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1. Introduction

1.1. Background 


Mountaineering is the sport, hobby or profession of walking, hiking, trekking and climbing up mountains. Like separation of the other outdoor sports, mountaineering began as climbing to topmost point of mountains but it has diverged into different climbing types. All of these types require great athletic and technical ability. 

Mountaineering involves climbing on snowy, rocky, icy, gravelly etc… surfaces. A mountaineer must be aware of too many restrictions, constraints and hazardous nature events. Since mountaineering is an outdoor sport, a mountaineer takes even the risk of his or her own death. By reading the latter paragraph, it can be concluded that mountaineering is a risky activity, so it requires delicate and precise reckoning. Scheduling is the first step of climbing. A mountaineer must know his or her needs (food supply, appropriate wearing, mountaineering tools, appropriate climbing path, appropriate camping places etc…) before s/he starts climbing. Since mountaineering is often done by a group of mountaineers, not a single person, scheduling gets more complicated. A tool which does the planning and scheduling for mountaineers would make mountaineers’ life easier. But there are no related tools or specialized software which does the planning, scheduling for climbing and visualizing them for mountaineers.
1.2. Detailed Problem Definition


Artificial intelligence (AI) is the intelligence of machines and the branch of computer science that aims to create it. AI is used in a broad range including medical science, robot control, law, toys, computer games etc…  

Simulation is imitating something in real world. In computer science, simulation has some special meanings. Simulation and visualization makes things more understandable by humans. Beyond these, simulating an inscribed report makes reading and understanding of that report more fun. 


In CLIMBPLANNER project, we plan to develop user friendly, useful and clever software to help mountaineers for planning their climbing. This software is also going to visually simulate climbing. As input, our software is going to ask questions to mountaineers and wait for their answers. Questions will be like “Which mountain you are planning to climb?”, “What is your climbing speed?”, “Which supplies and tools you have with you?”, “Are you planning to camp?”, “Are you going to continue climbing at night?”… By means of AI, this software will process the inputs and serve climbing path, appropriate camping places, expected time to arrive target etc… information to mountaineers. 
Our software will also generate a 3D visualization of the mountain that is chosen for climbing, the suitable path or paths that mountaineers can follow, camping points etc… Our software will generate output in both textual and visual forms. Our software will generate several different paths. One of the paths will be the shortest path to the target, one of them will be the easiest path to follow and so on… and user will have a chance to select the path which fits best to his or her mountaineer group. The mountains which we will work on will be decided later by ASELSAN. 
1.3. Project Goals and Scope

We aim to achieve the following goals:

· Using OO approach designing our software

· Using SQL to work better with large data

· Using 3D graphics for better visualization

· Maintaining a consistent and logical AI

· Developing qualified exception handling

· Making optimization for better performance

· Developing an easy to understand GUI

The scope of our project comprises:

· 3D graphics
· Artificial intelligence

· Graphical user interface

· Database management

2. The Process

2.1. Process Model

As AidSoft, we prefer evolutionary approach model for our project development. The main reason of why we have chosen this model is the difficulties of determining a strict and complete design due to the wide range of unspecified GIS file formats and modifiable inputs. It is expected that design and implementation will be operated as prototypes which will be changed properly to shift of requirements, especially for artificial intelligence module. Initially we will roughly sketch a design and this design will be improved periodically until final release and also final release is expected to be extendible. 
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Figure-1 Evolutionary Approach Model

2.2. Team Organization

We prefer our team to fit in controlled decentralized structure. Our team leader is Ozan Keçecioğlu who is responsible for coordinating the team and assigning tasks to each member. However it should be stated that roles of team members will not be strict, especially considering our process model, no one will be specialized on one single concept. In other words everyone will be, in general perspective, aware of what the other members are working on. We agreed on this structure because design is the most problematic issue in such a model.
3. Research

3.1. Literature Survey

In order to determine the most suitable tools, data sources and necessary information related to our project we made an all around research.
3.1.1. Data Sources

There are two different data types used in GIS which are raster and vector maps. We are planning to use both of them for our project. In addition we are also planning to use meteorological information in order to produce most realistic results. Detailed information can be seen below.

