in compiler construction because it’s easier to implement 

yet a reasonably powerful technique [9]. 

2. LALR 

Look-ahead ahead LR is the parsing technique that has a look-ahead pointer and is used 

to create a compact yet efficient compiler for context-free grammar. LALR is the 

extension of SLR, addressing the limitations of the SLR by increasing the power of the 

parsing yet keeping it quite efficient [8]. LALR can resolve more shift-reduce and 

reduce-reduce conflicts, making it much more powerful than SLR. LALR basically uses 

a small parsing table, therefore decreasing the need for the memory needed to store the 

states of the table. But still 

LALR is not as powerful as the expressive LR(1) parsing technique. 

3. GLR 

It is used commonly for the following reasons: 

1. Great parsing efficiency. 

2. Effective error recovery [7]. 

GLR has active support for recovery against error. The foremost contributions are 

1. GLR provides fast parsing speed with LALR (1). 

2. Additional fault retrieval mechanisms [3]. 

4. CYK (Cocke-Younger-Kasami)  

CYK is not appropriate as it has large time space complexity. It does not have a 

static direction of scanning and a complete source is essential to be read as an early 

step while parsing. It means, it cannot be utilized in parsing huge legacy-systems. 

Ideal algorithm must be able to: 

 Parse any given context-free grammar. 
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 Image input from left to right. 

 Eliminate backtracking. 

 GLR rightly fulfills these requirements [2]. 

Table 1. Shows the comparison of Parsing Technique and their applicability. 

Technique Advantage Limitation Applicability 

Recursive Descent 

Parsing 

Easy to implement 

and understand, 

suitable for LL(k) 

grammars 

Inefficient for left- 

recursive 

grammars, 

struggles with 

ambiguity 

Simple grammars, 

LL(k) grammars 

LL(k) 

Efficient for 

LL(k) grammars, 

top-down parsing, 

good error 

reporting 

Limited support 

for left- recursive 

grammars, k- 

factor lookahead 

restriction 

LL(k) grammars, 

non- left-recursive 

grammars 

LR(k) 

Efficient for 

LR(k) grammars, 

handles left-

recursion, broad 

language coverage 

Complex 

implementation, 

potentially 

ambiguous 

grammars require 

resolution 

LR(k) grammars, 

general-purpose 

parsing 

LALR(1) 

Efficient, compact 

parsing tables, 

broader language 

coverage than 

LL(k) 

Efficient, compact 

parsing tables, 

broader 

language coverage 

than LL(k) 

LR(0) grammars, 

practical 

applications 

GLR 

Handles 

ambiguous 

grammars, 

multiple parse tree 

generation, broad 

language coverage 

Increased memory 

usage, potentially 

slower due to 

ambiguity 

resolution 

Ambiguous 

grammars, natural 

language 

processing 

Packrat 

Linear time 

parsing for 

grammars with 

limited 

backtracking, 

good error 

reporting 

Increased memory 

usage, not suitable 

for all grammars 

Parsing with 

limited 

backtracking, 

PEG grammars 
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5. Recursive Ascent Parser 

a. Packrat parser 

It provides flexibility as well as ability of backtracking and unrestricted lookahead, but 

nevertheless guarantees linear parse time [5]. It does not require any special lexical 

analyzer. 

3 Differences 

Two popular methods for creating parsers are top-down and bottom-up parsing. While 

bottom-up parsing starts with the input and groups terminals into non-terminals, top-

down parsing starts with the root and extends non- terminals to match the input string.  

Top-down parsing offers clearer error signals and is more practical for simpler 

grammar. Bottom-up parsing, on the other hand, is more potent, effective for bigger 

grammar, and better at error recovery.  

The complexity and requirements of the grammar determine which of the two 

approaches is best.  

In contrast to bottom-up parsing, which is better for complex grammars with left-

recursion, ambiguity, or LR(k) features, top-down parsing is recommended for less 

complicated, unambiguous, and LL(k) grammars.  

The final choice ought to be dependent on the particular grammar and 

parsing  requirements. 

