
S.No Clause No. Description M/s Tooltech M/s COMMCO and ELTA Tata-Power SED Vincent Asia Pacific Rail Vision, Israel RDSO Remarks

1 0 Introduction:

Indian Railway Locomotive drivers, while driving the trains, 

rely purely on visual clues and visual images besides the 

aspect of Signal to look out for obstruction on track ahead 

to prevent collision or mishap.

The specification is prepared to define the functional & 

technical requirements, design, inspection and test 

schedules required for development and deployment of TRI-

NETRA on Indian Railway locomotives and any other self-

propelled vehicle treated as train of Indian Railways.

The specification covers basic features of the system. 

Technology of TRI-NETRA shall be dependent on the 

supplier; however, requirements of this specification must 

be met. The suppliers may supply their own type of devices 

for image stream source such as Infrared Camera, Visible 

Light Camera and Radar Imager etc. for TRI-NETRA.

It is the responsibility of the manufacturer/supplier to 

develop detail design/circuit to meet the requirements of 

this specification.

No Comments No change in para is required.

2 1 Objectives and Scope of the specification:

This document lists the functional requirements of TRI-

NETRA for Indian Railways.

This document has been prepared with an aim of defining 

the requirements for development of system which shall be 

capable to enable the Locomotive Driver to visualize and 

warn about such infringing objects from a reasonable far 

away distance so as to enable him/her/her to apply brakes 

sufficiently in advance to stop the train well short of the 

infringement in all-weather condition including day and 

night.

No Comments No change in para is required.

3 2 Terminology / Abbreviations: No Comments No change in para is required.

4 3 Scope of Supply:

The proposed TRINETRA per one loco set shall contain 

following major components which are within the scope of 

supply of the vendor:

suitable HMI using context sensitive keys.

Control desk)

other module)

The above list is indicative and vendor may supply 

additional components as per their own design. The system 

shall be based on a robust and proven solution.

RDSO is requested to kindly add to the Scope, the Supply 

two Sets of radar one at either end of loco as was finalised 

in the collegiate meeting held on 28th September 2018 as, 

shown below

• Radar - 02 Sets ( One at either end of loco)

1. It is well known that the SWIR sensor has a significant 

contribution to sensor combination in very specific 

scenarios that are not covered by others, in penetrating 

through thick FOG. But the cost factor is

extremely high especially when an active illumination is 

required.                                                                    2. 

Some of the extreme scenarios (extreme fog and snow ) 

cannot be covered by visual sensors and a radar

should be considered- from the other hand a radar for 

200m detection might be out of safety regulations and

very hard to isolate the low RCS object from the clutter 

which is made of mainly metal.                                    The 

combination of all the required sensors to try and cover all 

scenarios will consume quite a lot of

development of new cameras for synchronized data 

collection, fusion and sensor integration. And this is a

very long drawn and expensive process.

Today, an Enhanced Vision System (EVS) for the aviation 

industry penetrating through fog and clouds is

selling at US$ 250,000 per unit.

Hence, what is required is a modest and simpler camera 

specification that not only meets the Locomotive

Drivers requirements but also the customer acquisition 

costs.

1. Platform should be specified or at least an interface 

document to be provided (not mentioned on the list of 

applicable documents)

2. SWIR sensor has a significant contribution to sensor 

combination in very specific scenarios that are not 

covered by others, but the cost factor is extremely high 

especially when an active illumination is required.

3. Some of the extreme scenarios (extreme fog and so) 

cannot be covered by visual sensors and a radar should 

be considered- from the other hand a radar for 200m 

detection might be out of safety regulations and very hard 

to isolate the low RCS object from the clutter which is 

made of mainly metal.                                   The 

combination of all the required sensors to try and cover all 

scenarios will consume quite a lot of development

phase for synchronized data collection, fusion and sensor 

integration.