3.1.1.1. Raster Data Types

A raster data type is any type of digital image represented in grids. Example formats for raster data type are GEOTIFF, BSB and DTED. We decided to use raster data type for our AI implementation since it will be much easier with gridded data. After our research on web we found some elevation maps, however they do not seem to be the best alternative for us since their resolution is below our demands. In addition we contacted with Orman Genel Müdürlüğü in order to get high resolution maps. Here are some links for commonly used raster maps.

http://edc.usgs.gov/products/elevation/gtopo30/gtopo30.html
http://pubs.usgs.gov/of/2005/1001/data/basemaps/srtm30plus/srtm30plus-world_pctshade.zip
3.1.1.2. Vector Data Types

In a GIS, geographical features are often expressed as vectors, by considering those features as geometrical shapes. We decided to use vector type again for AI implementation since determining land covers such as rivers, cliffs, camping points, forests, water supplies and pre-known paths on the mountain is crucial.

3.1.2. GIS Tools



3.1.2.1. Grass


GRASS GIS is an open source geographic information system that can handle various operations on graphic data such as vector and raster maps. The system provides a robust documentation to help developers incorporate custom functions with ease. 3D visualization, OpenGl support, and the built-in module to manage SQL queries are the biggest advantages of GRASS over its competitors in the market.

 

3.1.2.2. Quantum GIS


Quantum GIS is another graphics application providing facilities similar to those in GRASS GIS but it lacks the API feature that would count as a mandatory tool for it to have enhanced capability. Nevertheless, Quantum GIS possesses a number of practical plugins which can be regarded as the fundamental way to integrate complex GIS functions with the software.



3.1.2.2. Saga GIS


SAGA GIS is yet another open source geographic information system that can be extended into a complete GIS package thanks to the standard modules incorporated in the program. To name some of these, terrain analysis and vector tools help programmers glean detailed information about the inner-workings of raster and vector maps. The software provides a user-friendly API but lacks format support for various data types which we will need in the upcoming phases of the project.


3.1.3. GUI tools


TclTk is an open source widget toolkit for creating graphical user interfaces with functions that are easy to learn and implement. Supporting standard menu elements like buttons, frames, labels, and panels, TclTk provides a comfortable environment to build desktop applications as well as top-level windows within a program. The sole disadvantage of this library is that it falls short in object orientation, which is perhaps the best way to implement classes of similar objects in no time.


wxWidgets, on the other hand, provides a wide class of functions that enable users to customize the GUI they would like to create as they wish. Created in C++, wxWidgets incorporates all the advantage of object-oriented paradigm and thus facilitates the work of graphics programmers with a considerable rate. The toolkit also has a built-in ODBC library to eliminate the excessive work done to maintain database connections within the system.


3.1.4. Graphics tools


In addition to its 3D visualization module, GRASS provides an effective way to incorporate OpenGL commands in the program. Supporting advanced features like lighting and texture mapping, GRASS enhances the horizon of programmers that would take it further to develop custom visualization routines.


3.1.5. Database tools


OpenGIS accounts for the way to implement database operations in terms of fundamental functions in MySQL. It adds to the default installation of the DBMS the feature to support the routines to handle complex queries including geographical data, thanks to its built-in data types and computation procedures such as POINT and AREA. The ability to input and output geographic data is another advantage of this extension that is supported with MySQL versions no earlier than 4.1.


PostGIS is a GIS extension for PostgreSQL databases to convert the entire back-end of a PostgreSQL database to a GIS-enabled object relational database. It is supported with all recent versions of PostgreSQL and has all the capabilities found in OpenGIS.


Oracle Spatial is a custom GIS extension for Oracle databases to manage geographic and location data within the existing infrastructure of an Oracle database. It provides a wide range of standard components to enhance the capabilities of the DBMS to an upper level. Some of these components are support for geometric data types, a topology data model and a GeoRaster feature to keep track of raster images and gridded data as well as its associated metadata.