4 Future Work 

Future work on this article includes investigating novel parsing techniques, improving 

performance through sophisticated algorithms and parallel processing, creating reliable 

error recovery and correction methods, handling complex grammars with specialized 

techniques, integrating parsing with other compiler phases, and performing empirical 

studies on real-world applications. These research directions seek to deepen our 

comprehension of parsing methods, better compiler performance generally, and 

facilitate the creation of more dependable and efficient compilers for a variety of 

programming languages and applications. 

5 Conclusion 

In conclusion, the different kinds of parsers used in real-time applications have been 

discussed in this study. We have reviewed a number of parsing algorithms; in terms of 

comparison, bottom-up approaches are the most effective but difficult to implement; 

backtracking is not required, but handling is implemented. However, top-down parsing 
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is straightforward whereas backtracking is occasionally necessary, where both parsing 

methods are appropriate, backtracking can be removed using predictive parsing, 

making top-down parsing simple to use. 
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Abstract. In previous works, three reflective calibration spheres of different 

radius of curvature (7.7 mm, 9.42 mm, and 6.20 mm) were evaluated using an 

experimental setup based on specular reflection. To build this system; we use 

four identical null-screens into a quadrangular acrylic prism. The aim of this work 

is to show that the same setup is suitable as a corneal topographer instead of the 

traditional commercial topographers based in Placido disk. To achieve this 

purpose, experimental images of a volunteer´s cornea were obtained from the 

reflection of an adaptable Hartmann-pattern. With the experimental parameters 

of the elements involved in the setup and the spot centroid data obtained by image 

processing, the local normals of the surface at sampled points were found. 

Accurate reconstruction of the surface shape of a human cornea is obtained by 

numerical integration of the normals. By fitting the recovered data to a spherical 

model the corresponding elevation map and radius of curvature 7.84 mm were 

found. This is the first report of the evaluation of a corneal surface using a null-

screen target in a quadrangular prism configuration.   

Keywords: Null-Screens, Hartmann pattern, numeric integration method, 

corneal topography.  
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1. Introduction 

It is well known that the anterior corneal surface provides about three-quarters parts of 

the total dioptric power of the human eye. On the other hand, refractive corrections and 

monitoring of corneal ectasias and keratoconus are all measured by corneal topography. 

Thus, quantifying corneal parameters such as radius of curvature, refractive power and 

elevation maps are of great research value and essential for vision and diagnostics. The 

studies about corneal topography have typically made use of a Placido disc or 

Scheimpflug ophthalmology [1]. However, a possible limitation of Placido system due 

to data ambiguity in azimuthal direction was reported in 1998 by Schwiegerling et al. 

[2], what's more; “Axial curvature and the skew ray error in corneal topography” was 

reported in 1997 by S.A. Klein [3-4]. Consequently, new generations of topographers 

were developed making use of different principles with a geometrical pattern of spots 

printed on null-screens and in a modified Hartmann test to measure corneal topography 

[5-7]. These recent advances have been successful in testing, because modifying the 

geometry it can overcome the skew ray error. 

The null-screen method has been used to test different types of optical surfaces as; 

spherical, aspherical fast convex and recently freeform surfaces [5-9]. For this reason, 

 

Fig. 1. Schematic setup of a quadrangular prism configuration [10]. 

 

Fig. 2. Variables involved in the calculation of flat null-screen. 
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we have been working on a method for testing the corneal surface with four flat null-

screens in a quadrangular prism setup, based on the null-screen principles. In a previous 

work, we have demonstrated quantitatively that three reflective calibration spheres of 

different radius of curvature; 7.7 mm, 9.42 mm, and 6.20 mm can be evaluated using 

the same experimental setup based on specular reflection [10]. This work aims to show 

that the same setup is suitable as a corneal topographer.  

In Section 2, the proposed method is briefly described; then, the design parameters 

of the null-screen are shown and the experimental setup is fully explained in Sections 

3 and 4, respectively. Later, in Section 5, experimental results of the corneal surface 

reconstruction of a human volunteer are presented. Finally, the conclusions are 

presented in Section 6. 