The specification is made to meet the functional 

requirement as per clause no 4. The use of the 

camera type is not specified and depends on the 

design of the supplier as long as the functional 

requirement is met. The Trinetra system is to be 

made as standalone system from loco control 

system for development. Hence, interface 

document may not be required. It is noted that the 

optical camera has its own limitation in case of 

heavy fog and similar extreme scenarion in respect 

of range of visibility. Considering the same Radar 

technology is incorporated as back up system for 

Optical camera and accordingly the range of 

visibility has been defined in the clause no. 4.1 of 

the specification. Radar cross sectional area (1.77 

m2) has been defined for the radar based 

detection at minimum 200 mtr. distance 

considering commercial available radar based 

system. It is required that radar to be used should 

have high singnal to noise ration to avoid pick up 

the noise or clutter. Radar is added in the scope of 

the work.

5 4 Functional requirements:

The solution shall pre

‐

warn the locomotive driver well in 

advance so as to give him/her an audio

‐

visual warning on 

an ergonomically placed console in front of him/her (two 

consoles in each locomotive) and to enable him/her to 

apply brakes so as to stop the train well short of the 

infringement/obstruction.

Emergency Braking Distance (EBD) of normal passenger 

carrying Mail/Express trains and freight trains running on 

Indian Railways level track is as under for guidance: 

‐

= 750 meters.

= 1000 meters.

= 1450 meters.

1000 meters.

A Display console for driver shall have to be provided 

individually for each control desk. System must be 

interlocked with the movement of the locomotive such that 

only that side of the equipment shall be operative which is 

fitted in the Cabin which is facing the direction of motion of 

the locomotive.

One system of equipment consisting of all the necessary 

cameras/ antennas/sensors for visualizing the track ahead 

RDSO is requested to kindly amend to the highlighted 

paragraph to include that, the system should also consist of 

radars as described here, “One system of equipment 

consisting of all the necessary cameras/ antennas/ radars/ 

sensors for visualizing the track ahead in the direction of 

motion shall be mounted on either ends of the locomotive.”

It is suggested that the hardware with which the Tri-Netra 

equipment needs to interface for direction of motion, be 

stated in the Technical specification.                          The 

size of the display may please be finalised in the 

specification.

Radar has been incorporated in the scope of 

supply. The system is proposed to be standalone 

system. It should be switched on manually 

according to the direction of motion at present 

simialr to head light of the loco.

6 4.1 Detection range of the obstruction:                        The 

equipment shall detect the object ahead according to table 

below and display the same in the form of a real-time video 

with the distance of obstruction on display screen located 

ergonomically near the operator‟s seat.

The system must be able to detect and provide alert of an 

object (1 mtr length x 0.3 mtr dia), Boulders larger than 

0.75 Metres diameter (0.75 m2 RCS), Human sized object 

(1.7 mtr. x 0.6 mtr) and optical display for recognition by the 

loco pilot at ranges given in the table below (All distances 

are in metres).                           The table below shows 

detection range of object during day time.                                                                  

Note: Normal Visibility should be referred as Meteorological 

Optical range. The performance of the system shall be 

verified by testing the system in controlled and measurable 

environment conditions. The performance shall be 

calculated from those tests. A detailed report shall be 

presented to RDSO or purchaser.The imaging system 

should give the distance of the locomotive from the 

obstructions within accuracy of + 5m.                                                            

Performance requirements Validation for the above fog 

situations shall be done by using mathematical model for 

atmospheric propagation of electromagnetic radiation (e.g. 

“MODTRAN”). Each fog condition will be represented by a 

model where the visibility is defined as the range at which 

Object (1 mtr length x 0.3 mtr dia) <= No information of its Radar Cross Section. Or description what kind 

of object they have considered, to understand its optical detectability.

Human sized object (1.7 mtr. x 0.6 mtr) <= A human or not? If not a human, then what kind of object?

The table below shows detection range of object during day time. <= The most vaguely defined target is 

used as reference in radar range def. Regarding distances of 1.2 Km, 1.2Km and 900m mentioned in the 

5th column:   Our Radar Continental ARS-408 SC1 can detect objects at that range, if the RCS of the 

target is large enough. Although nothing is said about the RCS of the object, it is a very small target 

(1.0x0.3m) to detect 1.2km away. Regarding distance of 40m (minimum) mentioned in the 4th column:  

Very challenging to succeed optically even with LWIR camera. This we have highlighted before. Instead it 

would be wise to rely on the radar at this distance in extreme fog, because such a fog makes the LWIR 

practically blind. Within 40m distance the angular resolution of the radar allows us to know whether the 

object is on the track or not. Regarding distance of 200m mentioned in the 5th column:     Imaging system 

shall enable to identify whether object is on the same track or not and preferably as an additional feature, 

identification of closeness of an object to track may also be provided.