3.2. User Survey

3.2.1. Meeting with METU Mountaineering Club

To construct the AI module of our software we had to know about mountaineering issues. Since no one in our group has experienced mountaineering, we decided to arrange a meeting with METU Mountaineering Club. In our first meeting, we had the chance to chat with some of the mountaineering club members. The members who are mentioned told us that all of the CLIMBPLANNER groups should unite and they would arrange a single but a compact meeting to answer our questions. We dropped our contact information to mountaineering club and began waiting for response. After waiting for two weeks and still not getting response from mountaineers we decided to visit them again. This time they told us that they did not want to help us because they did not want to be involved in anything martial. After getting this response we decided to prepare a questionnaire and deliver it to mountaineers outside METU. 

3.2.2. Mountaineering Questionnaire     

The questionnaire that we prepared is as follows:

1. What is the walking speed at normally inclined surfaces?

2. For how long a mountaineering group climbs and rests?

3. What issues are common in all climbing activities?

4. For how much distant a group can walk a day?

5. Where do you camp?

6. What are the properties of proper camping places?

7. Do mountaineers climb at night?

8. What is different in night time climbing than day time?

9. At the same mountain, do you do both cliff climbing and hiking?

10. At what speed can a cliff climber climb?

11. In which situation climbing is cancelled?

12. In which situation camping is a must?

13. Do high heat, strong wind and heavy rain affect climbing? If so, in what ratio?
14. In which time period of the year do you climb?

15. How does it affect climbing when it is snowy?

16. Please inform us about the important issues that we forgot to mention.

17. Please grade CLIMBPLANNER project between 0 and 10.

3.2.3. Basic information About Mountaineering


By the help of the answers to our questionnaire we obtained enlightening answers to some crucial questions about mountaineering. In this chapter we are going to summarize what we got to help ourselves from this information.


Before starting to climb every needed tool is taken with mountaineers. Mountaineers choose their cloths according to weather conditions. Before climbing starts mountaineers are aligned according to some rules. If there is a guide, he walks in the front most location. If the group lacks of a guide group leader takes guide’s place. After leader, the weakest link of the mountaineers is located, because mountaineers adjust their walking speed according to the slowest member. Another experienced mountaineer walks at the tail of climbing line in order to prevent separation and loss of group. Thence, alignment is established.

In average, a group hikes for 50 minutes and rests for 5 minutes in normally inclined surfaces. But these time periods cannot be generalized for all mountaineers because mountaineering expert can climb up to hours without having a break. Only the breaks for eating are about 15 minutes long. Otherwise, long resting breaks can destroy the mountaineers’ enthusiasm. These climbing and resting periods vary with the change in climbing elevation, surface incline, weather conditions and weight of the cargo.


To choose appropriate camping places there are several criterions. The main point is camping area should be safe and comfortable. Also weather condition is important. Camping area should not be exposed to strong wind and there must not be any risk of avalanche or rock fall. When the mountaineers are at low altitudes, they do not prefer camping near water supplies due to the risk of wild animal attacks. And the surface is also important. Camping surface must has a low inclination and rocky surfaces are more appropriate than gravelly ones. In case of blizzard outbreak, any events that can jeopardize the mountaineers’ health or occurrences of dangerous injuries, interrupting climbing is a must and camping becomes compulsory.

Do mountaineers continue on climbing at night? The answer to this question depends on mountaineers’ styles and meteorological conditions. Usually deprivation of light is very problematic at night time climbing. If the surface is snowy and full moon is above, everywhere is lightened nearly as much as day time. And if the surface is covered with snow, night time climbing is easier because snow freezes at night and walking on ice with spiky crampon is much easier that walking on snow with climbing boots. But as it is written, the answer to this question completely depends on mountaineers’ choice. 

Mountaineers can both do the hiking and cliff climbing on the same mountain. If mountaineers decide to do the cliff climbing they need to carry extra material with them. 


Extreme meteorological conditions such as heavy rains, strong winds and high heat levels do affect climbing process. These cases can slow the mountaineers down about 50% of their climbing speed. But this percentage is an average value. Again this ratio depends on the mountaineers and their mountaineering skills and precautions.


Every mountain has its different season for most convenient climbing. Mountains those are snowy in winters are not preferred for climbing in spring and fall seasons since the risk of avalanche of snow is high. If the mountain has a gravelly surface, winter is better for climbing since gravels will be frozen and it will be easier to climb.  

