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if the transients introduced affect the operation of the application by triggering false 1 
inputs and/or outputs causing inappropriate application program activity (e.g. improper 2 
timing, false calls, error alarms, etc). 3 
 4 

1. Program the CU under test to dwell.  Verify the input voltage is 120 VAC. 5 
 6 
2. Set the transient generator to provide high-repetition noise transients as follows: 7 

a. Amplitude: 300 ± 15 V, both positive and negative polarity. 8 
b. Peak Power: 2500 W. 9 
c. Repetition Rate: One pulse every other cycle moving uniformly over the 10 

full wave in order to sweep once every 3 s across 360˚ of line cycle. 11 
d. Pulse Rise Time: 1 µs. 12 
e. Pulse Width: 10 µs. 13 
 14 

3. Apply the transient generator output to the AC voltage input for at least 5 15 
minutes.  Repeat this test for at least two conditions of dwell for the CU under 16 
test.  The CU under test must continue to dwell without malfunction. 17 

 18 
4. Program the CU under test to cycle through normal operations.  Turn on the 19 

transient generator (output in accordance with item 2) for 10 minutes, during 20 
which time the CU under test shall continue to cycle without malfunction. 21 

 22 
5. Set a transient generator to provide high-repetition noise transients as follows: 23 

a. Amplitude: 300 ± 15 V, both positive and negative polarity. 24 
b. Source Impedance: Not less than 1000 Ωnominal impedance. 25 
c. Repetition: One pulse per second for a minimum of five pulses per 26 

selected terminal. 27 
d. Pulse Rise Time: 1 µs. 28 
e. Pulse Width: 10 µs. 29 
 30 

Program the CU under test to dwell.  Verify the input voltage is 120 VAC. 31 
 32 

6. Apply the transient generator (output in accordance with item 5) between logic 33 
ground and the connecting cable termination of selected Field I/O input/output 34 
terminals of the CU under test. 35 
 36 
A representative sampling of selected input/output terminations shall be tested.  37 
The CU under test shall continue to dwell without malfunction. 38 
 39 

7. Program the CU under test to cycle.  Turn on the transient generator (output in 40 
accordance with item 5) and apply its output to the selected Field I/O input/output 41 
terminations.  The CU under test shall continue to cycle without malfunction. 42 

 43 
8. Set a transient generator to provide low-repetition high-energy transients as 44 

follows: 45 
a. Amplitude: 600 ± 30 V, both positive and negative polarity. 46 
b. Energy Discharge Source: Capacitor, oil-filled, 10 µF. 47 
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c. Repetition Rate: One discharge each 10 s. 1 
d. Pulse Position: Random across 360 degrees of line cycle. 2 
 3 

9. Program the CU under test to dwell.  Verify the input voltage is 120 VAC. 4 
 5 
10. Discharge the oil-filled 10 µF capacitor ten times for each polarity across the AC 6 

voltage input.  Repeat this test for at least two conditions of dwell.  The CU under 7 
test shall continue to dwell without malfunction. 8 

 9 
11. Program the CU under test to cycle through normal operations.  Discharge the 10 

capacitor ten times for each polarity while the CU under test is cycling, during 11 
which time the CU under test shall continue to cycle without malfunction. 12 

 13 
12. During the preceding transient tests (item 3 through 11), the CU under test must 14 

continue its programmed functions. 15 
 16 
The CU under test shall not skip normal program intervals/steps or portions 17 
thereof when in normal operation; place false inputs or produce false outputs 18 
while in dwell; disrupt normal sequences in any manner; or change parameters.  19 
Details of requirements established by appropriate DAT program. 20 
 21 

13. Nondestructive Transient Immunity: 22 
a. Turn off the AC power input to the CU under test from the variable-23 

voltage power source. 24 
b. Apply the following high-energy transient to the AC voltage input 25 

terminals of the CU under test (no other power connected to terminals): 26 
(1) Amplitude: 2000 V, both positive and negative polarity. 27 
(2) Peak Power Discharge: Capacitor, oil-filled, 15 µF. 28 
(3) Maximum Repetition Rate: Applied to the Controller Assembly once 29 

every 2 s for a maximum of three applications for each polarity. 30 
c. Upon completion of the foregoing, apply 120 VAC to the CU under test 31 

and verify that the CU under test goes through its prescribed startup 32 
sequence and cycles properly in accordance with the programmed 33 
functions.  The first operation of the over-current protective device during 34 
this test shall not be considered a failure of the CU under test. 35 

36 
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 1 

Figure 9-1: Test Profile 2 
 3 

NOTES: 4 
1. The rate of change in temperature shall not exceed 18˚ C per hour. 5 
2. Humidity controls shall be set in conformance with the humidities given in Table 9-1 6 

during the temperature change between Test D and Test E. 7 
3. If a change in both voltage and temperature are required for the next test, the voltage 8 

shall be selected prior to the temperature change. 9 
4. When testing a NEMA unit, the LOW voltage shall be 89VAC in place of 100 VAC.  All 10 

other units will use the 100VAC test level. 11 
 12 

9.7.3 Test C: Low-Temperature Low-Voltage Tests (DAT and 13 
Production Testing) 14 

 15 
1. Definition of Test Conditions 16 

a. Environmental Chamber Door: Closed. 17 
b. Temperature: -37˚ C. 18 
c. Low Voltage: 100 VAC. 19 
d. Humidity Control: Off. 20 
 21 
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2. Test Procedure: While at room temperature, adjust the input voltage to 100 VAC 1 
and verify that the CU under test is still operable. 2 

a. With the CU under test cycling through normal operations, lower the test 3 
chamber to -37˚ C at a rate not exceeding 18˚ C per hour.  Allow the CU 4 
under test to cycle for a minimum of 5 hours at -37˚ C with the humidity 5 
controls in the off position.  Then operate the test switches as necessary 6 
to determine that all functions are operable. 7 

b. Power shall then be removed from the CU under test for a minimum 8 
period of 5 hours.  Upon restoration of power, the CU under test shall go 9 
through its prescribed startup sequence and then resume cycling. 10 

c. With the CU under test at -37˚ C and the input voltage at 100 VAC, the 11 
following items shall be evaluated against the respective standards: 12 

1) Given in Section 9.10 Power Interruption Tests 13 
2) Transient voltage tests (DAT) 14 

 15 
On satisfactory completion of this test, proceed with Test D. 16 
 17 

9.7.4 Test D: Low-Temperature High-Voltage Tests (DAT and 18 
Production Testing) 19 

 20 
1. Definition of Test Conditions 21 

a. Environmental Chamber Door: closed. 22 
b. Low Temperature: -37˚ C.  23 
c. High Voltage: 135 VAC. 24 
d. Humidity Controls: Off. 25 
 26 

2. Test Procedure: While at -37˚ C and with humidity controls off, adjust the input 27 
voltage to 135 VAC and allow the CU under test to cycle for 1 hour.  Then 28 
operate the test switches as necessary to determine that all functions are 29 
operable. 30 

 31 
3. With the CU under test at -37˚ C and the input voltage at 135 VAC (humidity 32 

controls off), the following items shall be evaluated against the respective 33 
standards: 34 

i. Given in Section 9.10 Power Interruption Tests 35 
ii. Transient voltage tests (DAT) 36 

 37 
On satisfactory completion of this test, proceed to Test E. 38 
 39 

9.7.5 Test E: High-Temperature High-Voltage Tests (DAT and 40 
Production Testing) 41 

 42 
1. Definition of Test Conditions 43 

a. Environmental Chamber Door: Closed. 44 
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b. High Temperature: +74˚ C. 1 
c. High Voltage: 135 VAC. 2 
d. Humidity Controls: In accordance with the humidities given in Exhibit 3-1. 3 
 4 

2. Test Procedure—With the CU under test cycling, raise the test chamber to +74˚ 5 
C at a rate not to exceed 18˚ C per hour.  Verify the input voltage is 135 VAC. 6 

 7 
3. Set the humidity controls to not exceed 95% relative humidity over the 8 

temperature range of +1.1˚ C to +46˚ C.  When the temperature reaches +46˚ C, 9 
readjust the humidity control to maintain constant absolute humidity; +42.7˚ C 10 
wet bulb which results in the relative humidities shown in Table 9-1.  Verify that 11 
the CU under test continues to cycle satisfactory during the period of temperature 12 
increase and at established levels of relative humidity. 13 

a. Allow the CU under test to cycle for a minimum of 15 hours at +74˚ C and 14 
18% relative humidity.  Then operate the test switches as necessary to 15 
determine that all functions are operable. 16 

b. With the CU under test at +74˚ C and 18% relative humidity and the input 17 
voltage at 135 VAC, the following items shall be evaluated against the 18 
respective standards: 19 

i. Given in Section 9.10 Power Interruption Tests 20 
ii. Transient voltage tests (DAT) 21 

 22 
On satisfactory completion of this test, proceed to Test F. 23 
 24 

9.7.6 Test F: High-Temperature Low-Voltage Tests (DAT and 25 
Production Testing) 26 

 27 
1. Definition of Test Conditions 28 

a. Environmental Chamber Door: Closed. 29 
b. High Temperature: +74˚ C. 30 
c. Low Voltage: 100 VAC. 31 
d. Humidity Controls: 18% relative humidity and +42.7˚ C wet bulb. 32 
 33 

2. Test Procedure: Adjust the input voltage to 100 VAC and proceed to operate the 34 
test switches to determine that all functions are operable.  With the CU under test 35 
at +74˚ C and 18% relative humidity, +42.7˚ C wet bulb, and the input voltage at 36 
100 VAC, the following items shall be evaluated against the respective 37 
standards: 38 

a. Given in Section 9.10 Power Interruption Tests 39 
b. Transient voltage tests (DAT) 40 

 41 
On satisfactory completion of this test, proceed to Test G. 42 
 43 
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9.7.7 Test G: Test Termination (All tests) 1 
 2 

1. Program the CU under test to cycle according to DAT. 3 
 4 
2. Adjust the input voltage to 120 VAC. 5 
 6 
3. Set the controls on the environmental chamber to return to room temperature, 7 

+20˚ C ± 5˚ C, with the humidity controls in the off position.  The rate of 8 
temperature change shall not exceed 18˚ C per hour. 9 

 10 
4. Verify the CU under test continues to cycle through normal operations properly. 11 
 12 
5. Allow the CU under test to stabilize at room temperature for 1 hour.  Proceed 13 

with test program  to determine that all functions are operable. 14 
 15 

9.7.8 Test H: Appraisal of Equipment under Test 16 
 17 

1. A failure shall be defined as any occurrence which results in other than normal 18 
operation of the equipment.  (See item 2 for details.)  If a failure occurs, the CU 19 
under test shall be repaired or components replaced, and the test during which 20 
failure occurred shall be restarted from its beginning. 21 