Can we interpret this so, that only camera image is used to identify whether an object is on the same track 

or not? Because the radar cannot do that reliably when the distance gets longer; even though the radar 

can see better trough fog etc., the affordable commercial radars have ‘poor eyesight’ compared to 

cameras. If the object is just outside locos path over 120m away, the angular error margin is about the 

same as the locos width (The angular resolution of e.g. Conti ARS408 is 1.6 degrees, rest is arithmetic).

This is about a case, where Radar will also have difficulties to distinguish e.g. a human right next to a 

lattice structure made out of steel. The detected signal from the lattice easily hides the weaker signal from 

the human.

We still prefer relying on the radar on extreme fog, and within distances less than about 50 meters.

COMMCO and ELTA recommend the following two 

changes as highlighted:

1. The Radar Cross Section (RCS) value for a boulder with 

0.75 m diameter has been corrected to the value of 1.766 

m2) in accordance to the formula for RCS of a sphere 

which is approximately equal to the surface area of the 

boulder (4πr2)

2. In the wording of the distance specifications, to ensure 

clarity about meeting the parameters in a set and clearly 

defined setting.

3. For the Radar range column (4th column), we have also 

specified the size of the object in order to define the size of 

the object in standard terms of reference, i.e. RCS of the 

object and in order to maintain continuity with the 3rd 

column.

Locomotive Speedometer should have interface for 

integration with Trinetra.                                            Static 

object detection by Radar is a challenge because of too 

many reflections. A Doppler radar may not detect static 

objects.

Only a high magnification Visible Camera can detect such 

small objects in Day time. 

The proportion of human object detection range with 

reduced normal visibility is not uniform and in line with the 

available technology. 3x in Mild fog, 5.5x in Dense and 8x 

in Extreme Fog. We propose 3x to be kept as standard 

detection range through Tri-netra.

Viz.

Mild Fog detection upto 900 mtr,

Dense Fog detection upto 300 mtr and in Extreme Fog 

detection upto 15 mtr.

RDSO may please advise where in India should the testing 

in controlled and measurable environment be done.                                                                       

The imaging system should give the distance of the 

locomotive from obstructions within accuracy of +/- 15m 

(on a straight line track).

Objective should be to give faster response with less 

accuracy. Detailed justification to this can be provided.

Object Detection Range for should be increased to 

anything between 2.5 to 5 km so as to ensure that

the all the trains are able to stop well before detected 

Obstruction. This is more so as the Emergency

Braking Distance (EBD) for the Passenger Train of 24 

Coaches (LHB) at 160 Kmph as stated by

yourselves is 1,450 meters or 1.45 km. Besides, you need 

to plan for the even fast running trains that are proposed to 

be launched in the short to

medium term.                                                         There 

should be a uniform Object Detection range of 3 km to 5 

km as anything short of this will

not subserve the purpose.

It is optical camera which has been relied for 

object detection with standby radar system. The 

combination of both will be able to eliminate false 

object detection. However, it is understood that the 

optical camera has large signal attenuation in case 

of extreme fog as compared to Radar system. In 

that situation, Radar system will be able to guide 

the loco pilot for obstacle in comparatively larger 

distance, There is GPS based navigation also 

which may be able to alert the loco pilot for coming 

Level crossing, Signal similar to fog pass device 

currently used in Indian Railway as an add on 

feature. Thus , based on the available technology, 

the functional requirement has been defined. It is 

to be made as stand alone system, hence no 

integration with speedometer is required. However, 

for speed calculation, GPS and Radar is already 

available with the system independent of loco 

speedometer.

#

#

#

#

#

4.2 Identification of Signal Post, etc. with GPS:        GPS 

system shall be used to map the signal lamps, Level 

Crossing, etc. and to provide GPS – based audio visual 

indication of anticipated location of signal post, Level 

Crossing, etc. on the visual image, with reference to the 

current locomotive location.

We assume the coordinates will be provided by the Indian Railways, so that we don’t have to gather them, 

as it is already being used in FogPASS device.

