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Methods	  of	  measurement	  can	  confuse	  security	  practitioners	  when	  

they	  measure	  storage	  capacity…	  here’s	  why	  
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Introduction 
 
Video surveillance is one of the fastest growing segments of the physical security 
industry, and digital, IP-based surveillance is a major portion of that growth.  The 
cameras and video management software (VMS) are the most visible part of a 
surveillance solution, and are the “sizzle” in any of these system deployments.   
 
Yet the underlying platform - composed of servers and storage infrastructure - 
can represent more than 1/3rd of the cost of a typical deployment, and is often 
overlooked.  Beyond the expense, this is of particular concern because if the 
underlying infrastructure is not properly designed and deployed, the effectiveness 
of the cameras and VMS are significantly reduced, and the entire surveillance 
system may prove ineffective. 
 
When considering the surveillance system infrastructure, sizing the proper 
storage capacity is one of the most critical objectives.  It is extremely important to 
ensure that the amount of storage available for the surveillance system matches 
the project requirements.  These requirements are typically expressed in terms of 
camera resolution, frame rate, codec, & percentage motion among other items, 
and number of hours per days being recorded, retention period, etc. for the 
storage component.   
 
In video surveillance, storage generally runs at full capacity, recording until the 
disks are full, and then being overwritten as the non-stop, constant recording 
process continues. This is very different from the IT industry, where storage 
typically does not run at full capacity, but instead generally has spare capacity 
available or easily assignable to the system.     
 
Unfortunately, there are many misunderstandings regarding how much capacity 
is actually available in a modern surveillance system overall, and even on 
individual disk drives. This can lead to confusion and resulting headaches for 
security practitioners at many levels.  As a result, vendors often hear complaints 
that what storage capacity says on the box does match what it says in the box 
after installation.   
 
This whitepaper addresses this disparity, which we have named the Myth of 
Storage Capacity in Video Surveillance.  Our goal is to explain the cause of the 
confusion, and to explain what the differences really mean.   This understanding 
can make a significant difference for the success of the security practitioner and 
his or her project deployments. 
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Disk Capacity: Disk Manufacturer vs. Windows OS 
 
To understand the issue, we will examine some typical problems encountered by 
security practitioners. 
 
The Basics 
 
Let’s start with a single 1TB hard disk drive, a common size used in video 
surveillance deployments. In this case, we will use a Seagate Barracuda ES.2 
SATA 3” drive.  As illustrated from the label in Figure 1 below, this disk drive has 
a 1,000 Gbytes capacity. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Next, we will take that same drive and install it in a Microsoft Windows-based 
platform for use in a video surveillance system. 
 
When the drive is installed in the server, and it is then discovered by the 
Windows operating system (OS), the Windows Disk Manager utility shows that it 
has a capacity of 931.51GB.  It no longer indicates 1,000Gbytes like it says on 
the label of the box it arrived in. 
 
The Windows Disk Manager view is captured in Figure 2, which follows.  The 
disk is listed as “Disk 1”. Next, we will right click on Disk 1 as shown in Figure 2.  
 

Figure 1: Disk Capacity as shown by disk manufacturer 
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Figure 1: Windows disk manager view of 1TB drive 

 
Looking at the Volumes tab within the Properties section, it shows that the Disk 
Capacity is 953,870 MB. This is illustrated in Figure 3, below. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

  

 
 

 
Table 1 shows what we have been told so far regarding the capacity of this disk. 
 

Figure 2: Disk properties from Windows OS. 
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Location Disk Capacity 

Sales description 1TB 

Manufacturer’s label 1000 Gbytes  

Windows Disk Manager view 931.51 GB 

Disk Properties view 953,870 MB 

 
 
 
The Questions… and Some Answers 
 
With all the data in one place, the result is at best unclear.  Which answer is 
correct?  Why is the Windows operating system’s interpretation of capacity so 
much lower than that of the disk manufacturer?  Does the Windows OS require a 
lot of disk overhead, causing the discrepancies? Does Windows waste storage 
space?  Is there some data protection scheme or other overhead causing the 
difference? 
 
The answer is actually quite simple, if not exceedingly obvious.   That’s because 
in part the problem is that the manufacturer of the disk drive and the Windows 
operating system report the same capacity differently. 
 
The Comparisons 
 
When a disk manufacturer supplies a 1TB drive, it has 1,000,000,000,000 Bytes 
of storage capacity, equivalent to the 1,000 Gbytes listed on the box.   
 