 22 
2. The CU under test is considered to have failed if any of the following occur: 23 

a. If the CU under test skips normal program intervals/steps or portions 24 
thereof when in normal operation, places false inputs, presents false 25 
outputs, exhibits disruption of normal sequence of operations, or 26 
produces changes in parameters beyond specified tolerances, or 27 

b. If the CU under test fails to satisfy the requirements of Section 9.7 Tests 28 
A to G, inclusive. 29 

 30 
3. An analysis of the failure shall be performed and corrective action taken before 31 

the CU under test is retested in accordance with this standard.  The analysis 32 
must outline what action was taken to preclude additional failures during the 33 
tests. 34 

 35 
4. When the number of failures exceeds two, it shall be considered that the CU 36 

under test fails to meet these standards.  The CU under test may be completely 37 
retested after analysis of the failure and necessary repairs have been made in 38 
accordance with item 3. 39 

 40 
5. Upon completion of the tests, the CU under test shall be visually inspected.  If 41 

material changes are observed which will adversely affect the life of the CU 42 
under test, the cause and conditions shall be corrected before making further 43 
tests. 44 

 45 
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6. Upon satisfactory completion of all of the tests described in Sections 9.7.1 1 
through 0, the CU under test shall be tested in accordance with Section 0. 2 

 3 

9.8 Vibration Test (DAT) 4 
Guidance: 5 
Units such as the ATC 2070 and certain Controller Assemblies that are controlled 6 
by specific mechanical design specifications are not subject to the tests in 7 
Sections 9.8 through 9.9 (Authorized Engineering Information). 8 
 9 
Shock and vibration tests shall be performed prior to environmental tests. 10 
 11 

9.8.1 Purpose of Test 12 
This test is intended to duplicate vibrations encountered by the CU under test (individual 13 
major components) when installed at its field location. 14 
 15 
The CU under test shall be fastened securely to the vibration test table prior to the start 16 
of the test. 17 
 18 

9.8.2 Test Equipment Requirements 19 
 20 

1. Vibration table with adequate table surface area to permit placement of the CU 21 
under test. 22 

 23 
2. Vibration test shall consist of: 24 

a. Vibration in each of three mutually perpendicular planes. 25 
b. Adjustment of frequency of vibration over the range from 5 Hz to 30 Hz. 26 
c. Adjustment of test table excursion (double amplitude displacement) to 27 

maintain a ‘g’ value, measured at the test table, of 0.5g; as determined by 28 
the following formula: 29 

g = 0.0511df2 30 
Where: 31 
d = excursion in inches 32 
f = frequency in Hz 33 

 34 

9.8.3 Resonance [Mechanical Resonant Frequency] Search 35 
(DAT) 36 

 37 
1. With the CU under test securely fastened to the test table, set the test table for a 38 

double amplitude displacement of 0.015 inch. 39 
 40 
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2. Cycle the test table over a search range from 5 Hz to 30 Hz and back within a 1 
period of 12.5 minutes. 2 

 3 
3. Conduct the resonant frequency search in each of the three mutually 4 

perpendicular planes. 5 
 6 
4. Note and record the resonant frequency determined from each plane. 7 

a. In the event of more than one resonant frequency in a given plane, record 8 
the most severe resonance. 9 

b. If resonant frequencies appear equally severe, record each resonant 10 
frequency. 11 

c. If no resonant frequency occurs for a given plane within the prescribed 12 
range, 30 Hz shall be recorded. 13 

 14 

9.8.4 Endurance Test (DAT) 15 
 16 

1. Vibrate the CU under test in each plane at its resonant frequency for a period of 17 
1 hour at amplitude resulting in 0.5 G acceleration. 18 

 19 
2. When more than one resonant frequency has been recorded in accordance with 20 

Section 9.8.4, item number 4, the test period of 1 hour shall be divided equally 21 
between the resonant frequencies. 22 

 23 
3. The total time of the endurance test shall be limited to 3 hours, 1 hour in each of 24 

three mutually perpendicular planes. 25 
 26 

9.8.5 Disposition of Test Unit 27 
 28 

1. The CU under test shall be examined to determine that no physical damage has 29 
resulted from the vibration tests. 30 

 31 
2. The CU under test shall be checked to determine that it is functionally operable in 32 

all modes of its prescribed operation. 33 
 34 
3. The CU under test may be removed from the test table.  Upon satisfactory 35 

completion of the vibration test, proceed with the shock (impact) test described in 36 
Section 9.8.1. 37 

 38 

9.9 Shock (Impact) Test (DAT) 39 

9.9.1 Purpose of Test 40 
 41 
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Shock and vibration tests shall be performed prior to environmental tests. 1 
 2 
The purpose of this test is to determine that the CU under test is capable of withstanding 3 
the shock (impact) to which it may reasonably be subjected during handling and 4 
transportation in the process of installation, repair, and replacement.  It is to be noted 5 
that the CU under test is not, at this time, in its shipping carton. 6 
 7 
The CU under test shall be firmly fastened to the specimen table.  In each of its three 8 
planes the CU under test shall be dropped from a calibrated height to result in a shock 9 
force of 10 G. 10 
 11 

9.9.2 Test Equipment Requirements 12 
 13 

1. Shock (impact) test fixture equivalent to that suggested by the simplified sketch 14 
shown in Figure 9-2. 15 

 16 
2. The test table shall have a surface area sufficient to accommodate the CU under 17 

test. 18 
 19 
3. The test table shall be calibrated and the items tested as indicated.  This shock 20 

test defines the test shock to be 10 ± 1 G. 21 
a. Calibration of the test equipment for these shock tests shall be measured 22 

by three accelerometers having fixed shock settings of 9 G, 10 G, and 11 23 
G. They shall be Inertia Switch Incorporated ST-355, or the equivalent.  24 
These devices shall be rigidly attached to the test table. 25 

b. Calibration of the fixture for each item to be tested shall be as follows: 26 
1) Place a dummy load weighing within 10% of the CU under test on the 27 

table. 28 
2) Reset the three accelerometers and drop the test table from a 29 

measured height. 30 
3) Observe that the accelerometers indicate the following: 31 

a) The 9 G accelerometer shall be activated. 32 
b) The 10 G unit may or may not be actuated. 33 
c) The 11 G unit shall not be actuated. 34 

c. Repeat calibration test (a) and (b) adjusting the height of the drop until, on 35 
ten successive drops, the following occurs: 36 
1) The 9 G unit is actuated ten times. 37 
2) The 10 G unit is actuated between four to eight times. 38 
3) The 11 G unit is not actuated on any of the ten drops. 39 

 40 
 41 



 
Advanced Transportation Controller (ATC) Standard 

ENVIRONMENTAL AND TEST PROCEDURES 
 

 

 
ATC Standard  Page 9-16 
Version 5.2a2 

 1 
Figure 9-2: Shock Test Fixture 2 

 3 

9.9.3 Test Procedure (DAT) 4 
 5 

1. The calibration height of the drop for the particular item under test as determined 6 
in Section 9.9.2 shall be used in this procedure. 7 

 8 
2. Secure the CU under test to the test table surface so that the CU under test rests 9 

on one of its three mutually perpendicular planes. 10 
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 1 
3. Raise the test table to the calibrated height. 2 
 3 
4. Release the test table from the calibrated height, allowing a free fall into the box 4 

of energy absorbing material below. 5 
 6 
5. Repeat the drop test for each of the remaining two mutually perpendicular 7 

planes, using the same calibrated height for each drop test of the same CU 8 
under test. 9 

 10 
6. The observations of the accelerometer for the three tests of the test item shall be: 11 

a. The 9 G unit is actuated for all three tests. (Repeat the calibration if the 12 
unit is not actuated.) 13 

b. The 10 G unit may or may not be actuated in these tests. 14 
c. The 11 G unit is not actuated on any drop. (If the unit is actuated, repeat 15 

the calibration only if the CU under test has suffered damage.) 16 
 17 

7. Production Testing drop test procedure:  while the unit is running, tilt and lift the 18 
controller from the front four inches high and drop.   19 

 20 

9.9.4 Disposition of Test Unit 21 
 22 

1. Check the CU under test for any physical damage resulting from the drop tests. 23 
 24 
2. Check the CU under test to determine that it is functionally operable in all modes 25 

of its prescribed operation. 26 
 27 
3. Satisfactory completion of all environmental tests, including the shock (impact) is 28 

required. 29 
 30 

9.10 Power Interruption Test Procedures (DAT) 31 
 32 
The following power interruption tests shall be conducted at low input voltage (100 VAC) 33 
and high input voltage (135 VAC) at -37˚ C, and +74˚ C. 34 
 35 
Guidance: 36 
Suggestion is to use a second ATC as part of a control group and accurately 37 
synchronize the test ATC and control ATC clocks prior to each specific test.  One 38 
then subjects the test ATC to the desired test while the control ATC receives 39 
continuous, constant voltage at the test voltage level. After the tests have been 40 
performed, one then verifies that both ATCs still have their clocks accurately 41 
synchronized to one another (i.e. zero loss of time due to AC input signal failure 42 
and accuracy remains per section 4.1.3 in cases where a restart occurs). 43 
Application test software may be required to facilitate verifying synchronization. 44 
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 1 

9.10.1 Short Power Interruption 2 
 3 
While the CU under test is cycling through normal operations, remove the input voltage 4 
for a period of 475 ms.  Upon restoration of the input voltage, check to insure that the 5 
CU under test continues normal operation as though no power interruption has occurred.  6 
Repeat this test three times. 7 
 8 
Verify that the clock in the CU under test has not drifted as a result of the power 9 
interruptions. 10 
 11 
Additional power interruption testing is to be performed at 550 ms, 750 ms, and 1 12 
second outages to verify proper restart operation. 13 
 14 

9.10.2 Voltage Variation 15 
 16 
All circuits of the CU under test shall be subjected to slowly varying line voltage during 17 
which the CU under test shall be subjected to line voltage that is slowly lowered from a 18 
nominal 120 VAC line voltage to 0 VAC at a rate of not greater than 2 VAC per second.  19 
The line voltage shall then be slowly raised at a rate of not greater than 2 VAC per 20 
second to 100 VAC at which point the CU under test shall resume normal operation 21 
without operator intervention.  This test shall be performed at both -37˚ C and +74˚ C, at 22 
a nominal 120 VAC line voltage.  Repeat this test three times. 23 
 24 
Verify that the clock in the CU under test has not drifted as a result of the power 25 
variations. 26 
  27 