We recommend that by storing all three coordinates (x, y and z) of the signal lamps, the height coordinate 

z makes pattern recognition easier.

COMMCO and ELTA recommend modifying the title of the 

paragraph from, “Identification” as highlighted to, 

“Indication” as it would be a more accurate description.

The GPS mapping of signal lamps, level crossing etc. 

provided by RDSO shall be used. Railway does not provide GPS co-ordinates. 

Supplier has to ensure the GPS data mapping for 

the specified route on which their Tri netra system 

will run. However, Railway can share the GPS data 

mapping on availability of same, though it is not 

binding.Based on Comco comments Identification 

word is modified as Indication.

Clause wise  Remarks of firms with RDSO remarks



8 4.3 Field Of View (FOV):                                         Imaging 

system shall enable to identify whether object is on the 

same track or not and preferably as an additional feature, 

identification of closeness of an object to track may also be 

provided. Wide range of visibility equivalent to width of 3 

tracks at 40 m distance shall be ensured.  

• The enhanced visibility Vertical FOV shall be at least 25°.

Can we interpret this so, that only camera image is used to identify whether an object is on the same track 

or not? Because the radar cannot do that reliably when the distance gets longer; even though the radar 

can see better trough fog etc., the affordable commercial radars have ‘poor eyesight’ compared to 

cameras. If the object is just outside locos path over 120m away, the angular error margin is about the 

same as the locos width (The angular resolution of e.g. Conti ARS408 is 1.6 degrees, rest is arithmetic).

This is about a case, where Radar will also have difficulties to distinguish e.g. a human right next to a 

lattice structure made out of steel. The detected signal from the lattice easily hides the weaker signal from 

the human.

We still prefer relying on the radar on extreme fog, and within distances less than about 50 meters.

COMMCO and ELTA recommend rephrasing the paragraph 

as highlighted to ensure inclusion of multiple situational 

conditions as would be faced by the loco pilot.

Specify the size of the object and the distance outside of 

the loco width that needs to be detected?

FOV – wide FOV (25deg) is a tradeoff with detection range 

and the number of sensors - can use

WFOV and NFOV to cover both but not with the same 

angle and range.

FOV – wide FOV (25deg) is a tradeoff with detection range 

and the quantity of sensors - can use WFOV

and NFOV to cover both but not with the same angle and 

range.

Paragraph modified and left to suppplier to meet 

the functional requirement as per clause no. 4.1.

9 4.4 Anti-blooming mechanism:                                    The 

system shall have an anti-blooming mechanism to prevent 

obscure of information due to the bright source (headlight 

of passing locomotive or any other blooming effect).

The system shall have an anti-blooming mechanism to prevent obscure of information due to the bright 

source (headlight of passing locomotive or any other blooming effect).

No Comments Anti-blooming effect – one of the most dazzling is the sun 

when travelling in the direction of the sunrise. In

order to overcome this problem, an LWIR should be used 

so no sun effect as well as other bright sources

such as headlights. MWIR is highly affected by the sun 

emission and therefore cannot be considered.

Anti-blooming effect – one of the most dazzling is the sun 

when traveling in the direction of sun rise. In

order to overcome this problem a LWIR should be used so 

no sun effect as well as other bright sources

such as headlights. MWIR is highly affected by the sun 

emission and therefore cannot be considered.

Functional requirement is defined. Technology to 

be provided is dependent on the supplier design.

10 4.5 System sensitivity:                                                   In case 

a thermal imaging camera is used, the Noise Equivalent 

Temperature Difference (NETD) of the system shall be 

lower or equal to 20mK in the full operating temperature 

range.

We wonder if this sensitivity requirement dates back to the performance of some MWIR cameras! In 

MWIR (3.5um) wavelengths the better cameras seem to be more sensitive than in LWIR. E.g. MWIR 

cameras like FLIR X6900sc or Xenics Onca have their NETD 20mK. However, MWIR does not see 

through fog as well as LWIR.

COMMCO and ELTA recommend a range of 20mK – 35mK 

or better for sensitivity of the thermal imager in order to 

provide the best-balanced solution with optimal 

technological capabilities. Doing so ensures that a broader 

variety of devices, which are suited for Project TRINETRA, 

to be a part of the specifications and thereby meeting the 

challenges faced due to the typical conditions encountered 

by the users on the ground.

