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Project Proposal
[bookmark: _Int_c1nhPlBV]To create an environment in unreal engine. I intend it to be a valley that has recently been flooded, almost as if it is a mountain surrounded by an ocean, making only the top visible. I will utilize water simulations and other features of unreal engine real time rendering to ensure a high quality, detailed environment.

Pre-production
The first step, before I started any work in Unreal, was to do some sketches of some of my ideas and concepts.
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The is my first sketch showing what I would like the cove to look like when approached from the sea. With cliffs and rocks out in shallow waters before reaching the flooded land in the valley. 

A sundial placed at the center of the valley.
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A waterfall.
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Production

Landscape and Water
The first step for creating the environment was to make the landscape and atmosphere. I started with a blank project file and deleted everything within it, then I opened the environment light mixer and added a sky light, sky atmosphere, volumetric clouds, and height fog. Adding these creates the sky atmosphere and allows me to adjust it to my liking, by enabling Realtime lighting I can also move the location of the sun to get my desired lighting effect. 
[bookmark: _Int_bKtjqZ21]Next, I had to create the landscape, which is simply done by going into landscape mode and selecting “create landscape.” I decided that the best way to add water to the scene was to add an ocean water body to the environment. This type of water body will cover the entire world in water except for an island, which size can be altered. 
[bookmark: _Int_83zVoz7B]I wanted one of the key features of this environment to be the thin layer of water and puddles between the rocks. The best way to get this effect was to use mega scans and other ground assets instead of manipulating or sculpting the landscape below. It is for this reason that I made the landscape very small, giving me more room to drop in the assets from the Quixel store. 

Base Assets
I downloaded a pack of megascans called Nordic coast collection, which included many ground, cliff and rock assets that suited the style I wanted for the environment. 
I placed the cliffs first so that I had a guideline of where the ground would be placed between them. I used a couple different cliff assets and manipulated their size and locations so that they blended seamlessly together, looking like one cliff instead of multiple. I then started placing the ground assets between the cliffs, bridging the gap. Using a similar method of mixing and matching the assets themselves and the size of them. I wanted the base of the valley to be rocky but also have grassy sections, so I made sure to use assets that include both. Once placed I lowered the ground assets so that some of them would be below the water level, creating a “flooded” effect. I lowered some sections further to give a more natural and uneven look to the ground, making it more realistic. 
I faced one issue that was caused by me placing the ground assets well above the actual landscape, when looking at the scene from a low angle the absence of a foundation underneath the water is visible. To fix this I placed more assets below the water level, so that they were completely submerged, giving the effect of shallow waters before reaching the valley. I also placed large rocks further out in the water. I found the color of the water to be very unnatural and distracting, as it was blue and not very transparent. To fix this I went into the water material, opened the global vector parameter tab, and changed the color from there to white, which made it more transparent and realistic.

Waterfall and Set dressing
For the waterfall I downloaded a VDB file from the Unreal marketplace. To use these files in Unreal I had to activate the plugin, which meant I had to restart the program, then I could just bring the file into the viewport and place it where I wanted. I manipulated its size and made it match one of the cliffs and then placed a couple more rocks so that the waterfall was not floating over the edge. The waterfall effects also included a few water splashes and mist effects, which I could then place below the waterfall, blending it into the water. Without these splashes, and mist affects the waterfall would look awkward because there was a disconnect between it and the water simulation below. Adding these effects covered up the disconnect.
For set dressing I downloaded a pack of statues that I could then place around the environment. I wanted the environment to look like there had once been civilization, but floods and waves had eroded most of its last remnants. The 
[bookmark: _Int_raV6ryWt]waterfall also had a man-made effect to it, adding to the idea of a lost civilization. [image: ]