2.  Proposed Setup and Method 

As mentioned before, we use four identical null-screens type Hartmann into a 

quadrangular acrylic prism. The corneal surface of a human volunteer is placed just in 

front of the quadrangular prism, as shown in Fig. 1. 

The essential idea consists of designing an array of null screens with a set of spots 

in such a way that the image reflected by the corneal surface gives a perfectly ordered 

arrangement type Hartmann, if the test surface is perfect. Null-screen testing has the 

advantage that this technique does not need any additional optical element with a 

specific design to correct the aberrations of the system under test and the spots of the 

screen can be easily computed [8]. 

3. Parameters to the Design of Flat Null-Screen 

To determine the points on the null-screen belonging to a square array of spots on the 

CCD sensor, we performed a reverse exact ray-tracing calculation, similarly as they 

have been obtained in previous work [6]; we use the same expression to get z3, the 

calculation only differs in the use of four flat null-screens (parallel to the x and y axes), 

instead of three. In null-screen method is used to find the coordinates of the points on 

screen P3=(x3, y3, z3) that yield a perfect square array on the CCD; then, we start at the 

CCD plane. The variables involved in the design of the flat null-screen are shown in 

Fig. 2; in addition, a calibration sphere is placed as a corneal simulator. 

The point P1=(x1, y1,-a-b) and the point P2=(x2, y2, z2) are the cartesian coordinates 

on the CCD sensor and in the optical surface respectively, a and b are distances obtained 

by the Gauss thin lens equation and by the magnification of the lens used, these 

equations can be seen in detail in ref. [6]. The parameters a and b can be recalculated 

using the proposal developed by Aguirre-Aguirre et al, ref. [11]. The numerical values 

of the parameters used in this case are shown in Table 1. 
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4. Experimental Setup 

To build the practical system, we used four identical flat screens, their dimensions are: 

260 mm (height) × 180 mm (width) per side correspondingly. The screens were put 

side by side to form a quadrangular prism. To classify each null-screen-colored marking 

(R, G, B and Y) have been designed, which, help to distinguish each side of null-screens 

inserted in the rectangular prism. As a proof of this principle, Fig. 3. (a) shows a low-

cost experimental setup based on specular reflection. The image of the light reflected 

by the human cornea is nearly seen as a square array of dots captured by the CCD 

sensor, as is shown in Fig. 3. (b). The reflection of the adaptable Hartmann pattern 

provides data allowing accurate reconstruction of the surface profile of the 

corneal surface.  

It can be seen that at some points of the null-screen, we paint strategic marks of color 

following the next basic rules: Six colored spots are set along the x-axis, while six spots 

are positioned along the y-axis. For example in Fig. 3 (a), we can see six red spots in 

the experimental setup along the z-axis, just to be redundant, in the orthogonal side, it 

is easy to see six green spots along the z-axis. This set of colored spots allows relating 

“x” and “y” directions on the screens even if one-or two-colored spots are missing. Due 

to the sticking of null-screens on edges of the square prism some spots on the image 

are missing; that, complicates the final correspondence between centroids and 

coordinates of the null-screens. For this, the same reference color marks designed in 

null-screens (R, G, B and Y) helps to the correspondence during the quantitative 

evaluation of optical surfaces [Fig. 3. (b)]. 

4.1   Zonal Integration 

Having the information of the positions of the centroids and the knowledge coordinate 

to the flat null-screens, normal components to the surface are calculated, according to 

procedures proposed in [5-6], [9-11]. To evaluate the normals N, to the test surface, we 

perform a three-dimensional ray trace procedure, which consists of finding directions 

of the rays that join actual positions, P1, of centroids of the experimental image, and the 

Table 1. Parameters used for calculating the coordinates of flat null-screens. 

Element Description Symbol Value (mm) 

CCD sensor Thorlabs Model (DCU223M) d 3.6 active area 

Camera lens Thorlabs Model (MVL25M23) f 25 

Parameter 
Distance between CCD sensor and camera 

lens 
a 29.61 

Parameter 
Distance between vertex surface and camera 

lens 
b 266.07 
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corresponding coordinates P3 of null-screen. According to reflection law, normal N to 

the test surface can be evaluated as.  