Since the vendor is allowed to provide his own design and 

holds responsibility towards it, why is the <20mK a 

prescribed specification?

The clause should be removed from specification as it may 

lead to limited OEMs for the TI sensor and those meeting 

the NETD may not meet other specs of the sensor

System sensitivity - 20mK can be achieved only with a 

cryogenic cooling system which has roughly 5min

cooling time – large formats higher than 640*480 are 

extremely expensive with a relatively low reliability with

a costly maintenance. This is sensor requirement and not a 

system requirement.

System sensitivity - 20mK can be achieved only with a 

cryogenic cooling systems which has roughly

5min cooling time – large formats higher than 640*480 are 

extremely expensive with a relatively low

reliability with a costly maintenance. This is sensor 

requirement and not a system requirement.

Considering that the detection range and object 

size is defined in all weather condition. The 

specified NETD is kept less than 35 mK. System 

has to be validated in real weather condition to 

meet the functional requirement for object 

detection in harsh weather condition. Detector 

resolution may be considered minimum 640*480 

for IR camera.

11 5.1  The system shall be user friendly providing hands free and 

fully automatic features.

By default all the sensors shall be displayed on the screen 

along with fused picture. However, the user can choose to 

look at a particular sensor on full screen display.

No change in para is required.

12 5.2 The system will be highly rugged for external environment. Please qualify “Highly rugged”: Is it to Military standards or 

what standards as this raises the costs

substantially.

The system environmental requirement is to be 

tested as per IEC 60571 or EN 50155 as specified 

at clause no. 9.1 of the specification.

13 5.4 Video stabilization algorithms shall be implemented to 

stabilize real time videos.

Similarly, please qualify the “video Stabilization 

algorithms“.Wonder if you want the equipment gyro

stabilized which enhances the prices in a geometrical 

progression.

Gyro equipment is not considered for the system.

14 5.11 The device must not distract the driver of locomotive with 

too many alarms/blinking lights/flasher etc. during the 

course of his normal working and especially when no 

abnormal conditions are existing on the track ahead.

Since the Indian rail tracks are not barricaded, there is 

always a lot of movement in front of the train. With >1 Km 

detection, there are bound to be lot of positive detections 

that cause alarms / blinking etc from the system.

The system shall be able to detect the object as 

per clause no. 4.1.  However, clutter or noise 

should not generate false alarm to distract the 

driver unnecessarily. Further added the clause to 

provide distance of the obstruction ahead from 

loco through radar signal in case of any 

abnormality observed through radar.

15 5.12 The device must record all the events in clear video format 

for post-event analysis. The storage capacity must be 

sufficient to store at least 15 days of video. Industrial grade 

Solid state drive should be used for storing the data.

Please specify that the Display recordings (and not the raw 

sensor data) should be stored with time tags.

Noted, the para modified for display recordings.

16 5.14 The display before the driver of the locomotive should 

support colour display. Visuals on the screen should be 

uncluttered with only relevant information being displayed 

in different colours. The colour of image which is likely to 

pose danger to the train should preferably be in red colour 

to differentiate it from other images which do not pose any 

threat to the train.

As Cameras technology imposes a limitation on Colour 

Video Output for Fog Penetration, Black and

white Video output on the Driver’s Cabin Display be 

acceptable

Display should support colour. However, it is noted 

that there may be black and white image for other 

than day light camera.

17 5.16 Technical Requirement:                                         The 

system video output shall be according to the following 

specification:

If this refers only to the resolution of the display screen, we’re fine. It is not the resolution of camera, it is 

only the video output.

These are few of our observations towards the given document MP.0.0400.17 Revision No: 00 (DRAFT) 

Date Issued: 08/10/2018.

5.16: COMMCO and ELTA recommend that the video 

latency be adjusted to less than 250mSec to ensure 

optimum video resolution and quality of the video on 

display (in the best format) to the loco pilot.                       