9.10.3 Rapid Power Interruption 28 
 29 
The CU under test shall be subjected to rapid power interruption testing of the form that 30 
the power shall be off for 350 ms and on for 650 ms for a period of 2 minutes.  Power 31 
interruption shall be performed through electromechanical contacts of an appropriate 32 
size for the load.  During this testing, the CU under test shall function normally and shall 33 
continue normal sequencing (operation) at the conclusion of the test.  This test shall be 34 
performed at both -37˚ C and +74˚ C, at a nominal 120 VAC line voltage.  Repeat this 35 
test three times. 36 
 37 
Verify that the clock in the CU under test has not drifted as a result of the power 38 
interruptions. 39 
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10  PERFORMANCE AND MATERIAL 1 

REQUIREMENTS 2 
 3 

10.1 General 4 

10.1.1 Furnished Equipment 5 
 6 
All equipment furnished in compliance to this standard shall be new and unused.  7 
Vacuum or gaseous tubes and electro-mechanical devices shall not be used unless 8 
specifically called for by this standard. 9 
 10 

10.1.2 Edges 11 
 12 
All sharp edges and corners shall be rounded. 13 
 14 

10.1.3 Hardware 15 
 16 
All washers, nuts, bolts, hinges and hinge pins shall be stainless steel unless otherwise 17 
specified. 18 
 19 

10.1.4 Electrical Isolation and Equipment Grounding 20 
 21 
Within the circuit of any device, module, or printed circuit board (PCB), electrical 22 
isolation shall be provided between DC ground, Equipment Ground (EG) and AC.  They 23 
shall be electrically isolated from each other by 500 mega-MΩ, minimum, when tested at 24 
the input terminals with 500 VDC. 25 
 26 
Equipment grounding practices specified in the NEMA TS2-2003 Standard shall be 27 
followed. In particular, all external metallic surfaces such as faceplates, chassis, and 28 
connector housings shall be connected to the equipment ground signal input of the 29 
power supply. 30 
 31 

10.1.5 Component Sources 32 
 33 
All components shall be of such design, fabrication, nomenclature or other identification 34 
as to be purchased from a wholesale distributor or from the component manufacturer, 35 
except as follows: 36 
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 1 

10.1.5.1 Circuit Designs 2 
The electronic circuit design shall be such that all components of the same generic type, 3 
regardless of manufacturer, shall function equally in accordance with this standard.  No 4 
component shall be applied contrary to its manufacturer’s recommendations or data 5 
sheets. 6 
 7 

10.1.5.2 Operational Envelopes 8 
No component shall be operated above 80% of its maximum rated voltage, current or 9 
power ratings.  Digital components shall not be operated above 3% over their nominal 10 
voltage, current or power ratings. 11 
 12 

10.1.5.3 Component Design Life 13 
The design life of each component, operating for 24 hours a day and operating in its 14 
circuit application, shall be 10 years or longer. 15 
 16 

10.1.5.4 Component Packaging 17 
Encapsulation of 3 or more discrete components into circuit modules is prohibited except 18 
for transient suppression circuits, resistor networks, diode arrays, solid-state switches, 19 
optical isolators and transistor arrays.  Components shall be arranged so they are easily 20 
accessible, replaceable and identifiable for testing and maintenance.  Where damage by 21 
shock or vibration exists, the component shall be supported mechanically by a clamp, 22 
fastener, retainer, or hold-down bracket. 23 
 24 

10.1.6 Capacitors 25 
 26 
The DC and AC voltage ratings as well as the dissipation factor of a capacitor shall 27 
exceed the worst-case design parameters of the circuitry by 1.5 times except for 28 
Supercaps.  Supercaps are capacitors rated less than 10 working Volts DC with 29 
capacitance values greater than or equal to 1.0F.  Capacitors which shall be required to 30 
meet only their stated ratings.  Capacitor encasements shall be resistant to cracking, 31 
peeling and discoloration.  All capacitors shall be insulated and shall be marked with 32 
their capacitance values and working voltages.  Electrolytic capacitors shall not be used 33 
for capacitance values of less than 1.0 µF and shall be marked with polarity. 34 
  35 

10.1.7 Resistors 36 
 37 
Fixed carbon film, deposited carbon, or composition-insulated resistors shall conform to 38 
the performance requirements of Military Specifications MIL-R-11F or MIL-R-22684.  All 39 
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resistors shall be insulated.  Resistance values for all discrete resistors shall be 1 
indicated by the EIA color codes, or stamped value.  The resistor value shall not vary by 2 
more than 5% for carbon film and deposited carbon types and 10% for composition–3 
insulated type over the range of  -37° C to 74° C.   Special ventilation or heat sinking 4 
shall be provided for all resistors rated 2 W or higher.  They shall be insulated from the 5 
PCB. 6 
 7 

10.1.8 Semiconductors 8 
 9 
All transistors, integrated circuits, and diodes shall be a standard type listed by EIA and 10 
clearly identifiable.  All metal oxide semiconductor components shall contain circuitry to 11 
protect their inputs and outputs against damage due to high static voltages or electrical 12 
fields.  Device pin "1" locations shall be properly marked on the PCB adjacent to the pin. 13 
 14 

10.1.9 Transformers and Inductors 15 
 16 
All power transformers and inductors shall have the manufacturer's name or logo and 17 
part number clearly and legibly printed on the case or lamination.  All transformers and 18 
inductors shall have their windings insulated, shall be protected to exclude moisture, and 19 
their leads color coded with an approved EIA color code or identified in a manner to 20 
facilitate proper installation. 21 
 22 

10.1.10 Fuses 23 
 24 
All fuses shall be 3AG Slow Blow type and resident in a holder.  Fuse size rating shall be 25 
labeled on the holder.  Fuses shall be easily accessible and removable without use of 26 
tools. 27 
 28 
Fuses shall not be dislodged during shipping and handling. 29 
 30 

10.1.11 Switches 31 

10.1.11.1 DIP Switches 32 
Dual-inline-package, quick snap switches shall be rated for a minimum of 30,000 33 
operations per position at 50 mA, 30 VDC.  The switch contact resistance shall be 100 34 
mΩ maximum at 2 mA, 30 VDC.  The contacts shall be gold over brass (or silver).  35 
Contact for VAC or 28 VDC and shall be silver over brass (or equal).  36 
 37 
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10.1.11.2 Logic Switches 1 
The switch contacts shall be rated for a minimum of 1 A resistive load at 120 VAC and 2 
shall be silver over brass (or equal).  The switch shall be rated for a minimum of 40,000 3 
operations. 4 
 5 

10.1.11.3 Control Switches 6 
The switch contacts shall be rated for a minimum of 5 A resistive load at 120 VAC or 28 7 
VDC and shall be gold over brass (or equal).  The switch shall be rated for a minimum of 8 
40,000 operations.   9 
 10 

10.1.11.4 Power Switches 11 
The switch contacts shall be rated for a minimum of 5 A resistive load at 120 VAC or 28 12 
VDC and shall be gold over brass (or equal).  The switch shall be rated for a minimum of 13 
10 A at 125 VAC. 14 
 15 

10.1.12 Wiring, Cabling, and Harnesses 16 

10.1.12.1 Harnesses 17 
Harnesses shall be neat, firm and properly bundled with external protection.  They shall 18 
be tie-wrapped and routed to minimize crosstalk and electrical interference.  Each 19 
harness shall be of adequate length to allow any conductor to be connected properly to 20 
its associated connector or termination point.  Conductors within an encased harness 21 
have no color requirements. 22 
 23 

10.1.12.2 Bundling 24 
Wiring containing AC shall be bundled separately or shielded separately from all DC 25 
logic voltage control circuits.  Wiring shall be routed to prevent conductors from being in 26 
contact with metal edges.  Wiring shall be arranged so that any removable assembly 27 
may be removed without disturbing conductors not associated with that assembly.  28 
Splicing or cutting/replacing of bundle wrapping is not allowed. 29 
 30 

10.1.12.3 Conductor Construction 31 
All conductors shall conform to MIL-W-16878E/1 or better and shall have a minimum of 32 
19 strands of copper.  The insulation shall be polyvinyl chloride with a minimum 33 
thickness of 10 mils or greater.  Where insulation thickness is 15 mils or less, the 34 
conductor shall conform to MIL-W-16878/17.  Conductor color identification shall be as 35 
follows: 36 
 37 

•  AC - gray or continuous white color 38 
•  EG - solid green or continuous green color with 1 or more yellow stripes.  39 
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•  DC logic ground - continuous white color with 1 red stripe. 1 
•  AC+ - continuous black color or black with colored stripe. 2 
•  DC logic ungrounded or signal - any color not specified  3 

 4 

10.1.13 Indicators and Character Displays  5 
 6 
All indicators and character displays, when supplied, shall be readily visible at a radius of 7 
up to 4 feet within the cone of visibility when the indicator is subjected to 97,000 lux 8 
(9,000 foot-candles) of white light with the light source at 45 ±2˚ to the front panel. 9 
 10 

10.1.13.1 Range of Visibility 11 
All indicators and character displays shall have a minimum 90˚ cone of visibility with its 12 
axis perpendicular to the panel on which the indicator is mounted.  All indicators shall be 13 
self-luminous.  All indicators shall have a rated life of 100,000 hours minimum.   Each 14 
LED indicator shall be white or clear when off.   15 
 16 

10.1.13.2 LCDs 17 
Liquid Crystal Displays (LCD), when used, shall operate at temperatures of -20 °C to 18 
+70 °C and shall not be damaged nor otherwise adversely affect unit’s operation at 19 
temperatures of  -37 °C to +74 °C.  Low temperature operation must have a sufficiently 20 
fast reaction time to be readable for the integer value displayed. 21 
 22 
Some agencies may wish to specify faster LCD operation and lower temperature 23 
operation which may necessitate the use of heaters for the LCD.  When such heaters 24 
are used, they shall only be energized at low temperature to support operator interaction 25 
and shall be controllable through the application software. 26 

10.1.14 Connectors 27 
 28 
All connectors shall be keyed to prevent improper insertion of the wrong connector.  The 29 
mating connectors shall be designated as the connector number and male/female 30 
relationship, such as C1P (plug) and C1S (socket).  The connector shall be called out 31 
base metal with minimum  0.00005 inch nickel plated with 0.000015 inch gold. 32 
 33 