R I
N

R I





. (1) 

Where I and R are the directions of the incident and reflected rays on the surface, 

respectively. The direction of the reflected ray R is known because after reflection on 

the test surface it passes through the center of the lens stop at P and arrives at the CCD 

image plane at P1, so that, we have two points along this ray, which are enough to know 

its direction (see Fig. 2). In contrast, for incident ray I, we know only the point P3 at 

null-screen, so, we need to have an approximate second point to obtain the direction of 

the incident ray; this is done by intersecting the reflected ray with a reference surface.  

The shape of the surface is obtained by using the equation originally proposed by 

Díaz-Uribe [12] and first used in [8]. 

 
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 
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 
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Where; Nx, Ny, and Nz are the cartesian components of the normal vector, C is the 

integration path, z1 is the initial point in the integration path. Eq. (2) is exact, evaluating 

normals and performing the numerical integration, however, are approximate, so they 

introduce some errors that must be reduced. Thus, the errors involved during the 

determination of the normals are minimal if the reference surface differs only slightly 

from the test surface. The numerical evaluation of Eq. (3) can be performed by zonal 

or modal procedures; a simple zonal evaluation of the integral is the trapezoidal rule 

for nonequally spaced data [12-13], as  

 

Fig. 3. (a) Experimental setup of corneal Topographer, (b) Detail of the reflected pattern. 
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(3) 

Where M is the number of points along some integration path. 

Consequently, the integration obtained with Eq. (3) and different paths covering all the 

centroids, the spatial position of every incidence point on the surface is obtained, and 

the shape surface equation is calculated as described in Refs. [5, 6]. 

5. Experimental Results 

Corneal surface reconstruction obtained by the zonal integration method is shown in 

Fig 4(a).  In addition, we obtained the elevation map (Fig. 4(b)) by taking the 

differences between the best spherical model and the data obtained by zonal integration.  

The differences were fitted into a Zernike standard polynomial with 37 terms [14]. 

In this first evaluation, we found that the radius of curvature of the best fitted sphere 

was rc = 7.84 mm. Analyzing the elevation color map, the peak-valley (P–V) value in 

sagitta differences is 𝛿𝑧𝑝−𝑣 = 120𝜇𝑚, while the RMS value is 𝛿𝑧𝑟𝑚𝑠 = 18 𝜇𝑚.  Table 

2 lists the dominating Zernike components from the best fitted sphere. Results show 

that the dominated component is vertical astigmatism (Z6). 

Table 2. Principal Coefficients of the Zernike Standard Polynomial. 

Zernike Standard 

Polynomial 
Coefficient (𝛍𝐦) 

Zernike Standard 

Polynomial 
Coefficient 

(𝛍𝐦) 

Vertical Astigmatism (Z6) 14.0357 Vertical Coma (Z7) 5.4472 

Primary Spherical (Z11) 7.4266 Horizontal Coma (Z8) -3.2004 

 

a) b) 

Fig. 4. Results: a) Shape surface reconstruction obtained by Zonal integration method, b) 

Elevation Color Map represented by Zernike standard Polynomial, (in mm units). 
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6. Conclusions 

In this paper, a quadrangular prism configuration based on null-screens has been 

proposed. This aimed at the measurement of corneal topography, so experimental 

results obtained for a human corneal have been presented. The radius of curvature 

becomes closer to the real value; on the other hand, the RMS difference in sagitta which 

represent the elevation color map is within the range of commercial topographers, with 

δzRMS = 18 mm. Finally, we notice that the dominating components of the Zernike 

standard polynomials are Astigmatism (Z6, Z8), Primary Spherical (Z11), Vertical Coma 