(No Comment on all other subclauses of clause 5)

Please note: 1280*960 is not a standard resolution display. Our discussions with Locomotive Pilots has yielded that 

they will be comfortable viewing a Display

Console of 20” to 21.5” which is to be shared by two 

persons in the Cabin.                                             Video 

resolution 1280x960 – not available for LWIR (out of USA) 

and barely available for MW which

is not recommended. Availability is better with uncooled 

that cannot reach 20mK.

Video resolution 1280x960 – not available for LWIR (out 

of USA) and barely available for MW which is not

recommended. Availability is better with uncooled that 

cannot reach 20mK.

This is the video resolution of display screen which 

is amended as 1920 x 1080 pixel. For Day light 

camera, High definition resolution is kept. For 

Infrared camera NETD < 35 mK and detector 

resolution minimum 640 x 480 is kept for better 

sensitivity. Video latency is relaxed to 250 ms 

based on Comco comments.

18 5.17 System control shall preferably be implemented by a HMI 

with touch panel for display which uses a multi-mode 

display and context sensitive keys (like a mobile phone). 

Resolution and pixels size shall be informed by the 

supplier.

The size of the display may please be finalised in the 

specification.

Please note: 1280*960 is not a standard resolution display.
-do-

19 5.20 For camera, common mounting platform shall be used 

across vendors. Mounting arrangement of camera shall be 

such that clear view is available and it is robust to sustain 

and isolate jerk and vibration experienced while locomotive 

running.

Please qualify the vibration levels to which the equipment 

is to withstand?                                                Vibrations – 

input levels need to be provided.

Vibrations – input levels to be provided. The Vibration should be tested as per IEC 

60571/EN 50155 already specified at clause no 9.1 

of the specification.

20 5.25 Power up time shall be less than 1 minute Power up time shall be less than 1min – cannot be 

achieved with cooled IR sensors only with uncooled.

Power up time shall be less than 1min – cannot be 

achieved with cooled IR sensors only with uncooled. No change in para is required. As it is understood 

that the system to be provided is uncooled.

21 6 Environmental condition  No Comments No change in para is required.

22 7 Life cycle management No change in para is required.

23 8 Safety requirements No change in para is required.

24 9 Tests and Verification No change in para is required.

25

10 Documents required from supplier:                        The 

supplier shall provide the following technical documents as 

part of their offer.

10.1 The equipment manufacturer must provide to 

RDSO/Purchaser the complete details of design and 

drawings required for the purpose of evaluation of the 

design and its functionality. All documents shall be 

supplied in both hard and soft (PDF) copies.

10.2 LRU (line-replaceable unit) module details, if any.

10.3 In case of new or developing design, the process of 

design of the system clearly indicating the different stages, 

milestones and project duration.

10.4 Performance specification of the equipment.

10.5 Maintenance and troubleshooting manual for all the 

equipment offered

10.6 Recommended list of spares for 3 years

10.7 Test protocol for testing their system for compliance of 

functional and technical requirement. Acceptance Test 

Procedure (ATP) Covering Routine Test as per IEC 60571 

applicable for Rolling stock Electronics and other test 

methods specific for TRINETRA.

10.8 Irrespective of the details brought out here, all 

information and documentation which are essential for 

COMMCO and ELTA suggest to split the supply of the 

documentation into two stages:

First set of documentation, i.e. Documents mentioned in 

subheading 10.2 – 10.4, to be submitted during RFP 

submissions.

The second set of documents, i.e.Documentation 

mentioned in subheadings 10.1 & 10.5 – 10.8 (As 

highlighted) to be delivered along with systems ordered for 

delivery

No change in para is required.This is required for 

proper evaluation of the proposed system.

26 11 Warranty No Comments No change in para is required.

27 12 Marking and Packing No Comments No change in para is required.

28

13 Training:                                                                The 

supplier shall train adequate number of IR personnel in 

operation and maintenance of the offered System. 

Adequate documentation shall be provided. Personnel of 

Indian Railways shall be nominated to attend.

The equipment manufacturers shall arrange training for 

operations and maintenance of the equipment, as an 

integral part of the equipment supply.

No Comments It is advised that number of people and location of training 

may please be identified upfront.

This is the part of the tender condition not the 

specification.

29 14 Undertaking by equipment manufacturer No Comments No change in para is required.

30

15 Declaration of confidentiality of submitted documents 

by manufacturers

No Comments

No change in para is required.