However, the actual capacity can differ slightly from the 1,000 Gbytes number. 
 
Why?  In this example, the actual disk capacity is 1,000,205,189,120 Bytes.  Disk 
manufacturers ensure the capacity is at least 1,000,000,000,000 Bytes as per 
their specification… but it may be slightly more, as in this case, and can vary disk 
by disk. 
 
The next bit of confusion occurs due to the disk drive manufacturer and the 
operating system using different but very similar appearing terms.   
 
When the Windows OS displays the drive capacity, it is based on a basic formula 
of 1KB equals 1,024 Bytes. 
 
If we expand on that mathematically, it helps explain the differences. 
 
Consider the following capacity scale. 
 

1

Table 1: Disk Capacity Interpretations 

2



 

www.intransa.com	  /	  Intransa,	  the	  VideoAppliance	  Company®	   	   7 
	  

1 Byte Windows OS = 1 Bytes 
1KB Windows OS = 1024 Bytes 
1MB Windows OS = 1024 * 1024 Bytes 
1GB Windows OS = 1024 * 1024 * 1024 Bytes 
1TB Windows OS = 1024 * 1024 * 1024 * 1024 Bytes 
 
So from a Windows OS perspective, a 1TB disk drive is 1,000,000,000,000 Bytes, 
or expressed in KB, MB, GB and TB as: 
 
1,000,000,000,000 / 1024 = 976,562,500 KB 
1,000,000,000,000 / (1024 * 1024) = 953,674 MB 
1,000,000,000,000 / (1024 * 1024 * 1024) = 931.32 GB 
1,000,000,000,000 / (1024 * 1024 * 1024 * 1024) = 0.909 TB  
 
Do Disks Lose Lots of Capacity to Storage Overhead? 
 
Storage capacity is not dramatically consumed by Windows for overhead, nor is 
there significant wasted space. 
 
Many video surveillance applications write files to a Windows NTFS file system 
format.  The NTFS file system does have some overhead requirement, although 
the amount is quite small. 
 
In order to create an NTFS file system, the disk drive first needs to be initialized 
by the system.  There are two ways that a disk can be initialized - MBR (Master 
Boot Record) and GPT (GUID Partition Table).   Much of this is invisible when a 
customer purchases an installer-ready system like an Intransa VideoAppliance™, 
and only apparent when customers “roll their own” by assembling server, storage, 
memory, video, network interfaces and other commodity hardware and software. 
 
Of these two technologies, GPT is relatively newer than MBR. However, from a 
user’s point of view, all you need to know is that GPT supports a partition larger 
than 2TB.  Therefore, when you have a file system requirement larger than 2TB, 
you will need to use GPT partition method of initialization. 
 
Figures 4 and 5 show the MBR partition and the GPT partition for the same drive 
after disk initialization has been completed.  Notice that the GPT partition has 
931.39GB available capacity (or usable storage), compared to 931.51GB for the 
same drive with an MBR partition. This difference is caused by a slight increase 
in overhead by using GPT. 
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Figure 3: MBR partition - addressed capacity is 931.51GB 

 
 
 
Once the disk is initialized by either method, it can be formatted to the NTFS file 
system. 
 
Depending upon the selected Allocation Unit Size, the useable NTFS file system 
size will also vary slightly in capacity. 
 
As an example, Figures 6 and 7 (following) show the NTFS file system properties, 
using 4,096KB and 64KB Allocation unit size for GPT partition.  
 
As you will see, the NTFS file system does have some overhead impact. In this 
example, the overhead is 118MB for a 4KB Allocation unit size, and 91.8MB for a 
64KB Allocation unit size. 
 
 

Figure 4: GPT partition - addressed capacity is 931.39GB 
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The “free space” shown in Figures 6 and 7 is the actual usable space for the 
Windows application and its data storage.   
 
Even with the various levels of overhead applied, however, you will note that it is 
still very close to the 1,000,000,000,000 bytes the drive started with as raw 
storage capacity, with only limited impact. 

 

Usable Storage System Capacity & Data Protection 
 
Typically, storage used for video surveillance requires significantly more capacity 
compared to most general IT applications.  As a result of this increased demand, 
storage capacity utilization is an important consideration for cost effectiveness, 
since more storage must be purchased for a typical deployment. 
 
Pooling disks together to protect against the loss of any individual drive is a 
feature that almost all modern storage vendors support. This type of protection is 
known as RAID technology.   
 