10.1.14.1 Plastic Circular and M Type Connectors  34 
Pin and socket contacts, if used, for connectors shall be beryllium copper construction.  35 
Pin diameter shall be 0.062 inch.  All pin and socket connectors shall use the AMP 36 
#601105-1 or #91002-1 contact insertion tool and the AMP #305183 contact extraction 37 
tool. 38 
 39 
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10.1.14.2 Flat Cable Connectors  1 
All flat cable connectors, where used, shall be designed for use with 26 AWG cable; 2 
shall have dual cantilevered phosphor bronze contacts; and shall have a current rating of 3 
1 A minimum and an insulation resistance of 5 MΩ minimum. 4 

10.1.14.3 PCB Header Socket Connectors  5 
Each PCB header socket block shall be nylon or diallyl phthalate.  Each PCB header 6 
socket contact shall be removable, but crimp-connected to its conductor.  The 7 
manufacturer shall list the part number of the extraction tool recommended by its 8 
manufacturer.  Each PCB header socket contact shall be brass or phosphor bronze. 9 
 10 

10.1.14.4 Metallic Circular Connectors [NEMA] 11 
Metallic Circular Connectors shall comply and interface with MS 116 Shell type. 12 
 13 

10.1.15 PCB Design 14 
 15 
No components, traces, brackets or obstructions shall be within 0.125 inch of a PC 16 
board edge (guide edges).  The manufacturer's name or logo, model number, serial 17 
number, and circuit issue or revision number shall appear and be readily visible on all 18 
PCBs.  Devices to prevent the PCB from backing out of its assembly connectors shall be 19 
provided.  All screw type fasteners shall utilize locking devices or locking compounds 20 
except for finger screws, which shall be captive.  Solder quality should conform to IPC 21 
610 specification for Industrial ratings.  Serial numbers on PCBs shall be permanent. 22 
 23 

10.1.16 Tolerances 24 
The following tolerances shall apply, except as specifically shown on the plans or in 25 
these specifications: 26 
 27 
  Sheet Metal  ± 1.334 mm (0.0525 inch) 28 
  PCB  ± 0.254 mm (0.010 inch) 29 
  Edge Guides  ± 0.381 mm (0.015 inch) 30 
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11   QUALITY CONTROL 1 
 2 
Material in this section are considered a supplement to that provided in Section 9.  In the 3 
case of apparent inconsistencies, material in Section 9 of this standard shall prevail. 4 

11.1 Components 5 
 6 
All components shall be lot sampled to assure a consistent high conformance standard 7 
to the design specification of the equipment. 8 
 9 

11.1.1 Subassembly, Unit Or Module 10 
 11 
Complete electrical, environmental and timing compliance testing shall be performed on 12 
each module, unit, printed circuit or subassembly.  Housing, chassis, and connection 13 
terminals shall be inspected for mechanical sturdiness, and harnessing to sockets shall 14 
be electrically tested for proper wiring sequence.  The equipment shall be visually and 15 
physically inspected to assure proper placement, mounting, and compatibility of 16 
subassemblies. 17 
 18 

11.1.2 Predelivery Repair   19 
 20 
Any defects or deficiencies found by the inspection system involving mechanical 21 
structure or wiring shall be returned through the manufacturing process or special repair 22 
process for correction.  PCB flow soldering is allowed a second time if copper runs and 23 
joints are not satisfactorily coated on the first run.  Hand soldering is allowed for printed 24 
circuit repair. 25 
 26 

11.1.3 Manufacturers’ Quality Control Testing Certification 27 
 28 
Guidance:  If requested by the purchasing agency, quality control procedures 29 
shall be submitted prior to production.  A compliant test report that is part of the 30 
quality control procedure shall be supplied with each delivered unit.  Along with 31 
pass fail information this report shall include the quality control procedure, test 32 
report format, and the name of the tester.  It should be counter-signed by a 33 
corporate officer. 34 
 35 
The quality control procedure shall include the following: 36 
 37 

•  Design Acceptance testing of all supplied components. 38 

•  Physical and functional testing of controller units. 39 
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•  Environmental testing report(s) and final acceptance. 1 

•  Acceptance testing of all supplied components. 2 

•  Physical and functional testing of all modules and items. 3 

•  Verification of a minimum burn-in of all equipment. 4 

 5 
 6 
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12    GLOSSARY 1 
 2 

12.1 Physical Units 3 
 4 
Wherever the following units are used, the intent and meaning shall be interpreted as 5 
follows: 6 
 7 

A  Ampere 8 
b - bit  9 
bps - bits per second  10 
B - byte 11 
˚C  - Degrees Celsius 12 
dB - Decibel 13 
dBa - Decibels above reference noise, adjusted 14 
F - Farad 15 
ft - foot 16 
g - gram 17 
G - Earth gravitational constant 18 
Hz - Hertz 19 
in - inches 20 
J - Joule 21 
m - meter 22 
N - Newton 23 
Ω - Ohm 24 
s - second 25 
V - Volt 26 
W - Watt 27 
 28 

12.2 Modifiers 29 
Wherever the following modifiers are used as a prefix to a physical unit, the intent and 30 
meaning shall be interpreted as follows: 31 
 32 

k - kilo = 1000  33 
M - Mega = 1 000 000 34 
m - milli = 0.001 35 
µ - micro = 0.000 001 36 
n - nano = 0.000 000 001 37 
p - pico = 0.000 000 000 001 38 
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12.3 Acronyms and Definitions 1 
 2 
AASHTO American Association of State Highway and Transportation 3 

Officials 4 

AC  Alternating Current 5 

AC- 120 VAC, 60 Hz neutral (grounded return to the power source) 6 

AC+ 120 VAC, 60 Hz line source (ungrounded) 7 

ANSI American National Standard Institute 8 

ASCII American Standard Code for Information Interchange 9 

Assembly A complete machine, structure, or unit of a machine that was 10 
manufactured by fitting together parts and/or modules 11 

ASTM American Society for Testing and Materials 12 

ATC Advanced Transportation Controller 13 

AWG American Wire Gage 14 

BSP Board Support Package 15 

Cabinet An outdoor enclosure generally housing the controller unit and 16 
associated equipment 17 

Caltrans California Department of Transportation 18 

CD Carrier Detect 19 

Component Any electrical or electronic device 20 

CPU Central Processing Unit 21 

CTS Clear to send (data) 22 

CU Controller Unit, that portion of the controller assembly devoted to 23 
the operational control of the logic decisions programmed into the 24 
assembly 25 

DAT Design Acceptance Testing 26 

DC Direct Current 27 

DCD Data Carrier Detect (receive line signal detector) 28 

DRAM Dynamic Random Access Memory 29 

EEPROM Electrically Erasable Programmable Read-Only Memory 30 

EG Equipment Ground 31 

EIA Electronic Industries Association 32 

EL Electro-luminescent 33 

EMI Electromagnetic Interference 34 
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ENET Ethernet 1 

EPROM Ultraviolet Erasable, Programmable, Read-Only Memory 2 

Equal Connectors:  comply to physical dimensions, contact material, 3 
plating and method of connection. 4 

 Devices:  comply to function, pin out, electrical and operating 5 
parameter requirements, access times and interface parameters 6 
of the specified device 7 

ETL Electrical Testing Laboratories, Inc. 8 

FCU Field Control Unit 9 

Firmware A computer program or software stored permanently in PROM, 10 
EPROM, ROM, or semi-permanently in EEPROM 11 

FLASH A form of EEPROM that allows multiple memory locations to be 12 
erased or written in one programming operation. It is solid-state, 13 
permanent, and non-volatile memory typically having fast access 14 
and read/write cycles 15 

FPA Front Panel Assembly 16 

FSK Frequency Shift Keying 17 

HDLC High-level Data Link Control 18 

I/O Input/Output 19 

IEEE Institute of Electrical and Electronics Engineers 20 

IP Internet Protocol 21 

ISO International Standards Organization 22 

ITE Institute of Transportation Engineers 23 

ITS Intelligent Transportation Systems 24 

Jumper A means of connecting/disconnecting two or more conductors by 25 
soldering/desoldering a conductive wire or by PCB post jumper 26 

Keyed Means by which like connectors can be physically altered to 27 
prevent improper insertion 28 

LCD Liquid Crystal Display 29 

LED Light Emitting Diode 30 

LOGIC Negative logic convention (Ground True) state 31 

logic-level HCT or equivalent TTL – compatible voltage interface levels 32 

lsb Least Significant Bit 33 

LSB Least Significant Byte 34 

MIPS  Million Instructions per Second 35 

http://en.wikipedia.org/wiki/EEPROM
http://en.wikipedia.org/wiki/Computer_memory
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Module A functional unit that plugs into an assembly 1 

msb Most Significant Bit 2 

MSB Most Significant Byte 3 

NA Presently Not Assigned.  Cannot be used by the contractor for 4 
other purposes 5 

NEMA National Electrical Manufacturer's Association 6 

NETA National Electrical Testing Association, Inc. 7 

NLSB Next Least Significant Byte 8 

NMSB Next Most Significant Byte 9 

NTCIP National Transportation Communication for ITS Protocols 10 

OST Operating System Time 11 

O/S Operating System 12 

Open System standardized hardware interfaces in a module 13 

PCB Printed Circuit Board 14 

PDA Personal Data Assistant (electronic) 15 

RAM Random Access Memory 16 

RF Radio Frequency 17 

RMS Root mean square 18 

ROM Read only memory 19 

RTC Real Time Clock 20 

RTS Request to send (data) 21 

RX Abbreviation for “Receive” when used to describe communication 22 
signals.  Typically a prefix for other character(s). 23 

RXC Receive Clock 24 

RXD  Receive Data 25 

SDLC Synchronous Data Link Control 26 

SP Serial Port 27 

SPI  Serial Peripheral Interface 28 

SRAM Static Random Access Memory 29 

TEES Transportation Electrical Equipment Specifications 30 

TMC Transportation Management Center 31 

TOD Time Of Day Clock 32 

TTL Transistor-Transistor Logic 33 
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TX  Abbreviation for “Transmit” when used to describe communication 1 
signals.  Typically a prefix for other character(s). 2 

TXC  Transmit Clock 3 

TXD Transmit Data 4 

UL Underwriter's Laboratories, Inc. 5 

USB Universal Serial Bus 6 

VAC Volts Alternating Current 7 

VDC Volts Direct Current 8 

WDT Watchdog Timer: A monitoring circuit, external to the device 9 
watched, which senses an Output Line from the device and reacts 10 