(Z7) and Horizontal Coma (Z8). The results obtained do not represent a fundamental 

limit; they can be improved with better alignment of the quadrangular setup of the 

surface or by improving the numerical routines. 
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Abstract. A new optical switching for the generation of laser pulses based on the 

phenomenon of thermocavitation is reported. Thermocavitation bubbles were 

induced within a glass cuvette filled with a saturated solution of copper nitrate 

dissolved in water. Two optical fibers were submerged into the solution, very 

close to the region where the vapor bubble was generated. Once the bubble is 

generated it expands rapidly and the incoming laser light transmitted through the 

optical fiber is reflected at the vapor-solution interface and reflected into the 

fiber, which is coupled to an erbium-doped fiber ring laser and the laser pulse 

was extracted from the ring cavity and detected by a fast photodetector. The 

generation of the laser pulses is based on the change of the optical reflection 

coefficient at the end surface of the glass fiber by the expansion and collapse of 

the bubble, which behaves like a mirror with variable reflectivity. For both 

pulses, the repetition rate obtained was in a range of 118 Hz to 2 kHz at 1560 nm, 

with a pulse width ranging from 64 to 57 μs, which can be controlled by adjusting 

the laser power to in-duce thermocavitation bubbles.  

Keywords: Optical switch, thermocavitation bubbles, pulsed laser. 

1 Introduction 

The basic scheme of a resonator for a fiber optic laser is the linear scheme, where the 

mirrors are deposited at the ends of the fiber [1]. But there are also resonators in ring 

configuration without mirrors, instead a coupler is used as the output port to extract the 

light emitted [2]. The modulation techniques for the generation of light pulses can be 
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carried out in two different ways: i) Q-switching [2] and ii) Mode-Locking switching 

[3] which are divided in active and passive methods. In active methods the losses are 

modulated with elements external to the cavity with a control element [4] and passive 

methods, referring to internal elements that automatically modulate losses [5]. 

The phenomenon of thermocavitation is present when a highly absorbent solution is 

irradiated with a continuous wave (CW) laser. Where the absorbed light heats the 

solution to its critical limit, that is, the temperature at which an explosive liquid-gas 

phase transition occurs [6, 7]. The precise moment when superheated water explosively 

turns into steam, producing a rapidly expanding bubble, which finally collapses, 

emitting an acoustic wave. In this work, it is precisely the growth dynamics of the 

thermocavitation bubble the main factor that causes the losses and the control of the 

laser cavity, acting as a mirror of variable reflectivity in time. 

2 Experimental setup  

The thermocavitation is generated by a CW near infrared laser with λ = 980 nm (Laser 

(1)) where the output beam is collimated, reflected, and focused with a microscope 

objective (f = 8 mm) into the saturated solution of copper nitrate (13.78 g per 10 ml of 

water) which is contained inside a glass cuvette as shown in Fig. 1.  

To carry out the generation of light pulses, the experimental setup of a pulsed all-

fiber laser in a ring configuration with a total length of ~ 42 meters was used, see Fig. 

1 (left section). The system was pumped by an LDC 205C laser with a wavelength λ = 

980 nm (Laser 2), used 12 m of single-mode optical fiber doped with erbium as active 

medium, an WDM (NPM07000165), isolator (M11 / 81202003), polarization controller 

(FPC030) and an circulator (FOC) (S/N: A8038188), where the Port 1 of the FOC is 

 

Fig. 1. Scheme of the thermocavitation-based pulsed laser and experimental setup known as a 

fiber optic hydrophone (FOH). 
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connected to the laser cavity, while the optical fiber coming from port 2 was cleaned, 

cut, and introduced into a metal tube and subsequently, immersed in the working 

solution, close to the region where thermocavitation is created.  

Consequently, the light reflected inside the fiber enters the circulator again through 

the same port 2 and exits through port 3, which is connected to a 90/10 optical coupler 

(CWD07014557) (OC (1)) to close the laser cavity, where only 10% of the energy is 

extracted in the form of pulses, which were analyzed with the help of a photodetector 

(PD (1)) and observed with an oscilloscope.  

The right section of the experimental setup corresponds to the well-known fiber optic 

hydrophone (FOH) see Fig. 1 [8], which was implemented in this work in order to 

verify that each pulse at the output of the pulsed all-fiber laser corresponded to a single 

thermocavitation event.  