Figure 6: NTFS file system properties via 
4KB Allocation unit size for GPT partition 
 

Figure 7: NTFS file system properties for 
64KB Allocation unit size for GPT partition 
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RAID is the acronym for Redundant Array of Independent (or Inexpensive) Disks. 
While there are many white papers on RAID, an example specific to the 
demands of video surveillance can be found at: 
http://www.securityinfowatch.com/article/article.jsp?siteSection=430&id=13093. 
 
RAID can be a complex subject, as there are three important considerations 
when selecting the correct RAID protection deployment type or level.  They are 
as follows: 
 

• Effective usable capacity vs. raw storage capacity (storage efficiency is 
the ratio of usable capacity vs. raw capacity) 

• System performance impact 
• The level of data protection provided 

 
Usable capacity determines the amount of video you can record before recording 
over the storage again.  System performance determines how many total frames 
can be recorded at any given time, which can be critical in issues related to 
frame loss. 
 
The most popular RAID level choices today are RAID5 or RAID6. RAID5 protects 
against a single drive failure, while RAID6 protects against two drive failures, 
within a group of disks. For a disk group with N disks, the usable capacity is (N-1) 
disks for RAID5, and (N-2) disks for RAID6.   
 
For example, if we are talking about a twelve drive group, the formula value for 
“N” becomes “12”.  With RAID 5, the overhead is 1, with 11 disks available.  For 
RAID 6, the overhead is 2, with 10 disks available for recording.   
 
The more drives that are added to the array (as “N” in the formula), overhead 
drops as additional disks are protected with the same number of RAID overhead 
drives. 
 
As an example, let’s look at the Intransa VideoAppliance™ VA320 
Server/Storage Appliance.  This model has 12 drive bays, with either 1TB or 2TB 
video drive choices.   
 
Figure 8 shows the Intransa VSA Storage Manager GUI (graphical user interface 
or management screen) with 12 x 1TB disks, which form a RAID6 disk group  
(diskgroup_0 in the figure).  
 
A single volume using the whole disk group have 9.08TB capacity as shown in 
this figure. 
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When this volume is assigned to the Windows OS, the total NTFS file system 
capacity is 9,986,627,272,704 bytes as shown in Figure 9. 
 

  
 
That is extremely close to (10-2)*1000,000,000,000 = 10,000,000,000,000 bytes.  
 
This illustrates that the capacity overhead of the Intransa RAID system is quite 
negligible, at  ~0.1%.  In return for providing non-stop recording without the risk 
of video loss, that is a very acceptable level of overhead. 
 

Figure 5: Intransa VA320 12-disk RAID6, 1TB drive. The usable capacity is (12-2)*1 TB 
= 10TB.  As displayed in Windows OS, this would be 10* 0.909 TB = 9.09TB. 

 

Figure 9: NTFS file system properties using an Intransa Storage Appliance with 4 x 2TB 
disks in RAID5. 



 

www.intransa.com	  /	  Intransa,	  the	  VideoAppliance	  Company®	   	   12 
	  

 
 
 
 

Conclusions 
 
In this White Paper, we have illustrated that differences in the amount of capacity 
available from a disk or group of disks is represented in different ways.   And we 
have tried to show that even though terminology differs, they all equate to the 
same actual amount of storage capacity.   
 
The visible differences are purely due to differing translation and measurement 
methods by disk manufacturers and the Windows OS, and the resulting 
confusion that results.   
 
Whether 1TB, 1,000 Gbytes, 931.51GB or 95,3870 MB, the amount of storage on 
the drive in question is actually indicating the same thing… just using different 
measurements.   
 
Furthermore, we have shown that the capacity overhead of the storage system 
and Windows OS is almost negligible. 
 
For video surveillance applications, the capacity calculation is typically estimated 
based on camera bit rate.  For this application, capacity calculation results are 
usually expressed in Terabytes (TB, or 1000,000,000,000 bytes). This actually 
matches disk manufacturer’s stated capacity more closely than it does Windows 
OS measurement.  But since Windows is where users often go to examine actual 
capacity, confusion still reigns.  
 
As a result, security practitioners need to be aware that although there may be a 
disconnect between what it says on the box compared to in the box they are in 
fact the same, just translated or measured differently.    
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For More Information 
 
The complete, installer-ready Intransa VideoAppliance™ family meets a wide range of needs for 
physical security.  To learn more, please contact Intransa or a Certified Channel Partner Program 
dealer or integrator today. 
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