Changing waterfall
[bookmark: _Int_N7xjGgVZ][bookmark: _Int_3cjaSBZ9]After viewing the scene in a sequence editor, I saw that the waterfall did not match the rest of the scene as it was a different style and was of a lesser quality. I then decided to remove it and try a different way of making one. 
[bookmark: _Int_awkerPmn]To make the more convincing waterfall, I thought it was best to simulate one instead of using a FBX or VDB file. I downloaded a plugin called Fluid Flux from the Unreal Marketplace, which allowed me to simulate very accurate water systems. The first step was to place a fluid flux domain into the scene, a box that allows me to determine the boundaries of where the water can travel, and then I added a water source above the cliffs, determining where the water will fall from. 
[bookmark: _Int_FK40lQEg]Getting the simulation right took a lot of tinkering, I had to change the height and dimensions of the domain constantly and change the amount of water that would be dropped, otherwise it would glitch. If the amount of water was too much for the dimensions of the domain, the water would form spikes and odd shapes because there was too little room, so to get a good simulation they had to be balanced.
[bookmark: _Int_ysHaiXq3]Another issue I faced was that the file I used for the cliff was not suitable for the simulation. The water would clip through some of the details and would not move properly over the rock. To fix this problem I looked for a different cliff model that was smoother and used that one instead. With this, the look of the waterfall changed from a man-made one to a natural one. 
Once I placed a more suitable cliff into the project another problem occurred. The ocean body I used for the bottom of the valley was different to the fluid flux water system, meaning that the water from the waterfall would sit on top of the still water. To counteract this, I had a few options: Replace the still water with a fluid flux alternative, try and get the waterfalls to blend into the still water at its edge, or build up around the waterfall to make it higher than the still water. I chose the last option as it was the quickest way to cover up the disconnect between the waters, without having to change aspects that I had completed earlier. I used megascans to build a pool of sorts around the bottom of the cliff, and then simulated the water so that it would only fall within its boundaries. Because the area was now smaller, I had to again balance out the amount of water to make sure the water did not form odd shapes again.