The experimental setup uses an infrared laser with a wavelength of λ = 1550 nm 

(Laser 3), sending the light beam to a 90/10 coupler (CWD07014557) (OC (2)) where 

90% of the light is sent to port one. Simultaneously both fibers (OF1 and OF2) detect 

the change in refractive index due to the glass-vapor interface caused by the growth of 

Fig. 2. Light pulses at the exit of the laser cavity (Red-Dotted) and the  acoustic hydrophone 

(Blue-Continuous) varying the power to induce thermocavitation bubbles. a) 282 mW and b) 375 

mW. c) Variation of intensities of the pulses extracted from the laser cavity (Blue-Circles) and 

those from the FOH (Black-Square), as well as in d) The repetition frequency (Blue-Circles) and 

the temporal width of the pulse (Square-Black) varying the power to induce thermocavitation. 
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the thermocavitation bubble, which expands rapidly, causing the laser light to incoming 

transmitted through it is reflected. 

3 Results 

Figure 2 (a, b) shows the temporal characteristics of pulses, here the optic fiber laser 

(Red-Dotted) and the pulses detected by the fiber optic hydrophone (Blue-Continuous), 

were measured as a function of the laser power to induce thermocavitation (282 y 375 

mW), using a power pump 235 mW to the laser ring. Both signals were observed 

simultaneously on the same oscilloscope, each pulse captured by the photodetector 

corresponds to a single thermocavitation event. 

In the Fig. 2c shows the variation of normalized intensities captured by the 

oscilloscope of the pulses at the exit of the laser cavity (Blue-Circles), which remain 

practically constant. As well as the signals captured by FOH (Black-Boxes) which tend 

to decay, both signals detected as a function of the variation of the power to induce 

thermocavitation from 75 mW to 395 mW.  

In Fig. 2d the repetition rate of the light pulses detected by the PD (1) that 

corresponds to the output of the laser cavity, which increases from 118 Hz to 2 kHz 

(Circles-Blue). while the temporal width decreases moderately from 64 to 57 μs 

(Squares-Black) both characteristics depending on the laser to induce thermocavitation.  

To observe the variation of the temporal characteristics of the cavity output pulses 

when the pumping power is varied, the laser power to induce thermocavitation was set 

at 272 mW, as well the focusing distance 𝑍 =  30 μm.  

Fig. 3a shows the temporary traces of the pulses at the exit of the cavity (Red-Dotted) 

and those detected by FOH (Blue-Continuous) at a pumping power of 199 mW, it was 

noted that the amplitude and the frequency is practically constant to the changes of 

variation in the bass drum power, so there is no need to show more sequences of pulses, 

the only alteration that the pulses present is in the temporal width with a decrease from 

69 to 60.4 µs.  

 

Fig. 3. a) Pulses at the output of the fiber optic laser (Red-Dotted) and the FOH (Blue-

Continuous) at the pumping power of 272 mW. b) Spectra of the pulses at the exit of the cavity.  
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In Fig. 3b the output spectrum is shown, which is centered 1560 nm. More in detail 

about the pulses at the laser output, see the reference [9]. 

4 Conclusions 

In this paper, we present a mechanism for the generation of laser pulses using the 

phenomenon of thermocavitation. Thermocavitation is due to the high laser light 

absorption by a homogeneous solution at a specific wavelength, which enables the focal 

point to reach superheated conditions (~300o C). Here, vapor bubbles were induced 

using a CW laser at 980 nm (which is an inexpensive energy source) focused into a 

saturable solution of copper nitrate dissolved in water.  

Here the losses are caused by time-varying reflectivity due to the dynamic growth 

of a thermocavitation bubble. These reflectivity changes are detected by an optical 

fiber, which is coupled to a simple erbium-doped fiber ring laser. The amplitude of the 

laser pulses is greater and constant when they pass through the ring cavity, compared 

what the pulse is obtained from the fiber optic hydrophone setup.  

Control over the pulse repetition rate is realized by adjusting the laser power to 

induce thermocavitation, obtaining a repetition rate from 118 Hz to 2 KHz, with a pulse 

width that change from 64 to 57 μs.  
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