 11 
 12 
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 1 
Annex A 2 

Minimum Linux Kernel Configuration 3 
(Normative) 4 

 5 
 6 
This Annex specifies the minimum Linux kernel configuration features that shall be included in all 7 
kernel builds and the minimum required set of utilities. This standard shall only specify non-8 
platform-specific configuration options (i.e. a specific manufacturer’s implementation may require 9 
additional supplemental configuration options to be specified to support their particular hardware). 10 
Currently, only a Linux compatible kernel in the range of 2.6.x, (where x >= 9) is permitted under 11 
this standard. 12 
 13 
Kernel Configuration 14 
 15 
# 16 
# General setup 17 
# 18 
CONFIG_SYSVIPC=y 19 
CONFIG_SYSCTL=y 20 
CONFIG_KCORE_ELF=y 21 
CONFIG_HOTPLUG=y 22 
CONFIG_KOBJECT_UEVENT=y 23 
CONFIG_IKCONFIG=y 24 
CONFIG_IKCONFIG_PROC=y 25 
 26 
# 27 
# Loadable module support 28 
# 29 
CONFIG_MODULES=y 30 
CONFIG_MODULE_UNLOAD=y 31 
CONFIG_OBSOLETE_MODPARM=y 32 
CONFIG_KMOD=y 33 
 34 
# 35 
# Platform options 36 
# 37 
CONFIG_EMBEDDED=y 38 
CONFIG_PREEMPT=y 39 
CONFIG_BINFMT_ELF=y 40 
CONFIG_KERNEL_ELF=y 41 
 42 
# 43 
# Block devices 44 
# 45 
CONFIG_BLK_DEV_LOOP=y 46 
CONFIG_BLK_DEV_RAM=y 47 
CONFIG_BLK_DEV_INITRD=y 48 
 49 
# 50 
# SCSI device support 51 
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# 1 
CONFIG_SCSI=y 2 
CONFIG_SCSI_PROC_FS=y 3 
 4 
# 5 
# SCSI support type (disk, tape, CD-ROM) 6 
# 7 
CONFIG_BLK_DEV_SD=y 8 
 9 
# 10 
# Networking support 11 
# 12 
CONFIG_INET=y 13 
 14 
# 15 
# Networking options 16 
# 17 
CONFIG_PACKET=y 18 
CONFIG_PACKET_MMAP=y 19 
CONFIG_NETFILTER=y 20 
CONFIG_FILTER=y 21 
CONFIG_UNIX=y 22 
CONFIG_IP_PNP=y 23 
CONFIG_IP_PNP_DHCP=y 24 
CONFIG_IP_PNO_BOOTP=y 25 
CONFIG_IP_MULTICAST=y 26 
CONFIG_SYN_COOKIES=y 27 
 28 
# 29 
# Ethernet (10 or 100Mbit) 30 
# 31 
CONFIG_NET_ETHERNET=y 32 
 33 
# 34 
# Character devices 35 
# 36 
CONFIG_GEN_RTC=y 37 
CONFIG_GEN_RTC_X=y 38 
 39 
# 40 
# Non-8250 serial port support 41 
# 42 
CONFIG_UNIX98_PTYS=y 43 
CONFIG_LEGACY_PTYS=y 44 
CONFIG_LEGACY_PTY_COUNT=256 45 
 46 
# 47 
# USB support 48 
# 49 
CONFIG_USB=y 50 
 51 
# 52 
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# Miscellaneous USB options 1 
# 2 
CONFIG_USB_DEVICEFS=y 3 
CONFIG_USB_STORAGE=y 4 
CONFIG_USB_STORAGE_FREECOM=y 5 
CONFIG_USB_STORAGE_ISD200=y 6 
CONFIG_USB_STORAGE_DPCM=y 7 
CONFIG_USB_STORAGE_SDDR09=y 8 
CONFIG_USB_STORAGE_SDDR55=y 9 
 10 
# 11 
# File systems 12 
# 13 
CONFIG_EXT2_FS=y 14 
CONFIG_FAT_FS=y 15 
CONFIG_MSDOS_FS=y 16 
CONFIG_VFAT_FS=y 17 
CONFIG_FAT_DEFAULT_CODEPAGE=437 18 
CONFIG_FAT_DEFAULT_IOCHARSET="iso8859-1" 19 
CONFIG_DNOTIFY=y 20 
 21 
# 22 
# Pseudo File Systems 23 
# 24 
CONFIG_PROC_FS=y 25 
CONFIG_SYSFS=y 26 
CONFIG_TMPFS=y 27 
CONFIG_RAMFS=y 28 
 29 
# 30 
# Network File Systems 31 
# 32 
CONFIG_NFS_FS=y 33 
CONFIG_NFS_V3=y 34 
CONFIG_ROOT_NFS=y 35 
CONFIG_LOCKD=y 36 
CONFIG_LOCKD_V4=y 37 
CONFIG_SUNRPC=y 38 
 39 
# 40 
# Native Language Support 41 
# 42 
CONFIG_NLS_DEFAULT="iso8859-1" 43 
 44 
# 45 
# Library routines 46 
# 47 
# 48 
# Library routines 49 
# 50 
CONFIG_CRC32=m 51 
CONFIG_ZLIB_INFLATE=y 52 
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CONFIG_ZLIB_DEFLATE=y 1 
 2 
# 3 
# Cryptographic options 4 
# 5 
CONFIG_CRYPTO=y 6 
CONFIG_CRYPTO_HMAC=y 7 
 8 
 9 
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 1 
Annex B 2 

Required Device Driver Interfaces 3 
(Normative) 4 

 5 
 6 
This Annex specifies the device driver interfaces required by this standard. Where practical, 7 
standard Linux drivers are specified and no further detail is given. Otherwise, each driver 8 
interface is described in full detail.  9 
 10 
B.1 ATC CPU_RESET 11 

Overview 12 

This section defines a generalized driver interface for generating a pulse on the CPU_RESET 13 
port pin defined on the ATC Controller Engine Board.  Although an underlying general purpose 14 
interface to the ATC Engine Board PIO pins exists, only the simplified interface of this section is 15 
exposed to the User Applications for controlling the CPU_RESET pin. 16 

The BSP shall provide an external function, void atc_cpu_reset (void), that generates a 125 ± 20 17 
ms active-low pulse on the CPU_RESET signal.  This function first sets the CPU_RESET signal 18 
low, and resets a timer to count 125 ms. When the timer expires, the CPU_RESET signal is 19 
raised HIGH again. This function is non-blocking and non-exclusive in nature and may be called 20 
repetitively to generate a longer active-low pulse if necessary.  If the CPU_RESET pin is already 21 
low when called, then the pulse width timer is simply reset and begins timing 125 ms. 22 

Examples 23 
 24 

extern void atc_cpu_reset (void) 25 
 26 
/* single 125 ms pulse on CPU_RESET */ 27 
   atc_cpu_reset(); 28 
   … 29 
 30 
/* generate a 200 ms pulse on CPU_RESET */ 31 
   atc_cpu_reset (); 32 
   pause ( 75 ms); /* blocking delay of 75 ms */ 33 
   atc_cpu_reset (); 34 
   … 35 
 36 
 37 

B.2 ATC Engine Board PIO Driver Interface 38 

Overview 39 

This section defines a generalized driver interface for port pins defined on the ATC Controller 40 
Engine Board.  41 

To access a port pin, the following procedures are required: 42 
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1. Open the port to obtain its file descriptor. 1 

2. Read  / Write. 2 

3. Close the port. 3 

The port pins shall have special device files located in the /dev directory. 4 
 5 

Device Node Input/Output 
POWERDOWN pin /dev/powerdown Input 
DKEY_PRESENT pin /dev/datakeypresent Input 
CPU_ACTIVE pin /dev/cpuactive Output 
CPU_RESET pin /dev/cpureset Output 

 6 
 7 
Examples 8 
 9 

/* blocking read of powerdown */ 10 
   int fd, result; 11 
   char ch; 12 
 13 
   fd = open(“/dev/powerdown”, O_RDONLY); 14 
   while (1) 15 
   { 16 
      result = read (fd, &ch, 1); /* blocking read */ 17 
      if (result == 1) 18 
      {  if (ch == 0) do_powerdown_handling(); 19 
         else if (ch == 1) recover_from_powerdown(); 20 
      } 21 
   } 22 
 23 
 24 
  /* non-blocking read of dkey_present*/ 25 
  int fd, result; 26 
  char ch; 27 
 28 
  fd = open (“/dev/datakeypresent”, O_RDONLY | O_NONBLOCKING); 29 
  result = read (fd, &ch, 1); 30 
  return (result); 31 
 32 
/* setting cpuactive */ 33 
 34 
int fd, result; 35 
char ch; 36 
 37 
  fd = open (“/dev/cpuactive”, O_WRONLY); 38 
  ch = 1; /* turn cpu_active ON */ 39 
  result = write(fd, &ch, 1); 40 
  ch = 0; /* turn cpu_active OFF */ 41 
  result = write(fd, &ch, 1); 42 
   43 

 44 
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B.3 ATC Serial Peripheral Interface (SPI) Bus Driver Interface 1 

Overview 2 

This section defines a generalized driver interface for the SPI bus defined on the ATC Controller 3 
Engine Board. This bus is used to access the Datakey, Host Board serial EEPROM, one 4 
manufacturer defined device and one reserved device. 5 

To access a SPI bus device, the following procedures are required: 6 

1. Open the bus port to obtain its file descriptor. 7 

2. Read data from or write data to the bus port. 8 

3. Close the port. 9 

B.3.1 SPI Bus Functions (SPIx)  10 

The following functions are used this driver: 11 
 12 

•  open( ) 13 
•  close( ) 14 
•  read ( ) 15 
•  write( ) 16 
•  ioctl( ) 17 

 18 
Each SPI port shall have a special device file node located in the /dev directory. Device nodes 19 
shall be defined as follows: 20 
   21 
   22 

Device Description Port Node 
SPI_SEL_1 Datakey /dev/datakey 
SPI_SEL_2 Host EEPROM /dev/eeprom 
SPI_SEL_3 Reserved /dev/reserved 
SPI_SEL_4 Manufacturer 

specific device 
/dev/manufacturer 

 23 
open( ) 24 

This function allows an application to request exclusive ownership of the SPI bus. Upon opening, 25 
the record pointer for the device is set to the beginning of the device so that the next read or write 26 
starts at the first byte. The port is then accessed via read( ), write( ), ioctl( ) and close( ) functions. 27 

close( )  28 

This function allows an application to release ownership of the SPI bus pointed to by fd. This 29 
function should only be called after a successful open of the respective port. Upon closing the 30 
port, all settings and configurations are put in a reset state.  31 

read( )  32 
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This function allows an application to read data from the open SPI bus pointed to by fd. This 1 
function should only be called after a successful open of the respective port. The function reads 2 
up to count sequential bytes from the SPI device starting from the device’s current record pointer 3 
and advances the record pointer as each byte is read. If the number of bytes requested is not 4 
available within the configured time limit, the read operation times out if time out operation is 5 
configured. The function places the requested data in the memory location pointed to by *buf. 6 
 7 
 8 
write( )  9 
 10 
This function allows an application to write data to the open SPI bus pointed to by fd. This 11 
function should only be called after a successful open of the respective device. The function 12 
writes up to count sequential bytes to the SPI device starting at the device’s current record 13 
pointer and advances the record pointer as each byte is written. If the number of bytes requested 14 
cannot be sent within the configured time limit, the write operation times out. The function takes 15 
the data from the memory location pointed to by *buf. 16 
 17 
 18 
ioctl( )  19 
 20 
This function allows an application to configure and control the SPI bus pointed to by fd. This 21 
function should only be called after a successful open of the respective device. The operation 22 
performed by the ioctl( ) function depends the command argument. The command argument 23 
determines the interpretation of any additional arguments. The supported IOCTL services are 24 
defined below.  25 
 26 

Prototype  27 
int ioctl(int fd, int command, parameters);  28 

Argument  Description  
fd  This is the file descriptor of the device to access.  

command  This specifies the desired operation to be performed.  

parameter  This argument is an integer or a pointer to a source structure containing 
port configuration data or an integer or a destination structure where status 
information is placed by the ioctl function call .  