Flooded simulations and rain
 Once I had changed the look of the waterfall, I realized I did not like it. I thought raising the rocks surrounding the pool did not look natural, so I decided to abandon the waterfall and change my idea for the project slightly. 
I decided that the first half of the environmental showcase would be showing the valley during a peaceful summers day and the second half would show it during a rainstorm. 
To do this I reset the environment to what it was before I added the waterfall and altered the terrain around it. I then added multiple water sources across the whole valley, positioning them in a way that would allow the entire valley to be flooded. To do this I also had to expand the domain so that it reached out across the entire valley, meaning the simulation would not be stopped by an invisible wall. 
Once the water sources were placed, I simulated the flooding to see what it would look like but immediately faced a problem. Some of the water sources had been placed above rock formations and megascan but when the simulations played out; the water would fall through the megascans and only make contact with the landscape beneath them. 
[image: ]
You can see above; the water simulated below the rocks and the jagged shapes caused by the domain not being positioned right.
To fix this I adjusted the dimensions of the domain and raised it. This meant that when the simulation was started the water would fall over the rock formations and flow between them, like a natural stream. This problem kept reoccurring when I reopened the project, and I soon realized the solution; I had to delete all water sources and then undo the delete to bring them back. This “reset” them in a way and enabled them to simulate the water properly.
[image: ]
Now the water is being simulated properly over the rocks.
To add rain to the project I used the Niagara add-on with Unreal engine. I used the fountain system preset and then began to adjust the settings to make it look like rain. I named the system rain to easily identify it.
[image: ]
The first step was to change the direction of the simulation. By using the fountain preset it was faced upwards; to make it face downwards I deleted a setting called “Sphere location” and one called “Add velocity.” This made the water fall downwards but in a single straight line. 
To make it fall in single drops I selected the “Particle Spawn” section and added a box location. This meant that the fluid would fall in single drops throughout the dimensions of the box. After making the dimensions bigger the droplets would fall very slowly and there was not a large amount of them. To fix this I added a “add velocity” tab and set the Z dimension to –500. Adding a minus meant it fell downwards and 500 was an appropriate and fast speed. To increase the number of droplets I increased the spawn rate until I was satisfied.
Even after increasing the speed and density of the droplets they still looked like snow rather than rain. This was due to the shape of the droplets, to fix this I changed the mass mode from “random uniform” to “non-uniform.” Changing the shape from a ball to a line. I then had to adjust further settings to make them fall downwards as opposed to falling in multiple different directions. To did this I changed the alignment from “Un-aligned” to “velocity aligned”
I brought the rain into the project and duplicated it multiple times until it covered the entire scene. Once I viewed the rain in a sequence editor, I thought that color of the rain was too bright and did not match the rest of the scene. I then changed the color from white to black, but this made the rain completely see-through, so I changed it to a dark grey instead, so that it was still visible but not too distracting. I also changed the direction of the rain slightly, to simulate wind. 
You can see the rain in the image below:
[image: ]I also needed the clouds and sunlight to match the weather. To do this I opened the environment light mixer and adjusted the setting from there. I increased the scattering of the sky atmosphere which added more fog and made the weather look overcast. For these shots I also lowered the intensity of the sunlight. 
[image: ]
Post-Production
Optimization and Rendering
Once I had added the bulk of the megascans and water into the project it became increasingly hard to run and began crashing often during renders. A warning was appearing in the top left corner that stated, I was going over the texture streaming pool; the amount of memory that the project is limited to. At default it is capped at 1000mb. To fix these issues I first had to optimize the textures I had used to give me a better idea of how much memory I would. 
[bookmark: _Int_ZF7VH3oR]Before optimization, I used the console commands to show me how much memory was currently needed to stream the project smoothly and it told me I would need 8000mb to do so. To optimize the textures, I first opened the texture statistics tab to see what quality my textures were currently loaded in. A lot of them were 4k, which was way more than needed. 
To decrease the quality, I opened all the textures that were currently being used in the project into a bulk editor file. I researched the best way to do this was to add maximum texture caps to the normal and roughness files. The normal file, I capped at 1024mb and the roughness files I limited to 512mb. This brought the recommended texture streaming pool down from 8000mb to 4000mb. To change the streaming pool from 1000mb to 5000mb, I then opened the console commands and reset it from there. I did this by typing r. streaming. poolsize 5000. I changed it to 5000mb instead of 4000mb to give myself some leeway. 
There were still some issues with rendering, specifically with the water simulations. This was because the simulation would start from the beginning when a render began, meaning that the first few hundred frames would have the start of the simulation visible. To combat this, I made some changes to the render settings. 
The first thing I did was add an anti-aliasing section to the settings tab and then altered these default settings. I ticked render warm up frames and then set the amount of warm up frames to 500. This meant the first 500 frames would be rendered but not saved, so my image sequence would start once the simulation had gotten to the point, I wanted it to start at. 
I also added a game override section to the settings. For this I made it so during the render, any grass or foliage in my project would only be rendered if it were in shot, instead of rendering the entire environment. This also massively improved my render times. 
I set up many different cameras, some with movement, some static and used sequence editors to render them. I rendered each camera into their own sequence and rendered each with the same settings mentioned above.
Sound Effects and Compositing
I brought all the renders into After effects and arranged them into the order I wanted, leaving a gap between the dry and rainy shots, where it would cut to black briefly. For the first shot, I had the camera sweep through the entire scene as to show off most of the environment and then used the other shots to show some of the features of the environment. 
When it cut to the rainy shots, I used static shots with emphasis on showing parts of the environment where the simulation was flowing over rocks and other features. I also used the Movie render queue option instead of movie scene capture, as it allowed me to render multiple sequences at a time and access to more settings.
I used Epidemic Sounds to get sound effects; for the dry day I added peaceful sounds such as sea birds and water moving lightly. Theres also the sound of wind flowing through the valley. For the rainy shots I added thunder and rain sounds, making sure they were loud and had impact once the sequence cut to the first shot of the rainstorm. I had also previously lowered the volume of the sunny sounds to make the shots more peaceful.
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