At last, if any of the mountaineers gets sick or dangerously harmed before climbing, or if there is any risk of mountaineers’ health, climbing activity usually gets cancelled.   

4. Requirements

4.1 Functional Requirements

4.1.1. GUI Requirements

 - User can select and load desired maps. These maps consist of elevation (raster) and geographical (vector) information. Since more than one map will be supported for single environment, layer management system will be required.

 - User can edit selected maps. User can crop desired portion of map and also will be able 
to add, delete or modify geographical information gathered from the vector map. It is likely that elevation information will be constant. 

 - User will enter his/her own specific climbing information. Gathering information can be divided into three subgroups.

These are :

- Team information

- Climbing speed of the slowest member

- Amount of break time and frequency

- Amount of sleeping time in the case of that they are planning to camp at night

- One day walking time

- Equipment information

- GUI will include a group of check boxes of variety of climbing tools. User will be able to select the equipments which they own by clicking check boxes.

- Climbing skills

- Climbing at night will be an alternative for user

- Rock climbing will be an alternative for user

· User will be able to specify meteorological conditions. It can be gathered for a time line.

· User will be able to define start time. 

· User will be able to select coordinates from 3D or 2D maps. These coordinates consist of start point, end point and possible camping places or places that user wants to visit. In addition user can define regions that are unable to pass. For example some locations may have avalanche risk.   

· User can save all inputs to be loaded later. 
4.1.2. Visual Requirements

·  Since maps from users will most probably be 2D, elevation maps should be transformed into 3D environment to present a realistic experience. Modeling the geographical environment, texture maps and 2D decays can be used frequently. 

· In addition to predefined (stable) cameras we will enable user to manage view point and fly through the 3D environment.

· Lighting effects will be used. Time of the day will be demonstrated through amount and direction of the sun light. 

· Animation is the key factor in order to provide better and more informative demonstration. In animation, climbing will be performed synchronous to real time. So user can obtain position and direction of movements and type of activity being done for every single minute.  

4.1.3. AI Requirements

       -    Program should be able to work properly with both user inputs and map.

       -    In order to achieve this, graph algorithms are required.


4.2. Non-Functional Requirements



4.2.1. Usability


Since target users will not be all computer experts, we will design a user interface which is easy to understand and easy to use. We will provide this by adding simple menus, submenus, group boxes and buttons.



4.2.2. Platform Compatibility


Since most of the GIS applications we want to use are Linux compatible, we are not able to develop platform free software. 



4.2.3. Reliability

Reliability consumes the largest portion of our concerns. Since the output of our software will affect mountaineers’ decision, wrong or corrupted information might endanger human life. We should construct a very precise and delicate processing AI for sake of users.


4.2.4. Performance 

We are going to work with a very large database and lots of parameters. So we will optimize our codes and we will use SQL GIS add-ons for database management in order to provide best run time performance. 

4.3. Hardware Requirements


Minimum system requirements:

· P4 class or equivalent CPU

· 128 MB ram

· 3D compatible graphics card

· Keyboard, mouse

· Hard disk
5. System Analysis and Modeling

5.1. Structural Analysis and Functional Modeling



5.1.1. Level 0 of DFD

Figure 2 shows the 0 level of data flow diagram.
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Figure-2 0 Level Data Flow Diagram

CLIMBPLANNER program takes user options and maps as inputs. Then it asks some values to database via queries. After receiving response from database it generates a 3D visualization.

5.1.2. Level 1 of DFD

Figure 3 shows the level 1 of data flow diagram.
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Figure-3 Level 1 Data Flow Diagram


Path processing sends queries to database. After receiving response from database and gets the user options from user it sends the path information to 3D visualize process and it sends the process report to graphics card.

Layer manager takes the input from maps and takes map edit information from the user. Then it inserts calculated values to database. 


3D visualize process takes path information from both user and path processing. Then it sends 3D output to graphics card.

5.2. Control Specification and Behavioral Modeling (Use Case Diagrams)


The use case diagrams for the program are given in following subsections.
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5.3. E/R Diagrams
6. Gantt Chart
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