 29 
 30 

Valid SPI IOCTL Commands 31 
 32 
ATC_SPI_READ 33 
This command copies len bytes of data from the SPI device starting at byte #offset from the 34 
beginning of the device. At the conclusion of the read operation, the SPI device record pointer will 35 
be set to byte number offset + len. 36 

ioctl( ) Argument  Description  

fd  This is the file descriptor of the device to access.  
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command  ATC_SPI_READ 

parameter1  Pointer to SPI device first origination byte: offset  

parameter2 Number of bytes to read: len 

 1 
 2 
ATC_SPI_WRITE 3 
This command copies len bytes of data from the user space to the SPI device starting at byte 4 
#offset within the device. At the conclusion of the write operation, the SPI device record pointer 5 
will be set to byte number offset + len. 6 

ioctl( ) Argument  Description  

fd  This is the file descriptor of the device to access.  

command  ATC_SPI_WRITE 

parameter1  Pointer to SPI device first destination byte: offset  

parameter2 Number of bytes to read: len 

 7 

B.3.2 Datakey 8 

The format of the first 28 bytes of the datakey is defined in the following structure.  Only datakeys 9 
with version = 1 or 2 are currently defined.  A non-defined value for version or type is an error. 10 
All additional memory following the 28th byte is undefined and available for application use. 11 
 12 
typedef struct atc_datakey { 13 
 14 
   uint16 fcs;  // 16 bit Frame Check Sequence (FCS) calculated as defined   15 
   // in clause 4.6.2 of ISO/IEC 3309. This FCS is calculated    16 
   // across bytes 3-64  17 
   uint8 type;  // Key Type See table below 18 
   uint8 version;  // Header Version: Only 1 and 2 are valid values currently. 19 
   uint32 latitude; 20 
   uint32 longitude; 21 
   unit16 id;  // Controller ID 22 
   unit16 drop;  // Communications drop number 23 
   uint32 ipaddress; // IP address 24 
   uint32 subnet; // Subnet mask 25 
   uint32 gateway; // Default gateway 26 
} ; 27 
 28 
Structure member “type” shall contain the Key Type value as defined in the following table: 29 

Key Type Model No Sector Size Memory Size
3 SFK2Mb 2Mb 64 Kbytes 

 30 
The data format in the Datakey header for the Latitude and Longitude fields shall 31 
comply with IEEE/ANSI 754-1985 STD. All the other fields shall follow a Big Endian 32 
Format as implemented by Freescale 68000-family CPUs. 33 
 34 
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B.3.3 Host Board EEPROM Content and Organization 1 

The following describes the content and organization of the Host EEPROM. If a Host EEPROM 2 
does not exist within the ATC, then the BSP should assume the default configuration which 3 
represents an ATC 2070L. The data format in the Host EEPROM for the Latitude and Longitude 4 
fields shall comply with IEEE/ANSI 754-1985 STD. All the other fields shall follow a Big Endian 5 
Format as implemented in Freescale 68000-family CPUs. 6 
 7 

•  Host EEPROM Version (uint8 0..255; Standard enumerated values are: v5.2 – 1)  8 
•  Host EEPROM Size in bytes (uint16 0..65535; Use Defaults = 0)  9 
•  # Modules (uint8 0..255). For each module:  10 

o Module Location (uint8 0..255; Standard enumerated values are: Other – 1, Host 11 
– 2, Display – 3, I/O – 4, Power Supply – 5, A1 – 6, A2 – 7)  12 

o Module Make (uint8 0..255; manufacturer – NEMA assigned NTCIP code except 13 
Generic = 0)  14 

o Module Model (OCTET STRING)  15 
o Module Version (seven bytes: YYYYMMDDrrmmpp … where YYYYMMDD is 16 

date & version is rr.mm.pp … stored in BCD)  17 
o Module Type (uint8 0..255; Standard enumerated values are: Other – 1, 18 

Hardware – 2, Software/Firmware – 3)  19 
•  Display properties:  20 

o # Char Lines (uint8 0..255 - use 0 if no display attached)  21 
o #Char Columns (uint8 0..255 - use 0 if no display attached)  22 
o #Graphic Rows-1 (y_max) (uint8 0..255 - use 0 if no display attached)  23 
o #Graphic Columns-1 (x_max) (uint16 0..1023 - use 0 if no display attached)  24 

•  # Ethernets (uint8 0..255). For each Ethernet:  25 
o Type (uint8 0..255; Standard enumerated values are: Other - 1, Hub/Phy/Other 26 

Direct Port - 2, Unmanaged Switch - 3, Managed Switch - 4, Router - 5) 27 
o IP Address (four bytes) 28 
o Switch/Router MAC Address (six bytes); use 000000 000000 if Hub/Phy/Other 29 

Direct Port 30 
o Subnet Mask (four bytes) 31 
o Default Gateway (four bytes) 32 
o Engine Board Interface (integer 0..255; Standard enumerated values are: Other -33 

1, Phy – 2, RMII – 3, MII – 4)  34 
•  SPI3 Purpose (uint8 0..255; Standard enumerated values are: Unused – 0, reserved 35 

1..255 )  36 
•  SPI4 Purpose (uint8 0..255; Standard enumerated values are: Unused – 0, otherwise 37 

manufacturer specific code 1..255)  38 
•  Host Board Serial Ports Used – uint16 0..65535 bit encoded as follows:  39 

o Bit 0: SP1  40 
o Bit 1: SP1s  41 
o Bit 2: SP2  42 
o Bit 3: SP2s  43 
o Bit 4: SP3  44 
o Bit 5: SP3s 45 
o Bit 6: SP4  46 
o Bit 7: SP5s 47 
o Bit 8: SP6 48 
o Bit 9: SP8 (although always present in an ATC, it is optional in an ATC2070) 49 
o Bit 10: SP8s (although always present in an ATC, it is optional in an ATC 2070)  50 

•  # Ports used for I/O (uint8 0..255). For each I/O Port: 51 
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o Port ID (uint8 0..255; standard values are None – 0, SP1 – 1, SP2 – 2, SP3 – 3, 1 
SP4 – 4, SP5 – 5, SP6 – 6, Reserved – 7, SP8 – 8, ENET1 – 9, ENET2 – 10, 2 
SPI3 – 11, SPI4 – 12, USB – 13, Reserved 14..255) 3 

o Port Mode as applicable (uint8 0..255; standard values are Other – 0, Async – 1, 4 
Sync – 2, SDLC – 3, HDLC – 4, Reserved – 5..255) 5 

o Baud Rate as applicable (uint32) … Note: not specified for ENET1, ENET2, or 6 
USB 7 

•  Host Board Serial Ports Present – uint16 0..65535 bit encoded as follows:  8 
o Bit 0: SP1  9 
o Bit 1: SP1s  10 
o Bit 2: SP2  11 
o Bit 3: SP2s  12 
o Bit 4: SP3  13 
o Bit 5: SP3s 14 
o Bit 6: SP4  15 
o Bit 7: SP5s 16 
o Bit 8: SP6 17 
o Bit 9: SP8 (although always present in an ATC, it is optional in an ATC 2070) 18 
o Bit 10: SP8s (although always present in an ATC, it is optional in an ATC 2070)  19 

•  Serial Bus #1 Port – uint16 0..65535 bit encoded as follows (0 = SB #1 non-20 
existent/unused):  21 

o Bit 0: Reserved  22 
o Bit 1: SP1s  23 
o Bit 2: Reserved  24 
o Bit 3: SP2s  25 
o Bit 4: Reserved  26 
o Bit 5: SP3s  27 
o Bit 6: Reserved  28 
o Bit 7: SP5s 29 
o Bit 8: Reserved 30 
o Bit 9: Reserved 31 
o Bit 10: SP8s (although always present in an ATC, it is optional in an ATC 2070)  32 

•  Serial Bus #2 Port – uint16 0..65535 bit encoded as follows (0 = SB #2 non-33 
existent/unused):  34 

o Bit 0: SP1  35 
o Bit 1: SP1s  36 
o Bit 2: SP2  37 
o Bit 3: SP2s  38 
o Bit 4: SP3  39 
o Bit 5: SP3s  40 
o Bit 6: SP4  41 
o Bit 7: SP5s 42 
o Bit 8: SP6 43 
o Bit 9: SP8 (although always present in an ATC, it is optional in an ATC 2070) 44 
o Bit 10: SP8s (although always present in an ATC, it is optional in an ATC 2070)  45 

•  TS 2 Port 1 Port – uint16 0..65535 bit encoded as follows (0 = NEMA Port 1 non-46 
existent):  47 

o Bit 0: Reserved  48 
o Bit 1: SP1s  49 
o Bit 2: Reserved  50 
o Bit 3: SP2s  51 
o Bit 4: Reserved  52 
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o Bit 5: SP3s  1 
o Bit 6: Reserved  2 
o Bit 7: SP5s 3 
o Bit 8: Reserved 4 
o Bit 9: Reserved 5 
o Bit 10: SP8s (although always present in an ATC, it is optional in an ATC 2070)  6 

•  Expansion Bus type (uint8 0..255; Standard enumerated values are: None – 1, Other – 2, 7 
VME – 3)  8 

•  CRC #1 (16-bit)  9 
•  Latitude (4 bytes)  10 
•  Longitude (4 bytes)  11 
•  Controller ID (uint16 0..65535)  12 
•  Communication Drop # (uint16 0..65535)  13 
•  Reserved for Agency (35 bytes … per TEES)  14 
•  CRC #2 (8-bit)  15 
•  User Data (to end)  16 

 17 
The default configuration is as follows: 18 

•  Host EEPROM Version  = 1  19 
•  Host EEPROM Size in bytes  = 0  20 
•  # Modules = 4  (Note: 2070L is 2070-1B, 2070-2A, 2070-3B, & 2070-4B only) 21 

o Module 1 Location = 2  22 
o Module 1 Make = 0  23 
o Module 1 Model = “2070-1B Host”  24 
o Module 1 Version = 20040608020200  25 
o Module 1 Type = 2  26 
o Module 2 Location = 4  27 
o Module 2 Make = 0  28 
o Module 2 Model = “2070-2A”  29 
o Module 2 Version = 20040608020200  30 
o Module 2 Type = 2  31 
o Module 3 Location = 3  32 
o Module 3 Make = 0  33 
o Module 3 Model = “2070-3B”  34 
o Module 3 Version = 20040608020200  35 
o Module 3 Type = 2  36 
o Module 4 Location = 5  37 
o Module 4 Make = 0  38 
o Module 4 Model = “2070-4B”  39 
o Module 4 Version = 20040608020200  40 
o Module 4 Type = 2  41 

•  Display properties:  42 
o # Char Lines = 8  43 
o #Char Columns = 40  44 
o #Graphic Rows-1 (y_max) = 63  45 
o #Graphic Columns-1 (x_max) = 239  46 

•  # Ethernets = 1  47 
o Ethernet 1 Type = 2 48 
o Ethernet 1 IP Address = 10.20.70.51  49 
o Ethernet 1 Switch/Router MAC Address = 000000 000000 50 
o Ethernet 1 Subnet Mask = 255.255.255.0 51 
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o Ethernet 1 Default Gateway = 10.20.70.254 1 
o Ethernet 1 Engine Board Interface = 2  2 

•  SPI3 Purpose = 0  3 
•  SPI4 Purpose = 0  4 
•  Host Board Serial Ports Used = 2047:  5 
•  # Ports used for I/O = 1: 6 

o Port 1 ID = 5 7 
o Port 1 Mode = 3 8 
o Port 1 Baud Rate = 614400 9 

•  Serial Bus #1 Port = 128  10 
•  Serial Bus #2 Port = 0  11 
•  TS 2 Port 1 Port = 0  12 
•  Expansion Bus type = 1  13 
•  CRC #1 (16-bit) … n/a, simulate if required 14 
•  Latitude = 0.0 … or read from Datakey if present 15 
•  Longitude = 0.0  … or read from Datakey if present 16 
•  Controller ID = 65535  … or read from Datakey if present 17 
•  Communication Drop # = 65535  … or read from Datakey if present 18 
•  Reserved for Agency (35 bytes of 0xFF)  … or read from Datakey if present 19 
•  CRC #2 (8-bit) … n/a, simulate if required   … or read from Datakey if present 20 
•  User Data (to end, each 0xFF) … n/a,  or read from Datakey if present 21 

 22 

B.3.4 Reserved Device 23 

This port is reserved for future expansion of this standard. No driver requirements are currently 24 
defined for this port. 25 
 26 

B.3.5 Manufacturer Specific Device 27 

Manufacturer specific devices that use this port shall use the SPI Driver functions identified within 28 
section B.3.1; however, no content, structure, or functionality of the connected device is specified 29 
within this standard. 30 
 31 

B.3.6 Constants Defined by this Standard for SPI Drivers 32 

These constants shall reside in a file named atc_spi.h. IOCTL commands are defined according 33 
to Linux conventions. See include/asm/ioctl.h. 34 
 35 
#include <asm/ioctl.h> 36 
 37 
#define ATC_SPI_WRITE 0 38 
#define ATC_SPI_READ 1 39 
#define ATC_SPI_MAX 4 40 

B.4 Standard Linux Drivers 41 

B.4.1 USB 42 
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Standard Linux drivers required to implement a USB host interface shall be provided. The USB 1 
Mass Storage device shall use the FAT file system as configured in Annex A. The BSP shall 2 
support hot-plug configuration. 3 
 4 
B.4.2 Ethernet 1 and Ethernet 2 5 
 6 
Standard Linux drivers required to implement two 10/100 Ethernet interfaces shall be provided. 7 
 8 
B.4.3 Flash File System 9 
 10 
Standard Linux drivers required to implement a file system on the Flash EPROM(s) shall be 11 
provided. 12 
 13 
B.4.4 Static RAM 14 
 15 
Standard Linux drivers required to implement a ramfs file system on the +5 VDC Standby Power-16 
backed static RAM shall be provided. 17 
 18 
B.4.5 ATC SPx Asynchronous Serial Ports 19 
 20 
Standard Linux drivers required to support the asynchronous serial ports shall be provided.  21 
These standard drivers shall provide the capability of manipulating the flow control signals. 22 
 23 
 24 
B.5 ATC SPxs Synchronous Driver Interface 25 

Overview 26 

This section defines a generalized synchronous driver interface for the serial ports of the ATC 27 
Controller Engine Board. The action and meaning of the functions and parameters selected by 28 
this standard shall follow those defined by the Open Group Base Specifications Issue 6 29 
IEEE Std 1003.1, 2004 Edition. However, only those flags and commands defined here require 30 
implementation to ensure conformance. 31 

B.5.1 Device Nodes 32 
 33 
Each synchronous serial port shall have a special device file node located in the /dev directory. 34 
Device nodes shall be defined as follows: 35 
 36 

Device Port Node /proc 
SP1 /dev/sp1s /proc/driver/sp1s 
SP2 /dev/sp2s /proc/driver/sp2s 
SP3 /dev/sp3s /proc/driver/sp3s 
SP5 /dev/sp5s /proc/driver/sp5s 
SP8 /dev/sp8s /proc/driver/sp8s 

 37 
 38 
B.5.2 /proc File System 39 
 40 
Each open port driver shall maintain a file entry in the /proc/driver/spxs directory. The driver shall 41 
generate ASCII data with the following format: 42 
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 1 
Owner 

PID 
Bits/Sec        RX Count TX Count Receive Error 

Count 
 2 
Example: “214 153600 5120 688 0” Defines process PID 214 running 153600 bps with 5120 3 
bytes written, 688 bytes read, and zero errors. 4 
 5 
 6 
B.5.3 SPxs Commands  7 
 8 
open( ) 9 
 10 
This function allows an application to request exclusive ownership of a serial port. Upon opening, 11 
the port is made ready to be configured via an ioctl( ) function call and then accessed via the 12 
read( ), write( ) and close( ) functions.  13 

Prototype   14 
int open(const char* pathname, int flags);  15 

Argument  Description  
pathname  This is the name of the device to open.  

flags  O_RDWR, O_NONBLOCK or O_NDELAY, O_SYNC, O_ASYNC 

 16 
.  17 
Return Value  Description  
-1  An error occurred. Consult errno. 

else  A valid file descriptor.  
 18 

Errors  Description  
ENODEV Incorrect device specified or device cannot be found.

EBUSY The device is already open or the device is busy 
EINTR The open system call was interrupted by a signal. 

Example  19 
#include <errno.h> 20 
#include <stdio.h>  21 
#include <fcntl.h>  22 

 23 
 24 

int fd;  25 
fd = open(/dev/sp5s, O_RDWR);              /* Get the file descriptor for sp5s */ 26 
if (fd == -1))  27 

{  28 
printf( "open() failure on sp5s, errno = %d\n", errno "); 29 
}  30 

            else 31 
            ….. 32 
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 1 
The returned file descriptor (fd) is the ownership “handle” passed by an application to the close, 2 
read, write and ioctl functions.  3 
 4 

close( )  5 

This function allows an application to release ownership of the serial port pointed to by fd. This 6 
function should only be called after a successful open of the respective port. Upon closing the 7 
port, all settings and configurations are put in a reset state.  8 

Prototype  9 
int close(int fd);  10 

Argument  Description  
fd  This is the file descriptor of the device to be closed. 

 11 
Return Value  Description  
-1  An error occurred. Consult errno. 

0  The operation succeeded.  

 12 
Errors  Description  
EBADF 
 

Incorrect file descriptor specified. 
 

ENODEV Incorrect device specified or device cannot be found.

EBUSY The device is busy 
EINTR The close system call was interrupted by a signal. 

Example  13 
#include <errno.h> 14 
#include <stdio.h> 15 
#include <termios.h> 16 
#include <fcntl.h>  17 
 18 
int status;  19 

 20 
status = close(fd);  21 
if (status == -1)  22 
printf("close() failure, errno = %d\n", errno);  23 
return(status);  24 
}  25 

26 
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read( )  1 
 2 
This function allows an application to read data from the open serial port pointed to by fd. This 3 
function should only be called after a successful open of the respective port. The function reads 4 
up to count bytes from the receive FIFO. If the number of bytes requested is not available within 5 
the configured time limit, the read operation times out if time out operation is configured. The 6 
function places the requested data in the memory location pointed to by *buf. 7 

Prototype  8 
int read(int fd, void *buf, size_t count);  9 

Argument  Description  
fd  This is the file descriptor of the device to access. 

buf  The data read will be put here.  

count  This is the desired number of bytes to read.  

 10 
Return 
Value  

Description  

-1  An error occurred. Consult errno.  

0 to count  The operation succeeded. If the return value is less than count, then the 
request timed out.  

 11 
Errors  Description  
EBADF 
 

Incorrect file descriptor specified. 
 

EFAULT 
 

There was a problem copying data into the user specified buffer. 
 

EAGAIN 
 

Non blocking has been specified and no data was immediately available for
reading. 
 

EINTR The call was interrupted by a signal before any data was read. 

Example  12 
#include <errno.h>  13 
#include <stdio.h>  14 
#include <termios.h> 15 
#include <fcntl.h>  16 
 17 
int status;  18 

 19 
status = read(fd, &buf, count);  20 
if (status == -1)  21 
printf("read() failure, errno = %d\n", errno);  22 
else 23 
…… 24 

25 
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write( )  1 
 2 
This function allows an application to write data to the open serial port pointed to by fd. This 3 
function should only be called after a successful open of the respective device. The function 4 
writes up to count bytes to the transmit FIFO. If the number of bytes requested cannot be sent 5 
within the configured time limit, the write operation times out. The function takes the data from the 6 
memory location pointed to by *buf. 7 

Prototype  8 
int write(int fd, const void *buf, size_t count);  9 

Argument  Description  
fd  This is the file descriptor of the device to access. 

buf  The data written comes from here.  

count  This is the desired number of bytes to write.  

 10 
Return 
Value  

Description  

-1  An error occurred. Consult errno.  

0 to count  The operation succeeded. If the return value is less than count, then the 
request timed out.  

 11 
Errors  Description  
EBADF 
 

Incorrect file descriptor specified. 
 

ENODEV 
 

Incorrect device specified or device cannot be found. 
 

EFAULT 
 

There was a problem copying data from the user specified buffer. 
 

EAGAIN Non-blocking  I/O  has  been  selected  using O_NONBLOCK and the write 
would block. 

EINTR The call was interrupted by a signal before any data was written 

EINVAL 
 

The maximum number of bytes to be written has been exceeded. 
 

Example  12 
#include <errno.h>  13 
#include <stddef.h>  14 
#include <stdio.h>  15 
#include <unistd.h> 16 
#include <termios.h> 17 
#include <fcntl.h>  18 
int status;  19 
status = write(fd, &buf, count);  20 
if (status == -1)  21 
printf("write() failure, errno = %d\n", errno);  22 

23 
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poll( ) 1 
 2 
The poll( ) method shall be used to determine if a read or write to a device will block. 3 
 4 

Prototype  5 
int poll(struct pollfd fds[], nfds_t nfds, int timeout); 6 

Argument  Description  
Fds This defines a table of file descriptor structures  

Nfds Number of structures in the table 

timeout Time out in milliseconds 

 7 
Return 
Value  

Description  

>0 
 

Number of structures which have 
non-zero event fields. 
 

0 Call timed out 

-1 Error 

 8 
Errors  Description  
EBADF 
 

An invalid file descriptor was given in one of the sets.

ENOMEM There was no space to allocate file descriptor tables. 

  

EINTR A signal occurred before any requested event. 
 

EINVAL Invalid argument 
 9 

Required Flags  
POLLOUT Data may be written without blocking 
POLLIN Data is available for reading 
POLLERR There is some error with the port 
POLLNVAL Invalid request: fd not open

 10 

Example 11 
#include <stropts.h> 12 
#include <poll.h> 13 
... 14 
struct pollfd fds[1]; 15 
int timeout_msecs = 10; 16 
int ret; 17 
int i; 18 
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 1 
/* Open SCC device. */ 2 
fds[0].fd = open("/dev/sp5s", ...); 3 
fds[0].events = POLLOUT | POLLIN | POLLERR; 4 
 5 
ret = poll(fds, 1, timeout_msecs); 6 
 7 
 8 
if (ret > 0) { 9 
/* An event on one of the fds has occurred. */ 10 
… if (fds[i].revents & POLLOUT) { 11 
     /* Data may be written .*/ 12 
... 13 
     } 14 
     if (fds[i].revents & POLLIN) { 15 
     /*Data is available for reading*/ 16 
... 17 
     } 18 
     if (fds[i].revents & POLLERR) { 19 
     /* There is some error with the SCC*/ 20 
... 21 
     } 22 
}23 

 24 
25 
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fcntl( ) 1 
 2 
The fcntl( ) method shall be used to enable or disable driver blocking or asynchronous notification 3 
operations 4 

Prototype 5 
            int fcntl(int fd, int cmd); 6 
            int fcntl(int fd, int cmd, flags); 7 

Argument  Description    
fd File descriptor     
cmd Command   
flags Command options   
Return Value  Description  
F_GETOWN  Value of process owner 
F_GETFL Value of file status flags 
F_GETSIG Value  of  signal sent when read or write becomes 

possible, or zero for traditional SIGIO behavior. 
-1 Error 

    

 8 
Errors  Description  
EBADF   fd is not an open file descriptor
EINVAL Invalid argument 

 9 
Commands  
F_GETOWN Get ID of process receiving signals from this file descriptor 
F_SETOWN Set calling process as owner 
F_GETFL Get the file status flags 
F_SETFL Set the file status flags 
F_GETSIG Get the signal sent when input or output becomes possible.
F_SETSIG Sets the signal sent when input or output becomes possible.

 10 
Flags  
O_ASYNC Set asynchronous notification mode 

O_NONBLOCK Non-blocking mode 

  Example 11 
  #include “atc_spx.h” 12 
  int fd, flags; 13 
 14 
  fd = open(“/dev/sp5s”, O_RDWR, O_NONBLOCK); 15 
  fcntl (fd, F_SETOWN, getpid()); 16 
  flags = fcntl (fd, FGETFL); 17 
  fcntl (fd, F_SETFL, flags | FASYNC); 18 

19 
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ioctl( )  1 
 2 
This function allows an application to configure, control and monitor status of the serial port 3 
pointed to by fd. This function should only be called after a successful open of the respective 4 
device. The operation performed by the ioctl( ) function depends on the command argument. The 5 
command argument determines the interpretation of any additional arguments. The supported 6 
IOCTL services are defined below.  7 
 8 

Prototype  9 
int ioctl(int fd, int command, parameters);  10 

Argument  Description  
fd  This is the file descriptor of the device to access.  
command  This specifies the desired operation to be performed.  
parameter  This argument is an integer or a pointer to a source structure containing 

port configuration data or an integer or a destination structure where status 
Information is placed by the ioctl function call .  

 11 
Return Value  Description  
-1  An error occurred. Consult errno. 
0  The operation succeeded.  

 12 
Errors  Description  
EBADF 
 

Invalid file descriptor specified. 

EFAULT 
 

There was a problem accessing data from the user specified buffer. 
 

ENOTTY 
 

An invalid command parameter was specified 

EINVAL 
 

An invalid command parameter was specified. 
 

 13 

Valid SPxs IOCTL Commands 14 
 15 
ATC_SPXS_WRITE_CONFIG 16 
This command passes the atc_spxs_config structure to the serial port pointed to by fd.  This 17 
command is used to set the baud rate, protocol and clocking options of a port. 18 
 19 

ioctl( ) Argument  Description  

fd  This is the file descriptor of the device to access.  

command  ATC_SPXS_WRITE_CONFIG  

parameter  * struct atc_spxs_config  
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Example 1 
#include <errno.h>  2 
#include <stdio.h>  3 
#include <sys/ioctl.h>  4 
#include <termios.h> 5 
#include <fcntl.h>  6 

 7 
int status; 8 
 9 
status = ioctl(fd, ATC_SPXS_WRITE_CONFIG, & atc_sp1s_configure);  10 
if  (status == -1)  11 
printf("ioctl() failure, errno = %d\n", errno);  12 
… 13 
… 14 
 15 

 16 
ATC_SPXS_READ_CONFIG 17 
This command copies the data from the port’s atc_spxs_config structure to user space pointed 18 
to by parameter.  This command is used to check the state of the baud rate, protocol and 19 
clocking options of a port. 20 

 21 
ioctl( ) Argument  Description  

fd  This is the file descriptor of the device to access.  

command  ATC_SPXS_READ_CONFIG  

parameter  Pointer to user space destination  

Example  22 
#include <errno.h>  23 
#include <stdio.h>  24 
#include <sys/ioctl.h> 25 
#include <termios.h> 26 
#include <fcntl.h>  27 

 28 
int status; 29 
 30 
status = ioctl(fd, ATC_SPXS_READ_CONFIG, * port_configuration);  31 
if (status == -1)  32 
printf("ioctl() failure, errno = %d\n", errno);  33 
… 34 
… 35 

36 
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B.5.4 ATC SPxs Data Structures 1 
 2 
The defined structure member values are shown in parentheses. Structure members that are not 3 
applicable to a port’s selected protocol shall be ignored by the driver. Upon receipt of an invalid, 4 
as compared to not applicable,  argument, the ioctl( ) function shall generate an EINVAL error.  5 
 6 
The driver shall maintain one atc_spxs_config structure for each SPxs port.  7 
 8 
typedef struct atc_spxs_config { 9 
 10 

uint8 protocol;  // Set the port protocol (ATC_ SDLC,  11 
  // ATC_ SYNC, ATC_HDLC)  12 
uint8 baud; // Set the port baud rate (ATC_B1200,    13 
 // ATC_B4800, ATC_B9600, ATC_B19200,  14 
 // ATC_B38400, ATC_B57600, ATC_B76800,  15 
 // ATC_ B115200,,ATC_B153600, ATC_B614400) 16 
uint8 transmit_clock_source; // (ATC_CLK_INTERNAL, ATC_CLK_EXTERNAL) 17 
uint8transmit_clock_mode; // Sets whether the sync transmit clock is on   18 
 // continuosly or bursts with the data frame   19 
 // (ATC_CONTINUOUS, ATC_BURST) 20 

} ; 21 
 22 
 23 
 24 
B.5.5 Constants Defined by this Standard for SPxs Synchronous Drivers 25 
 26 
These constants shall reside in a file named atc_spxs.h. IOCTL commands are defined 27 
according to Linux conventions. See include/asm/ioctl.h. 28 
 29 
 30 

#include <asm/ioctl.h> 31 
 32 
#ifndef _ATC_SPXS_H 33 
#define _ATC_SPXS_H 34 
  35 
#define ATC_SPXS_MAX  5 36 
 37 
// ‘ioctl’ commands 38 
#define ATC_SPXS_WRITE_CONFIG  0 39 
#define ATC_SPXS_READ_CONFIG 1 40 
 41 
// Available communications protocols 42 
#define ATC_SDLC   0 // Default 43 
#define ATC_SYNC   1 44 
#define ATC_HDLC   2 45 
 46 
// Available baud rates 47 
#define ATC_B1200   1200 48 
#define ATC_B2400   2400 49 
#define ATC_B4800   4800 50 
#define ATC_B9600   9600 51 
#define ATC_B19200   19200 52 
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#define ATC_B38400   38400 1 
#define ATC_B57600   57600 2 
#define ATC_B76800   76800 3 
#define ATC_B115200   115200 4 
#define ATC_B153600   153600  // NEMA default 5 
#define ATC_B614400   614400  // ITS Cabinet default 6 
 7 
// Available clock sources 8 
#define ATC_CLK_INTERNAL  0  // Default 9 
#define ATC_CLK_EXTERNAL  1 10 
 11 
// Available transmit clock modes 12 
#define ATC_GATED   0  // Default 13 
#define ATC_CONTINUOUS  1 14 
  15 
#endif /* _ATC_SPXS_H */ 16 

 17 


